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Foreword

Urethral damage resulting from spongiofibrosis (urethral strictures) or consequent 
upon traumatic disruption of the urethra (pelvic fractures or fall-astride injuries – so 
called urethral stenoses) have always been an important cause of presentation to 
the practicing urologist. Unless appropriately managed, they result in an important 
source of chronic morbidity in male patients. The prevalence and pathogenesis of 
urethral strictures and stenoses vary significantly between different countries in 
the world. It is clear that unless we have consensus on an accepted and consis-
tent terminology for urethral stricture/stenosis, it will be difficult to advance our 
knowledge in this important field of reconstructive urology with regard to the 
pathophysiology, clinical evaluation and optimal surgical management of patients.

The International Consultations on Urological Disease (ICUD) organized an inter-
national consensus meeting under the auspices of the Société Internationale 
d’Urologie (SIU), which was held in Marrakech, Morocco, in 2010. This consulta-
tion was the first international forum where experts subspecializing in the manage-
ment of urethral strictures and stenoses carefully and critically evaluated the entire 
peer-reviewed English-language literature on the subject. 

This monograph summarizes the finalized consensus expert reports and recom-
mendations from this consultation. This is an area of medicine where there is 
a limited evidence base and the consensus recommendations were formulated 
using the classification process recommended by the ICUD (see appendix 1). Each 
of the chapters provides an overview of the existing evidence base in this impor-
tant area of reconstructive urology, and integrates the literature with contemporary 
views on best practice as defined by the experts participating in the consensus. 

In dealing with any disease area, it is first essential to agree upon a standardized 
terminology. This is provided by the committee (Chapter 1) which reviewed the 
descriptive terms, etiology and management of urethral strictures and stenoses. 
The subsequent chapters (2-9) in this monograph provide a succinct expert over-
view of all aspects of urethral strictures and stenoses with recommendations for 
clinical practice, which we hope will prove helpful to practicing clinicians.

Christopher Chapple on behalf of the steering committee
C. R. Chapple, G. H. Jordan, C. F. Heyns

Christopher Chapple 
United Kingdom
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Evidence-Based Medicine  
Overview of the Main Steps  
for Developing and Grading  
Guideline Recommendations
P. Abrams, S. Khoury, A. Grant

Introduction
The International Consultation on Urological Diseases (ICUD) is a non-governmental organization registered 
with the World Health Organisation (WHO). In the last ten years, consultations have been organized on BPH, 
prostate cancer, urinary stone disease, nosocomial infections, erectile dysfunction and urinary incontinence. 
These consultations have looked at published evidence and produced recommendations at four levels: highly 
recommended, recommended, optional and not recommended. This method has been useful but the ICUD 
believes that there should be more explicit statements of the levels of evidence that generate the subsequent 
grades of recommendations.

The Agency for Health Care Policy and Research (AHCPR) have used specified evidence levels to justify recom-
mendations for the investigation and treatment of a variety of conditions. The Oxford Centre for Evidence-Based 
Medicine have produced a widely accepted adaptation of the work of AHCPR. (June 5th 2001, www.cebm.net).

The ICUD has examined the Oxford guidelines and discussed with the Oxford group their applicability to the 
consultations organized by ICUD. It is highly desirable that the recommendations made by the consultations 
follow an accepted grading system supported by explicit levels of evidence.

The ICUD proposes that future consultations should use a modified version of the Oxford system which can be 
directly “mapped” onto the Oxford system.

1.   First Step  
Define the specific questions or statements that the recommendations are supposed to address.

2.  Second Step
Analyze and rate (level of evidence) the relevant papers published in the literature.

The analysis of the literature is an important step in preparing recommendations and their guarantee of quality.
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2.1 What papers should be included in the analysis?
 � Papers published, or accepted for publication in 

the peer-reviewed issues of journals.
 � The committee should do its best to search for pa-

pers accepted for publication by the peer-reviewed 
journals in the relevant field but not yet published.

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

 � Papers published in non-peer-reviewed supple-
ments will not be included. An exhaustive list 
should be obtained through:
I. The major databases covering the last ten 

years (e.g. Medline, Embase, Cochrane Library, 
Biosis, Science Citation Index).

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

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

2.2 How are papers analyzed?
Papers published in peer-reviewed journals have differing quality and level of evidence. Each committee will 
rate the included papers according to levels of evidence (see below).

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

It is influenced by:
The type of study, whose hierarchy is outlined below:
 � Systematic reviews and meta-analysis of random-

ized controlled trials 
 � Randomized controlled trials
 � Non-randomized cohort studies

 � Case-control studies
 � Case series
 � Expert opinion

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

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

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

How well the study was reported
The ICUD has adopted the CONSORT statement and its widely accepted checklist. The CONSORT statement 
and the checklist are available at www.consort-statement.org.
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2.3 How are papers rated?
Papers are rated following a level of evidence scale.

ICUD has modified the Oxford Centre for Evidence-Based Medicine levels of evidence.

The levels of evidence scales vary between types of studies (i.e., therapy, diagnosis, differential diagnosis/
symptom prevalence study) the Oxford Centre for Evidence-Based Medicine Website: www.cebm.net.

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

4.  Fourth Step: Considered Judgment (Integration of Individual Clinical Expertise)
Having completed a rigorous and objective synthesis of the evidence base, the committee must then make a 
judgment as to the grade of the recommendation on the basis of this evidence. This requires the exercise of 
judgment based on clinical experience as well as knowledge of the evidence and the methods used to gener-
ate it. Evidence-based medicine requires the integration of individual clinical expertise with the best available 
external clinical evidence from systematic research. Without the former, practice quickly becomes tyrannized 
by evidence, for even excellent external evidence may be inapplicable to, or inappropriate for, an individual 
patient. On the other hand, without current best evidence, practice quickly becomes out of date. Although it 
is not practical to lay our “rules” for exercising judgment, guideline development groups are asked to consider 
the evidence in terms of quantity, quality, and consistency, as well as applicability, generalizability and clinical 
impact.

5. Fifth Step: Final Grading
The grading of the recommendation is intended to strike an appropriate balance between incorporating the 
complexity of type and quality of the evidence, and maintaining clarity for guideline users.

The recommendations for grading follow the Oxford Centre for Evidence-Based Medicine. The levels of 
evidence shown below have again been modified in the light of previous consultations. There are now four 
levels of evidence instead of five.

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

6.   Levels of Evidence and Grades of Recommendation for Therapeutic Interventions
All interventions should be judged by the body of evidence for their efficacy, tolerability, safety, clinical effec-
tiveness and cost-effectiveness. It is accepted that, at present, little data exists on cost-effectiveness for most 
interventions.

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

I

�� Incorporates Oxford 1a, 1b
�� Usually involves:

 � meta-analysis of trials (randomized controlled trials [RCTs]) or,
 � a good-quality RCT or,
 � “all or none” studies in which treatment is not an option (e.g. in vesicovaginal fistula)

II

�� Incorporates Oxford 2a, 2b and 2c
�� Includes:

 � low-quality RCT (e.g. < 80% follow-up), 
 � meta-analysis (with homogeneity) of good-quality prospective cohort studies

�� May include a single group when individuals who develop the condition are compared with others from 
within the original cohort group.
�� There can be parallel cohorts, where those with the condition in the first group are compared with those 

in the second group

III �� Incorporates Oxford 3a, 3b and 4
�� Includes:

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

 � good-quality case series, where a complete group of patients, all with the same condition, disease or 
therapeutic intervention, are described without a comparison control group

IV

�� Incorporates Oxford 4
�� Includes expert opinion, where the opinion is based not on evidence but on “first principles”  

(e.g. physiological or anatomical) or bench research.
�� The Delphi process can be used to give expert opinion greater authority:

 � involves a series of questions posed to a panel
 � answers are collected into a series of “options”
 � these “options” are serially ranked; if a 75% agreement is reached, then a Delphi consensus statement 
can be made

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

Grade A recommendation usually depends on consistent level I evidence and often means that the recom-
mendation is effectively mandatory and placed within a clinical-care pathway. However, there will be occasions 
where excellent evidence (level I) does not lead to a Grade A recommendation, for example, if the therapy is 
prohibitively expensive, dangerous or unethical. Grade A recommendation can follow from Level II evidence. 
However, a Grade A recommendation needs a greater body of evidence if based on anything except Level I 
evidence.
Grade B recommendation usually depends on consistent level 2/3 studies, or “majority evidence” from RCTs.
Grade C  recommendation usually depends on level 4 studies or “majority eviden ce” from level 2/3 studies or 

Delphi processed expert opinion.
Grade D “ No recommendation possible” would be used where the evidence is inadequate or conflicting and 

when expert opinion is delivered without a formal analytical process, such as by Delphi.
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7.  Levels of Evidence and Grades of Recommendation for Methods of 
Assessment and Investigation

From initial discussions with the Oxford group, it is clear that application of levels of evidence/grades of recom-
mendation for diagnostic techniques is much more complex than for interventions. The ICUD recommends 
that, as a minimum, any test should be subjected to three questions:
1. Does the test have good technical performance? 

For example, do three aliquots of the same urine 
sample give the same result when subjected to 
dipstick testing?

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

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

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

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

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

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

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

Summary of the International Consultation on Urological Disease Modified Oxford Centre for 
Evidence-Based Medicine Grading System for Guideline Recommendations 

Levels of 
Evidence Description

I Meta-analysis of RCTs or high-quality RCT

II Low-quality RCT or good-quality prospective cohort study

III Good-quality retrospective case-control study or cohort study

IV Expert opinion

Abbreviation: RCT= randomized controlled trial
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Summary of the International Consultation on Urological Disease Modified Oxford Centre for 
Evidence-Based Medicine Grading System for Guideline Recommendations 

Grades of Recommendation Description  

A Usually consistent with level I evidence

B Consistent level II or III evidence or “majority evidence” from RCTs

C Level IV evidence or “majority evidence” from level II or III studies

D No recommendation possible because of inadequate or conflicting evidence

Abbreviation: RCT= randomized controlled trial
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1.1 Background
Aims
This committee was charged with the responsibility of reviewing and evaluating published data, and 
standardizing terminology relating to the epidemiology, etiology, anatomy, and nomenclature of 
urethral stenoses, urethral strictures, and pelvic fracture urethral disruption injuries, as well as their 
surgical management.

Methods
A literature search using Medline, PubMed (US National Library of Medicine and the National 
Institutes of Health), Embase, online acronym databases, and abstracts from scientific meetings was 
performed for documents published from 1980–2010. Articles were evaluated using the Levels of 
Evidence adapted by the ICUD (International Consultation on Urological Diseases) from the Oxford 
Centre for Evidence-Based Medicine. Recommendations were based on the level of evidence and 
discussed among the committee members to reach a consensus. 

Results
The nomenclature pertinent to urethral stenoses, urethral strictures, and pelvic fracture urethral 
injuries, as well as their surgical management, is presented in this chapter. There is expert opinion 
to support standards regarding the epidemiology, anatomy, and nomenclature of urethral stenoses, 
urethral strictures, and pelvic fracture urethral disruption injuries. 

The etiology of anterior urethral stricture disease may be broadly subcategorized into iatrogenic, trau-
matic, inflammatory, and idiopathic causes. There is level 3 evidence regarding the epidemiology and 
etiology of urethral stenoses, urethral strictures, and pelvic fracture urethral injuries. The gross and 
histologic anatomy of these conditions is presented in this chapter. 

Conclusions
The literature regarding the epidemiology, anatomy, and nomenclature of urethral stenoses, urethral 
strictures, and pelvic fracture urethral disruption injuries is sparse and generally of a low level of 
evidence. The proposed ICUD system does not readily apply to the areas of epidemiology, anatomy, 
and nomenclature. 

Further research is needed so that stronger levels of evidence can be developed that can lead to recom-
mendations regarding the accuracy of the data. To improve future research and promote effective 
scientific progress and communication, a standardized nomenclature and anatomy as to the urethra 
and urethral surgery was formulated and is detailed herein. Further research is also needed to eluci-
date the mechanisms and etiology of certain urethral strictures and stenoses.
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1.2  Introduction and Statement of  
the Problem

This committee was charged with the responsibility of reviewing and evaluating published data, and 
standardizing terminology relating to the epidemiology, etiology, and anatomy of urethral steno-
ses, urethral strictures, and pelvic fracture urethral disruption injuries, as well as their surgical 
management.

Relevant genitourinary anatomy related to the evaluation and management of these conditions is 
presented. A standardized nomenclature for urethral anatomy, urethral strictures, urethral stenoses, 
urethral injuries, and urethral surgery was formulated and is detailed herein.

Adoption of this standardized nomenclature from this point on should improve future research 
and promote effective scientific progress and communication among urologists and reconstructive 
specialists involved in the evaluation and management of men with urethral stenoses, urethral stric-
tures, and pelvic fracture urethral injuries.

1.3  Methods/Identification of 
References

A literature search using Medline, PubMed, Embase, online acronym databases, and abstracts from 
scientific meetings from 1980–2010 was the basis of this review. The online electronic literature 
search involved unrestricted, fully exploded Medical Subject Headings (MeSH) using terms related 
to urethral stenoses, urethral strictures, and pelvic fracture urethral disruption injuries in males. 
Four online acronym databases–the ARGH (Acronym Resolving General Heuristics) program, the 
Stanford Biomedical Abbreviation Server, AroMed, and SaRAD (the Simple and Robust Abbreviation 
Dictionary)–were identified and queried regarding urethral surgery.

Articles were evaluated using the Levels of Evidence adapted by the ICUD from the Oxford Centre 
for Evidence-Based Medicine. Recommendations were based on the level of evidence and discussed 
among the committee members to reach consensus. Recommendations for future research are also 
presented.
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1.3.1 Quality of the references

Level 1: Meta-analyses of randomized controlled trials (RCTs) or good-quality prospective RCTs. 
(Oxford 1a,b) [0 references]
Level 2: Clinical studies in which the data were collected prospectively and retrospective analyses 
based on clearly reliable data. Types of studies so classified include: observational studies, cohort 
studies, prevalence studies, low-quality RCTs, and case-control studies. (Oxford 2a,b,c) [0 references]
Level 3: Studies based on retrospectively collected data. Evidence in this class includes case-control 
studies, clinical case series, and database or registry reviews. (Oxford 3a,b,c) [~90 references]
Level 4: Expert opinion (Oxford 4)

1.4 Recommendations
There is insufficient Level 1 and 2 evidence/data to support any grade A or B recommendations, but 
there is Level 3 evidence to support grade C recommendations regarding the epidemiology, anatomy, 
and nomenclature of urethral stenoses, urethral strictures, and pelvic fracture urethral injuries.

1.5 Scientific Foundations
1.5.1  Nomenclature pertinent to urethral stenoses, strictures, and 

pelvic fracture urethral injuries

Urethral “stricture” is the preferred term to describe an abnormal narrowing of any segment of the 
urethra surrounded by corpus spongiosum, and specifically implies varying degrees of spongio-
fibrosis. The term “spongiofibrosis” refers to scarring of the corpus spongiosum of varying degrees. 
Urethral “stricture disease” implies the underlying etiology. The Consultation Committee recom-
mends that urethral terminology should be anatomical; therefore, the preferred term to describe 
urethral narrowing/obliteration is urethral “stricture.” The term “stricture disease” should be 
reserved as a second-tier term. The term “stenosis” is reserved for narrowing of the membranous 
urethra not secondary to pelvic fracture urethral injury, the prostatic urethra, and the bladder neck, 
as they are not invested by corpus spongiosum. Importantly, the term “stenosis” does not imply 
spongiofibrosis.

Urethral “calibration” refers to the measurement of the calibre (diameter) of the urethral lumen 
by various techniques. Urethral “dilation” refers to the stretching or enlargement of the urethral 
lumen by various techniques. The Consultation recognizes that the term “dilatation” is used inter-
changeably. “Urethrotomy” is the general term to describe the incision of urethral epithelium and 
underlying spongiosum by either endoscopic or open techniques. “Internal urethrotomy” refers 
to an endoscopic urethrotomy performed with or without visual guidance. “Direct vision internal 
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urethrotomy” (DVIU) refers to an endoscopic, visually guided incision of the scarred urethra using 
various techniques and is the preferred term. Second-tier terms are “optical internal urethrotomy” 
(OIU) and “visual internal urethrotomy” (VIU).

Regarding urethroplasty techniques, the term “onlay” refers to expanding the calibre of the urethra 
with a tissue graft or flap. The term “inlay” is not descriptive and not acceptable. “Excision and 
primary anastomosis (EPA) urethroplasty/urethral reconstruction” refers to when a narrowed 
urethral segment and its corresponding spongiofibrosis are excised with reapproximation of the two 
healthy ends of the urethra. This is the most descriptive, accurate, and appropriate term for this type 
of urethroplasty. The term “anastomotic urethroplasty/urethral reconstruction” should be reserved 
as a second-tier term, and “end-to-end urethroplasty” as a third-tier term. “Posterior” urethral 
reconstruction refers to reconstruction of the membranous urethra or prostatic urethra by various 
techniques and includes the subcategory of anastomotic repair for pelvic fracture urethral injuries.

The term “graft” refers to a tissue transfer technique where healthy tissue is harvested from one part 
of the body and transferred to another in order to replace diseased or injured tissue. A graft is with-
out its own blood supply and relies on diffusion from its host bed for initial survival and subsequent 
re-establishment of the blood supply. “Flap” refers to a tissue transfer technique where healthy tissue 
is transferred on a vascular pedicle from one part of the body to another in order to replace/augment 
diseased or injured tissue. It is recognized that the continuity of the pedicle for microvascular free 
transfer flaps is surgically re-established at the time of surgery. Specific further description of tissue 
grafts and flaps is based on their anatomic donor site of origin and structure and will not be described 
herein. The term “augmented urethroplasty/urethral reconstruction” describes urethral reconstruc-
tion with a tissue graft or flap, whereas the term “substitution urethroplasty/urethral reconstruction” 
describes urethral reconstruction with a tubularized tissue graft or flap. “Augmented anastomotic 
urethroplasty/urethral reconstruction” is a procedure in which the stricture is excised, a portion of 
the urethra is anastomosed (either ventrally or dorsally), and a graft or flap is placed on the contra-
lateral side to complete the urethroplasty/urethral reconstruction.

Level of Evidence: 4 Recommendation: C
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1.5.2  Epidemiology and etiology of urethral stenoses, strictures, and 
pelvic fracture urethral injuries

Urethral stricture disease results from a number of different etiologies. An understanding of the 
underlying cause of a particular stricture is helpful in determining the most appropriate type of 
repair. It may also impact the outcome and sequelae of the treatment options. Whereas inflamma-
tory causes once accounted for the majority of urethral strictures, these have now become infrequent 
in the developed world. Iatrogenic injury to the urethra now accounts for most strictures, largely as 
a result of urethral catheterization or traumatic instrumentation. Further causes include external 
violence, which may result in blunt or penetrating trauma, ischemic urethral injury, and congenital 
strictures–the rarest type. This section classifies the most common etiologies of urethral strictures.

1.5.3 Mechanism of injury to the urethra

Injury to the anterior urethra results in scarring of the spongy tissue of the corpus spongiosum, or 
spongiofibrosis. This injury occurs outside the spongiosum as a result of blunt or penetrating injury, 
or results from internal disruption of the fragile urethral epithelium via instrumentation or inflam-
matory disease. The partial loss of the epithelial lining is the initiating factor in anterior urethral 
stricture disease. This typically results in a narrowing of the urethral calibre because the remain-
ing epithelium is re-approximated by natural urethral closure pressure. The underlying de-epithe-
lialized regions expose the underlying vascular spongy tissue, which heals by cross-adhesion and 
subsequent spongiofibrosis. Passage of urine through these defects during voiding results in further 
inflammation and subsequent spongiofibrosis (1). The degree of spongiofibrosis underlying a stric-
ture depends on both the degree of injury and the underlying etiology. These factors have important 
implications regarding treatment choice and expected outcome.

Devine et al. proposed a standardized classification system for urethral strictures based on degree of 
spongiofibrosis in 1983 (2). Based on this classification, Jordan has proposed an anatomic approach to 
the management of strictures, with patients being offered only those procedures that have resulted in 
high success rates in strictures of similar anatomic type (3). Adherence to this approach has resulted 
in success rates of 90%–93% in nearly all stages of anterior urethral strictures (4).

1.5.4 Epidemiology and incidence of urethral stricture disease

There are no direct measures of the true incidence of urethral stricture disease. A recent publication 
by Santucci et al. reviewed the available data from 10 public and private databases in the US in order 
to estimate the incidence and cost of this condition to the health care system (5). The incidence was 
estimated to be approximately 0.6% in susceptible populations, with 1.5 million office visits recorded 
between 1992 and 2000. In a follow-up publication, Anger et al. found that the incidence of urethral 
stricture diagnoses among Medicare beneficiaries dropped from 1.4% in 1992 to 0.9% in 2001 (6).

Level of Evidence: 3 Recommendation: N/A
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1.5.5 Etiology of urethral stricture disease

overview
The etiology of anterior urethral stricture disease may be broadly subcategorized into iatrogenic, 
traumatic, inflammatory, and idiopathic causes. A recent meta-analysis of etiology in 732 stricture 
patients found that idiopathic and iatrogenic subtypes were by far the most common (7), accounting 
for 33% and 33% of all cases, respectively. Inflammatory and post-traumatic etiologies were found 
in only 15% and 19% of patients, respectively. 

In another recent review, 268 Belgian urethral stricture patients were found to have predominantly 
idiopathic causes in men younger than 45 years, with iatrogenic causes (specifically, previous trans-
urethral resection of the prostate–TURP) found mostly in men older than 45 years (8). A major 
weakness of this paper was that the study group was a cohort of highly selected patients who under-
went urethroplasty at a referral centre rather than all Belgian men with urethral strictures.

Stricture etiology also varies significantly according to the location within the anterior urethra. In 
the recent review of 194 strictures by Fenton et al. (7), inflammatory etiologies were more common 
underlying causes of strictures of the fossa navicularis and penile urethra than of bulbar strictures 
(27% vs. 13%). Conversely, iatrogenic strictures were predominant in the bulbar urethra (52%), with 
trans-urethral surgery accounting for most of this subgroup.

Iatrogenic: urethral instrumentation
Urethral strictures can manifest following various trans-urethral procedures. Diagnostic cystoscopy 
and urethral dilation are frequent causes of distal anterior urethral strictures. The frequency of post-
TURP urethral stricture ranges from 1.9%–9%. The Agency for Health Care Policy and Research 
(AHCPR) found a stricture rate of 3.1% in their review for the benign prostatic hyperplasia (BPH) 
guideline report (9). 

The etiology of post-TURP strictures remains controversial. In a retrospective analysis of etiologic 
factors in post-TURP stricture disease, Jorgensen et al. found a correlation between pre-operative 
indwelling catheters and post-operative stricture formation, possibly as a result of mechanical 
trauma to an acutely inflamed urethra (10). This group observed no significant correlation between 
stricture and urinary tract infection or prostatic carcinoma, or mechanical disproportion between 
urethral and resectoscope sheath diameter. Zheng et al. used an in vitro model to demonstrate that 
stricture may result from urethral electrical burn as a result of poorly insulated resecting loops (11).

Prostatic urethral stenoses have been reported following minimally invasive procedures for benign 
prostatic enlargement/hyperplasia. Sall and Bruskewitz reported on three patients who developed 
clinically significant mid-prostatic urethral stenoses following trans-urethral microwave thermo-
therapy (TUMT) (12). They postulated that the stenoses resulted from direct ischemic damage to the 
prostatic urethra secondary to heat delivery, despite continuous urethral cooling.
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Long-term indwelling catheters are closely associated with urethral stricture development. The 
mechanism of injury is pressure necrosis of the fragile epithelium, as well as chronic inflammation 
from infection perpetuated by the catheter. Changes in catheter design, e.g., substitution of silicone 
for latex, have helped to reduce stricture incidence. Clean intermittent catheterization is a widely 
applied technique for facilitation of bladder emptying in various conditions. Hydrophilic catheters 
may be used for intermittent catheterization without catheter jelly (13). Urethral strictures arise 
following prolonged periods of intermittent catheterization. In a series of 75 patients with a mean 
follow-up of 7 years, Wyndaele and Maes found urethral structures to be the most common compli-
cation, mostly occurring after 5 years of intermittent catheterization (14).

Visual internal urethrotomy has been widely used as first-line therapy for short segment strictures. 
Stricture recurrence following internal urethrotomy is a common finding, particularly in series with 
longer follow-up. In a large retrospective analysis, Albers et al. found an approximately 37% recur-
rence rate with a mean follow-up period of 4 years (15). Risk factors for recurrence included strictures 
longer than 1 cm and post-operative catheter drainage for longer than 3 days. They suggested that 
urethroplasty/urethral reconstruction be considered in patients at high risk for stricture recurrence 
and in those with one treatment failure following internal urethrotomy. 

Others have confirmed the law of diminishing returns with repeated dilation or internal urethrotomy 
for recurrent strictures. Heyns et al. prospectively followed 210 men for 48 months following dilation 
or internal urethrotomy, and found that a second dilation for early stricture recurrence was of no value 
at the 2–year follow-up point (16). Many believe that repeated dilations or internal urethrotomies 
establish a chronic inflammatory process within the corpus spongiosum, which may be perpetuated 
by urine extravasation within the corpus spongiosum. Barbagli et al. showed diffuse inflammation in 
excised post-urethrotomy spongiosum at the time of eventual urethroplasty, and suggested that post-
urethrotomy recurrences are secondary to diffuse disease of the corpus spongiosum (17). Conversely, 
Kjaergaard et al. found that weekly clean intermittent catheterization significantly reduced the 
frequency of stricture recurrence at the original site after internal urethrotomy (18).

The UroLume® endoprosthesis has been used successfully in treating short bulbar strictures in 
appropriately selected patients (19). In addition to the complications of stent migration and encrus-
tation, recurrent stricture may complicate use of the endoprosthesis. This may result from incor-
rect stent deployment, with part of the original stricture lying outside the end of the stent (20). An 
additional overlapping stent may be added to treat the recurrence. Similarly, if overlapping stents 
become separated, fibrosis and obstruction between the stents may occur. Post-operative intrastent 
hyperplasia may also cause obstruction, typically in the first 3 months following stent insertion 
(19). In symptomatic cases, this may be dealt with using careful resection. Histologic evaluation of 
resected hyperplastic tissue reveals polypoid hyperplasia with variable inflammatory cell infiltrates 
(21). Complications arising from the use of the UroLume stent have been seen secondary to its use 
outside of its current applications, and thus careful patient selection is critical to the successful use 
of this device (22).
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Iatrogenic urethral strictures arise secondary to various ablative and reconstructive surgeries of the 
genitourinary tract. In the pediatric population, urethral stricture following posterior urethral valve 
ablation has been reported. Lal et al. found a 3.6% incidence in this setting, and suggested that 
these strictures are best avoided by employing meticulous surgical technique and avoiding oversized 
instruments (23). Children undergoing surgical correction of anorectal malformations are also at 
high risk of iatrogenic urethral stricture development. In the series of Misra et al., infants with high 
anorectal malformation and those who underwent abdominoperineal pull-through (vs. posterior 
sagittal anorectoplasty) were at the greatest risk (24).

Urethral strictures are also a recognized complication of hypospadias repair, occurring in up to 10% 
of cases. In the series of Duel et al., 29 such patients were treated with initial internal urethrotomy, 
but ultimately, 79% of those patients required urethroplasty/urethral reconstruction to achieve 
asymptomatic voiding without fistula or residual stricture (25). This was due to delayed failure of 
the initial operative procedure. These authors highlight the fact that internal urethrotomy may be 
warranted for a short post-hypospadias simple anastomotic stricture, but in cases of long stenoses 
(e.g., free graft failure), repeat urethroplasty/urethral reconstruction should be considered as a first-
line treatment.

Meatal stenosis is a common complication following circumcision, although the exact incidence 
is unclear. The etiology in this setting may result from non-specific meatitis secondary to friction/
trauma or from meatal ischemia due to circumcision-induced injury to the frenular artery (26). 
Some authors highlight the under-reporting of post-circumcision meatal stenosis because symptom-
atic presentation may not occur until years later (27).

In the adult population, urethral strictures have been reported in association with extracorporeal 
circulation during cardiac revascularization surgery. Peri-operative urethral catheterization has 
been implicated, and a recent retrospective analysis showed a 6.6% stricture rate in patients with 
urethral catheter drainage compared to 0% in a comparable group treated with suprapubic urinary 
drainage (28). Some have suggested that urethral ischemia during extracorporeal circulation is caus-
ative (29). Bamshad et al. recently demonstrated a significant decrease in intra-operative urethral 
blood flow using laser Doppler flowmetry during cardiopulmonary bypass (30).

An uncommon group of patients with urethral strictures are those who have undergone total phallic 
construction–typically as a result of gender dysphoria, severe congenital deformity, or penile loss later 
in life. In this subset of patients, strictures typically develop at the native-neourethral anastomosis. 
These may develop secondary to relative ischemia at the anastomotic site or by kinking of the base of 
the phallus. Levine et al. reviewed their series of urethroplasties following phalloplasty, and highlight 
the superior results obtained using buccal mucosa grafts compared to other techniques in this popula-
tion (31). Jordan et al. have stressed the value of incorporation of a gracilis muscle flap transferred to 
the perineum for adequate coverage of the neo-urethra to native urethra anastomosis (32).
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Posterior urethral stenosis may arise from treatment for prostate cancer. A recent review found the 
incidence of stenosis treatment to be 5.2%, while the actual incidence of stenosis occurrence may be 
somewhat higher (33). Stenosis rates were highest with radical prostatectomy, followed by combina-
tion external beam plus brachytherapy.

trauma
Anterior urethral injury as a result of external trauma may be either blunt or penetrating in nature. 
Blunt urethral trauma results from straddle- or deceleration-type injuries, in which the relatively 
immobile bulbar urethra is compressed against the pubic bone. These injuries are rarely associ-
ated with pelvic fractures (unlike posterior urethral disruptions), and may present after a prolonged 
period if the initial injury went unrecognized. Rarely, the anterior urethra may be injured secondary 
to the buckling trauma related to a penile fracture. The frequency of urethral injury associated with 
penile fracture ranges from 3%–20%, depending on the study cited.

Traumatic anterior urethral disruptions may also be related to penile fracture in approximately 
10%–20% of cases. The mechanism of injury is usually a direct blow or buckling force applied to 
the erect penis, resulting in a tear of the tunica albuginea of the corpus cavernosum with sudden 
detumescence (34). If the tear extends into the corpus spongiosum, a urethral injury may result. 
Because of the association of penile fracture with urethral injury, a retrograde urethrogram should 
be performed prior to surgical exploration and tunical repair. In a recent case report of penile frac-
ture with complete urethral disruption at the level of the pendulous urethra, Gottenger and Wagner 
reported performing primary anastomotic repair with a good long-term outcome (35). A similar 
approach has also been described for penile fracture with partial urethral disruption (36).

Penetrating injuries of the anterior urethra usually result from gunshot wounds, which rarely 
involve the urethra in isolation. Patients may sustain gunshot wounds to the penis and/or anterior 
urethra (37–43). In cases of extensive urethral destruction (shotgun, high-velocity bullets) temporary 
suprapubic diversion followed by definitive urethroplasty is appropriate. Less common causes of 
penetrating injury include stab wounds and penile amputation injuries. Anterior urethral injuries 
may be classified according to their radiographic appearance as contusions, incomplete disruptions, or 
complete disruptions (44). In the unified blunt urethral trauma classification of Goldman et al., all 
partial or complete blunt anterior urethral injuries are classified as type 5 (45).

As with anterior urethral injuries leading to stricture, posterior urethral injuries can be associated 
with significant traumatic mechanisms. Posterior urethral injuries commonly occur in association 
with pelvic fractures. Shear mechanisms resulting in pelvic fracture may tear through the urethra at 
the bulbomembranous junction. The incidence of this injury ranges from 3%–25%, depending on 
the study and the specific type of pelvic fracture. The recent SIU (Société Internationale d’Urologie) 
consensus statement makes the important distinction between strictures of the anterior urethra and 
disruptions of the posterior urethra, usually following pelvic fracture injuries (46). Pelvic fracture 
urethral disruption (distraction) injuries are addressed in great detail in another section of this 
Consultation. By consensus of the Consultation, Pelvic Fracture Urethral Distraction Defects repre-
sent a subset of the larger Pelvic Fracture Urethral Injuries subcategory.
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Inflammatory
Lichen sclerosus (LS) is a progressive sclerosing process, which can involve the penile shaft skin, 
glans, meatus, or anterior urethra. It is currently the most common inflammatory cause of glanular 
urethral strictures and acquired meatal strictures. Lichen sclerosus is commonly found at the time 
of circumcision performed for phimosis beyond the neonatal period (47), and has also been found to 
occur several years after hypospadias repair (48). 

The exact cause of LS remains elusive, but trauma, autoimmune disorders, and infectious agents (most 
recently the spirochete Borrelia burgdorferi) have been implicated as causative (49). Histologically, 
LS is characterized by hyperkeratosis of the epidermal layer with collagenization of the underly-
ing dermis. Clinically, LS may present as phimosis in an uncircumcised male, or it may appear as 
typically whitish sclerotic plaques on the glans. Lichen sclerosus  may also present with obstructive  
voiding symptoms, as the disease progressively involves the meatus and fossa navicularis. The damag-
ing effects of high-pressure voiding against an obstructed meatus compound this process and the 
injury caused by repeated instrumentation in many cases (37). The clinician must maintain a high 
index of suspicion for urethral involvement in the setting of LS and meatal stenosis. Lichen sclerosus 
is most common in Caucasian subjects, with a female-to-male prevalence of between 6:1 and 10:1 
(50). Notably, the first-tier term for this process should be “lichen sclerosus” or “lichen sclerosis” (LS). 
The term “balanitis xerotica obliterans” (BXO) is antiquated and not acceptable.

Reiter’s syndrome is an unusual cause of inflammatory urethral stricture disease. It is a form of reac-
tive arthritis occurring after enteric or urogenital infections, usually occurring in patients possessing 
the histocompatibility antigen HLA-B27 (51). Urogenital infections come from Chlamydia trachoma-
tis and possibly Ureaplasma urealyticum (52). The classic triad of urethritis, arthritis, and conjunctivi-
tis may present to varying degrees. A specific agent in a susceptible host may trigger these symptoms. 
Mucocutaneous lesions of the glans are uncommonly found, superficial, painless ulcers, referred to 
as balanitis circinata (53). Although urethral involvement is usually mild and self-limiting, Jordan et 
al. have found rare cases of severe mucosal inflammation and necrosis (44). They have approached 
this devastating manifestation with urethral excision and perineal urethrostomy construction.

Vitiligo is an uncommon disorder of localized hypopigmentation, which may involve the genital skin 
(54). Histologically, vitiligo typically reveals the absence of melanocytes. Theories of pathogenesis 
include autoimmunity or neurohumoral factors leading to destruction of melanocytes (55). Urethral 
involvement arising from vitiligo is rare, but an inflammatory variant of the disease localized to the 
glans results in meatal stricture (56).

Bulbar urethritis is a common urologic problem in pre-pubertal and adolescent boys that may be 
associated with dysuria, meatal blood spotting, and microscopic hematuria. This has also been 
called idiopathic urethrorrhagia. In severe cases, bulbar urethral strictures may be associated with 
this condition. The exact etiology for this condition remains elusive, but Docimo et al. attribute 
it to the frequent histologic finding of squamous metaplasia of the urethra (57). They suggest that 
stricture formation may result from inflammation rather than instrumentation. Similarly, Dewan 
and Wilson reviewed seven cases of bulbar urethritis, and were in agreement as to the inflamma-
tory nature of the strictures found. They postulate either an immunoreactive or infective agent as 
possible etiologic agents (58).
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Post-infectious
Recurrent gonococcal urethritis once accounted for the majority of anterior urethral strictures. 
Neisseria gonorrhoeae possesses particular types of pili that mediate attachment to urethral mucosa. 
This prevents clearance by urine flow. Gonococci are then internalized by urethral epithelial cells, 
and subsequently multiply within phagocytic vacuoles. These vacuoles are then discharged into the 
subepithelial connective tissue, where the multiplied organisms typically evoke a brisk inflamma-
tory response. Clinically, this manifests as dysuria and purulent urethral discharge. Inflammatory 
infiltrates in the submucosa ultimately lead to spongiofibrosis and stricture, particularly if the infec-
tion is prolonged, recurrent, or untreated. The advent of effective antibiotic treatment has made such 
progression to stricture uncommon in North America, but post-gonococcal strictures still account 
for the majority of strictures in the developing world. In a review of stricture etiology in 556 men in 
Nigeria, Ahmed and Kalayi found that 66.5% were post-infectious in nature (59). Similarly, Sharfi 
and Elarabi’s series of urethrocutaneous fistulas from Sudan revealed that 82% of patients had a past 
history of gonococcal infection (60).

In contrast, a large retrospective study of the incidence of urethral stricture in Scotland found that 
post-infectious stricture was an uncommon cause of stricture from 1982–1991 (61). The role of non-
gonococcal urethritis (NGU) in stricture development remains unclear. It has been postulated that 
chronic post-chlamydial urethral inflammation may be mediated by delayed hypersensitivity mech-
anisms (55). Ureaplasma urealyticum and Mycoplasma genitalium were recently shown to be unlikely 
to be causative of clinically significant epithelial disease (62). More uncommon infectious diseases 
may also result in urethral stricture disease. These include tuberculosis, schistosomiasis, and others 
(63). In endemic areas, consideration should be given to these etiologies.

Congenital
Congenital urethral strictures are the least common subcategory. It is a diagnosis that can be reason-
ably made only in the absence of inflammation, trauma, infection, and urethral manipulation.  
A review of pediatric stricture etiology in 36 children revealed that in only 2/36 children could the 
cause of stricture be deemed congenital (64). Cobb originally described a congenital narrowing of 
the bulbar urethra believed to be embryologically related to the rupture of the cloacal membrane 
or urogenital diaphragm (65). There is some dispute regarding whether this narrowing represents a 
variant of Young’s Type 3 posterior urethral valve. 

Nonomura et al. reviewed 74 boys who were found to have symptomatic congenital bulbar urethral 
narrowing, with a 93% improvement rate following trans-urethral incision (66). This group strongly 
advises meticulous cystourethroscopy in order to ascertain the presence of a significant Cobb’s 
collar. Another rare form of congenital stricture disease may manifest in the form of amniotic band 
syndrome. This unusual syndrome results in compression deformities caused by amniotic bands in 
utero. Chen et al. recently reported a case of distal obstructive uropathy and prune-belly syndrome 
secondary to a fibrous band attached to the proximal urethra (67).

Summary
Urethral stricture disease represents the final common pathway of a variety of different insults to 
the urethra. In the developed world, iatrogenic and traumatic injuries now account for the majority 
of urethral strictures, while post-infectious and congenital etiologies are less frequently encountered. 
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Inflammatory disease related strictures (e.g., LS) often present a particular reconstructive challenge 
and seem to be becoming more common. Thus, an understanding of each of the basic etiologies 
outlined here will help the reconstructive surgeon to determine the most appropriate treatment 
course.

Level of Evidence: 2b Recommendation: N/A

1.5.6 Economic impact of urethral stricture disease

In the US national databases reviewed by Santucci et al., the estimated annual expenditure for 
urethral stricture disease was $191 million, or $6000 per year for each patient treated (5). While 
this estimate applies only to the US, the amount is significant by US standards for a single diagnosis, 
and is relevant internationally as a considerable expenditure for a commonly encountered problem. 
Various authors have addressed the most cost-effective approach to treating urethral stricture disease. 
Rourke and Jordan used a cost minimization decision analysis model that suggested that treatment 
with internal urethrotomy for a 2 cm bulbar stricture was more costly than early urethroplasty (68). 

In contrast, the decision analysis model of Wright et al. suggested that urethroplasty as primary ther-
apy for bulbar strictures measuring 1–2 cm is cost effective only if the predicted success of an initial 
DVIU is less than 35% (69). In terms of cost effectiveness, they recommended urethroplasty for stric-
tures that recur after a single DVIU or in cases where urethrotomy has a predicted success rate below 
35%. In a series reviewing cost analysis from the United Kingdom, Greenwell et al. also concluded 
that the most cost-effective strategy in patients with recurrent strictures was initial urethrotomy 
followed by urethroplasty/urethral reconstruction (70).

1.5.7  Anatomy of urethral stenoses, strictures, and pelvic fracture 
urethral disruption injuries

A thorough understanding of the pertinent anatomy and its nomenclature is crucially important to 
improve future research and promote effective scientific progress and communication among urolo-
gists and reconstructive specialists involved in the evaluation and management of men with urethral 
stenoses, urethral strictures, and pelvic fracture urethral disruption injuries. An extensive review of 
the anatomy of the penis, urethra, and male pelvis is beyond the scope of this manuscript but we refer 
the reader to various comprehensive reviews (71–73).

1.5.8 Anatomy and nomenclature of the male urethra

The penis is composed of three erectile bodies (two corpora cavernosa and the corpus spongiosum), 
fascial layers, arteries, veins, and nerves. The corpora cavernosa contain erectile tissue within the 
tunica albuginea, a dense elastic sheath of connective tissue.

The corpus spongiosum lies in the ventral groove beneath the two corpora cavernosa and contains 
the urethra. The tunica albuginea surrounds the majority of the three corporal bodies as an inner 
circular layer and outer longitudinal layer; however, there are no outer longitudinal fibres between 
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5- and 7-o’clock on the corpus spongiosum. The tunica albuginea of the corpora cavernosa is thicker 
than that of the corpus spongiosum. The distal end of the corpus spongiosum expands to form the 
glans penis, a broad cap of erectile tissue covering the distal ends of the corpora cavernosa. The penis 
is supported at its base by two ligaments continuous with the fascia of the penis. Posterior to this, the 
two corpora cavernosa diverge, and the corpus spongiosum broadens between the two crura to form 
the bulbospongiosus (bulb of the urethra).

The three erectile bodies of the penis are surrounded by Buck’s fascia, the dartos fascia, and the 
skin. The dartos fascia is a layer of areolar tissue remarkable for its lack of fat that extends from the 
foreskin (prepuce) into the perineum, where it fuses with the superficial perineal (Colles’) fascia. In 
the penis, the dartos fascia is loosely attached to the skin and the deeper layer of Buck’s fascia, and 
contains the superficial arteries, veins, and nerves of the penis. Buck’s fascia is the tough, elastic 
layer immediately adjacent to the tunica albuginea. On the superior aspect of the corpora cavernosa, 
the deep dorsal vein, paired dorsal arteries, and multiple branches of the dorsal nerves are enclosed 
within Buck’s fascia. Buck’s fascia splits in the midline groove on the underside of the corpora caver-
nosa to surround the corpus spongiosum. The fascial layers merge lateral to the corpus spongiosum 
and join the tunica albuginea of the corpora cavernosa. Buck’s fascia extends from the undersurface 
of the glans penis at the corona into the perineum, enclosing each crus of the corpora cavernosa and 
the bulb of the corpus spongiosum, firmly fixing these structures to the pubis, ischium, and inferior 
fascia of the perineal membrane (urogenital diaphragm).

The urethra is the lumen of an epithelialized tube for the passage of urine and semen that extends 
from the distal bladder neck to the meatus. The “anterior” urethra extends from the meatus to the 
proximal bulbar urethra (or distal membranous urethra) and is entirely surrounded by the corpus 
spongiosum. The “posterior” urethra extends from the distal bladder neck to the distal membra-
nous urethra (or proximal bulbar urethra). The consensus opinion of a World Health Organization 
(WHO) conference convened in Stockholm in 2002 is that the terms “anterior” and “posterior” 
urethra should be discarded. This International Consultation agrees and the recommended nomen-
clature reflects the fact that the urethra is subdivided into the following segments:

1. The urethral meatus is a slit-like opening 
located at the tip of the glans penis slightly 
ventrally, with its long axis oriented vertically. 
It is the termination of the urethra at the 
distal end of the penis. The term “external 
meatus” is redundant and thus it is recom-
mended that the accepted term be “meatus” 
only.

2. The fossa navicularis is the distal portion 
of the penile urethra located within the 
erectile tissue of the glans penis proximal 
to the meatus. It ends at the junction of the 
urethral epithelium with the skin of the 
glans. The fossa navicularis is lined with 
stratified squamous epithelium. The term 

“glanular urethra” is confusing, as the fossa 
navicularis is part of the penile urethra. It is 
therefore recommended that the term “glan-
ular urethra” is no longer acceptable.
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3. The penile urethra extends from the meatus 
to the distal edge of the bulbocavernosus 
muscle. It is completely surrounded by 
the corpus spongiosum and maintains a 
constant lumen size, generally centred in the 
corpus spongiosum. The penile urethra is 
lined with simple squamous epithelium. The 
term “pendulous urethra” is confusing and 
not descriptive, so it is recommended that 
the correct term be “penile urethra.”

4. The bulbar urethra extends from the proxi-
mal penile urethra to the distal membra-
nous urethra. It is surrounded by the 
bulbospongiosus of the corpus spongiosum 
and covered by the midline fusion of the 
ischiobulbocavernosus muscle. It becomes 
larger and lies closer to the dorsal aspect of 
the corpus spongiosum as it extends proxi-
mally. The bulbar urethra is lined with squa-
mous epithelium distally that progressively 
changes to transitional epithelium in the 
membranous urethra. 

5. The membranous urethra extends from the 
proximal bulbar urethra to the distal veru-
montanum. It is surrounded by the volun-
tary external sphincter mechanism, both the 
smooth muscle external sphincter and the 
striated/rhabdosphincter. The membranous 
urethra is unattached to any fixed structure 
and is the only segment of the male urethra 
not surrounded by any other structure. It is 
lined with transitional epithelium.

6. The prostatic urethra extends from the 
proximal edge of the membranous urethra 
or the proximal verumontanum to the distal 
bladder neck. It is surrounded by the pros-
tate. The transitional epithelium of the pros-
tatic urethra is continuous with the trigone 
and bladder.

7. The bladder neck is surrounded by the fibres 
of the detrusor muscle and variably by any 
intravesical extension of the prostate. The 
transitional epithelium of the bladder neck 
is continuous with the trigone and bladder. 
When the bladder neck is affected by scar-
ring, the term “bladder neck stricture” is 
not descriptive or correct because there is 
no corpus spongiosum located at the bladder 
neck, and by definition a “stricture” involves 
scarring of the corpus spongiosum or spon-
giofibrosis. The term “bladder neck contrac-
ture” is also not descriptive and is confusing. 
It is recommended that the preferred term 
be “bladder neck stenosis” when the prostate 
is in situ or “vesico-urethral anastomotic 
stenosis” after radical/total prostatectomy. 
Therefore, the terms “bladder neck stricture” 
and “bladder neck contracture” are no longer 
acceptable.

The normal anatomic description of the urethra is with the penis in the erect state. Therefore, the 
dorsal urethra is that aspect of the urethra closest to the corpora cavernosa. The ventral urethra is 
the contralateral aspect of the urethra, farthest from the corpora cavernosa.

Urinary continence in men results from sphincter mechanisms located along the urethra from the 
bladder neck to the distal membranous urethra. Multiple muscular “sphincters” are described in the 
male urethra (71). Beginning proximally, there is the bladder neck. The prostate contains a muscu-
lar stroma that continues into the membranous urethra as the external smooth muscle sphincter. 
The external rhabdosphincter, often referred to simply as the external sphincter, is composed of 
slow-twitch striated muscle for voluntary urinary control. In the region of the membranous urethra 
there are peri-urethral striated muscles of recruitment, which are not true sphincters but provide 
support for volitional continence. They allow for momentary interruption of the urine stream but 
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are incapable of maintaining continence in the absence of a functional intrinsic mechanism. Brooks 
et al. (74) created computer-generated three-dimensional reconstructions of the male pelvis and 
provided unique insights into the anatomy. The striated urethral sphincter appears circular with 
abundant tissue posteriorly. This sphincter muscle has greater length anteriorly than posteriorly.

Yucel and Baskin (75) dissected 12 male normal human pelvises ranging from 17.5 to 38 weeks of 
gestation. Three-dimensional reconstructions were created to demonstrate the lower urogenital tract 
and urethral sphincter anatomy. They determined that the urinary continence mechanism is formed 
by a combination of detrusor, trigone, and urethral sphincter muscles with distinctive histological 
characteristics in both sexes. In males, the external urethral sphincter covers the ventral surface of 
the prostate in a crescent shape above the verumontanum, a horseshoe shape below the verumonta-
num, and a crescent shape along the proximal bulbar urethra. The levator ani muscles form an open 
circle around the external sphincter with a hiatus at the ventral aspect. As the levator ani does not 
surround the ventral aspect of the urethra, it may not have an active role in continence in males.

Dalpiaz et al. (76) carefully dissected 15 male human cadavers to investigate the anatomy of the 
male rhabdosphincter, neurovascular bundles, and membranous urethra, as well as their relation-
ship. The membranous urethra (about 1.5 cm long) contains smooth muscle fibres. In histologi-
cal cross-sections, the rhabdosphincter forms an omega-shaped loop around the ventral and lateral 
aspects of the membranous urethra. It is separated from the membranous urethra by a delicate 
sheath of connective tissue. Based on precise anatomical knowledge, the ventral wall of the membra-
nous and prostatic urethra can be dissected and exposed without injuring the rhabdosphincter’s 
external smooth muscle and the neurovascular bundles. This anatomical approach helps preserve 
the muscular structures involved in the continence mechanism (77). Continence after anastomotic 
urethroplasty/urethral reconstruction for post-traumatic posterior urethral stenoses is maintained 
solely by the proximal urethral mechanism.

In terms of urethral injury that occurs with a pelvic fracture, it is recommended that “pelvic fracture 
urethral injury” (PFUI) be the preferred term. This terminology reflects the fact that various injury 
mechanisms may be involved, each resulting in fibrosis. This includes entities such as injury to the 
proximal bulbar urethra that may result in spongiofibrosis and proximal bulbar urethral stricture. 
This also includes entities such as complete urethral disruption with loss of urethral continuity, 
which, by definition, is not a urethral “stricture” because it does not involve spongiofibrosis. In these 
cases of urethral disruption with loss of urethral continuity, “pelvic fracture urethral distraction 
defect” (PFUDD), as discussed previously, is the preferred term, and “posterior urethral stricture” is 
not acceptable. It is recognized that “urethral disruption defect” is an alternative, second-tier term.

Mouraviev and Santucci (78) reported that posterior urethral disruption injuries (in their cadaveric 
anatomy models) appear to most commonly occur distal to the urogenital diaphragm, contrary to 
classic teaching. These injuries are on average between 3 and 4 cm and are more significant dorsally 
than ventrally. They appear to occur as simple or complex injuries, mirroring the clinical findings 
seen in clinically simple and complex urethral strictures. Andrich and Mundy (79) suggested that 
the urethral injury associated with pelvic fracture is an avulsion of the membranous urethra from 
the bulbar urethra rather than a shearing through the membranous urethra, and that some degree of 
urethral sphincter function is preserved in a significant percentage of patients.
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Andrich et al. (80) proposed mechanisms of lower urinary tract injury in fractures of the pelvic ring. 
They found that the pattern of pelvic fracture did not help to predict the presence of lower urinary 
tract injury, but the type of injury was related to the fracture mechanism. The pattern of injury to 
the soft tissue envelope and specifically to the ligaments supporting the lower urinary tract offers the 
best correlation with the observed injury.

A detailed description of the venous, arterial, lymphatic, and nervous anatomy of the penis is beyond 
the scope of this manuscript. Briefly, the penis is drained by three venous systems: superficial, inter-
mediate, and deep. The superficial veins in the dartos fascia on the dorsolateral penis unite at its base 
to form a single superficial dorsal vein, which generally drains into the left saphenous vein, rarely 
into the right, and occasionally as two veins that drain into both. More superficial veins may drain 
into the external superficial pudendal veins. The intermediate system contains the deep dorsal and 
circumflex veins within and beneath Buck’s fascia, with emissary veins in the corpora cavernosa 
passing through the tunica albuginea from the lateral and dorsal surfaces of the corpora cavernosa 
to empty into the circumflex veins or the deep dorsal vein. The circumflex veins arising from the 
corpus spongiosum (usually in the distal two thirds of the ventral penis) receive the emissary veins 
from the corpora cavernosa to empty into the deep dorsal vein. They communicate with one another 
and those of the opposite side to form common venous channels, usually accompanied by dorsal 
nerve and artery branches, and can also become confluent ventrally, forming bilateral peri-urethral 
veins. The deep dorsal vein is formed by veins emerging from the glans penis to form the retrocoro-
nal plexus, which drains into the deep dorsal vein in the midline groove between the corpora. The 
superficial and deep dorsal veins may connect. The deep dorsal vein gathers blood from the emissary 
and circumflex veins, and drains into the periprostatic plexus. The deep venous system involves the 
crural and cavernosal veins, and emissary veins, that join to drain into the internal pudendal veins. 
The internal pudendal veins course with the internal pudendal artery and nerve in Alcock’s canal to 
empty into the internal iliac vein.

The arterial supply to the corpus spongiosum and urethra arises from the internal pudendal artery. 
After the internal pudendal artery gives off its perineal branch, the artery is termed the common 
penile artery. The common penile artery travels along the medial margin of the inferior pubic ramus 
and as it nears the urethral bulb, divides into three terminal branches: 1) the bulbourethral artery, 
which penetrates Buck’s fascia to enter the bulbospongiosus, oriented almost parallel to the path 
of the membranous urethra; 2) the dorsal artery, which travels dorsally along the penis giving off 
circumflex branches (the circumflex cavernosal arteries) to the corpus spongiosum with its terminal 
branches in the glans penis; and 3) the cavernosal artery as the terminal branch of the penile artery, 
which enters the corpus cavernosum and runs the length of the penile shaft, giving off the many 
helicine arteries that constitute the arterial portion of the erectile apparatus. A dual blood supply 
to the proximal corpus spongiosum comes from the circumflex arteries, the lateral branches of the 
deep dorsal artery, and the perforating branches of the cavernosal arteries. The dual blood supply is 
maintained distally by the dorsal artery’s terminal union with the tissue of the glans. Two cavernosal 
arteries run near the centre of the corpora cavernosa. Blood carried by these arteries returns through 
the erectile space that connects to the corpus spongiosum via numerous anastomotic channels.
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The nerves of the penis arise from the pudendal and cavernosal nerves. The pudendal nerves supply 
somatic motor and sensory innervation to the penis. The cavernosal nerves are a combination of 
parasympathetic and visceral afferents that constitute the autonomic innervation to the penis from 
the pelvic plexus. Pre-ganglionic parasympathetic visceral efferents and afferents arise from S2–4 
and sympathetic pre-ganglionic afferents and visceral afferents arise from T11–L2. Beyond the pros-
tate, the cavernosal nerves run next to and through the membranous urethra. As they penetrate the 
perineal membrane, the nerves pass near and supply Cowper’s gland before entering the corpora 
cavernosa dorsomedial to the cavernosal arteries.

1.5.9 Histology and pathology of urethral strictures

The normal urethra is primarily lined by pseudostratified columnar epithelium. Beneath the base-
ment membrane there is connective tissue composed of fibroblasts and an extracellular matrix with 
collagen, proteoglycans, elastic fibres, and glycoproteins, and the spongiosum composed of vascular 
sinusoids and smooth muscle. The most remarkable histologic changes of urethral strictures arise in 
the connective tissue. Strictures are the consequence of epithelial damage and spongiofibrosis. Scott 
and Foote (81) examined early events in stricture formation in the guinea pig urethra using light 
and electron microscopy. After trauma, the urethral surface initially ulcerated and was subsequently 
covered by simple, then stratified, squamous epithelium. 

The stricture tissue is rich in myofibroblasts and multi-nucleated giant cells. These cells were thought 
to be related to stricture formation and collagen synthesis, respectively. An increase in collagen is 
associated with the loss of vascular characteristics of the normal urethra. Singh and Blandy (82) did 
an experimental study in the rat to determine the role of extravasation of urine in the pathogenesis 
of urethral stricture. They observed that the ultrastructure of urethral stricture tissue has features 
that suggest why some strictures are fibrous and others resilient, and the total amount of collagen 
increases in urethral stricture, resulting in dense fibrotic tissue with decreased smooth muscle and 
elasticity. 

In contrast, Baskin et al. (83) could not demonstrate an increase in total collagen amount in the stric-
ture compared with normal urethra, but rather found that an alteration in the ratio of collagen type 
may explain the fibrotic, non-compliant nature of urethral stricture scar tissue. They found that the 
normal urethral spongiosum was composed of 75% type I collagen and 25% type III collagen. In 
contrast, the type III collagen in urethral stricture tissue was increased (84%) with a corresponding 
decrease in type I collagen (16%). 

Cavalcanti et al. (84) reported a qualitative and quantitative histological analysis of the tissues of the 
corpus spongiosum in 15 bulbar urethral stricture patients managed by anastomotic urethroplasty/
urethral reconstruction. They noted that there was complete loss of the relationship between smooth 
muscle, the extracellular matrix, and sinusoids in the peri-luminal area of the strictured urethra, 
with collagen replacement. The extension of the fibrotic area was greater in those with a traumatic 
stricture than in those with an atraumatic stricture. There was a remarkably lower vascular density 
in the traumatic etiology group than in the non-traumatic etiology group. There was an increase in 
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type III collagen in the peri-luminal area and in type I in the peripheral spongiosum. Collagen type 
III in the peri-luminal area was greater in the group with no suprapubic cystostomy diversion before 
surgery, which suggests that the diversion can modify the structure of fibrotic urethral tissue. 

By and large, urethral stricture formation is characterized by marked changes in the extracellular 
matrix components, with consequent changes in function. The different causes of urethral stric-
tures must be considered when choosing the surgical technique, because they affect the spongiosum 
differently.

Little is known about the molecular environment in urethral strictures, and the majority of studies 
available focused on collagen analysis. Glycosaminoglycans (GAGs) and collagens are major compo-
nents of the extracellular matrix and they have key roles in fibrotic diseases. Da Silva et al. (85) 
measured the GAG composition in the strictured urethral segment. They concluded that composi-
tion changes in GAGs in strictured urethras could contribute to the non-compliant nature of urethral 
scar tissue and cause functional changes, and that these results may be useful in defining new targets 
for therapy for urethral stricture disease.

Visual internal urethrotomy has been most widely used as a primary treatment for anterior urethral 
stricture, but the long-term results are disappointing, with high recurrence rates. The fact is that 
during urethrotomy, the fibrotic tissue with low vascularity is incised instead of healthy tissue. Lopes 
et al. (86) histologically analyzed urethral healing after dorsal incision and stenting of normal urethra 
in an animal model. The incision through a normal urethral plate was associated with epithelializa-
tion without excess collagen deposition or scar formation. In most cases, for patients with traumatic 
urethral strictures, urethroplasty/urethral reconstruction should be the primary treatment, rather 
than endoscopic incision.

Bastos et al. (87) noted that the concentration of elastic fibres in the corpus spongiosal tissues 
increased significantly with age during human fetal development. This high concentration of elastic 
fibres in those tissue may partly explain its high extensibility as a functional adaptation of the fetal 
male urethra. Cavalcanti et al. (84) reported that this feature was markedly changed, especially in 
traumatic urethral stricture, with dense and hypovascular scarring, when compared with urethral 
strictures of other causes.
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1.5.10 Spongiofibrosis and classification of urethral strictures

Jordan and Devine (88) proposed a classification of anterior urethral strictures based on the extent 
of spongiofibrosis and outlined a treatment algorithm with urethrotomy or surgery based on the 
classification. The authors presented a logical approach to anterior urethral strictures based on the 

“anatomy” of the stricture. 

Pansadoro and Emiliozzi (89) proposed a classification of iatrogenic prostatic (posterior) urethral 
stenoses according to location and etiology: type I, located exclusively at the bladder neck; type II, 
located in the midportion of the prostatic fossa; and type III, in which the whole prostatic fossa is 
replaced by stenosis. Klosterman et al. (90) proposed a staging system based on the degree of lumen 
occlusion using the sonographic appearance of the urethral stricture. They reported that ultrasonog-
raphy of the anterior urethra offers a dynamic three-dimensional study that can easily be repeated. 
It holds the promise of defining accurately, not only the exact length and severity of the strictured 
urethral segment, but also the extent of urethral fibrosis and the anatomy of the periurethral struc-
tures. A significant reduction in the incidence of recurrent stricture may be obtained by selecting 
patients for treatment on the basis of the findings of ultrasonography. 

Moreover, the potential exists for the use of this imaging method during internal urethrotomy to 
ensure a more accurate and appropriate incision of the stricture. A major limitation to ultrasonog-
raphy is that it is operator dependent and that clinical stratification of strictures by ultrasonography 
may be very subjective and lack reproducibility. 

Chiou et al. (91) categorized urethral strictures into five categories, combining the sonographic find-
ings of spongiofibrosis with the length of the urethral stricture. They studied the role of urethral 
ultrasonography and colour Doppler imaging in the evaluation of patients with urethral strictures 
and associated abnormalities. They concluded that, with the advantages of avoiding radiation to the 
testes, providing real-time evaluation of the distensibility of the urethra, and having the capacity 
of assessing spongiofibrosis, periurethral tissue involvement, and urethral artery location, urethral 
ultrasonography appears to offer more than retrograde urethrography for the evaluation of anterior 
urethral strictures.
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2.1 Introduction
In all surgical disciplines, successful outcomes are dependent on patient selection and determination 
of the most appropriate surgical procedure for a given clinical situation. In patients with a urethral 
stricture, a thorough history and physical examination, endoscopy, and radiographic imaging are 
essential for proper evaluation.

In the field of urethral reconstruction, there are two defining events that have enhanced this process. 
In the mid-1970s, McCallum and Colapinto provided an elegant description of dynamic retrograde 
and voiding cystourethrography correlated with urethral anatomy (1), outlining techniques still 
used today by virtually every reconstructive urologist. The second event was the development of 
the flexible cystoscope in 1984, taking this procedure from the operating room to the office in most 
cases with much improved tolerability (2).

Although urethrography and endoscopy remain the primary forms of evaluation of the patient with 
a urethral stricture, additional means have been subsequently reported, including uroflowmetry, 
symptom scores, quality of life assessments, ultrasonography, computed tomography (CT), and 
magnetic resonance imaging (MRI). The goal of this chapter is to attempt to better define the role of 
each of these methods in the evaluation and follow-up of patients with urethral stricture.

2.2 Patient History
A thorough history is important in the evaluation of a patient with a known or suspected urethral 
stricture. The onset and severity of obstructive and storage-related voiding symptoms is documented. 
The presence of hematuria, dysuria, or urinary retention at any point in time is also recorded. Urinary 
tract infection may take the form of cystitis, prostatitis, or epididymitis, with or without associated 
abscess, and should be noted. The patient should also be asked about a history of sexually transmit-
ted diseases, even though in most areas of the world this is currently less common as an etiology for 
urethral stricture than in the past, due to more effective antibiotic therapy.

The patient is also asked about the presence or absence of previous trauma to the penis or perineum, 
as well as a history of difficult urethral catheterization, hypospadias repair, or lichen sclerosus involv-
ing the genitalia. If there has been a pelvic fracture, the orthopedic injuries must be assessed to ensure 
that the healing is sufficient to allow placement of the patient into lithotomy position. Osteoarthritis 
or a history of joint replacement may also cause difficulties with proper patient positioning.

Previous urethral dilation and surgical procedures for urethral stricture or other urethral disorders, 
such as diverticulum or hypospadias, are carefully recorded. With regard to urethral dilation or inter-
nal urethrotomy, a progressively shorter interval between treatments may indicate increasing density 
of the stricture. It is also important to inquire about the use of intermittent self-catheterization 
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currently or in the past, as this may have an impact on the timing of urethral reconstruction. In 
general, it is preferable for the urethra to be free of instrumentation for 2–3 months prior to surgery 
to aid with accurate identification of the true extent of a urethral stricture.

The current status of erectile and ejaculatory function and time course of any previous alterations is 
documented. The patient should be asked about the presence of chordee, particularly in the setting of 
previous hypospadias, as this may require repair at the time of urethral reconstruction. A thorough 
review of systems and medical history can reveal the presence of medical problems that may have an 
additional impact on voiding function, such as benign prostatic enlargement, diabetes mellitus, and 
neurological disorders.

Social history should include assessment of previous tobacco use. Smoking may contribute to a 
decreased success rate following urethroplasty (Level 3) (3), particularly penile island flap proce-
dures (Level 3) (4). Chewing tobacco or betel leaves can lead to abnormal buccal mucosa, which can 
increase donor-site morbidity or make the tissue unsuitable for use in substitution urethroplasty 
(Level 2) (5).

2.3 Physical Examination
2.3.1 General

Overall body habitus is assessed for possible difficulties with positioning at the time of urethral 
surgery, particularly when considering a lengthy procedure in lithotomy position. The oral mucosa 
should be examined for suitability for harvest of a buccal or lingual mucosa graft.

2.3.2 Abdomen

Palpation of the abdomen may reveal a palpable bladder in a patient with chronic urinary retention 
related to urethral stricture. Location of the suprapubic tube (SPT), if present, is assessed for the 
possibility of using the tract for antegrade passage of a sound or a cystoscope at the time of poste-
rior urethral reconstruction following pelvic-fracture–related urethral injury. If the SPT site is very 
proximal or off of the midline, open cystotomy may be required at the time of surgery to facilitate 
sound passage.

2.3.3 Genitalia

With every patient, it is important to document whether he has been circumcised, since the foreskin 
may be used in some cases for substitution urethroplasty in the form of a flap or a graft. If circum-
cised, the penis is inspected for the presence of redundant foreskin or sufficient hairless shaft skin. 
Patients may also have a relatively hairless area of skin near the midline of the scrotum that may 
serve as an island flap; however, this flap has been used much less frequently since the widespread 
adoption of oral mucosa grafts.
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The penile skin should be carefully examined for lichen sclerosus, which has an impact on selection 
of the method of surgery for urethral reconstruction (Level 3) (6–8). The urethral meatus is assessed 
for stenosis and location, with the degree of hypospadias noted if present.

A urethral fistula may be detected in some cases, particularly in patients who have undergone previ-
ous urethral surgery. Palpation of the scrotum, perineum, and urethra is done to look for thickening 
or induration of the urethra and to rule out associated abscess or epididymitis. Urethral indura-
tion often indicates severe spongiofibrosis, and if there is a mass effect, the uncommon diagnosis of 
urethral carcinoma may be considered. Digital rectal examination (DRE) is performed, particularly 
in older males, to document the degree of clinical benign prostatic hyperplasia (BPH), since this may 
make it more difficult to assess voiding symptoms or to interpret a low flow rate following internal 
urethrotomy or urethroplasty.

2.3.4 Musculoskeletal and neurological

In patients with a posterior urethral injury following pelvic fracture, consideration should be given 
to placing the patient into lithotomy position in the office to assess flexibility of the lower extremi-
ties and overall tolerability. This manoeuvre may also be helpful in evaluating the significantly obese 
patient for urethral reconstruction. Lower extremity contractures in the neurologically impaired 
patient may necessitate alternative and creative positioning manoeuvres for adequate surgical expo-
sure. It is a good idea to document sensory and motor deficits in these patients in order to establish a 
baseline for comparison with post-operative physical examination if necessary.

2.4 Laboratory
Urinary tract infection is not uncommon in the setting of urethral stricture, and every patient 
should have urinalysis, followed by urine culture if indicated. In certain clinical situations indicative 
of long-term untreated outlet obstruction or medical renal disease, assessment of serum creatinine 
should also be considered.

2.5  Urethrography, Cystography,  
and Cystoscopy

2.5.1 Urethrography

Urethrography has been used for over 100 years in the diagnosis and staging of urethral stricture 
disease (9). In many ways, it remains the gold standard for accurate assessment of urethral strictures.
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Typically, urethrography is performed in a retrograde fashion using 10–20 mL of water-soluble 
radiocontrast agent. This is done after plain film imaging (scout film) to document proper posi-
tioning and to assess for any concurrent radio-opaque urethral pathology. This study is commonly 
known as retrograde urethrography (RUG). Contrast is injected slowly while serial fluoroscopic or 
radiographic images are obtained. This method is known as dynamic urethrography and allows for 
continuous assessment of the urethra while injecting contrast (10).

Dynamic urethrography, in theory, allows for more accurate assessment of the bladder neck, poste-
rior landmarks, and areas of the urethra proximal to the stricture (11). Despite its widespread use and 
time-tested applicability, performing proper and accurate RUG does require a few key steps to ensure 
accuracy when diagnosing and staging a urethral stricture.

Retrograde urethrography should ideally be performed (or directly supervised) and interpreted 
by the treating urologist. Oblique positioning of the patient (45 degrees) is a critically important 
step, especially when assessing the bulbar urethra (12). The downward obturator fossa should be 
completely closed on the scout film to confirm appropriate positioning (Figure 1). This is important 
in order to position the urethra as parallel as possible to the film.

Without proper positioning, the bulbar urethra will not be visualized along its parallel axis and the 
presence or length of stricture can be underestimated (Figure 2).

Figure 1
Positioning of patient for 
RUG. Note the occlusion of 
the downward obturator 
fossa. An incidental urethral 
stone is also evident.

Figure 2
The importance of proper  
positioning during RUG. 
Without sufficient oblique 
positioning, the presence  
and length of stricture can  
be underestimated.
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Plain film imaging done during positioning may also assist in the diagnosis of any concurrent 
urethral pathology, such as a radio-opaque calculus (Figure 1).

During RUG, the penis should be placed on stretch in order to allow for complete assessment of the 
entire penile urethra. Avoiding the introduction of air bubbles during injection of contrast prevents 
filling defects from being masked and other urethral pathology from being obscured. Many advo-
cate avoiding the use of lubricating gel and anesthetic, as they may obscure the image and cause 
edema without any substantial benefit to patient comfort (Level 4) (10).

If possible, contrast should be seen passing proximal to the stricture segment and through the 
membranous urethra. Without this proximal imaging, the true extent of the stricture may not be 
determined. It should also be noted that multiple views might be required to accurately delineate 
urethral pathology (11).

Various techniques for the injection of contrast during RUG have been advocated. Typically, a cath-
eter-tipped syringe or Brodny clamp has been used (Figure 3) (13).

Others have described the use of a small-bore Foley catheter (12 or 14 French) placed just inside the 
fossa navicularis (1–2 cm) with 2–3 mL placed in the balloon to facilitate luminal occlusion, or the 
use of a catheter-tipped syringe (1). Several modifications of the Brodny clamp and varying injection 
techniques have been used (Level 4) (14–16). Modifications of the technique have ranged from the 
use of a drip infusion system (to allow a more gradual distension of the urethra during urethrogra-
phy) to the use of auto-urethrography (Level 4) (17,18).

Typically, well-performed RUG should seek to identify three key features of a urethral stricture:

 � The location of the stricture
 � The length of the stricture

 � The presence of any associated urethral pathol-
ogy (fistula, false passages, calculi, etc.)

When performing RUG, it is also important to be aware of several normal findings and key urethral 
anatomic landmarks.

Figure 3
The use of a Brodny clamp 
to evaluate a penile urethral 
stricture.
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The urethra is typically divided into two distinct parts: the anterior urethra and the posterior urethra. 
The anterior urethra is composed of the penile urethra and the bulbar urethra. Starting from the 
level of the urethral meatus, the urethra is typically smooth and uniform to the area of the penoscro-
tal junction, where it transitions to the bulbar urethra (Figure 4).

This transition is usually evident as a slight S-shaped change in the course of the urethra. In some 
images, the soft tissue of the scrotum can be seen, which can facilitate the distinction between these 
two parts of the anterior urethra. Given the elastic nature of the penis and penile urethra, it is impor-
tant to place the penis on moderate stretch during urethrography in order to accurately delineate 
stricture length in this segment.

Throughout the anterior urethra, several peri-urethral glands exist (Littre glands). These can some-
times be identified as small punctate areas of extra-luminal contrast on RUG (Figure 5). The filling 
of the glands can be normal, but is more common in the setting of obstructive urethral pathology.

The bulbar urethra is wider than the penile urethra, but tapers proximally into the posterior urethra 
at the level of the pelvic floor. The urethra forms a symmetrical cone at this level. There is sometimes 
intravasation of contrast into the corpus spongiosum (Figure 6) or into the penile venous drainage 
system (Figure 7). This may occur in the setting of urethral inflammation or due to overzealous 
injection of contrast during imaging.

Figure 4
Normal RUG.  
p = penile urethra,  
b = bulbar urethra,  
m = membranous urethra,  
pr = prostatic urethra,  
B = bladder

Figure 5
Littre glands filling in  
association with a long  
bulbar urethral stricture.
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In some patients, visualization and filling of one or both Cowper’s ducts and glands may occur, but 
this is virtually only seen in the presence of obstruction distal to the insertion of the ducts into 
the proximal bulbar urethra. In some patients, contraction of the musculus compressor nuda (an 
anterior leaf of the bulbospongiosus muscle) may compress the very proximal bulbar urethra. It is 
important not to confuse this finding with a proximal bulbar urethral stricture.

The posterior urethra has two segments: the membranous urethra and the prostatic urethra. The 
membranous urethra appears on RUG as a 1–2 cm long wisp of contrast that extends to near the 
verumontanum of the prostate (Figure 4). The verumontanum in turn marks the beginning of the 
prostatic urethra and is often seen as a discrete filling defect on urethrography. It is important to 
note that the posterior urethra is not open physiologically during RUG and will not (in the normal 
urethra) be distended by contrast.

Since its introduction in 1910, RUG has evolved as the de facto gold standard for evaluating and 
diagnosing a urethral stricture. When properly performed, RUG provides visualization of strictures 
involving the penile and bulbar urethra and facilitates assessment of posterior urethral distraction 
defects and stenoses (Figures 8–11); however, there is a paucity of controlled trials documenting its 
accuracy. 

Figure 6
Intravasation of contrast  
into the corpus spongiosum 
during RUG.

Figure 7
Intravasation of contrast  
into veins of the penile  
circulation during RUG.



IntERnAtIonAl ConSUltAtIon on UREthRAl StRICtURES38

Figure 8
A long-segment penile  
urethral stricture due  
to lichen sclerosus.

Figure 9
A short-segment bulbar 
stricture on RUG.

Figure 10
A long-segment bulbar 
urethral stricture.

Figure 11
RUG demonstrating a  
posterior urethral stricture 
related to pelvic fracture.
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As a diagnostic modality, RUG has reported sensitivities between 75% and 100%, with specificities 
of 72%–97% when compared in cohort series to cystoscopy and intraoperative findings as definitive 
diagnostic entities (Level 3) (19–21). Positive and negative predictive values range from 50%–93% 
and 76%–100%, respectively (19,21). As a single modality, RUG offers a means of both diagnosing 
urethral stricture and concurrently staging the stricture with regard to length, location, and number 
of strictures (Level 3).

Retrograde urethrography does not allow for the direct assessment of peri-urethral tissue (spon-
giofibrosis), and instead depends on the experience of the examiner to infer its presence based 
on the intra-luminal findings (Level 4). Retrograde urethrography is typically sufficient to diag-
nose concurrent pathology such as fistula, false passage, and significant ductal reflux (Figure 12)  
(Level 3) (22). 

Retrograde urethrography also plays a vital role in staging complex urethral defects after trauma. In 
this setting, RUG allows assessment of the urethra distal to a distraction defect and also facilitates 
determination of bulbar urethral length (urethrometry). This information may help direct surgical 
management of a pelvic fracture related urethral distraction defect (Level 4) (23).

Several limitations to RUG do exist. Strictures of the very distal (urethral meatus and fossa navic-
ularis) and proximal (bulbomembranous) urethra can be difficult to detect with RUG alone (24). 
In addition, RUG can be technically more difficult in patients with a very distal stricture, obesity, 
hypospadias, or a redundant prepuce. One should always be aware of the magnification artifact that 
occurs with conventional radiography, depending on patient size and distance from the radiation 
source.

Given the nature of RUG (injecting contrast) there is a risk of patient discomfort, urinary tract infec-
tion, and contrast agent reaction (should intravasation occur). In cases of severe or complete urethral 
occlusion, retrograde assessment of the urethra proximal to the obstruction is often impossible 
(Figure 13). In these instances, RUG can be combined with an antegrade urethrogram in order to 
accurately define the extent of the stenosis (Figure 14) (25).

Figure 12
False passages associated 
with a complex bulbar  
urethral stricture. Note the 
filling of Cowper’s duct.
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Overall, RUG is a reliable, accessible, and versatile means to both diagnose and stage urethral stric-
tures. Properly performed RUG typically provides accurate information about the number, loca-
tion, and length of a urethral stricture. Though not a perfect single modality, RUG can readily be 
combined with other diagnostic tests to achieve a synergistic approach to the evaluation of urethral 
stricture.

2.5.2 Cystography

Cystography (as both a static radiograph and a voiding study) has been used to diagnose and stage 
urethral strictures. Voiding cystourethrography (VCUG) is typically most useful for visualizing the 
posterior urethra and the segment of urethra proximal to a urethral stricture. In contrast to RUG, 
during VCUG both the bladder neck and prostatic urethra are distended. Because of this, VCUG can 
complete the evaluation of an obliterated urethral stricture or urethral distraction defect that cannot 
be completely assessed with RUG alone (Figures 13 and 14).

In addition, VCUG allows for the assessment of the functional impairment caused by the stricture, by 
showing the hydrodynamic effect on the urethra proximal to the stricture (hydrodistention) (Level 3) 
(26). Voiding cystourethrography may be performed after retrograde instillation of contrast during 
RUG, or the bladder may be cannulated with a ureteral access catheter to facilitate filling without 
dilating or distorting the stricture. If a patient has a suprapubic catheter in place, this greatly facili-
tates access to the bladder for the purpose of performing VCUG. In some rare instances, patients may 
undergo VCUG after intravenous contrast administration and subsequent filling of the bladder with 
contrast. This technique is time consuming and carries an increased risk of contrast agent reaction. 
Like RUG, VCUG should be performed with the patient in the oblique position (upright or lying).

Typically, VCUG does not optimally visualize the anterior urethra, especially the segment distal to 
the site of obstruction. In one study, visualization of the anterior urethra was improved by the occlu-
sion of the distal urethra with a penile clamp or manual compression (Level 3) (27), but this does not 
seem to be a commonly used technique, since this information can be readily obtained with RUG. 
Voiding cystourethrography is often used as a complementary investigation done in conjunction 
with RUG.

Figure 13
Occlusion of the bulbar  
urethra following  
straddle injury.
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Cystography without the voiding component has little place in the staging and diagnosis of most 
anterior urethral strictures. However, static cystography can be useful in assessing urethral distrac-
tion defects due to a pelvic fracture-related urethral injury. In many instances, urethral distraction 
defects may be completely obliterated and associated with significant nerve injury. Typically, a patient 
has an indwelling suprapubic catheter, and in some cases may be unable to void for the purposes of 
outlining the posterior urethra during VCUG. In these instances a static cystogram may still provide 
insight into the integrity of the bladder neck.

Ultimately, the finding of an open bladder neck at rest on cystogram may indicate a higher risk of 
incontinence after establishing urethral patency (Level 3) (28–31). In one series, the risk of post-
operative incontinence was estimated at 53% when the bladder neck was found to be open on cystog-
raphy (29). Therefore, when assessing urethral distraction defects due to pelvic fracture, a cystogram 
is highly recommended.

2.5.3 Cystoscopy

Despite its widespread use, cystoscopy is a relatively under-reported modality for urethral stric-
ture assessment in the current urological literature. As a diagnostic modality, cystoscopy has 
been considered the gold standard for determining the presence or absence of a urethral stricture  
(Level 3) (19–21).

Cystoscopy has been reported to allow detection of a urethral stricture prior to the occurrence of 
findings with other studies, such as uroflowmetry and symptom assessment (Level 3) (32). However, 
cystoscopy alone does not allow for complete visual staging in terms of stricture length and exact 
location, since most significant strictures are smaller in calibre than most cystoscopes (Figure 15). 
In some cases, the use of a pediatric cystoscope or ureteroscope can allow assessment of the urethra 
proximal to strictures of the distal (penile) urethra.

Figure 14
The combined use of RUG  
and VCUG to stage an  
obliterative bulbar  
urethral stricture.
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Urethral distraction defects associated with pelvic fracture represent a different arena for the use of 
cystoscopy. In these instances, cystoscopy is frequently required to accurately assess the length of the 
distraction. Many patients have complete obliteration of the urethra and are unable to sufficiently 
relax the bladder neck to allow visualization of the posterior urethra during VCUG (Figure 16). 
This may result in overestimation of the length of the urethral distraction defect. In these instances, 
antegrade flexible cystoscopy can be performed via the suprapubic tract in conjunction with RUG 
to accurately delineate the urethral distraction length (Figure 17). Concurrent antegrade and retro-
grade cystoscopy may also be used to obtain this information (Figure 18).

Figure 15
The cystoscopic  
appearance of an anterior 
urethral stricture.

Figure 16
Cystogram combined with 
RUG demonstrating an 
overestimation of urethral 
distraction defect length.

Figure 17
Combined flexible cystos-
copy through suprapubic 
cystostomy tract and RUG to 
accurately assess urethral 
distraction length.
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Figure 18
Combined use of flexible  
and rigid cystoscopy to stage 
a pelvic fracture urethral 
distraction defect.

This distraction length is useful in planning surgical intervention, and can also be combined with 
other studies to predict difficulty and outcomes during the reconstruction of these defects (Level 3) 
(33). Antegrade cystoscopy can also be combined with RUG to determine the gapometry/urethrom-
etry index. This index assesses the ratio of the length of the distraction defect to the length of the 
bulbar urethra and has been proposed as a method to help predict the type and difficulty of opera-
tive repair required for a pelvic fracture-related urethral defect (Level 4) (23).

Cystoscopy via the suprapubic tract also allows for the assessment of bladder neck competence and 
can offer additional information that may not be provided by cystography alone. Cystoscopy can 
visualize post-traumatic bladder neck scarring or tethering due to fibrosis. When present, this find-
ing can substantiate concern for incontinence following posterior urethral reconstruction and aid in 
pre-operative patient counseling or in some instances alter management (Level 3) (29,30).

2.5.4 Recommendations

Urethrography

1. Retrograde urethrography is recommended as a reliable, accessible, and versatile means to both diagnose and stage urethral 
stricture (Level 3; A).

2. Retrograde urethrography can readily be combined with VCUG to achieve a synergistic approach to the evaluation of the entire 
urethra, and this approach is currently recommended as the optimal method for pre-operative staging of urethral stricture 
(Level 3; B).
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Cystography

1. Voiding cystourethrography is recommended for (and typically most useful in) assessment of the bladder neck and posterior 
urethra, as well as visualization of the segment of urethra proximal to an anterior urethral stricture (Level 3; B).

2.  In the setting of a pelvic-fracture–related urethral distraction defect, a cystogram demonstrating an open bladder neck at rest 
may indicate a higher risk of incontinence once urethral patency is established (Level 3).

Cystoscopy

1. Cystoscopy is recommended as the most specific procedure for the diagnosis of urethral stricture (Level 4; A)

2. Cystoscopy is recommended as an adjunctive procedure in the staging of anterior urethral stricture, particularly to confirm 
abnormal or equivocal findings on imaging studies (Level 3; B).

3. In the setting of a pelvic-fracture–related urethral distraction defect, cystoscopy is a highly recommended staging modality for 
assessing the bladder neck and posterior urethra (Level 3; A).

2.6 Ultrasound
Urethral ultrasound or sonourethrography (SU) is an ancillary technique for the evaluation of urethral 
stricture. First described by McAninch in 1988, SU may be used to identify strictures with a reported 
sensitivity of 66%–100%, a specificity of 97%–98%, and positive and negative predictive values of 
50%–80% and 96%–98%, respectively, for anterior strictures 3–5 cm in length (Level 4) (34).

The utility of SU is limited by stricture location, with this modality being more sensitive to identify 
strictures located in the penile urethra as compared to the bulbar portion (Level 4) (35). The benefits 
of SU include detailed three-dimensional anatomic information about stricture location and length, 
while the drawbacks include operator dependency and the semi-invasive nature of the procedure, 
which often requires local or general anesthesia for full urethral distension.

Only 8% of studies used SU to evaluate for stricture recurrence, with most employing it as a second-
ary procedure after a positive primary screen (Level 3) (36). In a prospective study involving 70 men 
with lower urinary tract symptoms, RUG was compared to high-resolution ultrasonography of the 
urethra (Level 2) (21). The ultrasonographer was blinded and all stricture lengths were eventually 
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confirmed intra-operatively. Sonourethrography was found to be as effective as RUG for the detection 
of anterior urethral stricture. Greater sensitivity to characterize the length (73.3%–100%), diameter, 
and degree of spongiofibrosis (77.3%–83.3%) of the urethral stricture was seen with SU, and there 
was less pain and bleeding reported with this modality than with RUG. Furthermore, SU showed 
a high sensitivity in the detection of false urethral passages and calculi as compared to RUG alone.

Similarly, Gupta et al. found that SU was more sensitive than RUG in the estimation of mean ante-
rior urethral stricture length at the time of surgery. The authors reported that the sensitivity to 
detect spongiofibrosis was 42%, 56%, and 83% in 52 men with mild, moderate, and severe fibrosis, 
respectively, and there were no complications associated with using ultrasound as compared to RUG  
(Level 2) (37).

Sonourethrography may provide better diagnostic accuracy in different portions of the urethra. 
Samaiyar et al. reported that the overall diagnostic accuracy of SU was 96.4%, as compared to 85.7% 
with RUG. The authors showed that the main difference between RUG and SU was related to the 
sensitivity advantage of ultrasound in the penobulbar region (90%) as compared to that of RUG 
(70%). Retrograde urethrography underestimated urethral stricture length by 37% as compared to 
intra-operative length determination, which was significantly less accurate than SU (Level 2) (38).

Finally, in a prospective study involving 51 men, Peskar and Perovic showed that SU and RUG were 
each effective in determining the diameter and length of stricture disease once the limitations of 
radiographic magnification during RUG were taken into account. The authors concluded that the 
use of both modalities was the best approach for staging and diagnosis of urethral stricture disease 
(Level 2) (22).

2.6.1 Recommendations

1. Sonourethrography may be used as an adjunct to RUG in the pre-operative staging of anterior urethral stricture (Level 2; C).

2. Sonourethrography may be more sensitive than RUG in the assessment of stricture length and the degree of spongiofibrosis; 
however, the clinical relevance of these findings remains uncertain (Level 2).
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2.7  Magnetic Resonance Imaging and 
Computed Tomography

Conventional radiographic evaluation of patients with an obliterative posterior urethral distraction 
defect due to pelvic fracture includes RUG and VCUG. However, these imaging studies have certain 
limitations. If there is failure of bladder neck opening on VCUG, the prostatic urethra is not demon-
strated, and this prevents delineation of the length of the distraction defect. Prostatic displacement 
along the vertical or horizontal axis may not be accurately identified. In addition, associated pathol-
ogy such as false passages, fistulas, and diverticula may not be well outlined with conventional 
imaging.

In an attempt to overcome these limitations, MRI has been used for evaluation of obliterative poste-
rior urethral distraction defects, with the first published report in 1992 (Level 3) (39). A total of 
18 patients with complete occlusion of the prostatomembranous urethra from pelvic crush injury 
underwent MRI of the pelvis just before open urethroplasty. All patients underwent conventional 
cystography and RUG, and operative findings were correlated with MRI. The severity and direction 
of prostato-urethral dislocation in all three planes, and the length of the urethral defect could be 
accurately determined using MRI. Fractures and avulsions of the cavernous erectile bodies were also 
demonstrated. Magnetic resonance imaging was felt to be a potentially useful adjunct in the evalu-
ation of patients with urethral injury after pelvic fracture, providing information that conventional 
imaging may not. Similar findings have since been reported by others (Level 3) (40–42).

In addition to the use of MRI in evaluating urethral defects, Narumi et al. reported on the correlation 
of MRI findings with erectile dysfunction (ED) in patients with traumatic posterior urethral injury 
(Level 3) (43). Significant variables affecting permanent impotence were avulsion of the corpus caver-
nosum, separation of the corporal bodies, and superior and/or lateral prostatic displacement. When 
MRI findings of both cavernous body avulsion and superior and/or lateral prostatic displacement 
were present, the probability of permanent impotence was 95%. In the absence of these findings, the 
probability of normal potency was 83%. The authors concluded that MRI could aid in the assessment 
of permanent ED in this group of patients.

Three-dimensional spiral CT cystourethrography (CTCUG) was reported as a novel technique for 
evaluating post-traumatic posterior urethral defects in 2003 (Level 3) (44). Twenty-seven patients 
underwent RUG and VCUG followed by CTCUG using a technique in which high-density images 
(bony pelvic and contrast-filled structures) were visualized. The technique allowed images to be 
viewed in several planes, thereby precisely defining pelvic anatomy. Aspects that were more thor-
oughly evaluated with CTCUG included the location and length of the distraction defect, the degree 
and direction of alignment of the urethral ends, the relationship of bony fragments to the urethra, 
and the presence of associated pathology (fistulas, false passages, diverticula). The authors concluded 
that static and dynamic CTCUG images may allow improved staging of a pelvic-fracture–related 
urethral distraction defect, leading to better surgical planning.
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Studies reporting on the use of MRI in the evaluation of anterior urethral strictures are fewer in 
number. Osman et al. compared RUG and MRI in the evaluation of 20 patients with urethral stric-
ture, 18 of which were within the anterior urethra (Level 3) (45). The patients underwent subsequent 
endoscopic or open surgical intervention. Overall, the accuracy for diagnosis of urethral stricture 
was equal with both modalities (85%), and MRI provided additional useful information in seven 
patients (35%). This included improved assessment of urethral stricture length in three patients and 
diagnosis of a urethral tumor, a bladder mass, and a urethra-rectal fistula, in one patient each. Unlike 
RUG, MRI also provided information about the degree of spongiofibrosis in all patients. Therefore, 
MRI may provide extra guidance for treatment planning in selected patients with anterior urethral 
stricture.

2.7.1 Recommendation

1. Magnetic resonance imaging and CT may be useful adjuncts in the evaluation of patients with urethral stricture, particularly 
in the setting of pelvic-fracture–related urethral defects or luminal obliteration, or when associated pathology is strongly 
suspected (Level 3; C).

2.8  The American Urological 
Association Symptom Index  
and Uroflowmetry

Introduced in 1992 as a quantifiable measure for BPH assessment and treatment outcome (Level 
2) (46), the American Urological Association Symptom Index (AUA-SI) or International Prostate 
Symptom Score (IPSS) has become internationally accepted as a validated, standardized, and repro-
ducible technique for the quantification of lower urinary tract symptoms (LUTS) (Level 2) (47). As a 
tool for the assessment of LUTS related to BPH, the AUA-SI has been criticized for its lack of speci-
ficity, with a number of other conditions affecting the score, including prostatitis, bladder calculi, 
neurological disorders, prostate cancer, painful bladder syndrome, urethral stricture disease, and 
urinary incontinence (Level 2–3)(48–51).

The AUA-SI does quantify the severity of subjective voiding symptoms in both men and women (Level 
2–3) (52–55) and can differentiate between patients with BPH/LUTS and controls (46). However, it 
is yet to be substantiated in patients with urethral stricture. Although the AUA-SI was originally 
designed for self-administration, physician administration has also been validated (Level 2) (56–58), 
as has its utility in various cultures (Level 3) (59,60). Despite this, ongoing concerns exist regarding 
its accuracy in those with reduced comprehension or literacy skills (Level 2) (58,61,62).
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Morey et al. were the first to examine the role of the AUA-SI in the assessment of urethroplasty 
outcomes (Level 3), enrolling 50 men between the ages of 16 and 73 with urethral stricture requiring 
operative intervention (63). The mean pre-operative AUA score of 26.9 excluded 12 men with poste-
rior urethral disruptions in whom the AUA-SI was not assessed. Urethral reconstruction was accom-
plished in a variety of ways, and all men had post-operative evaluation that included the AUA-SI, 
administered between 3 and 111 months post-operatively (average: 38 months).

Forty-one patients were deemed successful on RUG, with a mean post-operative symptom score of 
5.1. The nine failures with recurrent narrowing on urethrography and/or cystoscopy had a mean 
score of 22.5, decreasing to 3.4 after successful repeat urethroplasty. A significant inverse correla-
tion was found with symptom scores and maximum urinary flow rates. The authors concluded that 
the AUA-SI was a useful tool in the outcome assessment of urethral stricture treatment, but did not 
advocate its use to select patients for urethral reconstruction surgery.

Lemma et al. administered the validated Amharic translation of the AUA-SI to 84 men with predom-
inantly (70%) recurrent urethral stricture on two separate occasions pre-operatively (Level 3) (64,65). 
This was compared to 73 men with no symptoms or history of urethral stricture. There was high 
internal consistency and reliability of the AUA-SI in the pre-intervention stricture group, with an 
average score of 18.4 compared to 5.8 in the control group. Scores of < 8 were found in 25% of the 
stricture group versus 72% of the control group, and scores of > 19 were found in 54% of the stricture 
group but only 6% of the control group.

These studies indicate that symptom score assessment may be a useful adjunct in monitoring for 
stricture recurrence, and its use is specifically documented in 47% of series published between 2000 
and 2008 (36). Its utility may be enhanced by the addition of other investigations, and uroflowmetry, 
with its simple, cost-effective, and non-invasive nature, is appealing. Though uroflowmetry has well 
documented limitations (Level 2–3) (26,66–69), it is now commonly used in stricture assessment, 
being cited as the primary screen for stricture recurrence in 56% of urethroplasty articles (36).

Aydos et al. combined the AUA-SI and uroflowmetry with RUG in the assessment of 33 men approxi-
mately 6 months after reconstruction for posterior urethral disruption (Level 3) (70). While only six 
men had recurrent stricture on RUG, these men had a mean AUA score of 30 and a mean maximum 
flow rate of 6 mL/sec. In contrast, those with no radiographic recurrence had a mean AUA score of 
6 and a mean maximum flow rate of 25.7 mL/sec. Despite the limitations of small sample size, these 
findings support the ability of maximum flow rate and AUA score to identify stricture recurrence, 
particularly in younger men (mean age: 31), regardless of stricture location or treatment method.

Heyns and Marais attempted to define thresholds for symptom scores and maximum flow rates 
indicative of stricture presence or absence (Level 3) (71). They studied 49 patients undergoing RUG 
and urethral calibration for stricture assessment. The mean pre-treatment AUA-SI was 12 and the 
mean maximum flow rate was 9.45 mL/sec, with significant negative correlations between urethral 
diameter and symptom index, and between symptom index and maximum flow. A significant posi-
tive correlation between urethral diameter and maximum flow was noted. They advocate an AUA-SI 
greater than 10 or maximum flow less than 15 mL/sec as optimal in excluding stricture (urethral 
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diameter > 18 F) and identifying the presence of a significant stricture (14 F or less). This threshold 
provided 93% sensitivity, 68% specificity, and 82% overall accuracy, obviating the need for further 
invasive testing in 34% of their patients, while missing a stricture of 14 F or less in 4.6%.

Information other than maximum flow rate can be obtained from uroflowmetry, and flow curve 
character in particular may be of interest in patients with urethral stricture. Five flow-curve patterns 
have been defined (Level 3) (72), and are associated with various voiding disabilities (Level 3) (73); 
urethral stricture is associated with a plateau curve (Level 3). Interpretation of curves is subjective, 
although assessors demonstrate higher agreement rates for plateau than for other pathological curve 
patterns (Level 3) (74).

Erickson et al. reviewed data from 278 men with a mean age of 42.5 years undergoing urethral recon-
struction, 63 of whom developed recurrent stricture during follow-up (Level 3) (75). The men under-
went uroflowmetry, symptom assessment, and RUG/VCUG at 3 and 12 months post-operatively. 
The symptom assessment was not in the form of a validated score, and a single non-blinded assessor 
interpreted the flow curve as either obstructed or normal. A combination of symptoms or obstructed 
voiding curve gave the greatest sensitivity (99%) in predicting stricture recurrence, with curve char-
acteristics proving more useful than maximum flow in their study population. They concluded that 
uroflowmetry alone is insufficient to diagnose recurrent stricture post-therapy, although if used 
in combination with flow curve characteristics, some men may be able to avoid invasive follow-up 
testing.

Current evidence supporting the use of the AUA-SI and uroflowmetry does not clearly establish their 
roles in patients with urethral stricture. No studies have assessed their place in initial diagnosis, nor 
their ability to predict complications of strictures such as urinary retention. However, uroflowmetry 
does have an established role in the follow-up of pediatric hypospadias surgery, where the absence 
of other urinary tract pathology makes it more reliable in assessing for stricture recurrence (Level 
3) (76,77). The greater variability in adult voiding function secondary to coexisting pathologies 
compromises its accuracy in diagnosing urethral stricture.

Combining uroflowmetry with the AUA-SI improves the ability to identify the presence or absence 
of stricture, but to date, no other tests have been assessed in combination with these to see if further 
refinement is possible. Post-void residual (PVR) in particular is commonly used for evaluation of 
voiding symptoms, but has not been tested in a stricture population despite being used in 8% of 
urethroplasty studies as a primary screen for stricture recurrence (36). In the BPH population, PVR 
has been demonstrated to be highly variable, with poor inter-test reliability (Level 3) (78), and to be 
poorly predictive of the need for invasive therapy (Level 3) (79).

The role of pre-operative symptom assessment and uroflowmetry should not be dismissed, as these 
may represent reliable non-invasive methods of assessing treatment outcome, particularly from the 
patients’ perspective (Level 3) (80). For some, it may allow for less invasive follow-up testing once 
baseline uroflow parameters and AUA-SI in the absence of stricture have been established. Deviations 
from this baseline may indicate recurrent pathology and trigger further evaluation, although such 
triggers are yet to be fully defined.



IntERnAtIonAl ConSUltAtIon on UREthRAl StRICtURES50

2.8.1 Recommendations

1. Voiding symptom assessment and uroflowmetry may be used as adjuncts to imaging and/or cystourethroscopy in the initial 
diagnosis of urethral stricture, but cannot be used by themselves to diagnose or reliably exclude a stricture (Level 3; C).

2. When feasible, pre-operative voiding symptom and uroflowmetry determination may be considered as a baseline evaluation to 
facilitate objective assessment of intervention outcomes and monitoring over time (Level 3; B).

3. Post-operative assessment of uroflowmetry and voiding symptoms may allow identification of patients who are at low risk of 
stricture recurrence (Level 3).

2.9 Sexual and Ejaculatory Function
The topic of erectile function following anterior urethroplasty was first evaluated by Coursey et 
al. in 2001 (Level 2) (81). In this multicentre study, 250 men were retrospectively analyzed for post-
urethroplasty sexual dysfunction, of whom nearly 30% reported some degree of post-operative 
ED. A similar rate of sexual dysfunction was noted in the control group of patients, prompting the 
authors to conclude that urethral reconstructive surgery was associated with no greater risk of ED 
than was circumcision. Erickson et al. subsequently reported retrospective data using the Brief Male 
Sexual Function Inventory, and found that ED following anterior urethroplasty for stricture disease 
occurred in 25% of men. However, recovery of erectile function was seen in the vast majority of these 
men within 6–12 months (Level 2) (82,83).

The International Index of Sexual Function (IIEF) is a 15-question patient response survey first 
developed by Rosen et al. in 1997 (84). The questionnaire covers the five domains of male sexual 
function: erectile function, orgasmic function, sexual desire, intercourse satisfaction, and overall 
satisfaction; however, the domain of erectile function appears to be most useful. The instrument can 
be used to evaluate individual domains of sexual function or as an overall score. It has been validated 
in multiple languages and has been proven to have a high degree of test reliability, construct validity, 
and treatment responsiveness. Its limitations involve its lack of sexual partner response, its focus on 
current sexual function only, and its inability to delineate organic from psychogenic sexual dysfunc-
tion. An abbreviated version of the IIEF, known as the Sexual Health Inventory for Men (SHIM) or 
IIEF-5 may also be used to screen and assess for ED (85).

Anger et al. were the first to publish a prospective study using the IIEF patient-based questionnaire 
(Level 2) (86). At a mean follow-up time of 6.2 months, post-operative erectile function domain 
scores were not significantly different from pre-operative values in 25 men undergoing bulbar 
urethroplasty. The authors concluded that anterior urethroplasty performed by an experienced 
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surgeon should not affect erectile function post-operatively. However, one of the limitations of this 
study was the relatively small number of men, evaluated at separate institutions, which may have 
been too few to detect minor variations in erectile function (Level 2).

Erickson et al. prospectively evaluated 52 men undergoing anterior urethroplasty for stricture disease. 
They used the erectile function portion of the IIEF survey and distributed questionnaires to eligible 
patients pre-operatively and at 1 month, 3 months, 6 months, and annually post-operatively. The 
authors found that the post-operative ED rate may be as high as 38%; however, recovery was seen in 
nearly all of these men by 6 months after surgery (Level 2) (87). Bulbar urethroplasty appeared to 
affect erectile function to a greater extent than did penile urethroplasty (88% vs. 33%), which may 
be explained by the proximity of the bulbar urethra to the nerves responsible for erection. Within 
the bulbar urethra subgroup, excision and primary anastomosis led to slightly higher rates of ED 
than did augmented anastomotic repairs (50% vs. 26%). The primary limitation of this study was its 
inability to detect small differences between the many subgroups, due to the relatively small cohort.

The mechanism for ED following anterior urethroplasty is not clear. Because a significant propor-
tion of men experience temporary ED following urethroplasty, extensive counseling on this topic 
and the use of standardized instruments to prospectively monitor these men is encouraged.

Men with urethral stricture have also been reported to complain of concomitant ejaculatory dysfunc-
tion (Level 2) (82,88). Normal ejaculation requires three coordinated steps: emission of the ejaculate 
into the urethra by alpha-adrenergic–induced contractions of the prostate, seminal vesicles, and 
vas deferens; bladder neck contraction to prevent retrograde ejaculation; and final expulsion of the 
semen from the urethra by the somatically coordinated contractions of the bulbocavernosus and 
ischocavernosus muscles. The urethra plays an important role in ejaculation in that it serves as the 
conduit for semen to be expelled from the body during normal ejaculation. Furthermore, proper 
coordination of the bulbocavernosus muscle, which has been shown to aid in semen expulsion, is 
also needed for normal ejaculatory function (EjF) (89).

Ejaculatory dysfunction after urethroplasty has been studied considerably less than erectile function. 
A retrospective study by Erickson et al. conducted in 2007 on anterior urethroplasty patients used 
three EjF questions from the Brief Male Sexual Function Inventory, and found an overall increase 
in post-operative ejaculatory scores (from 5.3 to 6.2, p = 0.04) (Level 2) (82). Although this improve-
ment may have simply been due to the relief of urethral obstruction, the findings were interpreted 
with caution, due to known problems with sexual function recall (90).

A previous study that evaluated the use of scrotal flaps for urethroplasty noted post-operative ejacu-
latory dysfunction in three men, in all of whom the authors had been unable to re-approximate the 
bulbocavernosus muscle over the urethral repair. The affected men noted post-orgasm “dribbling” 
of semen from the urethra, and it was presumed that this was from the loss of the bulbocavernosus 
contraction and subsequent stasis of semen in the bulb. However, this study was limited by the small 
number of men and the lack of a validated instrument to quantify the level of ejaculatory dysfunc-
tion (Level 4) (91).
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In a retrospective study evaluating the effects of posterior urethral reconstruction on EjF, all 32 men 
in the study were reported to have post-operative antegrade ejaculation. Of these men, only five 
(16%) had decreased volume and only one (3%) experienced delayed ejaculation. However, recall bias 
was again a concern due to the retrospective study design (Level 4) (92).

Erickson et al. reported a prospective study of men undergoing anterior urethroplasty for stricture 
disease (Level 2) (88). The authors successfully used the Male Sexual Health Questionnaire (MSHQ), 
a self-administered questionnaire related to overall sexual function and patient satisfaction devel-
oped by Rosen and colleagues in 2004 (90). The questionnaire contains a seven-item ejaculatory 
domain that asks questions related to ejaculatory frequency, latency of ejaculation, volume of ejacu-
late, force of ejaculation, ejaculatory pain, ejaculatory pleasure, and the presence of dry ejaculation. 
Similar to the IIEF methodology, this questionnaire has a high degree of test reliability, construct 
validity, and treatment responsiveness. Each of the seven questions are scored from 1 (lowest/poor-
est function) to 5 (highest/best function) for a maximum score of 35 (no dysfunction). Good pre-
operative EjF on the MSHQ was defined as a score ≥ 28; average pre-operative EjF as a score of 22–28; 
and poor pre-operative EjF as a score of ≤ 21. Although not all ejaculatory dysfunction is captured 
with this questionnaire, the authors found it to be a useful tool to assess pre-operative EjF.

In the study by Erickson et al., 11 out of 43 men (25%) reported poor pre-operative EjF. Of these 11, 
six (20%) had bulbar urethral strictures and five (38%) had penile strictures. The most commonly 
reported problems in this group pre-operatively were low ejaculatory volume (100%), lack of vigor 
(91%), and pain with ejaculation (100%) (Level 2). A total of 43 men were studied and the authors 
found that the overall ejaculatory score did not change post-operatively (25.54 vs. 26.94, p = 0.17) at 
a mean follow-up time of 8.1 ± 6.0 months. Few men complained of post-operative dysfunction at a 
median follow-up of 6.8 months, and a significant percentage (19%) of men reported improvement in 
their function after reconstructive surgery. The improvement in EjF was most striking for men who 
had decreased pre-operative EjF, with nearly 36% reporting improved ejaculation after urethroplasty. 
This was especially evident in the bulbar urethral stricture group. There were no individuals who 
started with normal pre-operative EjF who were later found to have a significant decrease in func-
tion. Interestingly, the authors reported that they routinely split the bulbocavernosus muscle during 
bulbar dissection. Previous reports have shown the importance of this muscle in the normal ejacula-
tory process, and that inhibition or damage of the bulbocavernosus muscle resulted in decreased 
ejaculatory function (93,94). However, these data did not involve a prospective study design in men 
undergoing urethroplasty. Limitations of the study by Erickson et al. include the single-institution, 
single-surgeon origin of the data; the subjective nature of the questionnaire; the inability of the EjF 
domain to capture all components of ejaculatory dysfunction; and the possibility of the domains not 
moving independently of each other.

Further testing is needed to fully define the pathophysiology of ejaculatory dysfunction as related 
to urethral stricture. These types of tests will also be critical in evaluating new minimally invasive 
urethroplasty techniques that aim to decrease post-operative complications and sexual dysfunction, 
in order to determine whether the proposed benefits are measurable (95,96). Despite these limita-
tions, the use of the EjF domain of the MSHQ represents a non-invasive, cost-effective method of 
prospectively evaluating EjF before and after urethroplasty.
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2.9.1 Recommendations

1. Temporary ED following anterior urethroplasty may be experienced by a significant number of men. Recovery is seen in the 
majority within 1 year (Level 2).

2. A significant proportion of men with untreated anterior urethral stricture report poor ejaculatory function (Level 2).

3. The IIEF and MSHQ patient questionnaires are non-invasive instruments that may be used to assess peri-operative erectile and 
ejaculatory function in men with urethral stricture (Level 2; C).

2.10  Evaluation of Outcome Following 
Surgical Intervention for  
Urethral Stricture

Despite increasing awareness of urethroplasty as a reliable option for the management of recurrent 
urethral strictures, and the number of publications supporting its use, there is no consensus as to the 
best method of evaluating post-operative outcome. In fact, there is not even a standard definition of 
what constitutes post-operative success or a recurrent urethral stricture.

In order to determine what methods have been used for this purpose in the past, Meeks et al. 
performed a meta-analysis of urethroplasty articles published between 2000 and 2008 (Level 3) (36). 
Nearly half of the reviewed articles described a multi-tier approach to evaluating for stricture recur-
rence, employing a mean of 3.15 procedures or questionnaires (range: 1–8). A fairly common strategy 
was to perform primary screening with a non-invasive test, followed by more invasive evaluations 
when indicated. 

The most commonly used methods for assessment of outcome following urethroplasty are AUA-SI, 
uroflowmetry, PVR, RUG, VCUG, urethral calibration, and cystoscopy (36). As would be expected, 
each has its proponents based on availability, ease of use, sensitivity, and invasiveness. However, 
before deciding on the best procedure, one must consider what constitutes post-operative stricture 
recurrence and post-operative success.
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At its most basic level, a urethral stricture is a narrowing of the urethral lumen, and urethroplasty 
is designed to restore urethral calibre. It has been stated that a stricture may stenose to a calibre of 
10–12 French or a diameter of 3 mm before it significantly impairs the voiding flow rate (Level 4) 
(32,97). These comments seem to be based on experimental and clinical studies performed more 
than 40 years ago (98,99). Therefore, it may be safe to infer that, allowing for a small additional 
margin, a urethral calibre of greater than 14 French is unlikely to cause changes in flow or symptoms.

Urethral calibration has been proposed as a useful tool for the assessment of prognosis following 
surgery for a urethral stricture (97), and flexible cystoscopy has been considered the most useful 
method to confirm the presence or absence of a stricture (Level 4) (100). In addition to stricture 
diagnosis, the flexible cystoscope can also be used to calibrate the urethral lumen. The diameter of 
the instrument should be measured to aid in this assessment, commonly 5 mm (15.7 French) or 5.5 
mm (17.3 French). In many cases, the cystoscope need not be passed beyond the bulbomembranous 
junction to assess the surgical repair, significantly decreasing patient discomfort and risk of infec-
tion. Given these factors, flexible cystoscopy can be considered the optimal form of assessment for 
stricture recurrence after urethroplasty, with the ability to provide an accurate diagnosis and cali-
brate the urethral lumen. Proponents of RUG may disagree, but imaging may at times be confusing 
or uncertain, and when this is the case, the typical response is to pass the flexible cystoscope to better 
assess whether a particular area of narrowing is significant.

Post-operative success following urethroplasty differs from lack of stricture recurrence and is more 
difficult to define. In some studies, success has been equated with lack of stricture recurrence. Others 
have used definitions of success based on symptom assessment, voiding flow rate, a non-validated 
questionnaire (Level 3) (101), the need for post-operative intervention for stricture (Level 3) (102), or 
some combination thereof. It is clear that with these definitions, some recurrent strictures will be 
missed, and therefore post-operative success rates will tend to be higher than the rate free of stricture. 
From a clinical standpoint however, post-operative success may be just as (or more) important than 
true stricture-free status. When comparing results of future studies, the difference between these 
two endpoints will need to be recognized.

The ideal method of follow-up remains to be determined, and it is beyond the scope of this review to 
set the standard. It is likely that some combination of the above-noted techniques should be adopted. 
A validated patient-reported outcome measure for use following urethroplasty is in development 
(103) and could possibly be combined with an objective measure such as voiding flow rate for a 
completely non-invasive approach, or with flexible urethroscopy for the most accurate result.

The timing of follow-up is another issue that deserves mention. In the era of buccal mucosa, personal 
experience suggests that if the urethra is patent to the flexible cystoscope at 1–2 years following 
surgery, future stricture recurrence is unlikely. This seems to differ compared to a time when skin 
flaps and grafts predominated for substitution urethroplasty (104). Therefore, a final assessment 
approximately 18 months following surgery would seem to be reasonable, with ongoing scheduled 
evaluation limited to those with a possible impending stricture or other problem at that time. In 
many health care systems, it is difficult to continue to monitor this patient population beyond that 
point.
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It should be realized that these comments are merely suggestions based on limited literature and 
personal opinion, and therefore we have elected not to make formal recommendations. The issue 
of standardizing patient evaluation after urethroplasty will most likely require a task force to coor-
dinate a consensus opinion among the leading reconstructive urologists in the world, so that an 
accepted guideline can be created.
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3.1 Introduction
Male urethral stricture is one of the oldest known urologic diseases, and continues to be a common 
and challenging urologic condition. The oldest and simplest form of management is urethral dilation, 
which can be performed with a number of different devices and is generally considered a palliative 
maneuver. In 1974, Sachse introduced direct vision internal urethrotomy (DVIU) to treat urethral 
strictures by cold-knife incision (1). Optical urethrotomy by either incision or ablation has been 
considered standard therapy for anterior urethral strictures and is regarded, along with dilation, as 
the initial treatment of choice for most urethral strictures. In general, open urethral reconstruction 
is the most successful management option for urethral strictures, but it requires surgical expertise 
and adequate operating room facilities, and has a longer recovery period.

A number of large series from the late 1990s have well characterized the success of incision or dila-
tion of the urethra and delineated predictive factors of outcomes (2–4). Various modifications of the 
single cold-knife incision have been suggested, including a variety of different laser wavelengths and 
the introduction of anterior urethral stenting (5,6). However, there are no prospective, randomized 
studies to prove their claims of greater efficacy.

The long-term success rate of urethrotomy has continued on a steady downward trend from the 
results of 20 years ago, which suggested a cure rate of over 90% (2,7–9). The reported success rates 
of urethral stricture treatment are critically dependent on the criteria used for stricture diagnosis 
before and after treatment, and on the definition of success (in some studies this includes eventual 
outcome, despite multiple treatments).

Modalities used in determining the success of treatment include symptoms, uroflowmetry, urethral 
catheterization or calibration, urethrocystoscopy, urethrography (radiological or sonographic), 
post-void residual urine volume, absence of urinary tract infection, and requirement for subsequent 
treatment. Clearly, the success rates reported in various studies depend not only on the type of treat-
ment given, but on the criteria used for stricture diagnosis before treatment, the type and duration 
of follow-up, and the modalities and criteria used to determine stricture recurrence and to define 
success.

3.2 Methods
An extensive review of the scientific literature concerning anterior urethral urethrotomy/dilation/
stenting was performed. Manuscripts were included that met the criteria set by the International 
Consultation on Urological Diseases (ICUD) urethral strictures committee and were classified by 
Level of Evidence using the Oxford Centre for Evidence-Based Medicine criteria adapted from the 
work of the Agency for Health Care Policy and Research as modified for use in previous ICUD 
projects. Recommendations were graded according to the levels of evidence and agreement of expert 
opinion.
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3.3  Incision/Dilation of Male Anterior 
Urethral Strictures

A recent survey examining the practice patterns of board-certified American urologists found that 
92.8% and 85.6% use dilation and/or incision, respectively, to treat anterior urethral strictures. Of 
the urologists that perform urethral reconstruction, only 0.7% perform more than 10 per year (10,11). 
The appeal of DVIU/dilation is its relative ease of performance, minimal resource requirements, and 
simplicity in not requiring expertise in urethral reconstruction. The procedure can be performed in 
the office (under local anesthesia), requires minimal recovery time, and has a low cost burden to the 
patient in terms of disability precluding work (12–14).

The goal of incision or dilation is to provide a minimally invasive treatment that achieves a patent 
urethra to allow unobstructed voiding with minimal side effects. For the urethra to remain patent, 
re-epithelialization must occur at a faster rate than wound contracture (15). For highly selected 
patients with optimal stricture characteristics (primary bulbar stricture, < 1 cm, soft), a stricture-free 
rate (SFR) of up to 50%–70% can be achieved. Thus, urethrotomy remains the first-line therapy for 
these select patients (2–4). The SFR is still well below that of anastomotic urethroplasty (90%–95%) 
(16,17), but urethrotomy can be justified by its simplicity and relatively low morbidity to the patient. 
Reported complication rates vary from 6%–22%, including pain, bleeding, urinary tract infection, 
and erectile dysfunction (2,4,8). What is clear from the literature is that repeat (> 2) DVIU/dilation 
for early stricture recurrence after previous DVIU/dilation is a palliative maneuver with expected 
recurrence (2,4,8,9,18). It thus is inappropriately and excessively used because of its convenience and 
familiarity when referral for urethral reconstruction could be curative.

The literature consists largely of case series with diverse patient populations that are not matched for 
age, stricture etiology, length, location, or primary versus recurrent strictures. Techniques vary from 
blind urethral dilation and incision to direct visualization and incision urethrotomy with a cold 
knife, hot knife, or various types of lasers. The definition of success was vague and poorly defined 
in most series and limited to one of the following: lack of symptoms, “acceptable” flow rates, radio-
graphy, and (rarely) urethroscopy. Outcomes were largely based on short-term follow-up (< 1 year), 
often with no definition of how success was determined (19).

3.4  Review of the Literature on Incision 
and Dilation Outcomes

One randomized study performed in 1997 by Steenkamp et al. sought to determine whether DVIU 
and dilation were equally efficacious, which had been reported in prior Level 3 studies (Level 1) (3,20). 
Two well–matched groups of 104 and 106 patients were randomized to either incision or dilation, 
respectively. Although there was a higher reported success rate with DVIU, this was not statistically 
significant and the effectiveness of the two procedures were considered equivalent (3). This study 
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also found that incremental increases in length resulted in higher failure rates and recommended 
initial dilation for strictures < 2 cm, urethroplasty for strictures > 4 cm, and a trial of DVIU or dila-
tion for strictures 2–4 cm in length. The same group of patients was analyzed for time to recurrence, 
outcomes of repeat incision/dilation, and long-term stricture-free rates using Kaplan-Meier curves 
out to 48 months. Investigators found that early recurrence (< 3 months) and repeat incision/dilation 
were poor prognostic factors. Urethral strictures that recurred at < 3 months and underwent repeat 
incision or dilation had an SFR of 30% at 24 months and 0% at 48 months. If a stricture recurred at 
> 6 months, then a second DVIU could achieve an SFR of up to 40%. Urethral strictures undergoing 
a third incision or dilation had a 100% recurrence rate (8).

A number of Level 3 studies on DVIU with short duration of follow-up have been published over 
the past 10–20 years. The mean follow-up in these case series was commonly < 12 months (range: 
3–30 months), with a variety of endpoints, stricture locations, and success rates (46%–84%) being 
reported (21–23). Two of the better Level 3 series were published in the late 1990s.

Pansadoro and Emiliozzi analyzed 224 patients that underwent DVIU for short urethral strictures, 
with a median follow-up of 98 months (2). The overall SFR was 32%, but varied significantly based 
on the stricture characteristics of location, length, diameter, primary versus recurrent, and single 
versus multiple strictures. The bulbar, penile, and penoscrotal locations had SFRs of 42%, 16%, and 
11%, respectively. Strictures < 1 cm had an SFR of 71%, versus 18% for those > 1 cm. A lumen diam-
eter > 15 French (F) had an SFR of 69%, versus 34% for those < 15F. Primary versus repeat incisions 
had SFRs of 47% and 0%, respectively, and single strictures versus multiple strictures had SFRs of 
50% and 16%, respectively (2).

A second large series by Albers et al. looked at 580 patients with over 3 years’ follow-up (4). They 
reported an overall SFR of 55% with the best results again seen in short primary bulbar strictures. 
Longer strictures (> 1 cm) that had failed prior DVIU, multiple strictures, and penile strictures had 
much higher recurrence rates; therefore, the authors concluded that in these patients, urethroplasty 
should be performed rather than repeat incision or dilation (4).

These studies indicated that optimal results for urethrotomy can be achieved in patients with a 
single primary bulbar stricture that is < 1 cm long and > 15F in calibre. A single DVIU/dilation or 
primary urethroplasty could be offered as first-line therapy for penile or penobulbar strictures due 
to extremely poor SFR with DVIU/dilation, whereas repeated (> 2) DVIU/dilation is to be considered 
only as a palliative maneuver.

Contemporary series have also reported a wide range of SFRs (9,21,24). Case series published during 
the past decade have included 13 to 733 patients per study with 2 to 90 months’ follow-up and success 
rates of 22% to 100%, remarkably similar to studies published during the preceding two decades 
(1980 to 1999), which included 15 to 580 patients with 6 to 72 months’ follow-up and success rates 
varying from 22% to 95% (Level 3).



INterNAtIoNAl CoNSUltAtIoN oN UretHrAl StrICtUreS68

Santucci and Eisenberg recently stated that internal urethrotomy (IU) has a much lower success rate 
than previously reported. They performed a retrospective chart review of 136 patients who under-
went IU from 1994 through 2009. They excluded 36 patients with complex strictures and 24 who 
were lost to follow-up. The stricture-free rates after one, two, three, four, and five IUs were 8%, 6%, 
9%, 0%, and 0%, respectively, and the median times to recurrence were 7, 9, 3, 20, and 8 months, 
respectively (Level 3) (9).

Due to the various definitions of success, non-matched patient populations, unknown stricture 
length or location, and various standards of success and lengths of follow-up, it is impossible to 
compare one series to another. Contemporary series on urethrotomy/dilation add little additional 
information on the management of anterior urethral strictures.

3.5  Repeat Direct Vision Internal 
Urethrotomy/Dilation

In patients with stricture recurrence but favourable characteristics (single, < 1 cm bulbar stric-
ture) and time to recurrence > 6 months, a second DVIU achieved an SFR of 9%–53% (Level 2/3) 
(2,5,8,9,23). Longer, multiple, penile, or distal strictures typically do not respond to repeat incision/
dilation (25).

Repeat DVIU offers no long-term cure after a third incision/dilation or if the stricture recurs within 
3 months of the first incision. Such patients should be offered urethroplasty (4,5,8).

Incision/dilation followed by long-term self- or office dilation is an alternative option for men with 
severe comorbidities or limited life expectancy, or for those who have failed prior reconstruction 
with no further available surgical options (Level 4).

3.6  Side Effects of Direct Vision 
Internal Urethrotomy

A review of the literature showed that the most commonly reported complications of IU are urethral 
hemorrhage and perineal hematoma (each with a 20% incidence) (5). Other complication rates 
reported in various studies include scrotal edema (13%), creation of a false passage (10%), rectal 
perforation (10%), epididymo-orchitis, meatal stenosis and incontinence (each 9%), fever (3.6%), 
extravasation (3.4%), bacteremia (2.7%), urinary sepsis (2.1%), and scrotal abscess (1.4%). Erectile 
dysfunction has historically been reported in 2%–10% of cases; however, Schneider et al. found that 
of the 68 patients who did not have erectile problems before the operation, only one complained 
about erectile dysfunction following DVIU (26,27). It should be noted that most of these numbers 
are derived from single studies, and the reported 10% rate of rectal perforation is exceptional (Level 3).
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3.7 Cost Effectiveness
Several recent studies have looked at cost-effective management of anterior urethral strictures and 
have shown that a single urethrotomy is cost effective when the expected success rate is > 35%–50%. 
Primary urethroplasty becomes more cost effective if a repeat urethrotomy is required. Wright et al. 
found that the most cost-effective strategy for the management of short bulbar urethral strictures is 
to reserve urethroplasty for patients in whom a single endoscopic attempt fails (28). For longer stric-
tures, in which the success rate of DVIU is expected to be < 35%, urethroplasty as primary therapy 
is cost effective (28). Two similar studies confirmed that initial urethrotomy or dilation followed by 
urethroplasty in patients with recurrent strictures is the most cost effective (22,29).

These studies only evaluated the financial costs of the procedures and lost productivity during 
convalescence in developed countries. In regions of the world with constrained resources, the use of 
limited operating room facilities to perform urethroplasty rather than surgery for life-threatening 
urologic conditions should be considered. A paper from Nigeria reported the treatment problems in 
a community where strictures are common and resources are limited. In 134 men treated between 
1993 and 1996, the combination of internal urethrotomy plus intermittent self-dilation had a recur-
rence rate of 17%, compared to 22% after urethroplasty. It was estimated that IU was 10 times cheaper 
and faster to perform than urethroplasty, and offered the surgeon better protection from infection 
with human immunodeficiency virus (Level 3) (30).

3.8 Laser Urethrotomy
A variety of different laser wavelengths have been employed for the incision, resection, and vapor-
ization of anterior urethral strictures over the last 30 years. Initially argon, excimer, and diode 
lasers were employed, as were low-power KTP and contact-tip Nd:YAG lasers. Over the past 10 years, 
holmium and thulium lasers have been added to the surgeon’s armamentarium. There are no Level 2 
studies and only a few small Level 3 series with short-term follow-up.

The holmium laser (2140 nm) was employed via a 365 μm fibre through a semi-rigid ureteroscope 
by Matsuoka et al. to treat strictures of varying lengths and locations (31). At a mean of 25 months’ 
follow-up, 11 of 28 (39%) strictures recurred. Several other small or limited follow-up (< 6 months) 
Level 3 series with a variety of strictures, definitions of success, and evidence of poor outcomes also 
used the holmium laser with reported recurrence rates of 19%–47% (32–34).

One series with a short follow-up (6 months) evaluated the thulium laser (2000 nm) in a large retro-
spective series (35). Over a 4-year period, 238 patients were prospectively evaluated with flow rates 
and symptom scores; 18% of the patients recurred over this short period, all within the first 3 weeks 
following catheter removal (Level 3) (36).
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The Nd:YAG laser (1064 nm) was used by Dogra et al. in 65 men and 10 children with oblitera-
tive post-traumatic strictures (37,38). It was also used for 21 anterior strictures by Gürdal et al. The 
strictures were treated with an initial incision at 12 o’clock with the remainder of the stricture being 
vaporized. At 24 months, 48% of strictures had recurred, with a steadily decreasing success rate at 6 
and 12 months (39). Kamal et al. described the treatment of 22 patients, 14 of whom were previously 
untreated, with a diode laser (805 nm). At a mean follow-up of 26.7 months (range: 9–39 months), 
3/14 patients with primary strictures and 7/8 with recurrent strictures after previous internal cold-
knife urethrotomy had failed (40).

The addition of lasers with a variety of different energy sources has not improved success rates, yet 
adds considerable cost with no proven benefit over cold-knife urethrotomy.

3.9  Direct Vision Internal Urethrotomy 
Plus Self-Dilation

Historically, many patients were placed on intermittent self-catheterization (ISC) after DVIU/dila-
tion–in an attempt to prevent stricture recurrence. It is a traumatic procedure that some patients 
find painful, unpleasant, and burdensome, with risk of false passage, infection, abscess formation, 
and progression of the extent of urethral scarring potentially compromising future reconstruction 
(41,42).

Culty and Boccon-Gibod retrospectively found that prior urethral dilation was a negative predic-
tor for patients undergoing membranous/bulbar anastomotic urethroplasty. Patients without prior 
urethral manipulation had a satisfactory result of more than 90%, versus ~60% in patients with 
previous surgical treatment (43). Several studies have evaluated a combination of urethrotomy and 
dilation (22,44–46). The contribution of dilation or clean intermittent self-catheterization (CISC) to 
failure rates could not be separated out in several of the series, but it was noted to add to the cost of 
treatment (22,46).

A small Level 2 study by Tunc et al. randomized 37 men with recurrent strictures to either serial dila-
tion (n = 19) or repeat DVIU as required (n = 18) and followed them for a median of 30 months (46). 
At 1 year, two patients (10.5%) with serial dilation had stricture recurrence compared to 10 (55.6%) in 
the conservatively treated group. Lauritzen et al. evaluated a retrospective series of 217 men who had 
urethrotomy (47). A small subset of 55 patients, who were not randomized or matched to the larger 
cohort, were placed on ISC. The recurrence rate of 9% was significantly less in the ISC group than 
in the non-ISC group (31%) with mean follow-up of 29 months and 23 months, respectively (47). In 
order to demonstrate a benefit over DVIU alone, a prospective study would need to be carried out 
with matched patient populations and equal length of follow-up after stopping the ISC.
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3.10 Catheter Urinary Drainage
The period of catheterization following incision/dilation varies, with no standard or proven optimal 
length of drainage and with most contemporary series reporting 3–10 days of catheterization. Various 
studies have described no post-operative catheter drainage up to 6 weeks (5). It remains unclear 
whether the period of catheterization after DVIU affects the stricture recurrence rate. Conclusions 
for optimal catheter drainage time cannot be drawn from the literature with small sample sizes that 
are not matched for type (primary versus recurrent), etiology, length, or location of the strictures. 
Silicone catheters are preferred for long periods of urinary drainage, as latex has been implicated as 
causative in the etiology of urethral strictures (Level 3) (48).

3.11  Direct Vision Internal Urethrotomy 
with Adjunctive Agents

In an effort to improve outcomes of DVIU, a few small series have been published on adjunctive 
agents used in combination with DVIU (49,50). A level 2 study randomized 40 patients with short 
bulbar strictures (mean length: 0.75 mm) to DVIU versus DVIU plus mitomycin C (MMC) injec-
tion (51). Recurrence with DVIU alone was 50%, compared to 10% in the DVIU plus MMC group. 
However, this was a highly selected group of young patients with short bulbar strictures and limited 
follow-up.

The same authors randomized 50 patients to DVIU versus DVIU plus urethral submucosal injection 
of triamcinolone, and found a decrease in stricture recurrence from 50% in DVIU alone to 21% in 
DVIU plus triamcinolone. As in the MMC study, this was a highly selected group of young patients 
with primary short bulbar strictures (< 1.0 cm) and limited follow-up (52). Additional small Level 3 
series make reference to the use of adjunctive agents with DVIU, but are inherently limited by incom-
plete or vague follow-up data and/or definition of success.

3.12  Effect on Future Urethral 
Reconstruction

A few Level 3 series have shown that prior urethral manipulation was a risk factor for urethroplasty 
failure. A multivariate analysis looking at long-term outcomes of urethroplasty found that prior 
failed DVIU was correlated with an increased risk of failure following urethroplasty (53). Similarly, 
Roehrborn and McConnell found that the failure rate doubled from 14% to 28% when incision 
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or dilation had been performed prior to urethroplasty (54). Successful urethral reconstruction can, 
however, be achieved after failed DVIU, as shown by Barbagli et al., with equal outcomes in primary 
urethroplasty versus urethroplasty after DVIU (55).

3.13 Anterior Urethral Stenting
Although the concept of stenting the urethra dates back to at least 1969, it was propagated by Milroy 
et al. in 1988, when they reported “a new treatment for urethral strictures” (6). Originally developed 
for endovascular use, a self-expanding woven tubular mesh stent made from an alloy of stainless 
steel was implanted in eight patients with urethral strictures. At a mean of 8 months’ follow-up, all 
had a good calibre urethra. A later series of 10 patients implanted with the same stent for bulbar 
strictures reported a 30% stricture recurrence rate at 24 months’ follow-up, with 50% of patients 
reporting post-void dribbling (Level 4) (56).

Four-year data reported by Milroy and Allen in 1996 showed an 84% patency rate but only included 
32/50 patients (64%) and noted that 34% had narrowing within and/or outside the stent (57). Morgia 
et al. reported on a multicentre study that implanted 94 UroLume® stents in short urethral strictures 
(0.5–2.5 cm) (58). At a median of 29 months’ follow-up, results were good in 52%, fair in 34%, and 
poor in 14% of patients. Patients experienced early complications of perineal discomfort (86%) and 
dribbling (14%), as well as painful erection (44%), mucous hyperplasia (44%), incontinence (14%), 
and recurrence (29%) (58).

Long-term data began to reveal the difficulties and shortcomings of the UroLume stent. De Vocht 
et al. evaluated patient satisfaction 10 years after placement of the UroLume stent and found that 
only 2/15 patients were satisfied with their stent (59). Four patients had their stents removed (two 
for intractable pain and two for stent obstruction), 50% had stent-related incontinence, and others 
reported discomfort with erection and/or ejaculation (59). Hussain et al. reported 12-year follow-up 
on 60 patients and showed that 58% had complications, with a re-operation rate of 45% for obstruct-
ing stent hyperplasia (32%), stent obstruction or stricture (25%), and stent encrustation or calci-
fication (17%). Additionally, patients experienced post-micturition dribbling (32%) and recurrent 
urinary tract infections (27%) (60). 

The North American Multicenter UroLume Trial originally included 179 patients (average age: 52 
years) with recurrent short bulbar strictures. Two-year follow-up indicated that 85% of the patients 
required no additional treatments. Eleven-year follow-up only included 24 of the original 179 patients. 
The authors did not address the question of why only 13% of the original patients were available for 
review (61).
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The original indication for the UroLume stent was for recurrent short bulbar urethral strictures and 
the original series placed them in men (average age: 52–53 years) who were optimal candidates for 
bulbar urethroplasty. Long-term follow-up revealed that up to 55% had stent-related complications, 
45% requiring surgical intervention for perineal pain, post-voiding dribbling, incontinence, stent 
migration, stent obstruction, or recurrent strictures proximal or distal to the stent. Patency contin-
ued to decline over time, originally reported at 100% in the initial patients with short follow-up and 
decreasing to 45% at a mean follow-up of 77 months (56,59). Additionally, explantation can result in 
substantial urethral tissue loss and the need for challenging urethral reconstruction (62–64).

Various materials have been used to make urethral stents, such as stainless steel, metal alloys, and 
nondegradable and degradable polymers. Yachia and Beyar introduced the nitinol UroCoil™ in 1991 
as a temporary urethral stent designed to minimize tissue ingrowth to allow endoscopic removal 
(65). Twenty patients with recurrent bulbomembranous strictures were implanted with the UroCoil 
stent; 13 patients had the stent in place for 10 months and then successfully removed, with one 
reported recurrent stricture (66).

The Memokath™ stent (a removable, densely coiled, thermo-expandable stent made of nitinol) has 
been used to treat prostatic obstruction and detrusor sphincter dyssynergia in the posterior urethra 
and was recently evaluated for use in the anterior urethra. A phase III multicentre trial random-
ized 92 patients to dilation/incision followed by temporary Foley catheter drainage (n = 29) versus 
Memokath stenting (n = 63) for recurrent bulbar urethral strictures. The primary endpoint was 
urethral patency, defined as the ability to pass a 16F flexible cystoscope. Urethral patency was 3.5 
times longer in the Memokath stented group, with all stents successfully removed. Durability effect 
on the stricture was not assessed. Side effects of the stent included urinary tract infections, hematu-
ria, and penile pain. Stent migration occurred in 22% of patients. The ease of placement and removal 
of the Memokath stent may prove useful for recurrent bulbar strictures in medically unfit patients  
or patients unable to undergo formal urethral reconstruction; however, further investigation is 
needed (67).

To avoid the complications of metal urethral stents, there has been interest in developing bioabsorb-
able urethral stents. In 1993, Kemppainen et al. introduced a helical spiral bioabsorbable poly-L-
lactic acid (PLLA) stent in male rabbits. Isotalo et al. reported a pilot study with 22 patients in 1998 
using these PLLA stents and found that the stent did completely degrade at 12 months but that 
there was a 59% re-stricture rate (68). A subsequent study with longer follow-up showed an ultimate 
success of 36% with new-generation bioabsorbable stents (69,70). Kotsar et al. introduced a new 
tubular configuration of a polylactide and polyglycolide braided biodegradable stent (felt to be more 
stable and resistant to breakdown), but found in animal studies that epithelial hyperplasia and local 
inflammation were still problematic (71). This led to the development of drug-eluting biodegradable 
stents aimed at improving the degradation time and success of the stent. These products are still in 
the experimental phase (71).
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3.14 Recommendations
The following recommendations were made based on review of the available literature and expert 
opinion.

3.14.1 Primary direct vision internal urethrotomy and dilation

1. Urethral dilation and DVIU have equal clinical efficacy and the use of either modality is acceptable, depending on the availability 
of equipment and resources (B).

2. Primary DVIU/dilation is indicated as first-line therapy for short (< 1–2 cm), single, bulbar urethral strictures (A).

3. Primary DVIU/dilation may be used as first-line therapy for urethral strictures with unfavourable characteristics (penile, 
penobulbar, multiple, > 1–2 cm) (C).

4. Urethral reconstruction is recommended as a primary management option for long, multiple, and penile or penobulbar strictures 
when complete urethral obliteration is present (B).

3.14.2 Repeat direct vision internal urethrotomy/dilation

1. A second DVIU/dilation can be indicated for recurrent urethral strictures with favourable characteristics (< 1–2 cm, single, 
bulbar stricture) with recurrence more than 3 months after previous treatment (B).

2. A third DVIU/dilation is not recommended, except if necessitated by patient comorbidities or economic resources (A).

3. Urethral reconstruction over repeat DVIU/dilation should be offered for urethral strictures that recur within 6 months or are 
refractory to a second DVIU/dilation (A).
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3.14.3  Direct vision internal urethrotomy/dilation and intermittent 
catheterization

1. DVIU/dilation combined with intermittent self-dilation may be used as a palliative maneuver for patients unwilling to undergo 
urethral reconstruction or medically unfit for surgery (B).

3.14.4 Laser urethrotomy

1. Outcomes of laser urethrotomy suggest that it has no advantage over cold-knife urethrotomy, and due to the additional cost 
associated with the procedure, its routine use is not recommended (A).

3.14.5 Anterior urethral stenting

1. Permanent urethral stenting is not recommended for patients with strictures who are considered to be candidates for urethral 
reconstruction (A).

2. Permanent urethral stenting may be considered in patients with a short, recurrent bulbar stricture who are medically unfit for 
urethroplasty and cannot tolerate intermittent self-dilation (B).

3. The appropriate circumstances for temporary urethral stenting have not been determined. The procedure is still largely 
experimental (B).
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4.1 Background
Using PubMed, a literature search was performed for articles from 1985 to the present on the treat-
ment of anterior urethral strictures by excision and primary anastomosis (EPA). The articles consid-
ered for analysis were those that had clear outcome data and selection criteria limited to patients 
having EPA for bulbar urethral strictures. 

The studies were rated using the International Consultations on Urologic Diseases (ICUD) stan-
dards for level of evidence and grade of recommendation. A total of 16 series with > 10 patients were 
included for analysis. These were all level 3 studies and were subdivided into (a) three large series of 
> 150 patients from internationally recognized centres of excellence and (b) 13 smaller/mixed series 
of 13–72 patients. 

The composite success rate reported among 1,262 men having EPA for bulbar urethral strictures was 
93.8%. Excision and primary anastomosis should be considered the optimal treatment for healthy 
men with short bulbar strictures, regardless of etiology or prior treatment.

4.2 Introduction
Although the treatment of urethral strictures continues to evolve, the treatment of short bulbar 
urethral strictures with EPA has retained an important role in the reconstructive armamentarium 
for the past several decades. This review is an attempt to synthesize the extant literature to clarify the 
outcomes and applications of EPA urethroplasty, and to present a consensus to guide management 
and future research.

4.3 Methods
A committee was appointed by the ICUD. The chair conducted a 25-year English-language literature 
search through PubMed for peer-reviewed articles on strictures of the anterior urethra treated with 
EPA. In the literature from 1985 to the present, no randomized prospective trials (Level 1) or case 
control (Level 2) series were identified. Only reports of bulbar urethral cases were included in the 
analysis.

A total of 16 level 3 evidence series with > 10 patients were included for analysis and were subdivided 
into two groups based on the number of patients: three large series of > 150 patients from inter-
nationally recognized centres of excellence and 13 smaller/mixed series including 13–72 patients. 
Articles were excluded if they were duplicative listings, review articles, expert opinion without data 
to support the opinion, case series of < 10 patients, or series where outcomes were not separately 
identifiable and related to EPA cases.
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Prior to the search, the committee members agreed to extract the following data:
1. Composite success rate of EPA
2. Cost effectiveness of EPA versus endoscopic 

stricture treatment

3. Complications of EPA
4. Applications and limitations of EPA

Other articles reviewed by the committee were eliminated when EPA patients in a mixed series could 
not be separately identified or when series were partially duplicative of other published results, had 
fewer than 10 patients in the series, or were review articles. The 16 articles providing the data for this 
review were rated using the ICUD standards for level of evidence and grade of recommendation (1,2).

4.4 Discussion
4.4.1 Composite success rate of excision and primary anastomosis

Our analysis revealed a total of 16 high-quality reports demonstrating level 3 evidence, thus yielding 
a robust experience of EPA reported in over 1,200 cases spanning three decades (1–16). Although 
the definitions of success differed and the durations, stringencies, and methods of follow-up varied, 
a uniformly high level of success (> 90%) was reported in similar patients across all but one series 
(Table 1).

TaBle 1  25-year meta-analysis results for ePa urethroplasty for bulbar urethral strictures

Study Type Series n Success Rate (Range) 
(%)

Large single institution 3 581 95.5 (91–98)

Mixed and smaller series 13 681 92.7 (83–100)

Overall 16 1,262 93.8

Although none of the reported series was designed to show superiority of EPA over other methods of 
urethral reconstruction, the reported results confirm that an anastomotic approach yields superior 
outcomes compared with any other method of bulbar urethroplasty. The 93.8% success rate revealed 
in this broad 25-year analysis supports the earlier 15-year single institution analysis of Andrich et 
al., which demonstrated that substitution urethroplasty is associated with a five-fold increase in 
complications and a four-fold increase in stricture recurrence when compared to EPA (1). Our meta-
analysis suggests that in skilled hands, EPA can be expected to deliver a success rate as high as that of 
any other intervention in urology.
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4.4.2  Cost effectiveness of excision and primary anastomosis for 
short bulbar urethral strictures

Since Sachse first introduced direct vision internal urethrotomy (DVIU) in 1974, endoscopic incision 
has become the most frequently used treatment for anterior urethral stricture (17). Although the 
simplicity and speed of outpatient endoscopic treatment have contributed to its popularity, long-
term efficacy data have been lacking. At best, initial DVIU for short, non-traumatic strictures of the 
bulbar urethra has been associated with a success rate of only 39%–73%, with subsequent attempts 
performing even worse (18,19). Despite the observation that DVIU is almost never curative in longer 
strictures of the penile urethra and those with dense fibrosis, many urologists undertake repeated 
endoscopic procedures before referring stricture patients for definitive care (20).

Because short bulbar strictures are almost always safely resolved by EPA, a reduction of overall costs 
has been attributed to the performance of EPA in lieu of DVIU, despite its higher initial expense 
(21,22). In experienced hands, EPA is associated with a high level of effectiveness, short hospitaliza-
tion times, and negligible complication rates (23). In summary, existing evidence supports neither 
the cost effectiveness nor a clinical advantage of repeated DVIU for refractory strictures in situations 
where referral for expert EPA urethroplasty is available.

4.4.3 Complications of excision and primary anastomosis

We reviewed the available literature concerning the effects of EPA urethral reconstruction on 
male sexual function. Excluded from this review were surgery for pelvic fracture urethral disrup-
tion defects (due to the high incidence of pre-operative erectile dysfunction) and reconstruction in 
hypospadias-related strictures (due to the potential psychological impact of genital surgery during 
childhood and penile esthetic issues, including chordee). Factors influencing erectile function after 
urethroplasty include stricture location and length, patient age, reconstructive technique, and time 
elapsed since surgery.

Excision and primary anastomosis appears to have a negligible effect on sexual function. Barbagli et 
al. reported no post-operative impotence among 153 EPA cases (24). Coursey et al. found that bulbar 
urethroplasty has less patient-reported negative impact on erectile function than reconstruction of 
long strictures in the penile urethra (25). Similarly, Anger et al. reported no significant change in 
erectile function in a prospective study of men undergoing urethroplasty for bulbar strictures using 
anastomotic, augmented anastomotic, or buccal grafting techniques; however, a trend towards worse 
post-operative sexual outcomes was shown for older patients and those with lower pre-operative 
International Index of Erectile Function (IIEF) scores (26).

Erickson et al. found that when patients do report post-operative erectile dysfunction after urethral 
reconstruction, it tends to be transient, with the vast majority of patients recovering pre-operative 
erectile function within 6 months of surgery. Interestingly, this study showed an improvement in 
ejaculatory function in younger patients (27). Similarly, Andrich et al. showed a 10% incidence of 
erectile dysfunction after substitution urethroplasty, which decreased to 2% over 2–3 months (1). 
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In summary, while erectile function may be influenced by patient age, stricture length and location, 
and method of reconstruction, sexual complications after EPA urethroplasty appear to be negligible.

4.4.4  applications and limitations of excision and primary 
anastomosis

It is apparent from this review that the quality of the existing evidence in support of EPA for manage-
ment of short bulbar urethral strictures is exceptionally strong and based on multiple case series 
worldwide. As a result, the applications of EPA have expanded of late, with recent authors reporting 
using grafts only as necessary to complete the repair. Aside from the additional time and expense, 
potential hazards of oral mucosa harvest include donor-site hemorrhage, infection, chronic anesthe-
sia, pain, parotid duct injury, limitation of mouth opening, and paresthesia (28,29).

Although previous authors suggested that a risk of chordee or penile shortening exists if more than 2 
cm of urethra is excised (30), most recent reports indicate that the proximal bulbar urethra may be 
uniquely amenable to EPA for longer strictures, and that defects up to 5 cm may be reconstructable 
by EPA in selected cases (5,9,11,24). Failed, previously grafted areas in the proximal bulb have been 
completely excised and successfully reconstructed by primary anastomosis, suggesting, in retrospect, 
that EPA should have been the initial method of reconstruction (11). Urethral extensibility has been 
shown to be greater than penile extensibility (31,32). It has been well demonstrated that bulbar mobi-
lization alone can allow up to 5 cm of lengthening during posterior urethroplasty without develop-
ment of chordee or penile shortening (33,34).

4.5 Conclusion
Our extensive review of the published literature suggests that EPA is associated with optimal outcomes 
and that complications are rare. Therefore, EPA should be performed, whenever deemed possible 
and appropriate, in men with short, isolated bulbar urethral strictures when expected success rates 
of other procedures (open or endoscopic) are < 90%.
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4.6 Recommendations
4.6.1 Composite success rate of excision and primary anastomosis

1. Because the success rate of EPA urethroplasty is widely reported to be > 90% for both primary and salvage procedures, EPA 
constitutes the optimal treatment for healthy men with short bulbar strictures, regardless of etiology or prior treatment (A).

2. Excision and primary anastomosis urethroplasty is most readily applicable to strictures of the bulbar urethra (A).

4.6.2  Cost effectiveness of excision and primary anastomosis versus 
endoscopic treatment

1. Although short, non-traumatic bulbar strictures are most amenable to DVIU, performance of more than one endoscopic 
treatment is not cost effective when compared with the costs of EPA urethroplasty (A).

2. Excision and primary anastomosis is appropriate as an initial treatment for patients with dense (obliterative and near-
obliterative) bulbar strictures (especially those with a known history of perineal trauma), without prior attempts at endoscopic 
management (A).

3. Repeated endoscopic treatments may exacerbate spongiofibrosis, which may delay and complicate the performance of 
definitive urethroplasty (B).
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4.6.3 excision and primary anastomosis complications

1. The risks of erectile dysfunction, post-micturition dribble, chordee, and sacculation after EPA urethroplasty are negligible; 
therefore, the risk of these post-operative complications should not be considered a contraindication to EPA urethroplasty.

4.6.4 excision and primary anastomosis indications and limitations

1. Excision and primary anastomosis should be performed, whenever deemed possible and appropriate, in men with short, isolated 
anterior bulbar urethral strictures when expected success rates from other procedures (open or endoscopic) are < 90% (A).

2. In general, longer strictures (2–4 cm) may be successfully treated with EPA in the proximal bulb versus the penile and distal 
bulbar urethra due to the favourable tissue characteristics of the proximal bulb region (B).

3. Graft and skin flap augmentation procedures tend to be successful less often than EPA and should be used primarily for 
strictures > 2 cm within the distal bulbar and penile urethra, when a tension-free anastomotic repair is not achievable (B).
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5.1 Introduction
Our group was tasked with reviewing the data on lichen sclerosus (LS) as it relates to urethral stric-
ture, and with developing recommendations regarding the treatment of LS. A literature search was 
done using Medline and PubMed (US National Library of Medicine - National Institutes of Health). 
More than 65 papers were reviewed, most written within the past 10 years. Of these papers, 40 were 
used to make recommendations. Articles were evaluated using the levels of evidence adapted by the 
International Consultation on Urological Diseases (ICUD) from the Oxford Centre for Evidence-
Based Medicine. Recommendations were based on the level of evidence and discussed among the 
committee members to reach consensus. Each member of the committee reviewed each paper and 
recommendations were made only when there was consensus among the whole committee.

Lichen sclerosus is a chronic inflammatory, hypomelanotic, lymphocyte-mediated skin disorder, 
which in men involves the prepuce and glans, and frequently leads to phimosis, meatal stenosis, and 
urethral strictures.

Lichen sclerosus was first described in 1875 by Weir (1). In 1928, Stühmer coined the term balanitis 
xerotica obliterans (BXO) and proposed a traumatic etiology (2). The association between LS and BXO 
was noted by Freeman and Laymon (3,4). The International Society for the Study of Vulvar Disease 
has formally adopted the term lichen sclerosus (5), and this committee recommends that the term LS 
be used instead of BXO.

5.2 Etiology
The pathogenesis of LS is still undetermined. One proposed mechanism is an autoimmune event. 
Autoantibodies to extracellular matrix protein 1 (ECM1) were detected in the serum of 67% of LS 
patients and in only 7% of the control group (6). Reports of LS associated with vitiligo, alopecia 
areata, thyroid disease, and diabetes mellitus also suggest a possible autoimmune basis. Reported 
oxidative damage of lipids, DNA, and protein in LS patients may explain the mechanism of sclerosis, 
autoimmunity, and carcinogenesis of LS (7).

There has been no significant association found that would suggest a genetic basis for LS. There are 
conflicting data linking human leukocyte antigens and LS. At least 11% of patients with LS do have 
a family member also affected (8).

No significant association with infectious disease has been found. Some reports have linked LS to 
Borrelia burgdorferi (9), but a recent controlled case series found no association (10).
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5.3 Epidemiology
Lichen sclerosus is an embarrassing condition for those afflicted and is commonly unrecognized by 
many physicians. The range of medical specialties involved in the management of the disease contrib-
utes to the discordance of reports. The estimated prevalence is 1 in 300 to 1 in 1000. Traditionally, 
peak incidence was reported in males aged 30–50 years (11), but a contemporary male epidemiologic 
study reported a nearly double incidence of LS in the age group of 21–30 years (12). The female-to-
male ratio is estimated to be between 6:1 and 10:1 (11,13). Most reports show higher frequencies in 
white male and female populations (13), but a recent publication showed the incidences in black and 
Hispanic male populations to be double the incidence among white males (12).

5.4 Clinical Features
In males, LS is usually insidious, but can also present as an aggressive process. Lichen sclerosus affects 
the foreskin and glans in 57%–100% of cases and the meatus in 4%–37%, with approximately 20% 
of patients having involvement of the urethra (14,15). Extra-genital presentation is rare. The most 
common symptom is leucoderma (16). The whitish appearance of the skin is secondary to decreased 
melanin production, reduced transfer of melanosomes to keratinocytes, and loss of melanocytes (17). 
Itching, ecchymosis, dysuria, and decreased force of stream are also frequent complaints. Disease 
progression may lead to phimosis, thereby causing a decrease in the force of stream. Glans fissures 
may appear after sexual intercourse.

5.5 Diagnosis
Diagnosis of LS remains primarily dependent on history, physical examination, and histology, 
yet a recent development of antigen-specific enzyme-linked immunosorbent assay (ELISA) for 
circulating auto antibodies to ECM1 in LS may be useful as a diagnostic marker and indicator of 
disease severity (18).

5.5.1 Histological diagnosis

In the early and evolving stages of LS, hydropic (vacuolar) degeneration of the basal cell layer is seen, 
there is edema of the papillary and reticular dermis, and inflammatory infiltrate (of lymphocytes) 
occurs at the dermo-epidermal junction. The intermediate stage is identified by homogenization of 
collagen in the papillary dermis. Hyperkeratosis, stratum malpighii atrophy, pale staining, and band 
inflammatory cell infiltrate at the dermo-epidermal junction are seen in the late stages.

The differential diagnosis of LS includes lichen planus, vitiligo, psoriasis, and vulvar intra-epithelial 
neoplasia.
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5.6 Prognosis
Can early detection and consequent medical treatment of LS prevent urethral involvement? A recent 
epidemiological study in the UK suggests that early detection and treatment may prevent the devel-
opment of severe symptoms and possibly allow patients to avoid surgery (15).

5.7  Malignant Potential of  
Lichen Sclerosus

The pre-malignant potential of LS of the vulva has been well recognized for some time (19). But the 
potential development of squamous carcinoma in men with LS affecting the penis has until recently 
been less clear.

The association between LS and penile cancer varies. A review of 20 cases of penile cancer found LS 
on the same pathology slides as cancer in eight cases (40%). Review of the case notes revealed two 
further cases with previous histology of LS that was not present on the cancer slides. Lichen sclerosus 
was therefore present in 50% of the penile cancer cases. The presence of LS was also associated with 
less aggressive cancer in seven out of eight cases. All cases associated with LS were well differentiated, 
as compared with only three cases out of 12 not associated with LS (20).

Another study, of 207 cases of penile cancer, found LS in 68 cases (33%). They also found a significant 
association between the presence of LS and both low grade and low stage of penile cancer. An asso-
ciation between LS and non–human papillomavirus (HPV) cancers was also noted (i.e., a negative 
correlation with warty tumours and giant condyloma; however, they did not test for HPV directly) (21).

In a further study of 155 cases of penile cancer and carcinoma in situ (CIS), Pietrzak et al. found 
LS in 44 cases (28%). Although cancer associated with LS occurred at a younger age and was of a 
lower grade and stage, this trend did not reach statistical significance. Most of the cases occurred 
synchronously (39/44 = 89%), and three cases (7%) occurred within a background of LS, but in two 
cases (4%) the LS had been surgically cured previously and the original pathology was not available 
at the time of review. The authors raised the question of long-term surveillance recommendations 
in cases of LS (22).

Two groups have looked at populations of patients presenting with LS. Depasquale et al. reviewed 
a series of LS patients treated at a single centre and found 12 cases of penile cancer among 522 LS 
cases (2.3%). The association with grade and stage was not reported. Seven of the patients with penile 
cancer had had previous circumcision, confirming the need to send all circumcision specimens for 
histology and the importance of long-term surveillance (14). Barbagli et al. reported on a multicentre 
study of 130 cases of LS and found 11 cases of either cancer or CIS (8.4%). One of these cases arose in 
LS following a partial amputation for penile cancer and as such, may simply represent a recurrence of 
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cancer. Excluding this case leaves an association of 10/129 (7.8%). In contrast with the results of other 
studies, only one of the cases of squamous cell cancer was well differentiated. Epithelial dysplasia 
was present in 5/10 cases (50%).  Five patients had had previous circumcision. The mean time from 
diagnosis of LS to diagnosis of cancer or CIS was 12 years (23).

5.8  Medical Management of  
Lichen Sclerosus

The goals for treatment of LS should be to alleviate symptoms of discomfort and to prevent develop-
ment of urethral stenosis or stricture. Management of LS also includes monitoring the patient for the 
development of squamous cell carcinoma. Before any topical treatment is initiated, biopsy may be 
necessary to confirm the absence of squamous cell carcinoma and confirm the presence of LS.

Traditional non-surgical treatment for LS consists of topical steroids or emollients to alleviate the 
skin manifestations of the disease. Periodic urethral or meatal dilation is used when stenosis occurs 
or to prevent its occurrence. Steroid administration inhibits the chronic inflammatory response and 
may be helpful in lessening initial symptoms and preventing or slowing disease progression. In a 
double-blind, placebo-controlled, randomized study of 40 boys clinically diagnosed with LS, 41% of 
those treated with steroids showed improvement in clinical symptoms (24).

Although the ideal topical agent has not yet been studied or identified scientifically, clobetasol propi-
onate (0.05%) twice daily for 2–3 months with gradual dose lowering has been used with success (25). 
Interestingly, the drug is not approved by the Food and Drug Administration for the management 
of LS.

While clobetasol is commonly used, betamethasone (0.05%), mometasone, and hydrocortisone 
(2.5%–10%) use has also been reported. Side effects of topical steroids include cutaneous atrophy, 
adrenal suppression, hypopigmentation, and contact sensitivity symptoms such as burning, itching, 
dryness, flaking, and maceration. Potent steroids should be avoided in children, and patients should 
be instructed to wash their hands after use to prevent contact with other sensitive areas (e.g., the eyes) 
and to prevent partner exposure.

The macrolide-derived immunomodulator tacrolimus (FK506), used systemically in transplant 
medicine, has been used topically in LS, and success has been reported in the treatment of LS involv-
ing the glans and penis (26). Tacrolimus works by inhibiting the production of interleukin-2 and the 
subsequent T-cell activation. Systemic absorption is minimal. There is a great deal of data available 
on its use in psoriasis and other inflammatory skin conditions, but minimal data exist on its use in LS.

Topical testosterone has also been reported to have a beneficial effect, but has not been extensively 
studied in men with LS (27). In the laboratory, it has been shown that LS tissue shows down-regula-
tion or loss of the androgen receptor. Secrest et al. noted that 77.8% of patients with LS were hypo-
gonadal and that the aggressive replacement of systemic testosterone with topical testosterone was 



101Anterior Urethra – Lichen Sclerosus

associated with improvement in early results (28). In theory, adding local testosterone may improve 
the clinical effects of LS, but other studies have shown that clobetasol was still superior to testoster-
one propionate (29,30).

There have also been reports on the use of topical calcineurin inhibitors such as pimecrolimus in 
topical steroid–resistant LS (31).

The systemic aromatic retinoid acitretin is used for psoriasis and has also been studied for the treat-
ment of severe, topical steroid–resistant, LS (32). In a case-control study of 49 patients, 36.4% of 
those treated with acitretin achieved a complete response, versus only 6% of the control group, while 
36.4% versus 12.5%, respectively, achieved a partial response. Acitretin patients received 35 mg daily 
for 20 weeks. Well-known and common side effects include cheilitis (dry, cracking lips) in 75% of 
patients and skin peeling in 48%.

5.8.1 Non-surgical management

Photodynamic therapy
Photodynamic therapy involves the discovery of a lesion that has an inappropriate fluorescence and 
the subsequent performance of a selective excision of diseased tissue, in which an oxygen-dependent 
reaction between photosensitizing dye and light leads to the destruction of the tissue. A study of 
28 women with vulvar LS treated with 5-aminolevulinic acid (ALA) was performed. The ALA was 
used as a photosensitizer because it is preferentially absorbed and induces protoporphirin IX accu-
mulation in changed tissue. Six courses of photodynamic therapy with a Diomed 630 laser were 
performed. In this study, 37.5% of patients had no histological evidence of LS after therapy. The 
tissue also showed increased microvessel density and decreased lymphocytic infiltration (33).

There have also been reports of continuous-wave carbon dioxide (CO2) laser vaporization being 
used successfully in cases of LS that do not involve the meatus or the urethra. Laser energy is used to 
precisely treat lesions, and re-epithelialization takes place by 6 days post-treatment (34).

5.8.2 Surgical management

There is no surgical gold standard for the treatment of urethral strictures in patients with LS. All 
recommendations have been based on non-randomized studies and expert opinion. Surgical 
management is dependent on the progression of disease and consists of circumcision, meatal dila-
tion, meatotomy, and urethral reconstruction.

Circumcision
Circumcision was used by Depasquale et al. in 287 patients with a diagnosis of LS. Of these patients, 
276 (92%) were cured and needed no further treatment. These results have been confirmed by others 
and therefore have important implications for the treatment of LS. If LS recurs after circumcision, a 
repeat circumcision is not recommended, because it can lead to hidden penis and severe phimosis, 
making treatment more difficult. Meatotomy rarely results in cure. This is most likely due to the fact 
that the condition is a skin disorder involving the meatus (14).
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Meatotomy
Meatal stenosis is a less severe condition than pan-urethral involvement of LS. Even so, meatal steno-
sis can lead to significant complications. Simple meatotomy is generally ineffective in patients with 
LS. Morey et al. showed that an extended meatotomy in patients with refractory stenosis was success-
ful in 14 of 16 patients (87%) (35).

Malone described a ventral/dorsal meatotomy with an inverted V-shaped relaxing incision with the 
apex of the V close to the proximal limit of the dorsal meatotomy. No recurrences or fistulas were 
reported in the series. Satisfaction with the procedure from a cosmetic standpoint was also good, 
with 100% of patients pleased with their cosmesis and only 15% of patients complaining of spraying 
of stream (36).

Urethral reconstruction
When medical management fails or patients are not candidates for circumcision or meatotomy, 
urethral reconstruction must be considered.

The use of flap repairs using genital skin has been described in patients with LS. The initial success 
of flaps in the repair of LS has been encouraging, but with longer follow-up, recurrence rates have 
increased. Venn and Mundy reported on 12 patients with LS who were treated with stricturotomy 
and penile skin flap urethrostomy, and they showed a 100% stricture recurrence rate (37). With the 
use of a ventral transverse skin island, Virasoro et al. noted a 50% recurrence rate. However, not all 
patients had a biopsy to confirm LS; therefore, those who did well may not have had true LS (38). 
Currently, the use of genital skin is not considered to be appropriate in patients with confirmed LS.

Non-genital skin–buccal mucosal grafts with either a one- or two-stage approach–has proven to 
be the tissue of choice. Buccal mucosa has a panlaminar plexus, which allows it to be thinned, and 
the deep lamina preserves the physical characteristics. Thinning reduces the total graft mass while 
preserving beneficial physical characteristics without adversely affecting vascular characteristics. 
Another graft that has had good results is the lingual mucosal graft. Das reported an 83% success 
rate using the lingual mucosal graft as a dorsal graft in a single-staged procedure (39).

One-stage urethral reconstruction with a dorsal graft can be performed if the urethral lumen is 
6–7 French. For strictures in the penile urethra, a circumferential incision is made and the penis 
is degloved. If the stricture extends beyond the penoscrotal junction, a midline perineal incision is 
made. The urethra is dissected from the corpora cavernosa along the entire length of the stricture. A 
dorsal urethrotomy is performed and then the mucosal graft is secured to the corpora cavernosa and 
the urethra is secured to the graft. Dubey et al. have shown good results using this technique: 22 of 25 
patients (88%) had success at a mean follow-up of 32.5 months (40). Kulkarni et al. confirmed these 
good results with a 91% success rate with a mean follow-up of 38 months (41).

In a two-stage reconstruction, a midline penile incision is made along the full length of the urethral 
stricture. Complete urethral plate excision is usually recommended, due to the involvement of LS in 
the remaining urethra. The first stage involves securing the buccal graft to the tunica albuginea. The 
second stage, tubularization, occurs 6–12 months later. Success rates of the two-stage approach vary 
from 72%–80%.
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It is not always appropriate to reconstruct the urethra completely, and a perineal urethrostomy 
should be considered in patients with the most severe disease. Perineal urethrostomy success rates 
vary from 72%–100%.

5.9 Conclusion
Lichen sclerosus is now the accepted term, and balanitis xerotica obliterans is no longer an accept-
able term. A short course of topical steroids may be beneficial for some patients. If patients have 
persistent LS, they need long-term surveillance because of the possible development of squamous 
cell carcinoma.

If caught early, LS can be controlled, preventing progression, but once the disease has progressed, it 
is very difficult to treat. Surgical treatment can be curative if the disease is caught early. The use of 
genital skin is not recommended in patients with urethral involvement. Oral mucosa grafts have 
been shown to be successful in patients with LS, although long-term data are still needed.

5.10 Recommendations

1. The accepted term for this condition is lichen sclerosus (LS) and the term balanitis xerotica obliterans (BXO) should no longer 
be used (A).

2. The use of short-term topical steroids should be considered in patients with early LS (A).

3. Circumcision can be used for LS confined to the foreskin or glans (A).

4. Genital skin should not be used for urethral reconstruction in patients with LS (A).

5. Long-term follow-up in patients with persistent LS is required to evaluate the patient for malignant transformation (B).
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6.1 Background
An electronic literature search of the PubMed database was conducted to identify articles deal-
ing with substitution/augmentation urethral reconstruction of the anterior urethra. The evidence 
was categorized by stricture site, surgical technique, and transferred tissue used. A committee was 
appointed by the International Consultation on Urological Diseases (ICUD) under the auspices of 
the Société Internationale d’Urologie (SIU), which met in October 2010 to discuss and evaluate the 
evidence gathered. Recommendations were based on the ICUD modified system. 

The committee assessed the evidence for the various techniques for substitution urethral reconstruc-
tion and recommends that there is no evidence of superiority of one technique over another for the 
bulbar urethra, whereas in the penile urethra a two-stage technique has higher reported success 
rates than a one-stage technique. In addition, recommendations are proposed for the best methods 
of follow-up of patients after substitution urethral reconstruction.

6.2 Introduction
There are many management options available for urethral stricture disease commencing with less 
invasive urethral dilatation, urethral stenting and urethrotomy, progressing to anastomotic and 
substitution urethral reconstruction. Each patient must be treated based upon their individual 
circumstances and with due regard for consent. In this article we present the consensus decision of 
the committee appointed by the ICUD on the management of anterior urethral strictures that are 
too lengthy for an anastomotic procedure requiring substitution of the urethra.

6.3 Methods
A committee was appointed by the ICUD. The chair conducted an electronic literature search in 
September 2010 through PubMed (US National Library of Medicine - National Institutes of Health)  
for peer-reviewed articles on strictures of the anterior urethra treated by substitution/augmentation 
urethral reconstruction. Search terms included: substitution urethral reconstruction, augmenta-
tion urethral reconstruction, dorsal onlay, ventral onlay, lateral onlay, bulbar urethral reconstruc-
tion, penile urethral reconstruction, Asopa, Palminteri, and panurethral urethral reconstruction. 
Non-English articles and articles dealing with solely pediatric cases were excluded. After removal of 
duplicates, 80 articles were identified. From these, 11 were further excluded because the outcomes 
could not be categorized for the mixed populations described, and three review articles were excluded 
because the data were not original. The remaining 66 articles were categorized by technique accord-
ing to the site of surgery and the graft used.
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The committee met at the SIU meeting in Marrakech, Morocco in October 2010 to discuss the 
presented evidence and provide recommendations for the proposed techniques for substitution of 
the bulbar and penile urethra. The evidence for each graft was also considered. Recommendations 
were formulated by consensus committee opinion, and are based on the ICUD modified system.

6.4 Pre-Operative Assessment
In order to counsel the patient adequately, it is important to have a clear anatomical assessment of 
the site and length of the stricture to be able to give an opinion as to what form of urethral surgery 
is likely to be necessary. It is well recognized that the majority of men presenting with normal blad-
der function will usually have a tight stricture at the time of first presentation. Indeed, it was first 
described in 1968 by Smith (1) that the effective diameter of the unobstructed male urethra was in 
the order of 11 French gauge, and until the stricture narrowed beyond this point, there would be no 
significant interference with flow and hence, patients would not necessarily be aware that there was 
a significant problem.

The identification of the extent of urethral damage is important. The current standard of care is to 
use a combined ascending and descending urethrogram to image the urethra, supplemented where 
necessary by urethroscopy. An ischemic urethra looks white or grey, and healthy well–vascularized 
tissue appears pink. The length of urethral narrowing may not correspond directly to the length of 
ischemic spongiofibrosis and thus to the length of graft required (Figure 1). It has been suggested 
that intracorporal injection of contrast (2,3) or ultrasonography (4,5) may be useful.

 

Figure 1
Diagrammatic representation 
of the length of narrowing 
caused by the stricture,  
ischemic spongiofibrosis,  
and the length of substitution 
graft required.

(Turner Warwick, 1988) 



113The Management of Anterior Urethral Stricture Disease Using Substitution Urethroplasty

6.5 Pre-Operative Counselling
Pre-operatively, the patient must be warned about the risks of the procedure, as well as of possible 
complications, the failure rate, the need for additional procedures, the need for follow-up, and the 
rate of recurrence. Much has been publicized about the risk of erectile dysfunction and three papers 
have appeared in the literature over the last decade relating to this. 

Coursey et al. reported, in a retrospective study, that with an experienced surgeon, most men who 
undergo anterior urethral reconstruction are no more likely to have impaired sexual function than 
those who undergo circumcision (6). Alterations in the penile appearance and sexual performance 
may occur after anterior urethral reconstruction, but these are usually transient and more likely 
when the stricture is long than with a short stricture requiring an anastomotic procedure. 

Anger and colleagues supported this view, suggesting that surgery had an insignificant long-term 
effect on erectile dysfunction and that surgical complexity made no difference to the incidence of 
erectile dysfunction (7). 

Erickson and colleagues confirmed these findings. Both papers, however, suggested that there was 
an increasing risk of erectile dysfunction with increasing age and with a preceding history of erectile 
problems (8). 

A prospective study has recently been reported suggesting that there is a risk of erectile dysfunction 
within the first few months following surgery (9), but that with time this improves, and that most 
men who develop erectile dysfunction of any sort will have full recovery by 7 months. The authors 
did note that persistence of erectile dysfunction was seen in some men, but that long-term follow-up 
would be necessary before they could categorically provide advice based on this information.

6.6  Choice of Urethral Reconstruction 
Technique

The factors limiting the potential for using anastomotic urethral reconstruction are anatomical 
considerations and the length of the stricture. In determining the type of urethral reconstruction 
that is appropriate, one must consider the length of the stricture, its likely cause (in particular if 
lichen sclerosus is present), and what previous surgery has been carried out. 

The etiology of a stricture has an influence on any decision, since inflammatory strictures and those 
associated with lichen sclerosus have a tendency to be longer; the latter also have a tendency to recur 
because of recrudescence of the underlying disease process. The bulbar urethra is surrounded by 
the thickest portion of the corpus spongiosum and is eccentrically placed toward the dorsum. Thus, 
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the dorsal aspect of the surrounding tissues of the corpus spongiosum are thin, while ventrally they 
are thick. As the urethra extends distally, it becomes more centrally placed in relation to the corpus 
spongiosum, and through the glans it is relatively ventrally placed (Figure 2).

Anastomotic urethral reconstruction involves excision of the stricture and primary anastomosis of 
the urethral ends. Surgeons cannot simply excise a stricture and restore continuity as when operat-
ing on bowel, because of the potential for causing chordee. It is a useful rule that the bulbar urethra 
should not be mobilized distal to the penoscrotal junction, and therefore if the stricture is long it 
may be necessary to carry out a substitution procedure. Similarly, it is very uncommon to be able to 
perform an anastomotic urethral reconstruction in the penile urethra, except in the context of a very 
limited traumatic injury of the penile urethra such as seen with penile fracture injuries. 

Traditionally, only strictures less than 3 cm were considered suitable for an anastomotic procedure. 
However, by freeing up the urethra and separating the corpora, another few centimetres may be 
gained in length. 

Morey et al. compared anastomotic procedures carried out for a stricture length ranging from 2.6 to 
5.0 cm and reported success rates of 91%, as compared to a control group with stricture lengths less 
than 2.5 cm. However, the series had only 11 patients in each group and the mean follow-up period 
was 22 months (10). 

Three large series looking at the success rates of anastomotic urethral reconstruction have recently 
been reported, with Santucci et al. (11), Barbagli et al. (12), and Eltahawy et al. (13) reporting success 
rates between 91% and 98%.

It is often possible to carry out an anastomotic urethral reconstruction for strictures longer than 2–3 
cm using techniques (covered elsewhere) to straighten the natural curve of the bulbar urethra, thus 
shortening its course (Figure 3).

Figure 2
Diagrammatic representation 
of corporal thickness in the 
bulbar and penile urethra
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Figure 3
Diagrammatic representation 
of the additional length (in 
cm) gained by separation of 
the corpora cavernosa

 (Mundy, BJUI Surgical Atlas)

N.B. figures represent 
approximate length in 
centimetres

Clearly, the amount of length that can be gained will depend upon the anatomy of the individual 
male, including the length and elasticity of the distal urethral segment, and more particularly, the 
size of the penis and urethra themselves. It is now clearly established that anastomotic urethral 
reconstruction in the bulbar urethra, when performed by an experienced surgeon, is associated with 
a success rate of up to 95% (11–13). The length of a urethral stricture dictates the complexity of the 
necessary surgery; longer lesions present more of a surgical challenge. The remainder of this analysis 
gives an overview of the various techniques for augmentation urethral reconstruction and reviews 
the evidence relating to their use.

6.7  Augmentation Urethral 
Reconstruction

Augmentation urethral reconstruction can be a one-stage or a two-stage procedure. 

There are three potential options with a one-stage procedure: 
1. To excise the stricture and restore a roof 

or floor strip of native urethra augmented 
by a patch–an augmented anastomotic 
procedure; 

2. To incise the stricture and carry out a patch 
augmentation–an onlay augmentation 
procedure

3. To excise the stricture and put in a circum-
ferential patch–a tube augmentation. This 
option is associated with a failure rate as high 
as 30% (14,15). 

A two-stage procedure involves excision of the stricture and the abnormal urethra and reconstruc-
tion of a roof strip, which is allowed to heal prior to second-stage tubularization.
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6.8 Grafts Versus Flaps
Controversy previously existed regarding whether one should use a graft or flap, but it is now clearly 
established from a review of the literature that the stricture recurrence rate is 14.5%–15.7% using 
either a flap or graft (16). It can therefore be concluded that in most instances, there is no advantage 
of a flap over a graft in terms of stricture recurrence rate. A randomized controlled trial carried out 
by Dubey et al. confirmed that the efficacy of grafts and flaps was identical, but there was a much 
higher morbidity with penile skin flaps, which were also technically more complex, and were thus 
less likely to be preferred by patients (17).

In carrying out an augmentation procedure, one must also consider whether full-thickness tissue or 
partial-thickness tissue should be used; partial-thickness tissue has a greater propensity to contract 
than does full-thickness tissue.

Alternative therapeutic options that have been suggested in the past include scrotal skin (18), extra-
genital skin (19), bladder epithelium (20), and colonic mucosa (21). In contemporary practice, genital 
skin and oral mucosa are most commonly used, although there is interest in the potential for tissue 
engineering in the future (22). Genital skin flaps are particularly useful when dealing with strictures 
in the penile urethra, where an onlay flap of penile skin can be especially helpful. The use of penile 
skin in patients with lichen sclerosus is addressed elsewhere. 

Jenkins et al. found the scrotal pull-through procedure to have a high incidence of complications (23) 
and Blandy reported on the significant long-term morbidity associated with the use of scrotal skin, 
which should not be used except in unusual circumstances.

A number of flap designs have been described, varying in terms of the orientation of the skin island 
and the dissection of the fascial pedicle. A number of eponymous flap procedures (named after 
the authors who first described them) have been recognized. We would suggest a more pragmatic 
approach. When considering a penile flap, firstly identify an area of hairless penile skin of adequate 
length for use in the reconstruction of the urethral defect. It is important that the patient is not shaved 
before coming to the operating room, so that the position of hair can be identified peri-operatively. 
Next, based on the anatomy of the penis, decide the configuration of the flap, i.e., transverse, longi-
tudinal, or oblique. Thereafter, determine the elevation technique of the fascial pedicle. Remember 
that the skin is a “passenger” on the subcutaneous tissues/fascial tissues. Ventral onlay skin flaps are 
particularly useful in the management of penile strictures with etiologies other than lichen sclerosus.

When considering the bulbar urethra, the current standard of care is to use a graft in the majority of 
cases, since the efficacy of grafts and flaps appears to be virtually identical. Indeed, it is well recog-
nized that a number of complications can occur following flap urethral reconstruction, including 
penile hematoma, skin necrosis, fistula formation, and if one is using a distal flap derived from the 
prepuce, penile and glans torsion. In the longer term, flaps are associated with a higher risk of saccu-
lation (diverticulum formation).
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Barbagli and colleagues have reviewed their experience using dorsal onlay skin graft urethral recon-
struction and reported a series of 38 patients in which 65.8% of cases were considered successful at a 
mean follow-up of 111 months (24). It is of interest that the majority of the recurrences in this series 
occurred within the first year. A similar experience has been reported in patients with no underlying 
progressive condition, such as lichen sclerosus, who underwent augmentation urethral reconstruc-
tion objectively assessed using urethrography or endoscopy (25). 

Andrich et al. reported that in the longer term, the recurrence rate after an augmentation procedure 
is far worse than would be expected based on the existing literature, with a recurrence rate of 42% 
at 15 years for augmentation and 14% for anastomotic procedures (26). However, this study reported 
on a mixed population of cases at a tertiary centre and probably represents a worst-case scenario. 
The complexity of the underlying stricture and whether it is a first time or repeat procedure will 
obviously determine the subsequent success rate. Chapple et al. have previously demonstrated that, if 
assessed by flexible cystoscopy, the majority of recurrences for straightforward strictures (not associ-
ated with lichen sclerosus, which is a potentially progressive disease process) are present within the 
first 3–6 months following surgery (25).

The results of the different configurations of augmentation urethral reconstruction are summarized 
in Table 1. The complete dataset is included in the Appendix in Tables 1–8.

TABle 1  average data for the different configurations of augmentation urethral 
reconstruction

Technique Total Patients 
reported

Average Follow-up 
(Months)

Average Success  
rate (%)

Dorsal onlay bulbar 934 42.2 88.3

Ventral onlay bulbar 563 34.4 88.8

Lateral onlay bulbar 6 77 83

Asopa 89 28.9 86.7

Palminteri 53 21.9 90.6

One-stage penile 432 32.8 75.6

Two-stage penile 129 22.2 90.5

Panurethral 240 30.1 88.2
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6.9 Oral Mucosal Grafts
The majority of patients undergoing augmentation urethral reconstruction, and particularly patients 
with lichen sclerosus, are optimally managed by an oral mucosa patch augmentation. The use of oral 
mucosa was first described in 1941 by Humby and Higgins (27) and was reintroduced into pediatric 
urology in 1992 by Bürger et al. (28). Oral mucosa is simple to harvest, tough, resilient, and easy to 
handle. It is taken as a full-thickness unit and for most patients the donor areas are adequate. It takes 
very effectively and has a thick epithelium with a thin lamina propria and a dense panlaminar vascu-
lar plexus, which allows early inosculation. In the majority of cases, there is acceptable morbidity at 
the donor site. This mucosa is used to being wet and appears to be resilient to skin diseases such as 
lichen sclerosus. It has privileged immunology, and pre-clinical work suggests that it shows fibroblast 
behaviour that results in less fibrosis, offering quite a different profile than that of skin. 

Oral mucosa can be harvested from the cheek (buccal mucosa), from the lip (labial mucosa), or from 
the undersurface of the tongue (lingual mucosa). If an extensive amount of oral mucosa is to be 
harvested, or if the patient has a small mouth, then nasal intubation is useful for anesthesia, but in 
most cases is not essential.

In harvesting buccal mucosa, the parotid duct is identified opposite the upper second molar tooth. 
The length of the graft is identified and marked. Infiltration with 1 in 200,000 adrenaline solution 
is helpful and the buccal mucosa is excised in the plane superficial to the underlying muscle. Labial 
mucosa can be managed in a similar fashion, but is much thinner and more difficult to handle, and 
is associated with greater morbidity. In patients where a greater amount of oral mucosa is required, 
lingual mucosa is harvested from the under surface of the tongue (29). Lingual mucosa is slightly 
thinner than buccal mucosa. The landmarks to be identified are the lingual duct and the lingual 
nerve. A comparative study of buccal and lingual mucosa has reported that grafts from these sites 
are very similar in macroscopic appearance (30). The initial results using lingual mucosa have been 
reproduced by others and appear to be equivalent to those of buccal mucosa (30–32).

Reported complications of oral mucosal grafts include intra-operative hemorrhage, post-operative 
infection, pain, swelling, and damage to salivary ducts. In some cases, patients note initial limitation 
of oral opening, although this is usually transient. Occasionally there can be loss or alteration of 
sensation within the cheek. A permanent palpable scar due to formation of a fibrous band may be 
noticed by the patient. Both numbness and deformity have also been reported, particularly after the 
harvesting of tissue from the lower lip. 

Barbagli et al., in a survey of 295 patients, reported that 98.4% would undergo the surgery again and 
concluded that harvesting from a single cheek with closure of the donor site was a safe procedure 
with high patient satisfaction (33).

After the harvesting of oral mucosa, excess subcutaneous tissues must be cleared from the deep 
surface of the graft.
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Contemporary evidence suggests that closure of the donor site is not essential. Gentle apposition may 
be useful in helping to control bleeding; other techniques include the use of fibrin glue, which can be 
applied locally (but is very expensive), as well as standard diathermy hemostasis.

Overzealous closure of the cheek donor site appears to worsen pain and may result in peri-oral numb-
ness, difficulty with mouth opening, and alterations in salivary function (34,35). It is established that 
harvesting oral mucosa from the lower lip should be done sparingly because of significantly greater 
long-term morbidity and lower satisfaction rates in patients. There seems to be little indication for 
harvesting tissue from the lower lip in the majority of cases, and neuropathy of the mental nerve is 
thus avoided (36).

6.10  Acellular Matrices and  
Tissue engineering

There has been interest in the use of acellular bladder matrix, with positive results being reported by 
El-Kassaby et al. However, this is a viable option only if there is a healthy, well vascularized urethral 
bed with limited residual ischemic spongiofibrosis and healthy urethral mucosa at both ends (37). 
Regrettably, this is not often the case where there is a long stricture requiring augmentation. Positive 
results were reported by Fiala and colleagues using porcine small intestinal submucosa (SIS) matrix 
(38). However, a recent update suggests that with longer-term follow-up, the success rate may dete-
riorate (39). Hauser et al. reported a poor success rate using SIS (40).

In the future, bioengineered buccal mucosa may be of use, particularly for complex strictures where 
lengthy amounts of oral mucosa are necessary, and ongoing preclinical research is being conducted 
(22,41). Tissue requires a donation of keratinocytes and fibroblasts obtained from a patient prior to 
surgery, via a small biopsy carried out under local anesthesia. These cells are cultured and attached 
to the matrix to create a lengthy piece of tissue. Longer culture periods allow cells to multiply and 
potentially generate even larger amounts of tissue. Providing the biopsy is taken from the patient 
undergoing urethral reconstruction, there is no allergenic response as long as the underlying matrix 
is immunologically inert. Other researchers have evaluated the use of urothelial cells obtained from 
the lower urinary tract. The principal problems with using biological matrices relate to a marked 
exudative process and an unpredictable degree of tissue contraction.
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6.11 Graft Positioning
The relative efficacies of graft onlay placement have been examined. Barbagli and colleagues (42) 
initially reported dorsal graft urethral reconstruction using skin, and subsequently buccal mucosa 
(a modification of the Monseur technique) (43). Initially, this was applied in the context of an 
augmented anastomotic repair. Recent debate surrounds the advocacy of transection of the corpus 
spongiosum because of concern over further damage to the urethral blood supply. If there is a 
severely ischemic area of corpus spongiosum, transection is unlikely to be important, as the residual 
blood flow through the ischemic area is not likely to be significant. 

The dorsal onlay approach with an anastomosis provides a very effective technique, which is easy 
to use and durable (44), and the majority of authors in the field (45–47) report success rates on the 
order of 90%, although a large retrospective analysis by Barbagli et al. (12) suggests a success rate of 
70%. As demonstrated previously by Andrich et al. (26), it is likely that the success rate depends on 
the complexity of the cases operated on and the type/duration of follow-up. However, a reasonable 
success rate to quote to patients would be on the order of 85% at 5 years.

Concerning onlay augmentation, the options are a ventral, lateral, or dorsal approach. Barbagli et 
al. prefer a dorsal or lateral approach, as the thickness of the corpus spongiosum both dorsally and 
laterally is far less than ventrally (48). There is likely to be less bleeding from an incision in this plane 
and potentially less interference with blood supply as one extends into the proximal and distal “more 
normal” urethra. Barbagli et al. reported comparable success rates on the order of 82%–85% using 
ventral, dorsal, or lateral grafts in a small series of 50 patients (48). Recently, Kulkarni et al. reported 
a one-sided anterior dorsal approach, preserving the bulbospongiosus muscle and lateral vascular 
and nerve supply to the urethra, as having a success rate of 92% (49) in a small series of 24 patients 
with a short mean follow-up of 22 months.

A review of dorsal and ventral onlay grafting has suggested comparable success rates of 88% at 3 
years, regardless of which approach is used for the onlay (50). Asopa et al. described a ventral sagittal 
urethrotomy transurethral lumen approach, with placement of a dorsal inlay graft (51). Fifty-eight 
men underwent treatment, with a mean follow-up of 42 months and a success rate of 87% (52). 
Palminteri and colleagues have suggested that, in addition to placement of a dorsal graft via the 
Asopa approach, a ventral onlay could be applied as well. A success rate of 89% with a mean follow-
up of 22 months in 48 cases was reported (53).

One-stage tube repairs should not be used routinely and it is clear from a review of the literature 
that the revision rate for a two-stage procedure prior to formal closure is on the order of 20%–25%, 
which equates well with the finding of Greenwell et al. of a 30% failure rate with a tube urethral 
reconstruction (15).
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An important indication for a two-stage procedure is complex reoperative situations, such as the 
length of obliterative stenosis of the urethra, whether reconstruction is required after the patient 
failed urethral stent placement, etc. In short, if total luminal replacement of the urethra is required, 
a two-stage procedure is likely the best option.

Two-stage reconstruction should be considered whenever there is concern about the success of any 
reconstructive procedure in the penile urethra, particularly following hypospadias repair or in the 
presence of lichen sclerosus. The two-stage skin reconstruction is appropriate for failed hypospadias 
repair. However, oral mucosa seems to be a better choice for lichen sclerosus, as is covered elsewhere. 
A small literature base reports on staged reconstruction (14), but it must be emphasized that the liter-
ature reports a 22.5% revision rate for a first-stage urethral reconstruction (54). When the patient is 
given information about a two-stage procedure, he must be warned that the second stage can only 
be completed when the first stage is adequate for closure. Therefore, if there are one or more revision 
procedures, it may in fact be a three- (or more) stage procedure.

In carrying out penile surgery, the important factor to bear in mind is the tendency for chordee, and 
use of an artificial erection is advised during the reconstruction. For a two-stage procedure using 
either skin or oral mucosa, this is easily accomplished using a standard technique. Following first-
stage urethral reconstruction, 10%–39% of patients show contraction due to scarring of the initial 
graft, and this requires new grafting techniques (55).

Second-stage closure requires tubularization of the first-stage procedure, and the aim is to achieve 
a roof of 25–30 mm to provide a satisfactory augmentation of the urethral lumen, allowing for the 
inevitable contraction that occurs during subsequent healing. It is essential to avoid overlaying suture 
lines and to provide for tissue to be interposed between urethral closure and skin closure. Thus, if 
the tissues of the penis are thin, then mobilization of a tunica dartos flap or tunica vaginalis island 
from the scrotum is appropriate.

Complications following second-stage urethral reconstruction (fistula formation, glans dehiscence, 
and meatal stenosis) have been reported in 30% of patients (55).

Andrich and Mundy reported that there is a tendency for recurrence in the marsupialized segment 
of the urethra, particularly in lichen sclerosus patients, and that therefore a perineal urethrostomy 
may be a more reliable form of management for full-length urethral strictures, particularly in elderly 
patients (56). Peterson and colleagues also support this view (57).
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6.12 Patient Follow-Up
Follow-up protocols after urethral reconstructive procedures vary among series. The most commonly 
used method is uroflowmetry (50). Deterioration in the flow rate is often used as an indication for 
further evaluation of patients. However, for voiding symptoms to appear and flow rates to diminish, 
there has to be a significant reduction in the calibre of the urethra. Smith (58,59) has shown that 
urethral calibre usually has to be less than 10 French for flow rates to diminish below normal.

Anatomical assessment of the repair site potentially provides the most accurate information with 
regard to success and the potential for recurrent stricture formation. Although contrast urethrogra-
phy is most widely used in this context, direct visualization is likely to provide the best information 
relating to the stricture and the urethra in general. Despite the development and widespread use of 
flexible cystoscopy, there are few reported series where urethroscopy has been used in the long-term 
follow-up of urethral reconstruction patients (50).

A crucial parameter is patient satisfaction, which can be assessed via a patient-reported outcome 
measure (PROM). Although this will not give an indication of surgical healing or allow for earlier 
identification of complications, it is designed to give a complete picture of patient improvement and 
satisfaction. Recently, a urethral surgery PROM has been validated in English (60) and Italian (61). 
However, aspects such as donor site morbidity have not been included in the assessment.

6.13 Recommendations

1. The first operation is likely to be the most successful, and preference should be given to the simplest technique that is likely to 
be most effective, avoiding augmentation urethral reconstruction if possible (Level 3; A).

2. If augmentation (substitution) urethral reconstruction is being considered, an onlay flap for strictures in the penile urethra can 
also be considered (Level 3; B).

3. In most cases, grafts are preferred over flaps for augmentation urethral reconstruction, particularly in the bulbar urethra, since 
there is a greater morbidity with the use of flaps compared to with grafts, and they have similar efficacy (Level 2; B).

4. One-stage penile augmentation (substitution) urethral reconstruction is less successful than a two-stage procedure, except in 
carefully selected groups (Level 3; B).
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5. There is no significant difference in outcome between a ventral, lateral, dorsal, or combined approach to augmentation 
(substitution) urethral reconstruction (Level 2; A).

6. Tube substitution procedures should be avoided (Level 3-4; A).

7. Scrotal skin should be avoided where possible because of the high associated morbidity (Level 3; A).

8. Oral mucosa is the most versatile augmentation (substitution) material (Level 3; A).

9. Oral mucosa is currently considered the substitution material of choice for reconstruction of stricture secondary to lichen 
sclerosus (Level 3; A). 

10. Neither bladder nor colonic mucosa are recommended for use as primary alternatives for lengthy augmentation in cases of 
lichen sclerosus, as they require a more invasive harvesting approach (Level 3; C).

11. There is no evidence that transection of the corpus spongiosum during a primary augmentation (substitution) procedure leads 
to a worse outcome (Level 3; B).

12. Patient-reported outcome measures for evaluating the results of urethral surgery require further development for the future 
(Level 4; A).

13. Objective assessment with urethrography or endoscopy is recommended to determine the success rate of surgery in terms of 
stricture recurrence (Level 4; A).

14. Any technique that requires the ingrowth of endogenous epithelial and fibroblast cells using acellular matrix is unlikely to 
be applicable to an extensive stricture with a poorly vascularized graft bed. The direction for tissue engineering remains 
investigational and should not be used outside an ethics committee-approved research trial. Future research should be focus 
on the development of cell-seeded matrices that can be used for long strictures with extensive spongiofibrosis or a poorly 
vascularized graft bed (Level 3; B).
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6.15 Appendix
Table Key

BLM bladder mucosa LM lingual mucosa

BM buccal mucosa OM oral mucosa

CM colonic mucosa PAS post-auricular skin

DIVU direct inline visual urethrotomy PS penile skin

FTS full-thickness skin PVRU post-void residual urine

GS groin skin SIS porcine small intestinal submucosa

IIEF International Index of Erectile Function SS scrotal skin

IPSS International Prostate Symptom Score TA tunica albuginea

ISD intermittent self-dilatation
TV tunica vaginalis

LBM labial mucosa
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TABle 1 Outcomes and follow-up of ventral onlay bulbar urethral reconstruction

Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success rate 

(%)

Morey  
et al. 
1996 (62)

13 18 BM

Uroflowmetry/
symptom score
Urethrography 3 & 
12 mo

Any instrumentation 100

Wessells 
et al.  
1996 (63)

27 23
BM 7

BLM 2
PS 21

Uroflowmetry 3 &  
12 mo Urethrography  
2/3 wk, 3 & 12 mo

Any instrumentation, 
radiographic presence 
of stricture

100
100
90

Pansadoro 
et al.  
1999 (64)

7 20 BM

Uroflowmetry
Urethrography 2 wk, 
6 & 12 mo,  
then annually

Stricture recurrence 
on urethrography 86

Andrich 
et al.  
2001 (65,66)

29 48–60 BM

Uroflowmetry 3, 6, & 
12 mo, then annually
Urethrography 6 & 
18 mo
Urethroscopy in last 
45 cases

Development of 
symptoms leading 
to urethrogram or 
urethroscopy

86

Meneghini 
et al.  
2001 (67)

20 6–28 BM

Uroflowmetry 3, 6, 9, 
& 12 mo
Urethrography 6 & 
12 mo

Any objective 
or subjective 
modification of 
uroflowmetry 
leading to urethral 
instrumentation

80

Palminteri 
et al.  
2002 (68)

24 18 BM

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk 
& 12 mo
Urethroscopy 12 mo

Any instrumentation 95.8

Lewis  
et al. 2002 
(69)

22 12–54 BM

Uroflowmetry 3 & 
12 mo
Urethrography 3 & 
12 mo

Any instrumentation 86

Kane  
et al.  
2002 (70)

53 25 BM

Uroflowmetry 3, 6, & 
12 mo, then annually 
with  
symptom score
Urethrography 3 wk 
& 3 mo

Recurrence on 
radiological studies 
and requiring 
intervention

94

continued on page 131
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Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success rate 

(%)

Heinke  
et al.  
2003 (71)

38 (30 
bulbar) 22.8 BM

Uroflowmetry 6 
& 12 mo & PVRU 
estimation
Urethrography 3 wk, 
repeat if deteriorating 
Qmax

Failure after repeat 
intervention (some 
patients also 
performing ISD)

81.6

Pansadoro 
et al.  
2003 (72)

9 41 BM

Uroflowmetry – 
periodic
Urethrography 2 
wk, 6 & 12 mo, then 
annually

Recurrence of 
symptoms 89

Elliott  
et al.  
2003 (73)

60 47 BM
Urethrography 3 wk, 
3, 6, & 12 mo, then as 
required

Stream reduced or 
symptoms recurred 90

Dubey  
et al.  
2003 (74)

18 45.7
6 PS
7 BM
6 BLM

Uroflowmetry  
6 mo (all patients 
performed ISD  
16 F up to 6 mo)
Urethrography 6, 12, 
& 18 mo, then as 
required

Need for urethral 
calibration/dilatation 
with/without DIVU 
after 18 mo

77.8

Fichtner  
et al.  
2004 (75)

32 (15 
bulbar) 82.8 BM

Uroflowmetry 6 &  
12 mo with symptom 
score & PVRU 
estimation
Urethrography 3 wk

Symptomatic 
recurrence 87

Kellner  
et al.  
2004 (76)

18 50 BM

Uroflowmetry 3, 6, & 
12 mo, then annually
Urethrography 3 wk, 
then as required

Abnormal voiding
Need for intervention

87
(includes 5 

penile)

Berger  
et al.  
2005 (77)

7 70.7 BM
Uroflowmetry 3, 6, & 
12 mo, then annually
Urethrography 3 wk

Stream or symptoms 
deteriorate 43

Barbagli 
et al.  
2005 (48)

17 42 BM

Uroflowmetry 3, 6, & 
12 mo, then annually
Urethrography 3 
wk, then as required 
Urethroscopy if  
Qmax < 14 mL/s

Any instrumentation 83

TABle 1 Outcomes and follow-up of ventral onlay bulbar urethral reconstruction, Cont’d

continued on page 132
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Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success rate 

(%)

McLaughlin 
et al.  
2006 (78)

58
(48 

reported)
29.6 BM

Symptom score at 
12 mo No routine 
urethrography
Urethroscopy if 
deterioration in 
symptoms

Any recurrence found 
on urethroscopy 
if subjective 
deterioration in 
symptoms

94

Palminteri 
et al.  
2007 (79)

1 21 SIS

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk & 
12 mo or if  
Qmax < 14 mL/s
Urethroscopy 3 & 
12 mo

Abnormal voiding
Any instrumentation
Evidence of stricture 
on urethrography

100

Fiala  
et al. 2007 
(38)

10 31.2 SIS

Urethrography 3, 6, 
9, 12, & 18 mo, then 
annually
Urethrography if  
Qmax < 15 mL/s or 
IPSS > 7

Stricture on 
urethrography 90

Levine  
et al.  
2007 (80)

12 58.1 BM Urethrography 2 wk Any instrumentation 83

Dubey  
et al.  
2007 (17)

8 (15 bulbo-
penile) 22.6 BM

Uroflowmetry
Urethrography 3 wk, 
then as required
Urethral calibration 
16 F or urethroscopy 1, 
3, 7, 10, & 16 mo,  
then annually 

Recurrence of 
stricture

89.9
(includes 
bulbar)

Barbagli  
et al.  
2008 (24)

93 36 OM

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 2/3 wk
Urethrography & 
urethroscopy if  
Qmax < 14 mL/s

Any instrumentation 91.4

TABle 1 Outcomes and follow-up of ventral onlay bulbar urethral reconstruction, Cont’d

continued on page 133
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Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success rate 

(%)

Barbagli  
et al.  
2008 (81)

6 15.25 OM

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk, 
6 & 12mo
Cystourethrography & 
urethroscopy if  
Qmax < 14 mL/s

Any instrumentation 100

Dalela  
et al.  
2010 (82)

13 16.4 BM

Uroflowmetry & PVR 
estimation
Urethrography if  
Qmax < 14 mL/s
Urethroscopy if  
Qmax < 14 mL/s

Qmax < 14mL/s 84.6

TABle 2 Outcomes and follow-up of dorsal onlay bulbar urethral reconstruction

Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success 
rate (%)

Barbagli  
et al.  
1996 (83)

20 46 FTS

Uroflowmetry 4, 8,  
& 12 mo
Urethrography 2/3 
wk & once more, or if 
Qmax < 14 mL/s

Recurrence on 
urethrography 95

Barbagli  
et al.  
1998 (84)

37 21.5
(13.5 BM)

31 PS
6 BM

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk, 
repeat if  
Qmax < 14 mL/s

Any instrumentation 92
(100 BM)

Pansadoro 
et al.  
1999 (64)

23 20 BM

Uroflowmetry
Urethrography  
2 wk, 6 & 12 mo,  
then annually

Stricture recurrence 
on urethrography 100

Iselin  
et al.  
1999 (85)

29 19 PS or BM Urethrography 3 wk, 
3, 12, & 18 mo

Radiographic 
evidence of 
recurrence

97

Barbagli  
et al.  
2001 (86)

40 43 PS

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 2/3 
wk, then 4 mo or if  
Qmax < 14mL/s

Any instrumentation 85

TABle 1 Outcomes and follow-up of ventral onlay bulbar urethral reconstruction, Cont’d

continued on page 134
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Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success 
rate (%)

Andrich  
et al.  
2001 (66)

42 48–60 BM

Uroflowmetry 3, 6, & 
12 mo, then annually
Urethrography 6 & 
18 mo
Urethroscopy in  
last 45 cases

Development of 
symptoms leading 
to urethrogram or 
urethroscopy to 
confirm recurrence

95

Joseph  
et al.  
2002 (87)

14 32 BM or PAS

Uroflowmetry 12 & 
18mo
Urethrography 3 wk, 
12 & 18 mo

Recurrence on 
urethrography 100

Pansadoro 
et al.  
2003 (72)

56 41 BM

Uroflowmetry – 
periodic
Urethrography  
2 wk, 6 & 12 mo,  
then annually

Recurrence of 
symptoms 98

Dubey  
et al.  
2003 (74)

16 22 BM

Uroflowmetry  
6 mo (all patients 
performed ISD  
16 F up to 6 mo)
Urethrography 6, 12, 
& 18 mo, then as 
required

Need for urethral 
calibration/dilatation 
with/without DIVU 
after 18 mo

87

Andrich  
et al.  
2003 (54)

51 6 BM or FTS
Uroflowmetry 6 wk,  
3 & 6 mo
Urethrography 6 mo

Restricturing on 
urethrography 98

Barbagli 
et al.  
2004 (88)

45 71 PS

Uroflowmetry 3, 6, & 
12 mo, then annually
Urethrography 3 wk, 
then as required
Urethroscopy if  
Qmax < 14 mL/s

Any instrumentation 73

Berger  
et al.  
2005 (77)

40 70.7 BM
Uroflowmetry 3, 6, & 
12mo, then annually
Urethrography 3 wk

Stream or symptoms 
deteriorate 95

Raber  
et al.  
2005 (89)

30 51 17 PS
13 (BM)

Uroflowmetry 6, 12, 
& 18 mo with IPSS & 
IIEF scores
Urethrography 3 wk, 
repeated as required
Urethroscopy as 
required

Qmax < 20 mL/s
Symptoms requiring 
intervention  
(DIVU or ISD)

76
(85)

TABle 2 Outcomes and follow-up of dorsal onlay bulbar urethral reconstruction, Cont’d

continued on page 135
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Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success 
rate (%)

Dubey  
et al.  
2005 (90)

41 36.2 BM

Uroflowmetry 3, 6, 9, 
& 12 mo with ongoing 
urethral calibration 
(16 F)
Urethrography at 3 
mo, then as required

Symptom recurrence 
or inability to pass  
16 F catheter

90

Barbagli 
et al.  
2005 (48)

27 42 BM

Uroflowmetry 3, 6, & 
12 mo, then annually
Urethrography 3 wk, 
then as required
Urethroscopy if  
Qmax < 14 mL/s

Any instrumentation 85

Barbagli  
et al.  
2006 (91)

6 16 BM

Uroflowmetry 6 &  
12 mo, then annually
Urethrography 2 
wk, 6 & 12 mo, then 
annually

Any instrumentation 100

Donkov  
et al.  
2006 (92)

9 18 SIS
Uroflowmetry 6 wk, 
18 mo
Urethroscopy 3 mo

Decreased flow 
rate or stricture 
recurrence

89

Simonato  
et al.  
2006 (29)

8 18 LM

Uroflowmetry 3 & 
12 mo
Urethrography 2 wk, 
3 & 12 mo
Urethroscopy 3 & 
12 mo

Qmax < 15 mL/s
Need for 
instrumentation

87.5

Xu  
et al.  
2007 (93)

12 57 BM

Uroflowmetry  
14–18 d, 3–6 mo  
(most patients)
Urethrography 14–18 d
Urethroscopy in some 
patients at 12 mo

Any complication

77
(includes 

tubularized 
BLM & CM 

grafts

Palminteri  
et al.  
2007 (79)

3 21 SIS

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk & 
12 mo or if  
Qmax < 14 mL/s
Urethroscopy 3 & 
12 mo

Abnormal voiding
Any instrumentation
Evidence of stricture 
on urethrography

100

Radopoulos  
et al.  
2007 (94)

16 49.9 PS

Uroflowmetry 3/4 & 
12 mo
Urethrography 3/4 & 
12 mo

Abnormal voiding
Any instrumentation
Evidence of stricture 
on urethrography

81

TABle 2 Outcomes and follow-up of dorsal onlay bulbar urethral reconstruction, Cont’d

continued on page 136
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Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success 
rate (%)

Foinquinos 
et al.  
2007 (95)

7 1–5 TV Uroflowmetry & 
urethrography

Poor uroflowmetry
Poor urethrography 100

Levine  
et al.  
2007 (80)

21 53 BM Urethrography 2 wk Any instrumentation 86

Dubey  
et al.  
2007 (17)

4 22.6 BM

Uroflowmetry
Urethrography 3 wk, 
then as required
Urethral calibration 
16 F or urethroscopy 1, 
3, 7, 10, & 16 mo,  
then annually

Recurrence of 
stricture

89.9
(includes 
penile)

Barbagli  
et al.  
2008 (24)

22 
38

41
111

OM
PS

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 2/3 wk
Urethrography & 
urethroscopy if  
Qmax < 14 mL/s

Any instrumentation 77.3
65.8

Barbagli  
et al.  
2008 (81)

6 15.25 OM

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk, 
6 & 12 mo
Urethrography & 
urethroscopy if  
Qmax < 14 mL/s

Any instrumentation 100

O’Riordan 
et al.  
2008 (96)

52 34 BM Urethrography 3 wk
Symptoms/interview Any instrumentation 86

Simonato  
et al.  
2008 (30)

11 17.7 LM

Uroflowmetry 3 & 
12 mo
Urethrography 2 wk, 
3 & 12 mo
Urethroscopy 3 & 
12 mo

Inability to void, a 
post void residual
Any instrumentation

81.8

Kulkarni  
et al.  
2009 (97)

88 56 OM

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk
Urethrography if  
Qmax < 12 mL/s

Any instrumentation 91

Das  
et al.  
2009 (31)

6 9 LM

Uroflowmetry 3 & 
6 mo
Urethrography 3 wk, 
3 & 6 mo

Qmax < 15 mL/s
Need for 
instrumentation

83.3
(includes 
penile)

TABle 2 Outcomes and follow-up of dorsal onlay bulbar urethral reconstruction, Cont’d

continued on page 137
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Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success 
rate (%)

Kulkarni  
et al. 
2009 (49)

12 22 OM

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk
Urethrography & 
urethroscopy if  
Qmax < 14 mL/s

Any instrumentation 92

Manoj  
et al.  
2009 (98)

8 21.7 PAS

Uroflowmetry 3 & 6 
mo, annually in some 
patients
Urethrography 3 wk, 
repeat if  
Qmax < 14 mL/s

Any instrumentation 100

Fransis  
et al.  
2009 (99)

30 23 BM

Uroflowmetry/PVRU 
3 & 12 mo, then 
annually
Urethrography 6 mo
Urethroscopy when 
required

Abnormal voiding, 
stricture on 
urethrography, 
and need for 
instrumentation

94

Schwentner  
et al.  
2010 (100)

42 57.2 29 PS
13 GS

Uroflowmetry/PVRU 
3, 6, 9, & 12 mo
Urethrography at 
catheter removal, 
then as required

Presence of 
symptoms and low 
flow rate

90.5

Arlen  
et al.  
2010 (101)

22 10.5 BM

Urethrography 3/4 wk
Urethroscopy if 
symptoms developed Any instrumentation 83.3

TABle 3 Outcomes and follow-up of lateral onlay bulbar urethral reconstruction

Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success 
rate (%)

Barbagli  
et al.  
2005 (48)

6 42 BM

Uroflowmetry 3, 6, & 
12 mo, then annually
Urethrography 3 wk, 
then as required
Urethroscopy if  
Qmax < 14 mL/s

Need for 
instrumentation 83

Barbagli  
et al.  
2008 (24)

6
(same 

patients as 
above)

77 OM

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 2/3 wk, 
then as required
Urethroscopy if  
Qmax < 14 mL/s

Need for 
instrumentation 83

TABle 2 Outcomes and follow-up of dorsal onlay bulbar urethral reconstruction, Cont’d
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TABle 4 Outcomes and follow-up of one-stage penile urethral reconstruction

Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success 
rate (%)

Venn  
et al.  
1998 (102)

28 patch
11 tube 36 BM Regular uroflowmetry

Urethrography 6 mo
Recurrence on 
urethrography

96.4
54.5

Andrich  
et al.  
2001 (66)

41 24–60+ BM

Uroflowmetry 3, 6, & 
12 mo, then annually
Urethrography 6 & 
18 mo
Urethroscopy in last 
45 cases

Development of 
symptoms leading 
to urethrogram or 
urethroscopy to 
confirm recurrence

100

Metro  
et al.  
2001 (103)

14 63.6 BM
Uroflowmetry 6 &  
12 mo with symptom 
score

Need for ISD > 6 mo 57.1

Andrich  
et al.  
2003 (54)

20 6 BM or FTS
Uroflowmetry 6 wk,  
3 & 6 mo
Urethrography 6 mo

Restricturing 95

Fichtner  
et al.  
2004 (75)

17 82.8 BM

Uroflowmetry 6 &  
12 mo with symptom 
score & PVRU 
estimation
Urethrography 3 wk

Symptomatic 
recurrence 88.2

Dubey  
et al.  
2005 (90)

16 36.2 BM

Uroflowmetry 3, 6, 9, 
& 12 mo with ongoing 
urethral calibration 
(16 F)
Urethrography 3 mo, 
then as required

Symptom recurrence 
or inability to pass 16 
F catheter

85.7

Dubey  
et al.  
2005 (104)

25 32.5 BM

Uroflowmetry 3, 6, 9, 
& 12 mo, then every  
6 mo with  
ongoing urethral 
calibration (16 F)
Urethrography 3 wk

Symptomatic 
recurrence 88

Kellner  
et al.  
2004 (76)

5 50 BM

Uroflowmetry 3, 6, & 
12 mo, then annually
Urethrography 3 wk, 
then as required

Abnormal voiding
Need for intervention

87
(includes 18 

bulbar)

Palminteri 
et al.  
2007 (79)

1
3 bulbo-
penile

21 SIS

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk & 
12 mo or if  
Qmax < 14 mL/s
Urethroscopy 3 & 
12 mo

Abnormal voiding
Any instrumentation
Evidence of stricture 
on urethrography

0
33 bulbopenile

continued on page 139
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Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success 
rate (%)

Fiala  
et al.  
2007 (38)

9
31 bulbo-

penile
31.2 SIS

Urethrography 3, 6, 9, 
12, & 18 mo,  
then annually
Urethrography if  
Qmax < 15 mL/s or 
IPSS > 7

Stricture on 
urethrography

55.5
84 bulbopenile

Radopoulos  
et al.  
2007 (94)

5 49.9 PS Urethrography & flow 
rate 3/4 mo & 12 mo

Abnormal voiding
Any instrumentation
Evidence of stricture 
on urethrography

30

Foinquinos  
et al.  
2007 (95)

4 1–5 TV Uroflowmetry & 
urethrography

Poor uroflowmetry
Poor urethrography 100

Levine  
et al.  
2007 (80)

13 45 BM Urethrography 2 wk Any instrumentation

70 ventral 
onlay

66 dorsal 
onlay

Barbagli  
et al.  
2008 (105)

45 55 PS 23
(OM 22)

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 2 wk
Urethrography, 
ultrasonography, & 
urethroscopy  
if Qmax < 14 mL/s

Any instrumentation 78
(82)

Kumar  
et al.  
2008 (106)

41 18 TA Urethrography – no 
description of timing

Poor calibre at 
urethrogram
Poor urethral lumen at 
urethrosonogram
Patient unsatisfied 
and dilatation 
required
Qmax < 20 mL/s

67

Simonato  
et al.  
2008 (30)

8 penile
5 bulbo-
penile

17.7 LM

Uroflowmetry 3 & 
12 mo
Urethrography 2 wk, 
3 & 12 mo
Urethroscopy 3 & 
12 mo

Inability to void, a 
post-void residual
Any instrumentation

100 penile
60 bulbopenile

Kulkarni  
et al.  
2009 (97)

8 56 OM

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk
Urethrography if Qmax 
< 12 mL/s

Any instrumentation 100

continued on page 140
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Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success 
rate (%)

Das  
et al.  
2009 (31)

6 9 LM

Uroflowmetry 3 & 
6 mo
Urethrography 3 wk, 
3 & 6 mo

Qmax < 15 mL/s
Any instrumentation

83.3
(includes 
bulbar)

Singh  
et al.  
2009 (107)

8 19 BM

Uroflowmetry, 
urethrography, & 
urethroscopy –  
no description of 
timing

Qmax < 15 mL/s
Abnormal 
urethrogram or 
urethroscopy
Need for any 
intervention

88
(includes 8 

panurethral)

Manoj  
et al.  
2009 (98)

12 21.7 PAS

Uroflowmetry 3 &  
6 mo, annually in 
some patients
Urethrography 3 wk, 
repeat if  
Qmax < 14 mL/s

Any instrumentation 92

Xu  
et al.  
2010 (108)

56 17.2 LM

Uroflowmetry 2 or  
3 mo, then 6 mo
Urethrography if  
Qmax < 15 mL/s
Urethroscopy if  
Qmax < 15 mL/s

Not described
87

(includes 
bulbar cases)

TABle 4 Outcomes and follow-up of one-stage penile urethral reconstruction, Cont’d
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TABle 5  Outcomes and follow-up of penile urethral reconstruction via the two-stage 
technique

Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success 
rate (%)

Venn  
et al.  
1998 (109)

16 36 BM Not described Not described 93.8

Andrich  
et al.  
2003 (54)

58 6 BM or FTS
Uroflowmetry 6 wk,  
3 & 6 mo
Urethrography 6 mo

Restricturing 98

Dubey  
et al.  
2005 (90)

15 24.2 BM

Uroflowmetry 3, 6, 9, 
& 12 mo with ongoing 
urethral calibration 
(16 F)
Urethrography 3 mo, 
then as required

Symptom recurrence 
or inability to pass 16 
F catheter

86.7

Dubey  
et al.  
2005 (104)

14 32.5 BM

Uroflowmetry 3, 6, 9, 
& 12 mo, then every 
6 mo with ongoing 
urethral calibration 
(16 F)
Urethrography 3 wk

Symptomatic 
recurrence 78.6

Levine  
et al.  
2007 (80)

5 36 BM Urethrography 2/3 wk Any instrumentation 80

Meeks  
et al.  
2008 (110)

6 17 FTS Not described Failure of graft to 
take 100

Kulkarni  
et al.  
2009 (97)

15 56 OM

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk
Urethrography if  
Qmax < 12 mL/s

Any instrumentation 73
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TABle 6 Outcomes and follow-up of panurethral urethral reconstruction

Authors No. 
Treated

No. of 
stages

Follow-
up (mo)

Type of 
graft

Follow-up 
Method

Definition of 
Failure

Success 
rate 
(%)

Andrich  
et al.  
2003 (54)

24 2 6 BM or 
FTS

Uroflowmetry 6 wk,  
3 & 6 mo
Urethrography 6 mo

Restricturing 91.7

Gupta  
et al.  
2004 (111)

4
8 bulbo-
penile

1 12 BM
Uroflowmetry 3 mo
Urethrography 3 wk
Urethroscopy 3 mo

Qmax < 15 mL/s
Reduced-calibre 
urethra

92

Dubey  
et al.  
2005 (90)

12 1 36.2 BM

Uroflowmetry 3, 
6, 9, & 12 mo with 
ongoing urethral 
calibration (16 F)
Urethrography 3 mo, 
then as required

Symptom 
recurrence or 
inability to pass 16 F 
catheter

83.3

Singh  
et al.  
2009 (107)

8 1 19 BM

Uroflowmetry, 
urethrography, 
urethroscopy – no 
description of timing

Qmax < 15 mL/s
Abnormal 
urethrogram/
urethroscopy
Any intervention

88
(includes 
8 penile)

Xu  
et al.  
2009 (21)

36 1 53.6 CM

Uroflowmetry 3 or 
4 mo Urethrography 
at catheter removal
Most patients 
uroflowmetry & 
urethrography every 
3 to 6 mo or if  
Qmax < 15 mL/s

Abnormal voiding
Any intervention 85.7

Manoj  
et al.  
2009 (98)

15 1 21.7 PAS

Uroflowmetry 3 & 
6 mo, annually in 
some patients
Urethrography  
3 wk, repeat if  
Qmax < 14 mL/s

Any instrumentation 80

Kulkarni  
et al.  
2009 (49)

12 1 22 OM

Uroflowmetry 4, 
8, & 12 mo, then 
annually
Urethrography 3 wk
Urethrography/
urethroscopy if  
Qmax < 14 mL/s

Any instrumentation 92

Xu  
et al.  
2009 (112)

25 1 26.8

9 BM x 2
7 LM x 2
9 LM + 

BM

Uroflowmetry
Urethrography if 
problems

Any instrumentation 92

continued on page 143
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Authors No. 
Treated

No. of 
stages

Follow-
up (mo)

Type of 
graft

Follow-up 
Method

Definition of 
Failure

Success 
rate 
(%)

Das  
et al.  
2009 (31)

18 1 9 LM

Uroflowmetry 3 & 
6 mo
Urethrography 3 wk, 
3 & 6 mo

Qmax < 15 mL/s
Any instrumentation

83.3
(includes 
bulbar)

Mathur  
et al.  
2010 (113)

86 1 36 TA

Uroflowmetry & 
patient satisfaction 
6, 12, 24, &  36 mo
Urethrography 6, 12, 
24, & 36 mo
Urethroscopy in 10 
patients

Good calibre 
or partially 
narrowed urethra 
(urethrography), 
Qmax < 20 mL/s, 
requiring > 1 
dilatation/year

89.5

TABle 7 Outcomes and follow-up of urethral reconstruction via the asopa technique

Authors No.  
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success 
rate (%)

Asopa  
et al.  
2001 (51)

12 8–40 10 PS
2 BM

Uroflowmetry at last 
follow-up
Urethrography 7 wk
Urethroscopy in  
4 cases

Any instrumentation 91.7

Palminteri  
et al.  
2007 (79)

7 21 SIS

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk & 
12 mo or if Qmax  
< 14 mL/s
Urethroscopy 3 &  
12 mo

Abnormal voiding
Any instrumentation
Evidence of stricture 
on urethrography

100

Singh  
et al.  
2008 (114)

25 12 LM

Uroflowmetry 3, 6, & 
12 mo
Urethrography 3 wk,  
3, 6, & 12 mo

Qmax < 15 
mL/s, abnormal 
urethrogram or 
urethroscopy, any 
intervention

80

Pisipati  
et al.  
2009 (52)

45 42 BM

Uroflowmetry 3 & 6 
mo, then every 6 mo
Urethrography 3 wk
Urethroscopy 3 mo

Qmax < 15 mL/s 87

TABle 6 Outcomes and follow-up of panurethral urethral reconstruction, Cont’d
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TABle 8 Outcomes of combined ventral plus dorsal onlay bulbar urethral reconstruction

Authors No. 
Treated

Follow-up 
(mo)

Type of 
graft Follow-up Method Definition of 

Failure
Success 
rate (%)

Palminteri  
et al.  
2007 (79)

5 21 SIS

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk & 
12 mo or if  
Qmax < 14mL/s
Urethroscopy 3 &  
12 mo

Abnormal voiding
Any instrumentation
Evidence of stricture 
on urethrography

100

Palminteri  
et al.  
2008 (53)

48 22 BM

Uroflowmetry 4, 8, & 
12 mo, then annually
Urethrography 3 wk
Urethrography & 
urethroscopy if  
Qmax < 14 mL/s

Abnormal voiding
Need for 
instrumentation

89.6
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7.1 Introduction
Posterior urethral injuries are most frequently associated with traffic accidents, but they may also 
occur after a fall from a height or severe compression to the pelvic area. The urethral injury may be 
isolated or may be associated with injuries to other organs, most commonly with pelvic trauma and 
fractures of the bony pelvis. Urethral injury may also accompany injury to internal organs, such as 
the bladder or rectum, and the vagina in females. Posterior urethral injury complicates pelvic frac-
ture in 2%–25% of patients (Level 3) (1–5).

The presence of physical signs is variable and directly related to the elapsed time after the injury (1). 
Prompt recognition and appropriate management of these injuries is essential, since it may signifi-
cantly impact subsequent morbidity. Comprehensive and immediate treatment of accompanying 
visceral injury is also mandatory.

Urethral injuries are rarely life-threatening in the acute stage. However, they can result in very signif-
icant delayed morbidity. Strictures, incontinence, and erectile dysfunction (ED) are well-recognized 
associated problems that can cause life-long disability. The severity and duration of such complica-
tions can be reduced if urethral injury is efficiently diagnosed and appropriately treated.

Injuries to the posterior urethra associated with a pelvic fracture have been traditionally known as 
pelvic fracture urethral distraction defects (PFUDD). This term was introduced by Turner-Warwick 
(6) with the assumption that the vast majority of these injuries were complete injuries. However, 
current evidence now shows that a large percentage are actually partial injuries, and even complete 
ruptures do not always present as a separation of the urethral ends; therefore, this term is inadequate, 
since in many cases there is neither distraction nor defect. For this reason, use of the PFUDD acro-
nym should be discontinued and replaced by PFUI (pelvic fracture urethral injury).

7.2 Methods
An online literature search was performed using the key words: pelvic fracture urethral distraction 
defect, posterior urethral distraction defect, posterior urethral disruption defect, posterior urethral defect, 
membranous urethral injury, urethra and pelvic fracture, PFUDD, posterior urethroplasty, anastomotic 
urethroplasty, anastomotic reconstruction, and urethral realignment. A total of 270 articles were found, 
dated up to March 30, 2010. Publications pertaining to PFUI in females and children were excluded. 
Relevant articles were reviewed and summarized. Some textbook chapters were also included where 
appropriate. The search included publications from the past 20 years, as well as some especially 
significant papers dating as far back as 1912.

The levels of evidence were rated according to the guidelines of the Oxford Centre for Evidence-
Based Medicine (Table 1).



InTERnATIonAl ConSUlTATIon on UREThRAl STRICTURES150

Table 1 Summary of Levels of evidence

Level Type of Evidence

1a Evidence obtained from meta-analysis of randomized trials

1b Evidence obtained from at least one randomized trial

2a Evidence obtained from one well-designed controlled study without randomization

2b Evidence obtained from at least one other type of well-designed quasi-experimental study

3 Evidence obtained from well-designed non-experimental studies, such as comparative studies, correlation 
studies, and case reports

4 Evidence obtained from expert committee reports or opinions or clinical experience of respected authorities

For the grading of recommendations, the ICUD modified system was used: a grade A recommenda-
tion means “highly recommended,” usually based on strong evidence (level 1a or 1b), but a grade 
A recommendation can also be established if there is consensus, even if the studies to provide such 
strong evidence are missing. In this review, there were no level 1 studies and very few level 2 studies. 
A grade B recommendation means “probably recommended.” Grade C means “optional” and grade 
D means “no recommendation possible.” However, the recommendation must be read in context, so 
a grade A recommendation can also mean “definitely must not do.”

The evidence in the literature was discussed in October 2010 at an ICUD meeting on the occasion 
of the Société Internationale d’Urologie (SIU) Congress in Marrakech, Morocco. Recommendations 
were formulated by the PFUI subcommittee (consisting of the authors of this chapter) and discussed 
by the full ICUD faculty. This chapter provides a summary of the evidence and recommendations, 
followed by a review of the literature with critical analysis of the levels of evidence used to determine 
the various grades of recommendation.

7.3 anatomy of the Male Urethra
Anatomists subdivide the urethra as described in Terminologica Anatomica (Federative Committee 
on Anatomical Terminology, 1998) (7). From a urological point of view, the urethra is divided into 
several segments with different pathophysiological, clinical, and surgical considerations (8).

The adult male urethra is a tubular conduit, approximately 18–20 cm long, extending from the blad-
der neck to the external opening, or meatus, at the tip of the penis (Level 4) (9,10). At the level of 
the perineal membrane, it is divided into two parts: the posterior urethra and the anterior urethra 
(Figure 1).
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 � The relatively short posterior urethra (about 4 cm) lies inside the pelvis proximal to the corpus 
spongiosum and is part of the urogenital sphincter mechanism. It may be further divided into 
three smaller segments (the pre-prostatic, prostatic, and membranous urethra), which will be 
described in detail later in this chapter (Level 4) (10,11).

 � The relatively long anterior urethra (about 16 cm) is completely surrounded by the corpus spon-
giosum. It lies proximally in the perineum and distally in the penis. It is further divided into three 
segments (10):
�� The bulbar urethra is the proximal compo-

nent, surrounded by the bulbospongiosus 
and entirely located within the perineum.
�� The penile urethra continues inside the 

corpus spongiosum, extending from the 
penoscrotal junction to the glans penis.

�� The fossa navicularis is an expansion of 
the most distal segment of the urethra; it 
lies inside the glans and ends at the external 
meatus.

7.3.1 anatomy of the posterior urethra

The posterior urethra begins at the level of the bladder neck (BN), extends as a channel through the 
prostate, and continues, piercing the perineal diaphragm to end at the proximal bulbospongiosus, 
where it becomes the anterior urethra.

The first part of the posterior urethra is the pre-prostatic urethra, which is about 1 cm in length, 
extending from the bladder base to the prostate gland. Peri-urethral glands, which may contribute 
to benign prostatic hyperplasia, can be found in this zone. The main part of the pre-prostatic (or 
internal sphincter) mechanism, also known as the lissosphincter, is located here as well (10,12).

FigurE 1
Anatomy of the male urethra



InTERnATIonAl ConSUlTATIon on UREThRAl STRICTURES152

The prostatic urethra is about 3–4 cm in length and runs inside the prostate, continuous proximally 
with the pre-prostatic urethra and emerging distally at the anterior-inferior point of the gland, where 
it becomes the membranous urethra. As it passes through the prostatic substance, the urethra turns 
anteriorly at an angle of about 35°, lying closer to the anterior than the posterior part of the gland. 
The urethral crest is a midline ridge in the posterior wall of the prostatic urethra that indents the 
lumen, making it appear crescent-shaped in transverse section. On each side of this ridge there is a 
shallow depression, the prostatic sinus, whose floor receives the openings of some 15–20 prostatic 
ducts (10). The verumontanum (or colliculus seminalis) is a 0.5 cm long elevation located at about 
the mid-part of the urethral crest, and contains the slit-like orifice of the prostatic utricle. The paired 
ejaculatory ducts empty into the prostatic urethra at this level (11). Striated muscle fibres can be 
found distal to the verumontanum; they increase towards the prostatic apex but never form a true 
sphincter at this level. The most distal part of the prostatic urethra is immobile and closely adherent 
to the posterior aspect of the anterior pubic arch, to which it is fixed by the paired puboprostatic 
ligaments (10).

The membranous urethra extends between the prostatic apex and the proximal corpus spongiosum. 
The membranous urethra is the only segment of the urethra that is unprotected by surrounding 
spongy tissue or prostatic parenchyma, making it more susceptible to external trauma (13). The 
membranous urethra is the shortest (about 1.5 cm) and least distensible section of the urethra. It 
courses from the prostate to the bulb of the penis, piercing the perineal membrane about 2.5 cm 
postero-inferior to the symphysis pubis. The wall of the membranous urethra consists of an epithe-
lial lining and a muscle coat separated by a layer of fibroelastic connective tissue. The muscle coat 
includes a relatively thin inner layer of smooth muscle bundles, which are proximally continuous 
with those of the prostatic urethra, and a prominent outer layer of circularly oriented striated skeletal 
muscle bundles, which form the striated or external urethral sphincter. This sphincter is also known 
as the intrinsic rhabdosphincter. The bulbourethral glands are located inside this muscle and drain 
into the membranous urethra during sexual arousal (10).

7.3.2 Urinary continence and sphincteric mechanism

Urinary continence is under the control of the urethral sphincter complex, which has two compo-
nents: an internal lissosphincter composed mainly of smooth muscle and an external rhabdosphinc-
ter composed mainly of skeletal muscle. The urethral sphincter complex extends around the urethra 
from the internal bladder orifice to the perineal membrane. While the lissosphincter has its main 
part at the vesical orifice and is thinner distally along the urethra, the rhabdosphincter is most 
marked around the membranous urethra and becomes gradually less distinct proximally towards 
the bladder (15). In cross-sectional reconstructions, the trigone and anterior fibromuscular stroma 
of the prostate appear as a single unit in continuity, which may contribute to the continence mecha-
nism at the BN. Behind the prostatic urethra is a layer of transversely arranged smooth muscle, which 
is thickest above and in front of the ejaculatory ducts. This muscle is continuous with the anterior 
longitudinal layer of the bladder, with the transverse muscle of the trigone, and with the stroma 
of the prostate. Although not a true sphincter, it is thought that it may act as one (12). The striated 
urethral sphincter appears circular, with abundant tissue posteriorly, and is longer anteriorly than 
posteriorly (14). The lissosphincter is primarily related to the function of continence at rest, whereas 
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the rhabdosphincter has a dual function: active continence during straining and semen propulsion 
during ejaculation (15). While each sphincteric unit may independently maintain passive continence, 
once its confrere has been injured, the striated component may only assist with active continence 
(e.g., interruption of voiding) (9).

The lissosphincter is composed of smooth muscle fibres, which provide passive continence via tonic 
sympathetic activity (13). In addition to the smooth muscle bundles that run in continuity from the 
BN down to the prostatic urethra, and distinct from the smooth muscle within the prostate, these 
smooth muscle bundles surround the BN and pre-prostatic urethra arranged as a circular collar (16), 
which has its own distinct adrenergic innervation (17). The bundles that form this lissosphincter are 
small compared with the smooth muscle bundles of the detrusor and are separated by a relatively 
larger connective tissue component, rich in elastic fibres. Unlike the detrusor and the rest of the 
urethral smooth muscle, the internal sphincter is almost totally devoid of parasympathetic cholin-
ergic nerves but is richly supplied with sympathetic noradrenergic nerves (17). Contraction of this 
sphincter serves to prevent the retrograde flow of ejaculate through the proximal urethra into the 
bladder, and can maintain continence when the external sphincter has been damaged, such as after 
PFUI. This internal sphincter is extensively disrupted in the majority of men undergoing BN surgery 
(for example, trans-urethral resection of the prostate), which results in retrograde ejaculation (10).

The rhabdosphincter mechanism is a combined voluntary and involuntary unit (13). Continence is 
the result of the joint action of the radial folds of urethral mucosa, the submucosal connective tissue, 
the intrinsic urethral smooth muscle, the urethral striated muscle (which is the most important 
component), and the pubo-urethral part of the levator ani muscle, which is essential in resisting 
surges of intra-abdominal pressure (coughing or exercise). The external sphincter represents the 
point of highest intra-urethral pressure in the normal contracted state and is typically about 2 cm 
long and about 3–5 mm thick. The intrinsic striated muscle fibres are devoid of muscle spindles and 
in cross section, they are unusually small (15–20 μm in diameter). Physiologically they belong to 
the slow twitch type, unlike the pelvic floor musculature, which is a heterogeneous mix of slow and 
fast twitch fibres of larger diameter. The slow twitch fibres of the external sphincter are capable of 
sustained contraction over relatively long periods of time and actively contribute to the tone, which 
closes the urethra and maintains urinary continence (10).

The external urethral sphincter covers the ventral side of the prostate. Distally, at the level of the 
membranous urethra, the urogenital diaphragm does not completely encircle the membranous 
urethra, but rather forms an incomplete horseshoe-shaped sling that offers posterior and lateral 
support (13). Supporting this distal sphincter mechanism is an extrinsic peri-urethral striated 
muscle composed of the pubo-urethral part of the levator ani muscle, which is under voluntary 
control. Anatomical studies have shown that the rhabdosphincter is separated from the anterior and 
lateral aspects of the membranous urethra by a delicate ventral connective tissue sheath. Meticulous 
surgical dissection of this sheath in the anterior midline allows for separation of the muscle and the 
urethral wall without damage to either structure, an approach that can be very useful for reconstruc-
tive surgery at the membranous urethra level (Level 2) (18).
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7.4  Mechanism of Posterior  
Urethral Injury

The urethra is vulnerable to pelvic fracture injuries due to its close relationship with the bones of the 
pubic arch and because of its attachments to the puboprostatic ligaments and perineal membrane. 
In men, the external portion is also susceptible to direct trauma from bone fragments arising from 
the pubic rami. The distal membranous urethra is especially at risk, and its injury may disrupt the 
active continence mechanism.

PFUIs have been classically described as prostatomembranous disruption injuries (1,19–22). However, 
in recent times it has been realized that in most cases they occur distal to the external urethral 
sphincter at the bulbomembranous junction (Level 2) (23) (Level 3) (5,24–26).

Pre-operative identification of the actual site of injury is very important, but sometimes emergency 
retrograde urethrography (RUG) cannot clearly differentiate between suprasphincteric and infra-
sphincteric injury. This is because some patients may fail to pass the contrast to the proximal part 
during emergency imaging or due to inadvertent excessive peri-urethral extravasation of contrast. 
For this reason, in many cases this identification can only be done intra-operatively during dissec-
tion of the proximal urethral end. Sometimes the location of the actual site is only established during 
the post-operative urethrogram by noticing the site of the anastomosis. In most cases, this is distal 
to the external urethral sphincter.

7.4.1 Pelvic fracture pattern

Pelvic fractures are typically classified by mechanism of injury and patterns of stability. The most 
widely used classification is Tile’s classification. This divides the fracture according to the compro-
mise of the pelvic ring and degrees of instability: Type A fractures are pelvic ring fractures that are 
stable. Type B fractures are rotationally unstable but vertically stable, and include anteroposterior 
compression (open-book) and lateral compression fractures. Type C fractures are rotationally and 
vertically unstable, and include Malgaigne’s fracture (5,27).

Some studies have reported a correlation with the likelihood of rectal and lower urinary tract inju-
ries. Aihara and colleagues retrospectively reviewed 362 pelvic fractures and found that a widened 
symphysis was predictive of rectal injury, a widened symphysis and sacroiliac joint involvement was 
predictive of bladder injury, and a widened symphysis plus fracture of the inferior pubic ramus was 
predictive of urethral injury (Table 2). Although these associations were statistically significant, the 
overall prevalence of rectal and urologic injuries was low. Therefore, the predictive values of these 
radiologic findings were also low, being only 5% for urethral, 9% for rectal, and 20% for bladder 
injuries (Level 3) (28).
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Table 2  relative risk (rr) for rectal or lower urinary tract injury relative to pelvic fracture 
pattern

rectum Bladder urethra

Symphysis pubis RR = 3.3, p < 0.001 RR = 2.1, p < 0.001 RR = 2.9, p = 0.003

Sacroiliac joint RR = 2.1, p = 0.014 RR = 2.0, p < 0.001 RR = 1.8, p = 0.04

Sacrum — RR = 1.6, p = 0.002 RR = 4.6, p = 0.008

Another study revealed that the highest risk of urethral injury was found in cases with straddle 
fracture when combined with diastasis of the sacroiliac joint (24 times more than the rest of pelvic 
fractures); this was followed by straddle fracture alone (3.85 times) and Malgaigne’s fracture (3.4 
times). Urethral injury was consistently associated with pubic arch fractures. Involvement of the 
posterior pelvic arch, with fractures of the anterior arch, considerably increased the risk of urethral 
injury. The risk was also greater with an increase in the number of broken rami. Stretching of the 
membranous urethra usually precedes its rupture, which characteristically occurs at the bulbomem-
branous junction (Level 3) (24).

Beyond the pelvic fracture pattern itself, which is important for urethral injuries, is the disruption 
of the pelvic ring, leading to an unstable pelvis, either rotationally, vertically, or both (Tile B and C). 
Stable pelvic fractures (Tile A) are almost never associated with PFUI.

7.4.2 Mechanism of urethral injury

Despite these correlations, the pelvic fracture pattern alone does not predict the presence of a lower 
urinary tract injury. Disruption of the pelvic ring generates strong shearing forces that may damage 
nearby structures. When this occurs, the type of lower urinary tract injury appears to be related 
to the fracture mechanism and to the pattern of injury to the soft tissues and supporting attach-
ments (puboprostatic ligaments and perineal membrane) that surround the posterior urethra (5). 
Displacement of the anterior pubic arch may apply traction to the urethra through its connect-
ing ligaments. This traction will not occur if these ligaments rupture at the time of injury. The 
exact pattern of ligament behaviour depends on the applied force’s vector. Following this principle, 
Andrich et al. correlated five possible urethral injury mechanisms (avulsion, anterior tear, crush, 
laceration, and disruption/distraction) with the fracture mechanism according to Tile’s classification 
(Level 3) (5). Urethral injury can also occur by direct switchblade laceration by pelvic bone fragments.

In children, the injury is usually at the BN and through the prostatic urethra (Figure 2). This is 
because children lack a well-developed prostate to support the posterior urethra. Unlike BN injuries 
in adults, which tend to be longitudinal, pediatric BN tears are most frequently transverse (Level 3) 
(29). These BN distraction injuries should be explored abdominally and repaired by direct anasto-
mosis of the distracted bladder to the base of the prostatic urethra (Level 4) (24).
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C  Combined antegrade 
and retrograde 
urethrocystogram

FigurE 2
Male patient, 6 years old, 
road traffic accident with  
resultant BN distraction 
injury.

A  Retrograde urethrogram

B Antegrade cystogram
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7.5 Classification
Having a useful classification is important to guide clinical and surgical management decisions and 
to evaluate the outcomes of different treatment modalities. An ideal classification should include 
all possible injuries, but also needs to be practical, easily remembered, and useful as a clinical and 
research tool.

Several classifications have been proposed for PFUI, following anatomical, radiological, mechanistic, 
and functional criteria (Level 3) (20,30–32), (Level 4) (33) However, none of them has obtained wide-
spread acceptance, perhaps because some are not comprehensive and others are not clinically useful.

7.5.1 anatomical radiological classification

Colapinto and McCallum proposed an anatomic classification based on the patterns of contrast 
extravasation on RUG (Level 3) (20):

 � Type 1: The urethra is stretched because of 
rupture of the puboprostatic ligaments and 
hematoma surrounds the urethra. Although 
stretched, the urethra is not severed.

 � Type 2: Partial or complete rupture of the 
membranous urethra above the urogeni-
tal diaphragm or perineal membrane. On 
urethrography, contrast material is seen 
extravasating exclusively above the perineal 
membrane into the pelvis.

 � Type 3: Partial or complete rupture of the 
membranous urethra with disruption of the 
urogenital diaphragm. Injury may extend 
to the proximal bulbar urethra. Contrast 
extravasates into both the pelvis and the 
perineum.

This classification does not include injuries to the BN and prostatic urethra, which are important 
because they may compromise the internal sphincter mechanism. Another criticism is that the type 
3 injury may involve the proximal bulbar urethra, which is part of the anterior urethra (Level 3) (31). 
Type 3 injuries are the most common (about 85% of cases), while types 1 and 2 together account for 
only 15% of cases (Level 3) (30,31), (Level 4) (9). In fact, there were no type 2 injuries in the original 
series of Colapinto and McCallum and this type was included only because it was the classically 
described injury. Another limitation is that this classification groups partial and complete injuries 
into the same category; but these injuries may have a totally different treatment and prognosis.

7.5.2 extended anatomical classification

Goldman and colleagues proposed an extended, anatomically based classification of blunt urethral 
injuries, not necessarily restricted to PFUI. In addition to the Colapinto and McCallum categories, 
this classification includes blunt injuries to the BN and prostatic urethra, and also to the anterior 
urethra (Level 3) (31) (Table 3).
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Table 3 Goldman, Sandler, and Corriere classification (Goldman et al., 1997)

injury Type injury Description urethrographic Appearance

I Stretching or elongation of the otherwise intact 
posterior urethra Intact but stretched urethra

II Urethral disruption above the urogenital diaphragm 
while the membranous segment remains intact

Contrast agent extravasation above the urogenital 
diaphragm only

III
Disruption of the membranous urethra, extending 
below the urogenital diaphragm and involving the 
anterior urethra

Contrast agent extravasation below the urogenital 
diaphragm, possibly extending to the pelvis or 
perineum; intact bladder neck

IV Bladder neck injury extending into the proximal 
urethra

Extraperitoneal contrast agent extravasation; 
bladder neck disruption

IVa Bladder base injury simulating a type IV injury Peri-urethral contrast agent extravasation; bladder 
base disruption

V Isolated anterior urethral injury Contrast agent extravasation below the urogenital 
diaphragm, confined to the anterior urethra

Injury types I to III equal Colapinto and McCallum’s types 1 to 3, respectively; type IVa is not really 
a urethral injury and type V results most frequently from straddle injuries, not necessarily associated 
with a pelvic fracture. Again, this classification includes partial and complete ruptures in the same 
category.

7.5.3 american association for the Surgery of Trauma Classification

The American Association for the Surgery of Trauma (AAST) included a classification of PFUI as 
part of the Organ Injury Scale definition. Unlike the previous proposals, this classification focuses 
on the degree of injury suffered by the urethra itself, concentrated more on the degree of disruption 
and urethral separation than on the anatomical location of the injury (Level 4) (33) (Table 4).
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Table 4 aaST classification of urethral injury (Moore et al., 1995)

injury Type injury Description urethrographic Appearance Treatment

1 Contusion Normal None

2 Stretch injury Elongation of the urethra without 
extravasation

Conservative management 
with suprapubic or urethral 
catheterization

3 Partial disruption
Extravasation of contrast 
agent from the urethra with 
opacification of the bladder

Conservative management 
with suprapubic or urethral 
catheterization

4 Complete disruption

Extravasation of contrast 
agent from the urethra without 
opacification of the bladder and 
with urethral separation of < 2 cm

Endoscopic realignment or 
delayed graft urethroplasty

5 Complete disruption

Complete transection with 
urethral separation of > 2 cm 
or extension of injury into the 
prostate or vagina

Endoscopic realignment or 
delayed graft urethroplasty

An injury to part of the circumference of the urethra without laceration is a contusion. A complete 
rupture of part of the circumference of the urethra is a partial injury, and a rupture of the complete 
circumference of the urethra without any continuity between the two ends is a complete injury 
(Level 2) (4). Unfortunately, differentiation between a partial and a complete rupture may be difficult 
and urethrography may be equivocal, since extravasation without filling of the prostatic urethra 
or bladder does not necessarily imply a complete rupture. This explains the wide variation in the 
reported incidence of partial vs. total injuries (Level 3) (34). Complete disruptions range from 6% in 
one series (Level 4) (35) to 97% in another (Level 3) (36). In the Ennemoser et al. series, the incidence 
of partial and complete injuries was 59% and 41%, respectively (Level 3) (34) Webster et al. summa-
rized several series and found an average of 65% for complete disruptions vs. 34% for partial tears 
(Level 2) (37).

7.5.4 anatomical and functional classification

More recently, Al Rifaei et al. proposed another classification incorporating anatomical and func-
tional criteria (Level 3) (32). This classification also retained elements of previous classifications, but 
added subcategories for proximal prostatic injuries and attempted to distinguish injuries based on 
evaluation of the sphincteric mechanism:

 � Type 1: Prostatic injury; 1a: proximal avul-
sion of the prostate; 1b: partial or complete 
trans-prostatic rupture.

 � Type 2: Stretching of the membranous 
urethra (Colapinto and McCallum type 1).

 � Type 3: Incomplete or complete supra-
diaphragmatic rupture of the prostato-
membranous urethra (Colapinto and 
McCallum type 2).
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 � Type 4: Incomplete or complete infradiaphrag-
matic rupture of the prostatomembranous 
urethra (Colapinto and McCallum type 3).

 � Type 5: Variable combined urethral inju-
ries affecting more than one level; injury to 
the proximal sphincteric mechanism (BN) 
combined with prostatic and/or membra-
nous urethral injury.

This classification has several drawbacks, because it also combines partial and complete injuries, 
includes injuries of the BN in type 1a but also in type 5, and considers as separate categories proxi-
mal avulsion of the prostate and trans-prostatic ruptures, which really does not make much sense. 
Moreover, it combines adult and pediatric injuries, which may be confusing, since children have 
important anatomic differences from adults (Level 3) (38–40).

Table 5 shows a comparison of the different classifications of PFUI. Although the Colapinto and 
AAST grading are the most commonly used, none of them has found universal acceptance. An ideal 
classification should include all possible injuries, categorizing them under a comprehensive but 
simple and practical system. Since none of the existent classifications has been successful, a simpli-
fied and useful proposal to be validated could be:

 � Type 1: Contusion – a partial injury to part of 
the circumference of the urethra.

 � Type 2: Partial injury – a complete rupture of 
part of the circumference of the urethra.

 � Type 3: Complete injury – complete rupture 
of the complete circumference of the urethra.

A suffix added to types 2 and 3 could indicate whether they are complicated by bladder neck, rectal, 
perineal, or other significant injury.

Table 5 Classifications of Pelvic Fracture Urethral injuries (PFUi)

Criteria Author Staging

Anatomical and radiological Colapinto and McCallum, 1977 Retrograde urethrography

Extended anatomical Goldman et al., 1997 Radiological anatomy of the urethra, 
bladder neck, and bladder base

Urethral wall injury Moore et al., 1995 Clinical examination and RUG

Anatomical and functional Al Rifaei et al., 2001 Clinical examination, catheterizability, 
RUG, surgical findings, sphincter injury

Recently, another classification has been proposed in the European Association of Urology guidelines 
on urethral trauma (41,42) (Table 6). This system has not been validated clinically, is not exclusive for 
PFUI, and combines injuries to the anterior and posterior urethra in type 3, which may be confusing.
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Table 6  european association of Urology classification (Lynch et al., 2005; Martinez-
Piñeiro et al, 2010)

Classification Description Advised Clinical Management

Type 1 Stretch injury. Elongation of the urethra without 
extravasation on urethrography No treatment required

Type 2 Contusion. Blood at the urethral meatus; no 
extravasation on urethrography

Can be managed conservatively with suprapubic 
cystostomy or urethral catheterization

Type 3
Partial disruption of anterior or posterior urethra. 
Extravasation of contrast at injury site with contrast 
visualized in the proximal urethra or bladder

Can be managed conservatively with suprapubic 
cystostomy or urethral catheterization

Type 4
Complete disruption of anterior urethra. 
Extravasation of contrast at injury site without 
visualization of proximal urethra or bladder

Will require open or endoscopic treatment, primary 
or delayed

Type 5
Complete disruption of posterior urethra. 
Extravasation of contrast at injury site without 
visualization of bladder

Will require open or endoscopic treatment, primary 
or delayed

Type 6 Complete or partial disruption of posterior urethra 
with associated tear of the bladder neck or vagina Requires primary open repair

The fundamental problem is that there are no accurate staging methods to define the actual injury. 
Acute staging is mainly dependent on RUG, which has many limitations in the emergency setting, 
where RUG is performed with a diagnostic aim but not necessarily with a staging aim. Therefore, 
diagnosis of a rupture may be established, but the images obtained may not allow for precise staging. 
Patients with pelvic fractures may not be placed easily in the anterior oblique position needed to 
properly visualize the whole urethra and excessive contrast extravasation may obscure the exact site 
of rupture. In some patients with partial ruptures, RUG may fail to visualize the posterior urethra 
and bladder, due to contraction of the external sphincter because of pain, thus mimicking a complete 
rupture.

Although well-conducted urethrography has been shown capable of correctly classifying most 
urethral injuries, this requires a trained radiologist or urologist, who may not always be available 
(Level 4) (43,44). The radiological examination is then at best presumptive. Also, most patients do 
not undergo endoscopy or operative exploration and many patients are catheterized before they are 
seen by a urologist. This means that in many patients, the diagnosis is based primarily on catheteriz-
ability and secondarily on radiography, and both of these may be presumptive.

Having a universal and accurate classification is important because it would allow for effective 
treatment planning and proper comparison of the outcomes of different management strategies. 
Improvement of the diagnostic staging methods is needed to develop a useful classification in the 
future.
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7.6  Clinical Presentation, Diagnosis, 
and Imaging: associated Injuries

PFUI must be suspected in all patients with pelvic fractures. Pelvic fractures occur secondary to 
high-energy impact trauma and are most commonly caused by motor vehicle accidents, pedestrian 
injuries, falls, and industrial work accidents. Patients with pelvic fractures often have major associ-
ated intra-abdominal injuries, with solid organ injuries being the most common (Level 3) (45,46). It 
has been reported that 2%–25% of patients with pelvic fractures have an associated urethral injury 
(Level 3) (1–3,5). However, these studies are usually single-institution cohort studies. In a recent 
study by Bjurlin et al., using the National Trauma Data bank, the overall incidence of genitourinary 
(bladder and urethra) injury in both sexes was 4.6%. Of 31,380 identified study patients with pelvic 
fractures, there were 355 urethral injuries (1.1%), most of them occurring in men.

The Abbreviated Injury Scale (AIS) is a consensus-derived score given to individual organs. Each 
individual score is between 1 (minor) and 6 (almost always fatal). The severity of pelvic fracture is 
directly correlated with the risk of lower genitourinary injuries. Patients with AIS pelvic fracture 
scores ≥ 4 have a significantly higher incidence of lower genitourinary trauma compared to those 
with AIS scores of ≤ 3. (Level 3) (46). Studies have also shown that pelvic fracture patterns that 
include disruption of the pelvic ring have a higher incidence of urethral injury. Those include verti-
cal shear fractures (Malgaigne) and pubic arch fractures, including widening of the symphysis pubis 
(Level 3) (1,2,5,24,28,46–48). In a prospective study of 203 patients with pelvic fractures, Koraitim 
et al., found urethral injuries in 19% of patients (Level 3) (24). The pelvic fractures associated with 
the highest risk of urethral injury were straddle injuries associated with sacroiliac joint separation, 
followed by straddle injuries alone. However, isolated straddle fractures are usually associated with 
some injury to the sacroiliac joint, either through a lateral or anteroposterior compressive force 
(Level 3) (49). What can be concluded from these studies is that PFUIs are essentially related to 
unstable pelvic fractures.

Although the classic signs of blood at the urethral meatus–inability to void and a distended blad-
der–should prompt investigations for a urethral injury, they are not always present. Blood at the 
meatus has been reported to be present in 20%–100% of cases (Level 3) (1,5,47,50–53). This disparity 
in reports may be related to time to presentation (< 1 hr after trauma) and degree of injury. Other 
signs and symptoms suggestive of a urethral injury include a scrotal/perineal hematoma and a high-
riding prostate on digital rectal examination (DRE).

Although often quoted as a sign of a urethral injury, the value of DRE in urethral injuries has been 
questioned (Level 3) (52,54,55) due to its low sensitivity. The high-riding prostate is a difficult sign, 
since the hematoma around the prostate may make the prostate difficult to palpate, and in most 
trauma centres the DRE is performed by non-urologists on the trauma team. The classic “butterfly” 
distribution of the hematoma is a result of the attachment of Colles’ fascia of the perineum to the 
fascia lata of the thigh. Therefore, the diagnosis of a urethral injury relies on a high index of suspicion 
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and awareness that the classical signs of blood at the meatus and other clinical indicators may not be 
present. Pelvic fracture patterns on plain film radiography should be reviewed, and in those patients 
with high-risk fracture patterns (unstable pelvis), RUG should be considered.

Retrograde urethrography should be performed in all patients suspected of having a urethral injury. 
In the multisystem-traumatized patient, the timing of this investigation is sometimes difficult, but it 
is important. Hemodynamic stability is prioritized in Advanced Trauma Life Support protocols and 
RUG is not always possible in all situations. Computed tomography (CT) scanning of the abdomen 
is routinely performed in relatively hemodynamically stable patients. Pelvic arterial bleeding may be 
difficult to diagnose on abdominal CT scanning if the RUG or cystogram is performed prior to CT 
scanning. Extravasated dye from RUG may make arterial bleeding difficult to diagnose and cause 
unnecessary delay in treatment (Level 3) (56). 

In those patients in whom time is available, RUG is readily performed, ideally with oblique views. 
To do this, the down-side leg is externally rotated and flexed at the knee and the patient should 
be helped to move to a 30° left anterior oblique position. Foam cushions may be placed under the 
patient to help maintain that position and to ensure that the urethra and BN are depicted in optimal 
profile. Radio-opaque dye (15–20 mL) is injected under fluoroscopic control; alternatively, a single 
pelvic x-ray is taken as the last few mL of dye is being injected.

In the presence of a pelvic fracture, the ability to position a patient to obtain oblique films may be 
limited. Similarly, in those patients whose spine must be stabilized on a backboard, the x-ray may 
be taken with the patient on the backboard. In these circumstances, good-quality oblique films may 
not be possible and only anteroposterior views are obtained. A useful maneuver is to tilt the tube 
30° anterior to evaluate the BN. A subtle leak from the BN may not be visible unless the tube is tilted 
craniocaudally (Level 4) (44). This is very important because posterior urethral injuries have been 
classified according to contrast distribution patterns and whether or not contrast is present in the 
bladder on RUG. Extravasation patterns have also been found to be unreliable in differentiating a 
complete urethral disruption from partial injury based on RUG alone. Since most injuries occur at 
the bulbomembranous junction, distal to the external sphincter, spasm or voluntary contraction of 
the sphincter at the time of RUG could cause the contrast to extravasate into the perineum without 
any entering into the bladder. This would make a partial injury appear radiologically as a complete 
transection of the urethra (Level 3) (5,28). 

In patients under “crash” protocols requiring emergent laparotomy, several alternatives are possible, 
depending on the stability of the patient. These include a single trial of gentle catheterization, acute 
flexible cystoscopy, and insertion of a suprapubic catheter percutaneously or at the time of laparot-
omy. Blind urethral catheterization has been banned for decades, due to the theoretical possibility of 
converting a partial injury into a complete injury. However, data to sustain this hypothesis have never 
been presented and no definite studies have been performed to show that a single gentle attempt will 
lead to increased morbidity (Level 3) (28). Flexible cystoscopy is used in attempts at primary realign-
ment and has been used in lieu of RUG (Level 3) (57). Other urethral imaging modalities, includ-
ing ultrasound and magnetic resonance imaging (MRI), have not been studied in the acute trauma 
setting. Ultrasonography may be used for percutaneous placement of a suprapubic catheter.
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7.7 acute Management
In patients with PFUI, there are two accepted methods of acute treatment. The first is early closed 
realignment over a catheter, using blind or endoscopic (endo-urologic) techniques. The second is 
placement of a suprapubic catheter cystostomy (SPC), and subsequent open perineal urethroplasty 
after the near inevitable (92%) urethral stricture forms. There is no consensus as to which of these 
two approaches is superior.

Immediate open retropubic urethroplasty or open catheter realignment was the procedure of choice 
for many decades, but the incontinence and impotence rates were noted to be higher than with the 
two other alternatives, so it was abandoned and is not indicated (Level 3) (4,37,58–60). However, in 
patients with a concomitant BN or rectal injury, immediate open primary repair of the BN or rectal 
injury and urethral catheter realignment is indicated to avoid subsequent urinary incontinence or 
pelvic sepsis (3,4,24,41,42).

7.7.1 early catheter realignment

The benefits of early realignment over a catheter are potentially many. The procedure is generally 
simple, avoids the need for placement of an SPC and may decrease the overall impact of the urethral 
injury by promoting earlier return to spontaneous voiding. In one recent series, patients who under-
went realignment had a significantly shorter time to spontaneous voiding than did those who had 
cystostomy (35 vs. 229 days) (61).

Most importantly, realignment appears to decrease the chance of subsequent urethral obliteration by 
about 30% over placement of a suprapubic tube alone (Table 7). In reports that directly compare the 
stricture rates between realignment and cystostomy, all had fewer strictures by a range of 8%–86% 
(Figure 3). It does not appear to increase the baseline 8% incontinence rate after PFUI (Table 8). 
In reports that directly compare incontinence rates between realignment and cystostomy, several 
showed no difference and several showed a decrease of up to 8% in the incontinence rate (Figure 
4). The same can be appreciated with regard to ED, with an average of 13% reduction in the ED risk 
(Table 9 and Figure 5).

Some authors have suggested, without evidence, that realignment also aligns the urethral ends so that 
any subsequent urethroplasty is technically easier and less likely to fail than those that occur after 
cystostomy (Level 4) (62). The evidence for this is that when strictures occur at centres that prefer 
to attempt dilation or urethrotomy before definitive urethroplasty, the percentage that respond to 
dilation/urethrotomy alone is five-fold higher in the realignment group (Table 10). All studies that 
directly compared this result among patients with realignment to cystostomy showed better results 
with realignment (Figure 6) (Level 3).

Note that Figures 3–6 represent the differences in percentage between the two options. For example, 
in Figure 3 the negative percentages indicate less stricture after realignment compared to cystostomy.
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Table 7  Stricture rate after cystostomy alone or realignment 

Author Year Suprapubic Cystostomy 
(%)

realignment  
(%)

DeWeerd (82) 1959 36

Mitchell (35) 1968 24

Gibson (83) 1974 62

Jackson (84) 1974 65

Jackson (84) 1974 88 75

Crassweller (85) 1977 32

Coffield (86) 1977 100 78

Cass (87) 1978 70

Morehouse (36) 1980 95

McAninch (50) 1981 89

Patterson (63) 1983 38

Al-Ali (77) 1983 100 100

Webster (37) 1983 100 92

Fowler (81) 1986 30

Gelbard (72) 1989 100

Barry (88) 1989 42

Rehman (67) 1989 66

Dhabuwala (89) 1990 100

Hadjizacharia 2008

Coffield 1977

Herschorn 1992
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Balkan 2005
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Table 7   Stricture rate after cystostomy alone or realignment, Cont’d

Author Year Suprapubic Cystostomy 
(%)

realignment  
(%)

Husmann (90) 1990 95 94

Guille (68) 1991 75

Cohen (69) 1991 80

Follis (74) 1992 85 15

Herschorn (75) 1992 100 54

Quint (91) 1993 40

Kotkin (92) 1996 50

Koraitim (93) 1996 97 53

Londergan (76) 1997 50

Porter (73) 1997 50

Elliott (65) 1997 68

Podesta (73) 1997 100 100

Sahin (94) 1998 80

Jepson (95) 1999 50

Asci (64) 1999 83 45

Kielb (57) 2000 50

Moudouni (96) 2001 49

Ku (97) 2002 40 19

Tazi (98) 2003 36

Mouraviev (99) 2005 100 49

Salehipour (80) 2005 24

Healy (100) 2007 40

Hadjizacharia (61) 2008 100 14

Olapade-Olaopa (66) 2010 21

Mean 92 61
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Table 8 incontinence rate after cystostomy alone or realignment

Author Year Suprapubic Cystostomy  
(%)

realignment 
(%)

Cass (87) 1978 10

Patterson (63) 1983 3

Webster (37) 1983 14 7

Gelbard (72) 1989 0

Barry (88) 1989 8

Husmann (90) 1990 12 12

Guille (68) 1991 0

Cohen (69) 1991 20

Melekos (101) 1992 0

Herschorn (75) 1992 0 0

Follis (74) 1992 8 0

Quint (91) 1993 10

Kotkin (92) 1996 17

Koraitim (93) 1996 3 4

Porter (73) 1997 0

Elliott (65) 1997 4

Londergan (76) 1997 50

Rehman (67) 1998 17

Jepson (95) 1999 6

Asci (64) 1999 6 10

Moudouni (96) 2001 4

Tazi (98) 2003 0

Mouraviev (99) 2005 25 18

Salehipour (80) 2005 0

Healy (100) 2007 0

Olapade-Olaopa (66) 2010 0

Mean 8 8
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Table 9 erectile dysfunction rate after cystostomy alone or realignment

Author Year Suprapubic Cystostomy  
(%)

realignment  
(%)

Cass (87) 1978 38

McAninch (50) 1981 17

Patterson (63) 1983 15

Webster (37) 1983 36 52

Barry (88) 1989 0

Husmann (90) 1990 51 47

Guille (68) 1991 20

Cohen (69) 1991 60

Melekos (101) 1992 0

Herschorn (75) 1992 100 42

Follis (74) 1992 50 20

Quint (91) 1993 0

Kotkin (92) 1996 16

Koraitim (93) 1996 18 28

Porter (73) 1997 14

Elliott (65) 1997 8

Jepson (95) 1999 22

Asci (64) 1999 18 20

Moudouni (96) 2001 22

Tazi (98) 2003 19

Mouraviev (99) 2005 42 34

Selehipour (80) 2005 16

Healy (100) 2007 40

Olapade-Olaopa (66) 2010 0

Mean 42 35
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Table 10 Stricture treatment after cystostomy alone or realignment

Author Year Suprapubic Cystostomy realignment

Urethroplasty  
(%)

Dilation/ 
Urethrotomy (%)

Urethroplasty  
(%)

Dilation/ 
Urethrotomy (%)

DeWeerd (82) 1959 38 62

Mitchell (35) 1968 50 50

Gibson (83) 1974 23 77

Jackson (84) 1974 71 29 57 43

Crassweller (85) 1977 100 0

Coffield (86) 1977 100 0 29 71

Cass (87) 1978 57 43

Morehouse (36) 1980 100 0

McAninch (50) 1981 88 12

Patterson (63) 1983 18 82

Fowler (81) 1986 29 61

Gelbard (72) 1989 50 50

Husmann (90) 1990 88 11 56 43

Herschorn (75) 1992 100 0 42 58

Londergan (76) 1997 0 100

Kielb (57) 2000 16 84

Balkan (71) 2005 100 38 17 16

Hadjizacharia (61) 2008 100 0 0 100

Mean 93 11 34 55

7.7.1.1 Methods
There are several methods of placing a urethral catheter into the bladder across an injured urethra. 
Most experts start with a simple retrograde catheterization attempt (62–65). If this fails, most modern 
authors choose retrograde flexible cystoscopy next (57,61). Retrograde flexible or rigid urethroscopy 
through a suprapubic tube can be also attempted. This procedure is claimed to require only 5–10 
minutes when successful (57,62), while retrograde rigid cystoscopy has been reported to require an 
average of 22 minutes (Level 3) (66). Other authors have used two cystoscopes: a rigid one placed 
anterograde and a flexible one placed retrograde to bridge the gap (Level 4) (67,68).

Other techniques involve using a guide wire placed anterograde or retrograde across the defect and 
then placing a Council tip Foley catheter over the wire (69,70) or using a feeding tube placed via the 
urethra into the bladder and grasped through a cystostomy (71). Direct placement of a Foley catheter 
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anterograde through a cystostomy (65) or urethroscopy towards a Goodwin sound placed through 
a cystostomy has also been described (72). Two blindly placed anterograde and retrograde catheters 
with strong magnets on the end have been used to safely traverse the defect, but unfortunately these 
catheters are not commercially available (73).

Older reports generally describe open techniques using Davis interlocking sounds (63,64) or a 
metal sound in the urethra guided by a finger in the BN (64,74), requiring a mean of 80 minutes 
to complete in one study (Level 3) (63). A technique using anterograde or retrograde placement of 
catheters required about 75 minutes (65).

7.7.1.2 Success rates
The success rate of any realignment technique varies depending on the author, and ranges from 
70%–87% (Level 3) (61,73–76). One series where authors gained experience in the technique over a 
5-year period showed an increase in success rates from 80% up to 93% (Level 3) (66). Authors have 
suggested that after initial failure, realignment can be attempted again 2–3 days later with some 
success (Level 3) (61).

7.7.1.3 Duration of stenting
The recommended duration of catheterization is highly variable, ranging from 3–6 weeks. While 
some authors suggest a period of catheterization as short as 3–4 weeks (Level 4) (61,63,64,71,72,77), 
many experts suggest 6 weeks of catheterization after realignment (Level 4) (69,73,78). Some recom-
mend longer catheterization, up to 8 weeks (Level 4) (67,77).

7.7.1.4 length of subsequent stricture
While some experts suggest that realignment may increase stricture length, it has only been studied 
in one report. In 10 children, the length of the subsequent stricture was no longer in those who failed 
endoscopic realignment vs. those who failed suprapubic diversion (Level 3) (78).

7.7.1.5 avoidance of traction on urethral catheter
It is a universal recommendation to not place the aligning catheter under tension (Level 4) (50); 
although it was only studied in one report. Traction resulted in distal urethral necrosis in 2/14 
patients (14%) and BN incompetence in 1/14 patients (7%) (Level 3) (77).

7.7.1.6 When to place the catheter
Most surgeons place the catheter as soon as practically possible (Level 4) (65,69) and this is generally 
achievable after a mean of 32 hours from injury (69). A single immediate blind placement of a Foley 
catheter is attempted at most centres soon after the injury is diagnosed (69). Some have delayed 
realignment for 7–19 days with good results (Level 3) (71). A single study comparing a small number 
of cases with early (72 hours) or more delayed realignment reported similar rates of subsequent 
stricture (Level 3) (67).

7.7.1.7 Complications of alignment
While most authors report good results with endoscopic realignment, some studies suggest that it 
decreases the success of any future urethroplasty. A study of seven patients reported that in those 
who required urethroplasty, it was half as successful (43% for the realigned group vs. 85% for the 
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non-realigned group). The authors hypothesized that endoscopic realignment causes inflammation 
and fibrosis of the torn ends of the urethra, although no proof for this was given (Level 3) (79). 
Displaced pubic bone directly in the path of urethral alignment has been reported to be associated 
with failure in one patient (Level 3) (69). The potential to form longer strictures must be weighed 
against the general tendency to cause far fewer strictures after realignment.

Direct complications from urethral realignment are uncommon and series that analyzed compli-
cations reported no significant complications from the procedure (65). Attempting and failing to 
achieve realignment with a catheter is not believed to harm the patient (Level 4) (74). One series 
reported pelvic abscess in 1/34 cases (3%) (Level 3) (63). A single urethroscrotal fistula appeared in 
a series of 14 realigned patients (7%) (Level 3) (69) and a perineal abscess developed in 1/6 and 1/4 
patients (16% and 35%, respectively) in two other studies (Level 3) (80,81). Delayed realignment at a 
mean of 10 days caused septicemia in 15% of cases in one series (Level 3) (66).

7.7.1.8 Confounding issues in the data
Almost all reports used different methods of achieving urethral alignment, making direct compari-
sons difficult. Early realignment reports often included pelvic exploration with removing the pelvic 
hematoma, cutting the puboprostatic ligaments, and using blind techniques. More up-to-date 
modern series used mostly endoscopic techniques with minimal manipulation of the injured area.

It is also possible that patients in whom realignment is possible may have less serious injuries than 
those in whom it fails. In some series, the patients managed with suprapubic cystostomy had previ-
ously failed alignment attempts, and these patients probably had more significant injuries and longer 
urethral distraction distances than those in whom alignment was successful. One study of 16 patients 
reported that partial urethral tears, as determined by urethrography, were present in 33% of those in 
whom realignment was not possible and in 46% of those in whom realignment was possible. Partial 
vs. total urethral disruption was much more common in the cystostomy group (7%) than in the 
alignment group (39%) (Level 3) (75).

7.7.2 Suprapubic catheter cystostomy and delayed reconstruction

Placement of an SPC can be the acute procedure of choice, or can be performed if an attempt at early 
catheterization fails. The advantages of the SPC are that it is a simple and straightforward procedure, 
is known to any urologist or general surgeon, effectively diverts the urine, allows for urine output 
monitoring, and avoids extravasation and sepsis.

By resolving the acute urethral and urinary problem, SPC allows focus to be placed on the treatment 
of other associated injuries. It can be performed at the time of emergency laparotomy, if surgery is 
needed for other injuries, or can be placed percutaneously under ultrasonographic guidance. The 
disadvantage is the almost inevitable development of a urethral stricture, which will require later 
reconstruction. Urethroplasty after PFUI is a highly specialized surgery, but the SPC allows time 
for the patient to be stabilized and–if necessary and under ideal local health care conditions–to be 
transferred to a specialized centre.
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7.8  Urethral Stenosis/Obliteration: 
Reconstructive Options and  
 Their Outcomes

The standard surgical approach to the treatment of PFUI stenosis or obliteration is an end-to-end 
anastomosis. For decades this procedure has been known as bulboprostatic anastomotic urethro-
plasty (BPA). This comes from the previous belief that the injury occurs at the prostatomembranous 
junction. However, current evidence shows that the injury is actually located at the bulbomembra-
nous junction, so the procedure should be called bulbomembranous anastomosis (BMA). This oper-
ation is usually performed 3–6 months after the initial injury, as this allows the acute hematoma to 
settle down and be replaced by mature fibrotic tissue (Level 4) (8,41,42).

Prior to embarking on BMA for PFUI, a thorough assessment is necessary. This includes clinical 
examination to note the condition of the local tissues (penile skin, degree of perineal scarring, pres-
ence of cutaneous fistula), as this helps in treatment planning. Radiological staging is conventionally 
performed using RUG and voiding cystourethrography (VCUG). Besides assessment of the length of 
the urethral defect, this provides information on the length of healthy bulbar urethra available for 
repair and the status of the BN. Contrast MRI has been used recently to evaluate the length of the 
defect along with the degree of lateral prostatic displacement.

7.8.1  Operative procedure: bulbomembranous anastomotic 
urethroplasty

7.8.1.1 Pre-operative preparation
Documentation of the presence or absence of ED, peri-operative antibiotics based on urine culture 
reports, good radiographic studies, and patient position for surgery are important details.

The standard lithotomy position is used for routine BMA. However, in many centres (102,103) an 
exaggerated lithotomy position is used, citing the advantage of better and more direct perineal expo-
sure. However, the exaggerated lithotomy position has been associated with neuropraxic injury of 
the lower limbs, as well as rhabdomyolysis and acute renal failure (Level 3) (104–107). This is particu-
larly important when the surgery lasts over 5 hours. This risk may be lower when a beanbag is not 
used, or if used, is padded throughout with a gel pad.

7.8.1.2 Incision
A midline incision extending from the perineoscrotal junction superiorly to about 1 cm from the 
anal verge inferiorly is most commonly used. However, this is a matter of personal preference and 
some authorities use an inverted Y incision.
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7.8.1.3 Surgical steps
Following exposure of the bulbar urethra, the following procedures are performed in a step-wise 
fashion:
1. Bulbar urethral mobilization: Proximally, 

the bulbar urethra is dissected free from the 
perineal body up to the site of obliteration. 
Distally, the mobilization proceeds only as 
far as necessary, given that too much dissec-
tion distal to the penoscrotal junction may 
cause penile chordee.

2. Crural separation: The corpora cavernosa 
are separated in the midline using either 
sharp scissors or electrocautery. At this point, 
there is a virtual space that can be developed, 
separating the corpora. This allows the 
urethra to lie between the crura rather than 
on the surface of the crura and permits extra 
length.

3. Inferior pubectomy: A wedge of the inferior 
pubic bone is excised if the prostatic apex is 
not reached after the first two maneuvers.

4. Supracrural rerouting: If inferior pubec-
tomy does not provide for a tension-free 
anastomosis, some surgeons route the 
urethra supracrurally after creating a space 
between the left or right crus and the ante-
rior surface of the pubic bone.

These steps were originally described by Marion (108), Paine and Coombes (109), and Waterhouse 
(110). Turner-Warwick then modified the approach and did it abdominoperineally (111). Finally, 
Webster and Ramon popularized the step-wise perineal approach for BMA (Level 3) (112). Use of the 
first two steps has been categorized as the simple perineal approach, whereas inclusion of steps three 
or four is known as the elaborated perineal approach (Level 3) (113).

In unusual circumstances, a trans-pubic (abdominoperineal) approach may be required for complex 
injuries, where adequate access to the prostatic apex cannot be provided by the first four steps  
(Level 3) (114).

7.8.2 Staging investigations to predict the type of surgery required

The literature is unclear as to whether the type of surgery required (simple perineal/elaborated peri-
neal/abdominoperineal approach) can be predicted based on information obtained from staging 
investigations (RUG/VCUG/MRI/CT). Andrich et al. demonstrated that the bulbar urethral defect 
as visualized on conventional contrast studies (RUG and VCUG) may not predict the type of repair 
that is required. This is primarily because PFUI is associated with upward displacement of the blad-
der and prostate. The authors indicated that a surgeon dealing with such strictures should be well 
versed with all the described steps, as any of them may be required during the procedure (Level 3) 
(114). On the other hand, Koraitim suggested that for gaps of 2.5–3.0 cm in length, a simple perineal 
repair may suffice, whereas larger gaps would require an elaborated perineal repair (Level 3) (113,115).

The length of the bulbar urethral defect is an important parameter, which may predict the type 
of repair. Koraitim described the length of the urethral gap in relation to the length of the bulbar 
urethra (from the blind proximal end to the bulbopenile junction) as the gapometry/urethrometry 
index (GUI) (Level 3) (116). In his study, a GUI less than 0.35 required a simple perineal repair, 
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whereas a GUI greater than 0.35 required more complex surgery. The GUI, the urethral gap length, 
and the degree of lateral prostatic displacement were independent predictors of the type of repair 
required. A GUI cut-off of 0.35 provided a sensitivity, specificity, and accuracy of 90%, 91%, and 
90%, respectively (Level 3) (117). However, this index has two important drawbacks: first, the length 
of the bulbar urethra can vary according to the position angle of the patient or the x-ray beam and 
second, the distal limit of the bulbar urethra located at the bulbopenile junction is highly uncertain 
in most cases.

In clinical practice, the vast majority of injuries are short (< 2 cm) and so most of them can be dealt 
with using the simple perineal approach.

7.8.3 Inferior pubectomy

The requirement of inferior pubectomy during BMA has varied from as low as 10% (Level 3) 
(102,103,118,119) to as high as 30%–64% (Level 3) (120–123) in different studies. This discrepancy 
may be related to the type of stricture, which in turn is influenced by the type of initial injury. In 
a recent study comparing outcomes in two different countries, inferior pubectomy was performed 
in 24% of Italian vs. 66% of Indian patients (Level 3) (124). This apparent difference was attributed 
to the fact that in India the mechanism of injury was largely due to pedestrian, bicycle, motorcycle, 
and agricultural injuries, whereas in Italy they primarily resulted from motor vehicle injuries, which 
presumably produce a less severe injury. The rate of primary urethral alignment, which results in 
simpler urethral strictures, was also higher among Italian patients.

7.8.4  The role of supracrural rerouting in bulbomembranous 
anastomotic urethroplasty

Webster and Ramon highlighted the fact that supracrural rerouting may provide a further 2 cm 
length in bridging long urethral gaps that cannot be adequately bridged using the first three steps 
in the progressive perineal approach for BMA (bulbar urethral mobilization, crural separation, and 
inferior pubectomy) (Level 3) (112). However, other surgeons have found this step to be required very 
rarely (Level 3) (102). In a multicentre series with 145 patients undergoing posterior urethroplasty, 
supracrural rerouting was required in only four patients, three (75%) of whom developed recur-
rent stenosis (Level 3) (119). Similarly, Hosseini et al. performed supracrural rerouting in 11 of 200 
patients (5.5%), 64% of whom failed. They concluded that supracrural rerouting should be used with 
caution, due to its high stricture recurrence rate (Level 3) (118,125).

7.8.5  Outcomes of primary bulbomembranous anastomotic 
urethroplasty for pelvic fracture urethral injury

Numerous studies have reported long-term success rates of 90%–98% for primary repair of PFUI 
(Level 3) (38,102,103,118,119,126).
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7.8.6  Reconstructive options for failed bulbomembranous 
anastomotic urethroplasty

A failed BMA for PFUI is a formidable challenge and requires the surgeon to have mastery over a 
wide variety of techniques, since it may not be possible to predict which particular procedure will be 
required. In these cases, the surgeon’s experience is crucial.

The type of procedure required will depend largely on the integrity of the bulbar urethra. In patients 
with too large a loss of the bulbar urethra due to ischemic necrosis, a single-stage repair may not be 
possible and the option for a staged urethroplasty should be kept in mind.

7.8.7  Outcomes of re-do urethroplasty for pelvic fracture  
urethral injury

Whereas success rates for primary BMA exceed 90% in most series, contradictory results have been 
reported for re-do urethroplasty. Culty et al. reported a 60% success rate for patients who underwent 
BMA after prior urethral manipulation, as compared to a success rate of 90% for patients undergo-
ing primary repair (Level 3) (127,128). Similarly, Singh et al. reported a significantly poorer outcome 
for patients undergoing BMA after prior urethral surgery as compared to primary BMA (Level 3) 
(79). Contrary to these studies, others have reported success rates of 84%–92% for patients undergo-
ing re-do urethroplasty after previous attempts at repair (Level 3) (129–131). These studies required 
the use of a trans-pubic approach in 30%–40% of patients, which is significantly higher than the 
requirement for this approach in primary BMA.

7.9  Complex Scenarios and 
Complications of Pelvic Fracture 
Urethral Injury: erectile Dysfunction, 
Incontinence, and Fistula

Pelvic fracture urethral injury may result in complex morbidities, including erectile dysfunction, 
incontinence, and fistula formation. Erectile failure occurs due to neurovascular damage, whereas 
incontinence may be a result of bladder denervation or a direct injury of the bladder neck. Fistula 
may be formed due to the initial trauma scarring or iatrogenic causes. There is also growing concern 
as to whether the choice of initial PFUI management contributes to the development of these 
complications.
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7.9.1 erectile dysfunction

7.9.1.1 Introduction
Erectile dysfunction is a well-known consequence of pelvic fracture. The incidence of ED after pelvic 
fracture without urethral injury is 5% (Level 3) (132). However, with posterior urethral rupture, 
the incidence of ED increases to 42% (the collected average in 580 patients from 14 series) (Level 3) 
(29,64,65,92,96,123,128,132–138). From another perspective, 80% of patients with ED after a pelvic 
fracture had rupture of the posterior urethra (Level 3) (132). Recent studies using more objective 
criteria to define ED reported a higher incidence. Shenfeld et al. found a 72% ED rate by using a 
strict 70% tip rigidity criterion for normal erections (Level 3) (138). Using the International Index of 
Erectile Function (IIEF) questionnaire, Anger et al. reported a 54% ED incidence rate after recon-
struction of PFUI, which was severe in 31%; orgasmic and ejaculatory function were maintained 
(Level 3) (139).

Erectile dysfunction is clearly related to injuries of the anterior pubic arch and pelvic crush injuries. 
King found a 44% ED incidence after pelvic crush injuries, but only 6% after other, less severe, pelvic 
fractures (132). Erectile dysfunction is associated with bilateral rami fracture (135), disruption of 
the symphysis pubis (132), and pubic diastasis (134). Of 38 PFUIs reconstructed in one study, 47% of 
patients had ED and all suffered unstable pelvic fractures (64). Other risk factors include older age 
(24 vs. 40 years old), length of defect (2.5 vs. 4 cm), and proximal urethral injuries (29,135).

There is growing concern that ED is associated with the initial management of PFUI. In one review, 
the incidence of ED reported after immediate urethral realignment was 36%, while with initial supra-
pubic cystostomy and delayed repair, the incidence was 19% (Level 3) (93). However, in these studies 
primary urethral realignment has been performed using different techniques (such as sutured anas-
tomosis) and different types of catheter traction. In cases treated with primary realignment without 
traction or sutures, the reported rates of ED were 17%–20% (Level 3) (64,92), similar to the result of 
delayed repair. It also appears that neurovascular damage to the cavernous nerves, which leads to ED, 
occurs at the time of the urethral injury itself, rather than as a result of the corrective urethroplasty 
(Level 3) (89,139). These findings indicate that ED seen after PFUI is due to the magnitude or nature 
of the trauma itself, rather than secondary to the initial repair.

Harwood et al. reviewed studies dated up to 2005 comparing the incidence of ED after primary 
realignment (PR) or delayed repair (DR), updating a previous meta-analysis performed by Koraitim 
in 1995 (133). After DR, the average ED incidence was 29% in 15 series with 759 patients; however, 
considering only the 354 patients reported after 1990, it was 43%. After PR, the average ED inci-
dence was 29% in 23 series with 525 patients, but considering only the 221 reported after 1990, it 
was 22.2% (p = < 0.0001). These series are difficult to compare, since they are non-randomized and 
non-contemporary. Instead of the open realignment employed in the past, most recent series of PR 
use endoscopic/endo-urologic realignment techniques, which are less likely to cause tissue or neuro-
vascular damage. Potency evaluation is also not uniform; in recent series, stricter and more objective 
evaluation instruments were used and patients with partial loss of erectile capability were included. 
Moreover, less severely injured patients are more likely to receive PR and in many series, failed PR 
patients were also included in the DR group.
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7.9.1.2 etiology
There is a wide discrepancy in the etiology of ED after PFUI (mainly depending on the study method-
ology), reported as vasculogenic in 28%–96%, neurogenic in 20%–89% and psychogenic in 4%–38% 
of cases (Level 3) (133,135,138,140–143).

Armenakas et al. evaluated PFUI patients with ED before reconstruction using pelvic MRI and 
duplex ultrasound, and showed that in 80% of cases the ED was vasculogenic in origin. They also 
reported prostatic displacement with fibrosis in 87% and injuries to the corpora cavernosa in 80% 
of the patients (Level 3) (140).

The investigation of ED by intracorporeal papaverine injections has indirectly shown that erectile 
failure after pelvic fracture is more often (89% of the time) the result of neural and not vascular 
damage (Level 3) (135). Similarly, in a study using nocturnal penile tumescence (NPT) followed with 
penile duplex ultrasonography, Shenfeld et al. discovered that after PFUI, 72% of ED is neurogenic 
(Level 3) (138). These findings can be explained anatomically, as the nervi erigentes are located close 
to the sub-prostatic urethra and are partly tethered within the fibrotic perineal body, therefore sub-
prostatic dislocations may disrupt the cavernous nerves with sparing of arterial inflow (Level 3) (64) 
(Level 3) (144). The findings that neurogenic ED in PFUI may heal spontaneously over time and that 
the majority responded well to sildenafil therapy imply that neurogenic ED is not caused by complete 
disruption of the neurovascular bundles, but most probably due to neuropraxis with potential recov-
ery over time (Level 3) (138).

Psychogenic factors can also be involved, since about 10% of survivors of severe motor vehicle acci-
dents develop post-traumatic stress disorder and up to 80% of them report sexual dysfunction (133), 
so mixed organic and psychogenic etiologies are highly relevant.

There is agreement that surgery for PFUI does not cause ED. In a comparative study, Kotkin found 
no difference in potency in patients treated by realignment (76% potency) vs. catheterization alone 
(70% potency) (Level 3) (92). In another study, seven patients (27%) remained potent after the injury 
and after urethroplasty (Level 3) (89). Corriere et al. found no change in potency after urethral 
reconstruction in his patients, but a further 32% reported de novo ED at 1 year (Level 3) (128).

7.9.1.3 Diagnosis
Erectile dysfunction is common among PFUI patients. Erectile function should be assessed and 
documented before attempting urethroplasty. Shenfeld et al. proposed that patients with ED, as 
documented by IIEF questionnaire, should undergo NPT testing, and if abnormal, penile duplex 
ultrasound with intracavernous injection should be performed. Patients with normal vascular func-
tion on duplex ultrasound are diagnosed as neurogenic ED. Patients with abnormal arterial func-
tion on duplex ultrasound may undergo arteriography. It should be done before planned urethral 
reconstruction to determine the exact site of vascular occlusion and to aid in selecting vessels for 
revascularization if indicated (Level 3) (138).
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7.9.1.4 Management
Erectile function is impaired in over half of men with PFUI. Realistic expectations should be 
discussed with patients as soon as possible after their injury. Patients with ED after PFUI represent a 
target population for early penile rehabilitation, which includes the various pharmacological inter-
ventions discussed below (Level 3) (139)

Sildenafil
Shenfeld et al. studied patients with ED due to PFUI. Almost half (47%) responded well to sildenafil, 
with patients reporting erections sufficient for satisfactory intercourse. Patients with neurogenic 
ED were more likely to respond to sildenafil (60%) than were those with vasculogenic ED (20%). 
Favourable response to sildenafil may predict spontaneous resumption of normal erectile function 
over time. 

Similar to the positive effects of sildenafil in radical prostatectomy patients, there is a possibility 
that sildenafil treatment may have a protective or therapeutic role in ED after PFUI, improving the 
chance for later recovery of erectile function by preserving erectile tissue integrity following surgery 
(Level 3) (145).

Intracavernosal Injections
The mainstay treatment for neurogenic ED in PFUI is intracavernous injection therapy. The combi-
nation of papaverine with phentolamine injection is highly efficacious (89%) in neurogenic ED (135). 
Some authors also use prostaglandin E1, alone or in combination. Patients who did not respond to 
sildenafil (usually with neurogenic ED) responded well to intracavernous injection therapy (138). 

Intracavernous injections can be started within a few weeks of completion of urethral reconstruc-
tion to avoid cavernous fibrosis. Penile and perineal pain after injection may discourage patients, 
however this problem usually resolves with time (138).

Surgery
Patients with arteriogenic or mixed etiology ED do not respond well to sildenafil or intracavernous 
injections. In cases of arterial damage, penile revascularization using the inferior epigastric to dorsal 
penile artery anastomotic technique significantly improved erectile function in patients with proven 
penile arterial insufficiency who did not respond to sildenafil and injections (Level 3) (138).

Penile revascularization has been suggested before any attempt at urethral reconstruction to avoid 
ischemic necrosis and atrophy with stricture formation in the bulbar urethra (Level 4) (146,147). 
Penile prosthesis may be offered electively if all else fails (Level 3) (135).

Spontaneous Recovery of Erectile Function
Spontaneous recovery of erections after PFUI is well documented. In 1975, King reported one inci-
dental patient who recovered erectile function after 2 years. Dhabuwala et al. reported that four 
patients (15%) regained potency after urethroplasty (89). Six patients (7%) regained potency after 
urethroplasty in another report (135) and Majeed reported recovery in 8 of 21 (38%) patients (six 
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full and two partial) 3–30 months after injury (136). Shenfeld showed that 33% of men with ED 
responding to sildenafil had spontaneous resolution. Pelvic fracture urethral injury patients are thus 
a suitable group for penile rehabilitation protocols (139,145).

7.9.2 Incontinence

Continence in the male is maintained by the proximal and distal sphincter mechanisms (see the 
previous section Urinary Continence and Sphincteric Mechanism). In PFUI, the distal sphincter 
components may be damaged, and continence is based mainly on the BN function; incontinence 
manifests if the BN is injured and rendered incompetent (Level 3) (117,148–150). The incidence of BN 
injury and incontinence following PFUI varies from 0%–50%, with the majority of studies reporting 
a 4%–5% incidence rate (38,148,151).

7.9.2.1 Pathogenesis
Bladder neck injury may involve the BN musculature or nerve supply, either as a direct impact of the 
trauma or subsequent to a hematoma-fibrosis retraction of the BN (151,152). The risk of incontinence 
in PFUI is also influenced by the type of pelvic fracture and the patient’s age (38,153).

According to Mundy and Andrich, the “typical” BN injuries (80% of all cases) are found in lateral 
compression or open-book pelvic fractures, in which the intact puboprostatic ligaments are pulled 
apart, resulting in a longitudinal anterior rupture of the BN. “Atypical” injuries, such as transverse 
BN transection or ”blow-out” BN injury involving the prostate, rarely occur (153).

Koraitim reported that BN injuries occur more commonly in pelvic fractures involving both supe-
rior and inferior pubic rami of the same side, and the anterior aspect of the BN is usually torn by 
sharp edges of the fractured bones. Children younger than 15 years are more often affected (67% 
of all cases), possibly due to their smaller-sized prostates offering less protection against bone frag-
ments (38).

Although Koraitim reported a higher incidence of incontinence in the immediate primary realign-
ment group (21%) compared to delayed repair cases (5%) (Level 3) (24), this observation needs to be 
interpreted with caution, since there are various methods of primary realignment. A higher inci-
dence of incontinence may occur when Foley catheter traction is used in the realignment, causing 
ischemic damage and BN incompetence (Level 3) (50,77). Otherwise, the higher incidence of incon-
tinence in some studies was probably a reflection of the injury severity itself rather than a result of 
the primary realignment (Level 4) (92,144).

In our analysis of the acute management outcome in 26 studies, primary realignment does not 
appear to increase the baseline incontinence rate compared to cystostomy (see the previous section 
Early Catheter Realignment).
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7.9.2.2 evaluation
Incontinence following PFUI is caused by BN dysfunction. This may be secondary to BN injury or 
to neurogenic dysfunction in cases of associated damage to the pelvic plexus. This can occur in frac-
tures of the sacrum with injury to the sacral roots. Injury to the BN should be identified during the 
initial assessment and operated on as soon as possible, to control urinary extravasation and perform 
primary BN anatomic repair, thus avoiding scarred healing that may lead to incontinence. However, 
BN injuries frequently remain unnoticed, so evaluation of BN function should be performed before 
definitive urethroplasty.

Assessment of the BN function can be performed by a combination of antegrade cystoscopy and a 
standard “up and down” cystourethrogram (Level 3) (38). The initial cystogram should be taken at a 
low bladder volume (100 mL) while the detrusor is at rest, then filling the bladder gradually in order 
to avoid overfilling. Care should be taken not to confuse BN injury with radiological BN incompe-
tence, which may occur if the bladder is overfilled or if the detrusor contracts in the presence of a 
suprapubic catheter, because they exert a non-physiological pressure on the BN, causing it to appear 
open (Level 3) (152).

A closed BN appearance on cystogram means that the BN is competent. However, if the cystogram 
reveals opening of the BN, further evaluation using antegrade (suprapubic) cystoscopy is required to 
assess its competency. Open BN is still regarded as functional (competent) if the cystogram shows a 
triangular funnel-shaped BN with a length of ≤ 1 cm, and on cystoscopy the BN appears closed with 
no scarring or distortion. On the other hand, the BN opening is considered dysfunctional (incompe-
tent) if the shape on cystogram is rectangular with length of > 1 cm, and on cystoscopy there is the 
presence of quadrant scarring, distortion, and gaping (Level 3) (38,148). Neurogenic BN dysfunction 
appears as a fixed open BN in patients with other evidence of sacral root injury (perineal anesthesia 
or hypoesthesia, hypotonic anal sphincter) and usually in the presence of fractures of the sacral 
foramina.

Management of BN incompetence should be conservative, since spontaneous resolution after cath-
eter removal can occur, without incontinence. Treatment of neurogenic BN dysfunction is also 
conservative, since patients will not necessarily be incontinent and may recover some neurologic 
function in time, whereas post-traumatic BN dysfunction requires surgery. For this reason, a careful 
assessment is important for the correct diagnosis of BN dysfunction. The algorithm in Figure 7 can 
be used for evaluation of suspected BN injury following PFUI.
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7.9.2.3 Management
Post-traumatic dysfunctional BN requires surgical reconstruction. On the other hand, if the BN 
is still functional or if the diagnostic results are doubtful, BN surgery may be deferred in favour 
of conservative management, since these patients do not necessarily become incontinent (Level 3) 
(148,152). The timing of BN reconstruction in PFUI remains controversial. Some authors prefer a 
sequential approach, dealing with BN injury after urethral reconstruction, while others recommend 
concurrent BN and urethral surgery to reduce operative morbidities (Level 3) (38,148,153).

Numerous techniques of BN reconstruction have been described in the literature. This includes BN 
scar excision and re-approximation, construction of a neo-BN by various tubing techniques, and 
BN reinforcement using mechanical occlusion procedures such as implantation of artificial urinary 
sphincters, slings, and collagen injections (38,148,151,153). The outcomes of these BN procedures are 
summarized in Table 11.

FigurE 7
Algorithm for evaluation of 
bladder neck injury in PFUI
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Table 11 Procedures and outcomes of delayed bN reconstruction in PFUi

Author Year Bladder Neck Procedure n Outcome

MacDiarmid 1995 Conservative 4 100% continent

Iselin & Webster 1999

Artificial urinary  
sphincter (AUS) 1 100% minor urge leakage

Collagen implant 1 100% leakage, 2 pads daily

Scar excision & BN 
approximation 6 83% continent 

17% leakage, 1 pad daily

AI Rifaei 2004 Anterior bladder tube 10

40% continent
30% partial continence

30% incontinent
(2 fistulas, 1 false route)

Koraitim 2010

Tanahago bladder tube 2 50% continent

Young-Dees-Leadbetter 
procedure 7 86% continent

Mundy & Andrich 2010

Mitrofanoff procedure 1 100% continent

Bladder flap 1 100% continent

Scar excision & BN 
approximation 12

33% continent
67% incontinent – weak 

sphincter
(7/8 patients �continent
after AUS implantation)

Delayed BN reconstruction after PFUI remains a challenge. Neither scar excision nor BN approxima-
tion and neo-BN construction techniques have shown consistent, reliable results. This emphasizes 
the importance of early diagnosis and repair of these injuries. The artificial urinary sphincter is 
probably the best option (153).
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7.9.3 Fistula

Fistula may occur as a late complication of PFUI and poses a major surgical challenge (154). The 
incidence of urethrorectal fistula (URF) ranges from 1.5%–5.8%, depending on the type and loca-
tion of the urethral injury (130). The etiology varies from initial trauma scarring to iatrogenic causes 
including repeated surgical procedures or false endoscopic tracts. These factors contribute to the 
development of fistulous cavities by chronic inflammatory process, impaired vascular bed, fibro-
sis, and infection (155,156). However, in the vast majority of cases, they are associated with direct 
anorectal trauma.

7.9.3.1 Clinical presentation and evaluation
Common clinical presentations of URF are pneumaturia and fecaluria, which may be noticed in the 
catheter after urethral reconstruction, or may manifest as a late complication on catheter removal. 
Some patients may experience passage of urine through the rectum, rectal pain, suprapubic pain, 
and recurrent cystitis (155).

Evaluation of the exact fistula location and size may be obtained from a barium enema or cystogram. 
Cystourethroscopy with simultaneous digital rectal examination is useful to describe the fistula 
relationship with the ureteral orifices and to rule out urethral obstruction (155). Sigmoidoscopy may 
be helpful to locate the rectal entry of the fistula, to determine the anal sphincter integrity, and to 
confirm the absence of other rectal pathology. This information will aid in determining the optimal 
time for repair, the surgical approach, and the type of diversion needed (157).

7.9.3.2 Management
The surgical objectives in the management of URFs are permanent separation of the urinary and 
fecal streams, prevention of urethral injury, and preservation of urinary and fecal continence (156). 
These goals can be achieved by adhering to the principles of fistula repair, which include adequate 
surgical exposure, complete excision of fistulous tracts and separation of adjacent tissues, tension-
free sutures, and interposition of vascularized tissue (Level 3) (155).

Interposition of healthy tissue helps to reduce post-operative complications, supports the urethral 
anastomosis, promotes tissue healing, and prevents infection and fistula recurrence (151,154). 
Various types of flaps are available for repair of URF. A combination of bulbospongiosus muscle and 
subcutaneous dartos pedicled flap can be mobilized to form a tension-free interposition flap in the 
posterior urethral region (Level 3) (154). Studies have also successfully used the omental or gracilis 
muscle flap (Level 3) (130,154,158).

Diversion
Diversion of the feces or urine is not a necessary routine in the management of all fistulas. However, 
diversion is required in patients with complex fistulas, previously failed attempts at closure, poor 
general condition, severe infection, urinary and fecal incontinence, or extensive trauma. Most stud-
ies favour both fecal and urinary diversion for a successful fistula repair (Level 3) (154–156).
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Fecal diversion may be accomplished at the time of fistula repair, or performed earlier in more urgent 
conditions such as uncontrollable infection, rectal pain, and fecal incontinence. The approach 
involves making a colostomy prior to fistula repair, followed by closure of the colostomy after confir-
mation of fistula healing (155). Spontaneous closures of fistulas following fecal and urinary diversion 
have also been reported in several studies. However, such success is not easily replicated, making 
surgery the only effective treatment (155,156).

Surgical Approach
The surgical approach in fistula repair should be individualized depending on the fistula location 
and etiology, the familiarity of the approach, the history of previous repairs, and associated problems 
such as urethral or anal strictures. The ideal approach should provide adequate surgical exposure, 
allow smooth movement of the instruments, and result in a relatively small operative wound, with 
fewer post-operative complications (Level 3 (154,155,156). A variety of surgical approaches for URF 
repair have been proposed, including (but not limited to) the trans-perineal approach, the trans-
pubic approach, and the trans-perineal–inferior pubectomy approach.

The trans-perineal approach is familiar to urologists and pediatric urologists. This approach is suit-
able in pediatric patients, for low-lying fistulas near the anus, and for shorter lengths (< 2.5 cm) 
of posterior urethral stenosis (Level 3) (154,156). Mobilization of the distal urethra is also feasible 
through this approach, providing ease of repair of any associated urethral pathology (156). However, 
the trans-perineal approach is not suitable for patients with severe pelvic injury, because the urethral 
stenosis is usually longer and the fistula tends to be located relatively farther from the anus (154).

The trans-pubic approach involves symphysiectomy, which allows excellent exposure to the base of 
the bladder or rectum. This approach is suitable for repair of complex posterior urethral strictures 
and fistulas located far from the anus. This technique also allows for omental interposition and may 
work well in cases where there is excessive perineal scar tissue or a prior perineal procedure was 
unsuccessful (130,154).

The trans-perineal–inferior pubic approach fully exposes the space behind the pubis and does not 
lead to pelvic instability. In cases of a high-lying prostate where the anastomosis may remain under 
tension, urethral lengthening can be achieved through this approach by separating the proximal 
corporeal bodies at the level of the crus. Xu et al. reported a reproducible success rate with this 
approach in 16 out of 18 URF cases. The trans-perineal–inferior pubic approach may be associated 
with fewer post-operative complications and is suitable as a first-line procedure in URF cases with 
complex posterior urethral stenosis (Level 3) (154).

In practice, the vast majority of these fistulas are easily addressed trans-perineally, since they are 
usually low fistulas and may be dealt with at the time of urethral repair. It is only with unusual 
injuries that a higher or complex fistula requires an abdominoperineal approach.
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7.10 Recommendations
The following recommendations were made based on review of the available literature and expert 
opinion.

7.10.1 anatomy, mechanisms of injury, and classification

1. The dual urinary sphincter mechanism (internal and external) is highly advantageous, because each sphincteric unit may 
independently maintain continence if the other has been injured. Assessment of possible damage of both components should 
always be performed (A).

2. Although the abbreviation PFUDD (for pelvic fracture urethral distraction defect) has been traditionally used to describe 
pelvic fracture–related urethral injuries, its use should be discontinued, since a large percentage are partial injuries and even 
complete ruptures do not always present as a separation of the urethral ends; therefore, many times there is neither distraction 
nor defect. The term should be replaced by PFUI (pelvic fracture urethral injury) (A).

3. Having a useful classification of PFUI is desirable for management decisions and outcome evaluation. However, none of the 
existing classifications is ideal and each of them has limitations precluding their widespread clinical application. Therefore, no 
recommendation is possible at this time and new classification systems are needed (D).

7.10.2 Clinical presentation, diagnosis, imaging: associated injuries

1. Urethral injuries should be suspected and ruled out in all patients with pelvic fractures (A).

2. Urethral injuries should be highly suspected with pelvic fracture patterns that include pelvic ring disruption causing unstable 
injuries (either rotationally, vertically, or both), particularly in the absence of more obvious physical signs (blood at the meatus) 
(A).

3. Although still often quoted as a diagnostic tool for PFUI, DRE is not reliable and should not be used for this purpose. However, 
DRE retains its value in diagnosing associated rectal injuries (B).

4. Retrograde urethrography is at present the best technique for establishing the site and nature of urethral injury. It should be 
performed by an experienced operator, with diagnostic and staging intention. Well-performed RUG should visualize the whole 
urethra, including the BN when possible, indicating the location and degree of the injury (A).

5. If conditions allow, a single gentle attempt at catheter passage can be performed under fluoroscopic guidance at the time of 
RUG (B).
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7.10.3 acute management

1. Due to a high morbidity rate, early open retropubic primary suture repair or open retropubic catheter realignment is not 
recommended (A).

2. In patients with concomitant bladder, BN, or rectal injuries, immediate open primary repair of these injuries and urethral 
catheter realignment is indicated, to avoid subsequent urinary incontinence or pelvic sepsis (A).

3. Early endoscopic/endo-urologic catheter realignment performed by a urologist should be considered, provided the patient is 
stable and the proper instruments and equipment are available (B).

4. Realignment can be obtained by gentle simple retrograde catheterization or with a variety of procedures that include use of a 
flexible cystoscope and retrograde passage of a guide wire or a combination of flexible and rigid cystoscopes passed antegrade 
or retrograde through a suprapubic tract (B).

5. If successful, urethral catheterization should be maintained for 3 to 6 weeks (B).

6. Placement of an SPC, either as the acute management of choice or after an attempt at early catheterization fails, is the other 
accepted alternative. Placement can be performed at the time of emergency laparotomy if surgery is needed for other injuries, 
or done percutaneously under ultrasonographic guidance (A).
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7.10.4  Urethral stenosis/obliteration: reconstructive options and  
their outcomes

1. Whenever possible, this surgery should be performed by an experienced surgeon skilled in all technical alternatives that may 
be necessary, since it may not be possible to anticipate the type of repair required (B).

2. For delayed reconstruction, the perineal midline progressive surgical approach is recommended (B).

3. The standard or extended lithotomy position can be used. However, the extended lithotomy position should be restricted to  
5 hours, to avoid lower limb complications (B).

4. Indicators of the need for an elaborated perineal/trans-pubic repair include a GUI (length of defect/length of bulbar urethra) 
> 0.35, a urethral gap length < 2.5 cm, and lateral prostatic displacement. In such cases, the surgeon needs to be prepared for 
a complex procedure (B).

5. Inferior pubectomy remains an important adjunct to BMA and surgeons should be proficient in this step prior to attempting 
BMA for any type of PFUI (B).

6. Supracrural rerouting in BMA is of value in some rare cases when extra urethral length is required (B).

7. A widely open BN with rectangular margins on cystography and with visible scarring on antegrade cystoscopy indicates possible 
internal sphincter damage, therefore the patient should be informed about the likelihood of post-operative incontinence (B).

8. When urethroplasty is successfully accomplished via the perineum, BN reconstruction (if necessary) may be postponed for a 
subsequent session. In perineo-abdominal procedures, BN reconstruction may be performed during the same session (C).

9. For failed BMA, re-do BMA is recommended if an adequate length of bulbar urethra is available. In the absence of sufficient 
bulbar urethral length, penile skin flap (tubed) urethroplasty or staged urethroplasty using a perineal or abdominoperineal 
approach are the alternatives (B).
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7.10.5 Complex scenarios and complications

1. Management of post-traumatic incontinence should be individualized. Bladder neck repair/reconstruction, the artificial urinary 
sphincter, and a continent diversion are the recommended alternatives (B).

2. There is some evidence that early use of phosphodiesterase type 5 enzyme (PDE5) inhibitors may improve erectile function 
after urethral injury (C).

3. Management of post-traumatic urethral fistula should be individualized. The surgical approach should provide for ample 
exposure of the fistula, the fistulous tract should be excised completely, and a well-vascularized interposition flap should be 
applied (B).

7.10.6 Future research

1. Current classification systems are limited and not clinically useful. Validated new proposals are required.

2. The ideal timing of urethroplasty after injury is unknown (standard 3–6 months). The safety/efficacy of earlier repair protocols 
(3–4 weeks) needs to be established.

3. Prospective studies comparing catheter realignment vs. SPC and DR should be conducted.

4. The vascular significance of post-traumatic erectile dysfunction should be studied, as should the role of microvascular penile 
revascularization before BMA to avoid bulbar necrosis after urethroplasty.

5. The efficacy of penile rehabilitation protocols using PDE5 inhibitors should be evaluated.
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8.1 Introduction
According to data published for 2010 by the American Cancer Society, prostate cancer affects 217,730 
men annually and the median age at diagnosis is 68 years (1). The 5-year relative survival for localized 
disease is 99.1% and only one in six men diagnosed with prostate cancer will die of prostate cancer.

Treatment choices are numerous and local recurrence is common, leading to retreatment in many. 
According to statistics from the 2007 Surveillance Epidemiology and End Results (SEER) database, 
among men newly diagnosed with prostate cancer, radical prostatectomy (RP) is selected as initial 
therapy in 36%, external beam radiotherapy (EBRT) in 20%, brachytherapy (BT) in 10%, and BT + 
EBRT in 4% (2).

Cryotherapy and thermal ablation were used less commonly. As these data only follow patients 
through 6 months, it is difficult to calculate how many in the modern era go on to receive additional 
therapy. Treatment trends in the management of low-risk prostate cancer also vary over time, as 
reflected in the CaPSURE (Cancer of the Prostate Strategic Urologic Research Endeavor) database 
report (Figure 1) (3).

The p values for significant trends are as follows:
External beam radiotherapy (EBRT): p = 0.0005; brachytherapy (Brachy): p = 0.0001; 
primary androgen deprivation therapy (PADT): p = 0.0492; watchful waiting (WW): p = 0.0048;
The trend for radical prostatectomy (RP) is not significant: p = 0.96 (3).
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Because the male urethra courses through the prostate, it is susceptible to injury during prostate 
cancer treatment. Stenosis of the posterior urethra can lead to recurring problems of urinary reten-
tion, dysuria, urinary frequency, and incontinence. All have a significant negative impact on quality 
of life. Since the probability of long-term survival after prostate cancer treatment is high, quality 
of life issues are paramount. For these reasons, it is important for practitioners to understand the 

Table 1 incidence of posterior urethral stenosis after radical prostatectomy

Author Year Modality Design N rate (%) Follow-up Accrual Comments

Borboroglu (5) 2000 RP Retrospective cohort 467 11 > 12 months 91–99
Risk factors: current smoking, CAD, and EBL in MVLR model; 

Univariate: also diabetes mellitus, operation time; Obesity was not 
recorded

Kao (6) 2000 RP Retrospective 
questionnaire 1,069 20.5 crude Only 2.8% “persistent”

Potosky (7) 2002 RP 337 15 12 months

Hu (8) 2003 RP 2,292 22–28 < 2
years Depends on surgeon volume

Yildirim (9) 2008 RP 136 29 40
months

Augustin (10) 2002 RP Retrospective cohort 368 10.6 38 months
(mean)

Ruiz-Deya (11) 2001 RPP Retrospective cohort 250 3 crude 30 months
(mean)

Poon (12) 2000 RRP Retrospective cohort 220 10
20, 37, 16
months
(mean)

5% BN preservation, 10% in tennis racket, and 18% in anterior 
bladder tube

Park (13) 2001 RRP Retrospective cohort 753 4.8
crude 94–99 Mean time to development: 4 (1–15) months; Predictor = maximum 

scar width (crude OR = 8)

Begg (14) 2002 RRP Retrospective cohort 11,522 17 1 year 92–96 Better outcomes with very high-volume hospitals and surgeons

Erickson (15) 2009 RRP Retrospective cohort 4,132 2.5 44 months 83–00 MV predictors: year of surgery and non-nerve–sparing approach

Carlsson (16) 2010 ORRP vs. LARRP Retrospective cohort 1,738
(485 open vs. 1,253 robotic)

4.5
vs.
0.2

crude

02–07 No risk factors discussed

Breyer (17) 2010 ORRP vs. LARRP Retrospective cohort 998
(695 open vs. 293 robotic)

2.2 (2.6
vs.

1.4) crude
> 12 months 02–08

Cox model: earlier year of surgery, older age, higher PSA but only in 
open group;

No variation in robotic group

Gillitzer (18) 2010 RPP vs. RRP Retrospective cohort 2,918
(866 RPP vs. 2,052 RRP)

3.8 
vs.
5.5

52 months
(median) 97–07

Multivariate logistic regression risk factors: Gleason score, TURP, 
prostate volume, tumour stage and grade, transfusions, acute 

urinary retention treated with suprapubic tube, surgical technique

BN: bladder neck; CAD: coronary artery disease; EBL: estimated blood loss; LARRP: laparoscopically assisted robotic radical 
prostatectomy; MV: multivariate; MVLR: multivariate logistic regression model; OR: odds ratio; ORRP: open radical retropubic 
radical prostatectomy; 

PSA: prostate-specific antigen; RP: radical prostatectomy; RPP: radical perineal prostatectomy; RRP: radical retropubic 
prostatectomy; TURP: trans-urethral resection of the prostate.
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frequency with which posterior urethral stenosis (PUS) occurs after prostate cancer treatment, in 
order to properly counsel patients about the implications of their treatment choice. It is also critical 
that we work to better define the comparative effectiveness of treatment options to manage therapy-
related PUS.
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8.2 Materials and Methods
The committee was charged with the responsibility of assessing and reviewing the epidemiology, 
evaluation, and management of PUS following localized treatment for prostate cancer. Articles from 
peer-reviewed journals, abstracts from scientific meetings, and literature searches by hand and elec-
tronically formed the basis of this review. The search terms used included prostate cancer, radical 
prostatectomy, radiation, brachytherapy, cryotherapy, and high-intensity focused ultrasound (HIFU). 
The articles were analyzed, summarized, and included in the chapter under the various headings. 
Due to the dynamic nature of prostate cancer management, most of the references used are from the 
past 15 years.

As a general term, PUS can be subdivided into bladder neck stenosis, vesico-urethral anastomotic 
stenosis, prostatic urethral stenosis, membranous stenosis, prostatomembranous stenosis, and 
bulbomembranous stenosis. Obliterative lesions can be seen for virtually all of the aforementioned 
entities. The literature does not always differentiate between the various anatomic locations for the 
stenosis. However, post-RP stenosis is usually located at the vesico-urethral anastomosis and in the 
sections on radical prostatectomy, it is referred to as such.

Specific recommendations and grades of recommendations were made on the basis of published 
results and determined by the Levels of Evidence (4). Consensus of the committee determined the 
recommendations, which are found at the end of the chapter. Recommendations for future research 
are also included.

8.3 epidemiology and Risk Factors
8.3.1 Radical prostatectomy

Posterior urethral stenosis after RP manifests as a narrowing of the anastomosis between the bladder 
neck and the membranous urethra, commonly called bladder neck contracture (BNC), which occurs in 
1.4%–29% of patients after RP (Table 1) (5-18). The number of radical prostatectomies performed in the 
US exceeded 80,000 in 2001, and continues to remain constant despite concerns about the public health 
benefit of prostate-specific antigen (PSA) screening. Using conservative estimates from the literature, 
it is calculated that over 5,000 men will require treatment each year for post-prostatectomy strictures 
of the posterior urethra and bladder neck. Thus, further investigations are needed to understand the 
pathogenesis of post-prostatectomy stricture so that preventive measures can be introduced.

Clinical risk factors include urinary extravasation, increased blood loss, current cigarette smoking, 
older age, and obesity (5–19). These factors may reflect poor wound healing and/or poor visualization 
during the vesico-urethral anastomosis, impairing epithelial-to-epithelial apposition. Surgeon expe-
rience also appears to be a significant factor. Indeed, surgical experience may correlate with improved 
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epithelial-to-epithelial apposition but may also reflect case selection. Both temporal reports of single 
surgeon experience and cross-sectional reports of Medicare data have shown contracture rates to be 
lower with increased case volume.

A 25-year catalogue of a single surgeon’s open radical retropubic prostatectomy cohort demonstrated 
a reduction in BNC rates from 17% in 1983 to 1% in 2007 (15). Hu et al., in a review of Medicare data, 
demonstrated BNC rates to vary from 28% among low-volume surgeons operating at low-volume 
hospitals to 18% among high-volume surgeons practicing at high-volume hospitals (8).

Better visualization for accomplishing an epithelial-to-epithelial anastomosis may also explain why 
BNC rates are lower with a perineal or robotic rather than an open retropubic approach (11,16,17,20,21). 
Whereas BNC rates after open RP can be as high as 29%, BNC rates after perineal prostatectomy are 
consistently around 3% (22–24). In another review of Medicare data, Hu et al. demonstrated the 
BNC rate after minimally invasive prostatectomy to be 6% whereas the rate after open prostatectomy 
was 14%. The risk of complications is much higher after salvage RP (following radiotherapy) than 
after primary RP, and PUS can occur in 42% of such patients. It has been well documented that most 
PUS after RP occurs within 2 years of surgery (15,19).

Overall, the likelihood of BNC after RP ranges from 1.4%–29%. Most contemporary series report 
BNC rates of 5%–10% (5,25). In one large multi-institutional series, 28% of patients self-reported 
BNC after radical retropubic prostatectomy (RRP), but only 2.8% of the cases were persistent (25). 
Robotic laparoscopic prostatectomy has been heralded as a technique associated with earlier conti-
nence and lower complication rates; publications to date suggest that BNC rates of 1%–3% are 
common, but longer follow-up is needed to confirm these results (16,17,26).

Vesico-urethral anastomotic strictures (VUAS) after RP result from fibrotic narrowing of the recon-
figured/spared bladder neck (15,27). Proposed mechanisms include anastomotic tension, inflam-
mation from urinary extravasation, poor tissue handling, and ischemia. Risk factors identified in 
case series and large prospective studies can be divided into pre-operative, intra-operative, and 
post-operative categories, and include excessive blood loss, type of bladder neck dissection, post-
operative urinary leakage, adjuvant radiotherapy, and prior trans-urethral resection of the prostate 
(TURP) (5,25,28). Treating acute post-operative urinary retention with a suprapubic rather than 
a trans-urethral catheter has been mentioned as another risk factor (18). It is likely that multiple 
factors contribute to the development of BNC post-RRP (29–35). We have listed the major identified 
risk factors in Table 2.
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Table 2  risk factors for vesico-urethral anastomotic stenosis (defined as requiring 
intervention) after radical prostatectomy

Author risk Factor N VAuS rate (%)

Pre-Operative

Sano (29)
Thiel (36) Age 48 Higher with age

Borboroglu (5) Comorbidity 467

Borboroglu (5) Smoking 467

intra-Operative

Rabbani (21) Open vs. MIS 4,592
Lower with MIS

Hu (20) 8,837

Thiel (36) Blood loss 246

Higher with more estimated blood loss

Huang (30) 708

Borboroglu (5) 467

Kostakopoulos (31) 294

Gillitzer (18) 2,918

Gallo (32) Anastomosis 90
No difference

Sano (29) Suture type 48

Igel (33)
Levy (23) Vest sutures 91

143 Worse with vest sutures

Srougi (34) BN eversion 100 No difference

Erickson (15) Surgeon volume 4,132 Lower with high volume

Post-Operative

Surya (27) Extravasation 156
Conflicting

Levy (23) 143

Ozu (35) Catheter removal 55 No difference

Gillitzer (18) Acute retention 2,918 Higher if treated with suprapubic vs.  
Foley catheter

BN: bladder neck; MIS: minimally invasive surgery.
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8.3.2 Radiation

Radiotherapy can be delivered via an external beam source or intracavitary brachytherapy seeds. 
Brachytherapy can be delivered as short-acting, non-permanent seeds (high dose rate brachy-
therapy–HDR-BT) or longer half-life seeds that are permanently implanted (low dose rate 
brachytherapy–LDR-BT).

Radiation causes its therapeutic effect by damaging the DNA of actively dividing cells. The long-term 
effect is via the persistent effect of oxidative stress. Adverse effects such as PUS are secondary to 
chronic fibrosis and progressive endarteritis in poorly oxygenated submucosal and muscular tissues, 
with eventual tissue scarring (37,38).

Because toxicity to surrounding organs limits the radiotherapy dose, advances in radiotherapy deliv-
ery such as BT, multimodality therapy (BT + EBRT), three-dimensional conformal radiotherapy 
(3DCRT), and intensity-modulated radiotherapy (IMRT) have been designed to focus the radia-
tion on the prostate, allowing dose escalation to the tumour site while minimizing adjacent organ 
damage. This has occurred with acceptable acute toxicity (< 90 days post-radiotherapy) and short-
term adverse effects (90 days–5 years); however, the long-term adverse effects have been poorly docu-
mented. Whereas surgical PUS occurs primarily within the first 2 years of treatment (15,19), PUS due 
to radiotherapy continues to accumulate over the long term. In light of the high prevalence of people 
living long term after pelvic radiotherapy and the accumulation of urinary radiotherapy adverse 
effects over an extended time horizon, it is imperative that we better understand the delayed urinary 
adverse effects of pelvic radiotherapy, including PUS.

8.3.2.1 Overview of brachytherapy
Studies have shown that local control in radiotherapy is largely dependent on the dose delivered. 
Zietman et al. demonstrated that men with low-risk prostate cancer have a lower risk of biochemical 
failure with a higher dose of radiotherapy (39). Similar findings were seen in other studies. Zelefsky 
et al. demonstrated that there is a dose-dependent reduction in post-treatment positive biopsy rate 
(40). Pollack et al. reported similar findings (41). As a result, the general consensus is that patients 
with localized prostate cancer should receive at least 74 Gy (42).

In order to deliver high doses of radiation without affecting surrounding tissue, thereby minimizing 
adverse side effects, three main treatment modalities exist:

 � Three-dimensional conformal radiotherapy 
(3DCRT)

 � Intensity-modulated radiotherapy (IMRT)
 � Brachytherapy (BT)

Brachytherapy allows for delivery of a highly conformal radiation dose to the prostate through direct 
placement of radioactive seeds. A high dose is administered to the prostate itself, with rapid dose 
fall-off beyond the gland. This not only serves to focus the dose to the prostate gland itself, but also 
protects surrounding adjacent tissue, including the urethra. Two variations exist: For low-risk cancer, 
permanent seed BT is more commonly used, either with iodine-125 or palladium-103. The radiation 
dose from a permanent seed implant is delivered over months as the isotope decays. For iodine-125, 
with a half-life of 60 days, this results in a maximal dose rate of about 10 cGy/h.
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For higher-risk disease, HDR-BT is combined with EBRT. This is called high-dose-rate brachyther-
apy boost (HDRBB). Given the degree of fall-off, the additional radiation is thought to treat any 
potential extra-capsular extension. The HDR-BT dose rate is about 1,000-fold higher (about 100 
Gy/h), which is similar to the dose rate delivered by a linear accelerator. However, BT offers a combi-
nation of optimized dosimetry and retraction, or distancing, of normal tissues away from the source, 
limiting damage to surrounding tissues while selectively damaging tissues sensitive to large radia-
tion fraction sizes (e.g. late-responding normal tissue). The greatest advantage is optimizing dose 
distribution by varying source dwell times along the catheters. High-dose-rate brachytherapy boost 
is most commonly delivered in two or more fractions of 8–10 Gy combined with 40–50 Gy ERBT.

How Often Is Brachytherapy Used?
The use of BT has increased over recent years. In a 2004 study evaluating the treatment choices for 
low-risk prostate cancer using the CaPSURE database, there has been a sharp increase in the use of 
BT (from 3.1% to 12.0%) and androgen deprivation monotherapy (from 3.1% to 21.7%), from 1989 
to 2001 (Figure 1). In contrast, the rates of RP, EBRT, and active surveillance (AS) have fallen (from 
63.8%, 16.1%, and 13.8%, to 51.6%, 6.8%, and 7.9%, respectively) (3).

Similar trends were noted in a 2010 study evaluating patients with low-risk disease in the British 
Association of Urological Surgeons Cancer Registry (43). Brachytherapy as initial management went 
from 0% in 2000 to 2% of cases in 2006, and AS increased from 0% in 2000 to 39% in 2006, while the 
proportion of patients opting for RP (27% in 2000 to 15% in 2006) and radical radiotherapy declined 
(23% in 2000 to 9% in 2006).

In this chapter, we will evaluate the current literature to assess the incidence, timing, nature, and 
outcome of urethral stricture in men receiving BT ± EBRT for treatment of their prostate cancer.

Radiation causes its therapeutic effect by damaging the DNA of actively dividing cells. Adverse 
effects such as PUS are secondary to chronic fibrosis and progressive endarteritis in poorly oxygen-
ated submucosal and muscular tissues, with eventual tissue scarring (37,38).

Incidence with Brachytherapy

Numerous reports have shown that urethral stenosis is the most common late complication reported 
in patients after BT (44–46). The incidence of urethral stenosis following HDR-BT in the literature 
varies from 0%–14% (46–54), with the majority of series reporting rates of 4%–9% at 5 years (Table 
3) (43,44,55–59). Pellizzon et al. report a 13.8% 5-year actuarial rate of late urinary retention due to 
stenosis, of which age was the only independent predictor (59). Deger et al. studied 442 patients who 
had received a combination of 3DCRT and BT (HDRBB) (55). After a median follow-up of 5 years, 
they reported a 9% rate of urethral stenosis development. Table 4 shows the incidence of stenosis 
after HDRBB (60–67).
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Table 3  incidence of posterior urethral stenosis after brachytherapy

Author Year Modality Design N rate Follow-
up Accrual Comments

Zelefsky 
(47) 2000 BT 248

10% 
actuarial 
at 5 years

48 
months 89–96

All grade 3 
strictures, all 
treated with  
trans-urethral 
resection

Allen (48) 2005 BT 186 0 stricture
1.1% TURP

46
months

Urethral dose 
does not matter in 
the resolution of 
IPSS; stricture was 
irrelevant because 
so low

Herstein 
(49) 2005 BT 352 2%–3% 

TURP
> 2 

years

AUASS had 
returned within one 
patient of baseline 
by 2 years on 
average but 50% 
on alpha-blockers

Kollmeier 
(50) 2005 BT

Retrospective
cohort 2,050

2% 
underwent 
TURP 
post-BT

38 
months 90–04

Zelefsky 
(51) 2007 BT 367 4% crude

63 
months 
(median)

98–02 Also 19% chronic 
urethritis

Mabjeesh 
(52) 2007 BT

Retrospective
cohort 665

2% 
required 
TURP

45 
months 98–06

Anderson 
(53) 2009 BT 263 1.5% ≥ 1 

year

Luo (54) 2009 BT
Retrospective

cohort 138

6% if prior 
TURP;
2% if no 
prior TURP

23 
months

AUASS: American Urologic Association Symptom Score; BT: brachytherapy; IPSS: International Prostate Symptom Score;  
TURP: trans-urethral resection of the prostate.
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Table 4  incidence of posterior urethral stenosis after brachytherapy boost with external 
beam radiotherapy

Author Year Modality N rate Follow-
up Accrual Comments

Albert (60) 2003
BT

(25% + 
EBRT)

201 0% 2.8
years 97–02 Two-thirds had "same or improved" 

erectile function

Wehle (61) 2004
BT

(39% + 
EBRT)

105 11% crude
24

months
(median)

98–00
Pre-radiotherapy flow rate was 
a predictor of post-radiotherapy 
probabilities

Sarosdy 
(62) 2004

BT
(44% + 
EBRT)

158

5.2% (BT) 
vs. 14.8% 

TURP
(BT + 

EBRT)

98–00
10% had prior TURP (evenly split 
between groups); urinary diversion 
1.3% overall

Merrick 
(63) 2006

BT
(53% BT + 

EBRT)
1,186

3.6% 
9-year 

actuarial;
plus 1.4% 

crude 
underwent 

TURP 
without 
stricture

4.3
years 

(median)

Minimum urethral dose to BM 
urethra (HR 1.01 but continuous 
variable) and EBRT (HR 4.1) were 
predictors in MV model; All at BM 
urethra

Chen (64) 2006
BT

(60% BT + 
EBRT)

5,621 10% > 2
years

No difference with EBRT; urinary 
competence: 33% no prior TURP  
(n = 5,256) vs. 46% prior TURP (n = 365)

Chen (65) 2007 HDR + 
EBRT 85 3.5% 49

months

Nohara 
(66) 2010 HDR + 

EBRT 1%
31.5

months
(median)

Sullivan 
(67) 2009

HDR + 
EBRT in 

90%
(10% HDR 

only)

474
12% 6-year 

actuarial
(8% crude)

41
months
(mean)

92% occurred at BM urethra; risk 
factors in MV model: prior TURP  
(HR 2.8); hypertension, dose per 
fraction; all strictures were initially 
managed with either dilation (n = 15)  
or optical urethrotomy (n = 20); 
second-line therapy was required 
in 17 cases (49%), third-line in three 
cases (9%), and one patient required 
open urethroplasty (grade 3 toxicity); 
located at BN in two, prostate in one 
and BM urethra in 35

BM: bulbomembranous; BN: bladder neck; BT: brachytherapy; EBRT: external beam radiotherapy; HDR: high-dose-rate 
brachytherapy; HR: hazard ratio; MV: multivariate; TURP: trans-urethral resection of the prostate.
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In a more recent study, Sullivan reported a crude stenosis rate of 8%, corresponding to an actuarial 
risk of stenosis development of 12% at 6 years, at a median follow-up of 41 months after HDR-BT 
(67). This rate was seemingly higher in monotherapy patients (15% at 3 years) compared to HDR-BT 
boost for EBRT (HDRBB) patients (11% at 6 years); there was a higher rate of stenosis as well as a 
shorter median latency period in monotherapy patients. The overall actuarial rate of grade 2 or 
higher bulbomembranous (BM) urethral stricture was estimated at 10.8% (95% CI: 7.0–14.9), with a 
median time to diagnosis of 22 months (range: 10–68 months) in those where stricture had already 
arisen. The actuarial rate of development of BM stricture is shown in Figure 2.

In the Merrick et al. study, 29 out of 1,186 patients developed a urethral stricture a mean of 2.6 ± 1.3 
years after BT (median: 2.4; range: 0.5 to 6.0) (63). All strictures involved the BM urethra. The 9-year 
actuarial risk of BM urethral stricture disease was 3.6% (Figure 3).
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It is important to recognize that the rates of urethral strictures reported in the radiotherapy litera-
ture generally include only strictures resulting in symptoms and may therefore be underestimating 
the true rate of urethral stricture development.

Incidence with External Beam radiotherapy

Urethral stenosis occurs after 3DCRT in 1%–13% of patients, and the risk is increased with long-
term follow-up: < 7% with < 5 years of follow-up and 10%–18% with 5–10 years of follow-up (Table 5) 
(68–74). As with BT, the risk of stenosis is increased in those with a history of TURP prior to EBRT (70).

Interestingly, whereas IMRT has successfully reduced rectal toxicity through improved targeting 
of radiotherapy beams, urinary symptoms can actually be worse with IMRT than with 3DCRT. A 
randomized trial of 3DCRT and IMRT revealed a higher incidence of urinary urgency, frequency, 
and incontinence (20%) among those receiving 81 Gy of IMRT than among those receiving 3DCRT 
at lower doses (12%) (74). Urethral stenosis occurred in 3% of both groups. The increased specificity 
of radiation with IMRT may spare the rectum, but the dose escalation may in fact put the urethra at 
higher risk (74).

The incidence of PUS following adjuvant or salvage EBRT ranges from 3%–8.5% (75–78). Salvage 
prostatectomy after EBRT is associated with a PUS rate of 42% (Table 6) (79).
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Table 5 incidence of posterior urethral stenosis after external beam radiotherapy (ebrT)

Author Year Modality N rate Follow-
up Accrual Comments

Lawton 
(69) 1991 EBRT 1,020 4.6% 

stricture
> 7

years  

Chism  
(71) 2003 EBRT 156 < 1% stricture 26

months 92–99

Lawton 
(68) 2008 EBRT 2,922

9% grade 3 
at 8 years by 
Kaplan-Meier

10.3
years

Does not break down grade 3 
into type; sounds like mostly 
hematuria

Gardner 
(70) 2002 EBRT

77 Gy CRT

39 
with
> 10-
year 

follow-
up

7.7% crude
(13% 

including the 
grade 1–2 
strictures)

13
years 76–92 1/3 strictures had prior TURP

Zietman 
(39) 2005

EBRT 3D 
(proton 
beam)

393

20% ≥ grade 
2 genito-
urinary 
toxicity 

morbidity but 
complications 
not specified

5.5
years

(median)
96–99

Al-
Mamgani 
(72)

2009
EBRT with 
boost vs. 

IMRT
78

Urinary 
obstruction 

requiring 
treatment: 

18% vs. 10%

76/56 
months

Decreased rectal symptoms but 
increased urinary

Zelefsky 
(74) 2008 EBRT/IMRT 

(66–81 Gy) 1,571
3% crude 
grade 3 = 

stricture in all

8
years 88–00

CI of late genito-urinary toxicity 
grade ≥ 2 was 15%; 35% in those 
with acute symptoms vs. 12% 
in those without; acute (37% vs. 
22%), and chronic (20% vs. 12%) 
were higher in IMRT at 81 Gy than 
3DCRT at lower doses. Cox model 
predictors: 3DCRT (HR 0.44) and 
acute toxicity (HR 6.95)

3DCRT: three-dimensional conformal radiotherapy; CI: confidence interval; CRT: conformal radiotherapy; EBRT: external beam 
radiotherapy; HR: hazard ratio; IMRT: intensity-modulated radiotherapy; TURP: trans-urethral resection of the prostate.
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Table 6  incidence of posterior urethral stenosis after adjuvant or external beam 
radiotherapy (ebrT) and salvage radical prostatectomy

Author Year Modality Design N rate Follow-
up Accrual Comments

Ost  
(75) 2009 RP + adjuvant 

IMRT 104 6%
36

months
(median)

Macdonald 
(76) 2007 RP + adjuvant RT 65 3%

5
years

(median)

Cozzarini 
(77) 2008

RP +  
hypo-

fractionated
50 8.50% 25

months

De 
Meerleer 
(78)

2008 RP + IMRT 63 6% 30
months

Gotto  
(79) 2010 RP vs. 

salvage RP
Retrospective 

cohort

3,458 
primary 
and 98 
salvage

5% vs. 
42% 

salvage RP 
crude

46 & 35 
months
(median)

99–07

BT: 14%
EBRT: 47%
BT + EBRT:  
62%

BT: brachytherapy; EBRT: external beam radiotherapy; IMRT: intensity-modulated radiotherapy; RP: radical prostatectomy;  
RT: radiotherapy.

Urethral Stricture Due to Brachytherapy

Pathophysiology
Urethral obstruction immediately after BT implant is due to therapy-induced inflammation of 
the prostate. Although the problem is common, it is generally self-limited (80). Urethral stenosis 
is the most common long-term serious urinary adverse effect of BT, occurring in 1%–12% of men 
(19,47,48,51,53,62,63,81–83).

Because toxicity to surrounding organs limits the radiotherapy dose, advances in radiotherapy deliv-
ery such as BT, multimodality therapy (BT + EBRT), 3DCRT, and IMRT have been designed to focus 
the radiation on the prostate, allowing dose escalation to the tumour site while minimizing adjacent 
organ damage. This has occurred with acceptable acute toxicity (< 90 days post-radiotherapy) and 
short-term adverse effects (90 days–5 years); however, the long-term adverse effects have been poorly 
documented. Whereas surgical PUS occurs primarily within the first 2 years of treatment (15,19), 
PUS due to radiotherapy continues to accumulate over the long term. In light of the high prevalence 
of people living long term after pelvic radiotherapy and the accumulation of urinary radiotherapy 
adverse effects over an extended time horizon, it is imperative that we better understand the delayed 
urinary adverse effects of pelvic radiotherapy, including PUS.
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Time Frame (brachytherapy)
An examination of SEER-Medicare data showed that within 2 years of BT, 30% of patients were listed 
with a diagnosis of urinary obstruction and 10% had a claim for a procedure performed for obstruc-
tion, most often dilation of urethral stricture (64). The William Beaumont Hospital group reported 
on 65 patients who received HDR-BT monotherapy, and found a urethral stricture rate of 8% with 
36 months’ follow-up. The median time to development of strictures was also short, at 16.5 months 
(range: 4–29 months) (84). This compares to median latency periods of 24–36 months in the HDRBB 
population (44,45,56).

Stricture location (brachytherapy)
The relatively specific sensitivity of the BM urethra to radiotherapy damage appears paradoxical, as 
this area, lying approximately 20 mm distal to the prostatic apex (81), should theoretically receive a 
far lower radiation dose than the prostatic urethra, which rarely undergoes stenosis (44,46,59,63,85). 
In the Sullivan et al. study, the stricture location was the BM urethra in 92.1% of cases (67). The over-
all actuarial rate of grade 2 or higher BM urethral stricture was estimated at 10.8% (95% CI: 7.0–14.9), 
with a median time to diagnosis of 22 months (range: 10–68 months). In the Merrick et al. study, 29 
of 1,186 patients developed urethral strictures and all were in the BM urethra (63).

Risk Factors (brachytherapy)
Risk factors for urethral stricture after BT included older age, non-white race, low income, more 
comorbidities, combination therapy with EBRT or hormonal therapy, and history of prior TURP. 
Older age was not found to be a significant risk factor in the series of Pellizon et al. (59). Several other 
series have confirmed that the risk of urethral stricture after BT is increased by combination therapy 
with EBRT. For example, one single-institution series reported that the risk of undergoing TURP 
was 5.2% after BT but increased to 14.8% after BT + EBRT (62). Similarly, a review of the CaPSURE 
multi-institutional registry revealed a crude risk of treatment for urethral stricture of 1.8% after BT 
and 5.2% after BT + EBRT, with a median follow-up of 2.7 years.

Most strictures occur at the membranous urethra, and early investigators noted the risk to be related 
to the dose delivered to the apex of the prostate (63,81,82). Others have countered that apical dose 
does not matter; however, a close read of more recent series demonstrates their apical dose to be much 
lower than in earlier series (48,51). Fewer series of HDR-BT evaluated the long-term risk of stricture 
development; however, the risk appears to be similar to that with LDR-BT (1%–12%) (65–67).

Stricture development with LDR-BT usually occurs in the bulbar urethra, and is more commonly 
seen with the use of midline needles, the irradiation of a long length of urethra, previous TURP, 
previous urethral pathology, and older age. The risk can be reduced with careful attention to tech-
nique and urethral dose, as well as patient selection.

Of the suggested clinical predictive factors for urethral strictures following prostate BT, previous 
TURP is consistently a risk factor for late genito-urinary (GU) toxicity in patients receiving either 
HDR-BT or LDR-BT (Figure 4) (67,86–89). Even in the absence of radiotherapy, TURP alone is 
associated with a urethral stricture rate of between 1.5% and 4% (90,91). Galalae et al. reported 
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incontinence in 9 out of 144 patients (92). All but one had a history of TURP shortly before or after 
radiation. Of 16 patients who underwent TURP within 5 months of radiation, 8 became incontinent, 
4 developed urethral stricture, and 4 developed bladder sphincter sclerosis.

Retrospective data suggest that EBRT or LDR-BT for prostate carcinoma in those with a history of 
prior TURP resulted in a 15% chance of developing a urethral stricture or BNC, which was signifi-
cantly greater than the 6% rate in those without a history of TURP (89). In another series, of over 
400 patients receiving HDR-BT, all patients with late grade 3 and 4 GU complications (including 
7.4% with urethral strictures) had undergone either TURP or urethrotomy within 1 year pre- or  
post-BT (55).

Previous TURP, and particularly multiple previous TURPs, should be considered a relative contra-
indication to HDR-BT, and these patients should be counseled as to their increased risk of urethral 
stricture formation when considering BT.

A history of hypertension was also a significant predictive factor for stricture formation (Figure 4) 
(67), and this is a plausible finding based on toxicity studies from other tumour sites, where hyperten-
sion has been shown to increase late severe toxicity, especially in conjunction with diabetes mellitus 
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Figure 4
Actuarial cumulative rate of 
diagnosis of bulbomembra-
nous urethral stricture divided 
by the presence or absence of 
a history of hypertension (A), 
or trans-urethral resection  
of the prostate (B) (67).

Reprinted with permission from 
Elsevier.
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(93). Urethral damage may be exacerbated by poor circulation (as may happen with hypertension-
induced microvasculature changes), and previous TURP can also reduce the urethral blood flow (94), 
making vascular endothelium a likely target (95).

It seems prudent to manage vascular risk factors aggressively in patients who are to undergo HDR-BT.

Dosimetry (brachytherapy)
The dose per fraction of HDRBB prescribed to the target volume was significantly related to the 
formation of strictures, suggesting that the damage resulting in BM urethral stricture has a low 
a:b ratio; analogous to many normal tissue responses in classical radiobiology terms. The a value is 
related to unrepairable damage in cells, while the b value is related to repairable damage. The ratio 
gives a measure of the repair potential of cells.

A low a:b ratio implies more radioresistance, but this does not directly explain the site of the stricture 
being substantially inferior to the high-radiation dose area. One explanation for this may be needle 
slippage, with some centres reporting up to 20 mm of caudal movement of catheters between frac-
tions (46,96–98). Mate et al. did not have verification of needle position at every fraction, and hence 
the potential for inadvertent dose inferior to the apex is unknown (44). Countering this is the fact 
that their stricture rate is remarkably similar to that of those who do perform positional verification 
prior to each fraction (56) as well as those performing separate implants and planning for each frac-
tion (45,54). This suggests that the extension of the dose inferiorly may not be the only explanation. 
Detailed dosimetric investigations, particularly subdividing the dose to the apex and peri-apical 
tissues, as well as updated data from cases with needle positional verification, may contribute further 
to our understanding of stricture etiology.

In the Merrick et al. study, differences in BM urethral dose profiles were stratified by distance from 
the prostatic apex in patients with and without strictures (63). The difference between the two curves 
was statistically significant (p ≤ 0.001) (Figure 5).

Figure 5
Differences in average BM 
urethral doses at different 
distances from prostatic  
apex (63).

Reprinted with permission from 
Elsevier.
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8.3.2.2 Combination with external beam

Type of External Beam radiotherapy

Urethral strictures seem to occur less frequently as a complication following LDR-BT and conformal 
EBRT than following HDRBB. Modern LDR-BT series report incidences varying from 0%–5.5% 
(48,63,84). Contemporary 3DCRT, however, is associated with rates of 1%–4% (94). High-dose IMRT, 
to 81 Gy for example, has reported stricture development rates of 3% (99).

8.3.3 Cryotherapy

Cryotherapy involves the ablation of tissue by local induction of extremely low temperatures, and 
is used as a therapeutic modality for prostate cancer. In 1996, the American Urological Association 
(AUA) recognized cryotherapy as a therapeutic option for prostate cancer and removed the “investi-
gational” label from this procedure. Improvements in the technology of cryotherapy have allowed for 
more efficient freezing of the prostate gland, while reducing damage to surrounding tissues, nota-
bly the urethra, external urinary sphincter, and rectum. This modality offers a minimally invasive 
treatment with low morbidity, minimal blood loss, short hospital stay, and high rates of negative 
post-treatment biopsies (100–107).

Cryotherapy principles, including the mechanisms of cell injury and cell death, have been well stud-
ied (108,109). The main mechanism of cytotoxicity that cryotherapy produces is the induction of 
targeted areas of coagulative necrosis in the prostate gland. The freezing injury comprises direct 
mechanical shock, osmotic shock, and cellular hypoxia. Mechanisms of action include protein dena-
turation via dehydration; transfer of water from the intracellular space to the extracellular space; 
rupture of cell membranes from ice crystal expansion; toxic concentration of cellular constituents; 
and thermal shock from rapid super-cooling, slow thawing, vascular stasis, and increased apoptosis 
(100,110).

One of the most important recent advances in cryotherapy has been real-time ultrasound-guided 
placement of the cryoprobes and continuous visualization of freezing. Biplanar trans-rectal ultra-
sound (TRUS) allows for transverse and longitudinal views of the prostate as well as the frozen area. 
The views are interchangeable during the procedure. Frozen tissue is different from unfrozen tissue 
in sound impedance, resulting in strong echo reflection at the interface of normal and frozen tissue 
(100).

In order to protect the urethra and the external urinary sphincter and to minimize urethral  
sloughing and prevent urinary incontinence, a urethral warming device is used during prostate 
cryotherapy (100).

8.3.3.1 Urethral sloughing and/or urethral stricture (cryotherapy)
Tissue sloughing has been reported to occur in 3.8%–23% of cases (101,106,111–114). With the current 
refinement of the freezing technique, however, symptomatic sloughing is a minor and infrequent 
event, occurring in less than 3% of patients. Treatment consists of antibiotics and adequate drain-
age of urine. Intermittent self-catheterization may lead to spontaneous tissue dislodgment. Trans-
urethral resection or removal of the necrotic tissue may be required if the condition persists (100).
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Urethral stricture rarely forms after cryotherapy if an effective urethral warming device is used (100). 
However, if extensive tissue sloughing takes place, stricture at the bladder neck or the middle of the 
prostatic urethra can occur. In those cases of stenosis, trans-urethral incision or balloon dilation is 
usually successful. Calcification of the stricture may also occur, necessitating trans-urethral resec-
tion. The use of an effective urethral warming catheter is essential to minimize the risk of tissue 
sloughing (100,115,116).

Recto-urethral fistula has been reported to occur in 0%–3% of patients (103,106,116–118). It is most 
commonly seen in patients who were previously treated with radiation. In recent series, the rate is 
0%, owing to the high accuracy of TRUS and temperature monitoring of the rectal wall (100).

8.3.4 High-intensity focused ultrasound

High-intensity focused ultrasound is a new technology, and with time the incidence of urethral 
stricture may decrease as it did with the introduction of BT and cryotherapy; however, with present 
technology, PUS is reported to occur in 7%–30% of those undergoing HIFU as first-line treatment 
(119,120) and in 20% of salvage HIFU cases (121,122).

8.3.4.1  epidemiology and risk factors (high-intensity focused ultrasound)
High-intensity focused ultrasound is a minimally invasive alternative technique for the management 
of both benign prostatic hyperplasia (BPH) and localized primary or recurrent prostatic cancer (123). 
It was originally introduced in 1992 as a thermo-ablation treatment option for BPH. The target effect 
is achieved by the emission of a high-energy ultrasound beam, which is focused on the prostate 
through a trans-rectal probe imaging the lesion by simultaneous ultrasonography, while delivering a 
generated temperature in the range of 100°C, leading to immediate coagulative necrosis (124). This 
results in tissue destruction attributable to coagulation necrosis, cavitation, and temperature rise 
starting at the centre of the treated volume of prostate, followed by a peripheral spread.

The most common adverse advent with HIFU is the development of bladder outlet obstruction due 
to edema and sloughing of necrotic tissue. The first clinical application in BPH treatment in 1994 
revealed a significant reduction in obstructive symptoms (125). In 2000, the same group demon-
strated less desirable outcome in a long-term study, with 44% of the patients requiring a secondary 
TURP within 4 years of the initial procedure (124).

Subsequent report by Uchida et al. noted a 27% rate of bladder outlet obstruction requiring urethrot-
omy, TURP, or bladder neck incision (126). Most of the peri-operative episodes of urinary retention 
were caused by edema requiring catheterization for up to 40 days (127). To reduce the incidence 
of urinary retention, the concept of combined TURP and HIFU in one session was introduced 
(126,127). This reduced the catheterization time to 7 days, with subsequent reports with similar find-
ings, revealing a decrease of 2%–8% in the rate of bladder outlet obstruction by adding an initial 
TURP to HIFU therapy. Long-term follow-up, however, may demonstrate delay in the appearance 
of bladder outlet obstruction, since many cases do not develop obstructive disease for 15 months to 
9 years (128).
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There was a trend toward lower rates of bladder outlet obstruction (12.5%) when a longer interval 
between TURP and HIFU was used, especially if a large amount of tissue was resected. The long-
term effect of HIFU on the prostate is increased fibrosis, which leads to 80%–100% of bladder neck 
scarring in patients with multiple prior episodes of recurrent obstruction.

Older age is the only single factor that clearly predicts a greater rate of single episodes of obstruction 
after HIFU; however, sloughing of prostatic tissue seems to be the major problem, with an incidence 
of bladder neck obstruction occurrence of 2%–55% (129,130).

8.3.4.2 High-intensity focused ultrasound summary
Bladder outlet obstruction occurred in 25% of patients after the first HIFU thermal ablation of local-
ized prostatic cancer, while 5% had obstruction from multiple episodes. Necrotic tissue accounted 
for most first episodes. Trans-urethral resection of the prostate performed 3 months after HIFU had 
a marked decrease in bladder outlet obstruction (12.5% vs. 30%). The presence of late post-HIFU 
BNC varies from 3.6% to 4.8% irrespective of the addition of TURP to the original HIFU. These are 
classic vesical neck stenoses requiring the conventional remedies of cold-knife or laser urethrotomy.

8.3.5  Post-trans-urethral prostatectomy  
(Trans-urethral resection of the prostate)

Bladder neck contracture is a disappointing, but consistently occurring complication of all forms of 
prostatic surgery (131). The etiology is not well understood, but is undoubtedly related to the type 
of procedure used (surgical, endoscopic, or ablative), the size of the prostate, extravasation of urine, 
the length of catheterization, and a history of prior prostatic surgery. Bladder neck contracture can 
develop as late as 15–19 months post-TURP, but most develop within 2–8 months and are usually 
identified by the development or persistence of voiding or storage symptoms after an initial improve-
ment (132).

In the presence of continued bladder over-activity or a large post-void residual (PVR) urine volume, 
bladder dysfunction should first be distinguished from an obstructing BNC (133). A meta-analysis of 
randomized controlled trials of various forms of surgical techniques used for BPH report an overall 
rate of 2%–4% (134,135).

The occurrence of BNC following TURP has changed over the past two decades, from 15% reported 
in a randomized prospective trial in 1995 (136) to the significant decrease of 3.4% reported in 2004 
(136,137). This study also confirmed the observation that prostatic volume had a significant impact 
on the incidence of this complication. Patients with low prostate resection weight (average 11 ± 3.7 g) 
are predisposed to bladder neck stenosis. This occurred in 29 of 846 patients undergoing surgery. 
The remaining patients, with an average resection weight of 28 g, were free of BNC. The development 
of BNC had no correlation with surgeon experience or time of resection. The one most consistent 
observation is the development of BNC in small prostates. The mechanism leading to this complica-
tion after TURP is still unclear, but the key factors proposed are extensive resection and fulguration at 
the bladder neck, undermining the bladder neck, a large resection loop that generates excessive heat, 
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and the presence of a small intra-urethral adenoma (91,138). One study also revealed that patients 
with BPH and associated intravesical calculi had an unexplained significantly lower incidence of 
BNC than did patients without vesical stones (3.2% vs. 13.1%) (132).

Trans-urethral incision of the prostate (TUIP), introduced by Orandi in 1973 as an alternative to 
TURP (139), has been used primarily in patients with BPH if the gland does not exceed 30 g (140). 
Lee et al., in a study of 1,470 patients compared the effectiveness of combining the two procedures 
in preventing the development of BNC. This study showed that TURP plus TUIP could completely 
prevent the incidence of BNC if the resected adenoma weight was a greater than 30 g, while the inci-
dence of BNC was 7.7% if the resected weight was less than 30 g (132,137).

8.4  evaluation and Pre-Operative 
Management

Men who develop PUS after treatment for prostate cancer may present with lower urinary tract 
symptoms (LUTS), both storage and voiding. The usual timing of onset of the stenosis depends on 
the type of treatment that has been administered. With radiation (both EBRT and BT) it usually 
occurs within a few years. After RP (± EBRT), TURP, or interventions such as HIFU and cryotherapy 
that result in tissue sloughing, the symptoms of obstructed voiding may occur immediately after 
catheter removal or more likely within the first year.

There is as yet no evidence-based recommended work-up for new or persistent LUTS after treatment 
for prostate cancer. The following recommendations are based on the recommendations for evalu-
ation for LUTS in older men, from the sixth International Consultation on New Developments in 
Prostate Cancer and Prostate Diseases (141). These recommendations were also incorporated into 
the updated AUA Clinical Guidelines in the Management of BPH (142). Additional recommenda-
tions represent the consensus of the committee.

The workup for LUTS after treatment for prostate cancer is determined by the onset and severity 
of the symptoms. Development of PUS is usually associated with de novo, recurrent, or persistent 
LUTS. The main complaint may relate to an obstructed voiding pattern, such as a reduced force of 
stream, although other voiding and/or storage symptoms may predominate. Careful evaluation prior 
to initiation of intervention should be undertaken. The timing of the intervention is determined by 
the severity of the symptoms and findings. As an example, acute urinary retention after Foley cath-
eter removal following RRP may merit immediate cystoscopy and re-catheterization.
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In general, evaluation of suspected PUS after treatment for prostate cancer (summarized in Table 7) 
includes:

 � History: LUTS, validated questionnaires, voiding diary; see Chapter 2 – Evaluation and Follow-Up.
 � Physical examination: general, abdominal, genital, perineal, rectal, and neurological as required
 � Laboratory investigations:
�� Urinalysis: the presence of hematuria may 
indicate additional pathology such as blad-
der tumour or complications of bladder 
outlet obstruction with a bladder calculus
�� Urine culture and sensitivity (or leukocyte 

esterase screening test): this is necessary 
prior to instrumentation; infection may 
represent or contribute to the underlying 
cause of the voiding symptoms

�� PSA: to rule out persistent or recurrent 
cancer
�� Renal function tests (creatinine, blood urea 

nitrogen) if clinically indicated

 � Uroflowmetry and PVR measurement
 � Cystoscopy: allows lower urinary tract evaluation to assess for anterior urethral pathology, 

sphincteric integrity, foreign bodies, calculi, recurrent cancer, and other areas of stenosis/stricture
�� Consider antegrade endoscopy to assess anatomy proximal to stenosis

 � Imaging
�� Retrograde urethrography (RUG) and possi-

bly voiding cysto-urethrography (VCUG) if 
unable to delineate length, location, severity, 
and complexity of stenosis, depending on 
complexity. In general, imaging is reserved 
for cases where complete cysto-urethroscopy 
cannot be performed due to various reasons 
(multiple strictures encountered, complete 
urethral obliteration, patient unwilling to 
undergo procedure in ambulatory setting). 
Performed separately, each provides useful 
information in evaluating the level of the 
stricture, but both done simultaneously may 
allow evaluation of the whole urinary tract 
proximal and distal to the level of stricture

�� Renal/ureteral ultrasound if clinically 
indicated
�� Prostate imaging (TRUS) if necessary 

to exclude abscess, calcification, cancer 
recurrence
�� Other (computed tomography/magnetic 
resonance imaging): if disease is felt to be 
more extensive, e.g., cancer, abscess, pros-
tatic calcification, fistula

 � Urodynamic evaluation is reserved for specific cases, to evaluate all types of voiding dysfunction 
as needed
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Table 7  Suggested work-up for posterior urethral stenosis after treatment for  
prostate cancer

1. History

2. Physical exam: general, abdominal, genital, perineal, rectal, and neurological as required

3. Laboratory:
a. Urinalysis ± urine culture
b. PSA to rule out persistent or recurrent cancer
c. Renal function tests (creatinine, blood urea nitrogen) if clinically indicated

4. Uroflowmetry and PVR measurement

5. Cystoscopy: retrograde and antegrade (if necessary)

6. Imaging:
a. RUG and possibly VCUG if unable to delineate length, location, severity, and complexity of stenosis
b. Renal/ureteral ultrasound if indicated
c. Prostate imaging (TRUS) if necessary
d. Other (computed tomography/magnetic resonance imaging) if disease is felt to be outside urinary tract (e.g., cancer, abscess, 

prostatic calcification, fistula)

7. Urodynamic evaluation if necessary

8.5 Treatment
8.5.1 Treatment approach after radiotherapy

A proposed algorithm for the management of strictures following forms of radiation is in Figure 6.

Figure 6
Proposed algorithm for post-
radiation (EBRT, BT, combined 
modality) vesico-urethral 
stenosis (“prostate in”)
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Endoscopic urethrotomy and/or dilation of urethral strictures is associated with recurrence rates of 
approximately 60% for bulbar strictures, regardless of etiology (143,144). Whatever the mechanism, 
a primary concern with any intervention for BM strictures is their relationship to the continence 
mechanism of the external sphincter lying either within or adjacent to the stenotic area.

Sullivan et al. reported that from their series of 474 patients, 38 (8%) were diagnosed with a urethral 
stricture, with a median follow-up of 4 months (67). Once diagnosed, these strictures were initially 
treated with either dilation (n = 15) or optical urethrotomy (n = 20). The follow-up beyond the time 
of stricture occurrence was between 2 and 48 months (median: 16 months). Second-line therapy was 
required in 17 patients (49%), which consisted of: repeated dilation (n = 4), repeated optical urethrot-
omy (n = 3), intermittent self-catheterization (n = 5), optical urethrotomy (n = 2), and dilation (n = 3). 
Three cases (9%) had third-line therapy in the form of intermittent self-catheterization (n = 2) or 
urethroplasty (n = 1). Of those patients diagnosed and treated for a urethral stricture, four patients 
(10.5% of the stricture cases) developed urinary incontinence severe enough to require daily pad use.

Of the 32 cases of stenosis that were referred to a urologist following prostate cancer therapy, five 
occurred after BT, five occurred after EBRT, and four occurred after BT + EBRT (145). Membranous 
urethral stenoses resulting from BT, EBRT, and BT + EBRT in which the prostate was still in situ were 
managed successfully by excision and anastomotic urethroplasty. Urethral stents fared less well, with 
urethral stenosis recurring at either end of the stent.

Of the five with stenosis after BT, two patients had a short stenosis (< 2 cm) in the anterior urethra, 
which were both successfully treated with anastomotic urethroplasty; three patients had PUS, one of 
which was successfully treated with anastomotic urethroplasty, and two were treated with a urethral 
stent, only one of which was successful. Of the four with stenosis after BT + EBRT, one patient had a 
long stricture (> 2 cm) in the anterior urethra, which was successfully treated with perineal urethros-
tomy; three patients had PUS, one of which was successfully treated with anastomotic urethroplasty 
and two were treated with a urethral stent, only one of which was successful.

Of the 16 cases of fistula after prostate cancer therapy, one occurred after BT, zero occurred after 
EBRT, and three occurred after BT + EBRT (145). All were treated successfully. The case occurring 
after BT was managed successfully with a rectal bladder. Of the three occurring after BT + EBRT, 
one was managed successfully with inferior pubectomy, prostatectomy, and bladder neck to bulbar 
urethra anastomotic urethroplasty; one was managed successfully with a colon conduit urostomy; 
and one was managed successfully as a urethral transection and ligation, as the patient still had some 
urine via urethra to manage as a rectal bladder.

External beam radiotherapy was identified as a risk factor for failure after repair of stenosis (145). Of 
the anterior and posterior urethral stenosis groups combined, two of five patients (40%) treated with 
prior EBRT monotherapy achieved success, accounting for three of three anterior urethral recon-
struction failures. EBRT in combination therapy was associated with success in 9 of 16 patients (56%). 
Patients who had received EBRT as monotherapy or combination therapy accounted for seven of the 
nine failures (78%).
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In the study by Gómez-Iturriaga Piña et al., grade 3 GU toxicity, manifesting as a urethral stricture, 
was observed in 3/96 patients (3.1%) (146). These were corrected with urethral dilation or trans-
urethral resection. One of these men presented with urinary retention 7 months after the implant 
and was initially treated with alpha-blockers and clean intermittent catheterization. As there was 
no resolution, a trans-urethral resection was performed 33 months after BT. The second patient 
presented 18 months after BT, with difficulty in initiating voiding. Cystoscopy and bladder neck 
incision were performed. The third patient had acute urinary retention 42 months after his implant. 
Cystoscopy demonstrated a significant urethral stenosis that was dilated. All three men showed satis-
factory improvement after treatment. None had an enlarged prostate before their BT; volumes ranged 
from 30–37 cm3 and only one had presented with an elevated International Prostate Symptom Score 
(IPSS), of 18/35.

8.5.2 Treatment after trans-urethral resection of the prostate

The management of BNC may vary from simple dilation to an open formidable reconstruction. 
Simple intermittent urethral dilation may prove successful for VUAS after RP but is rarely success-
ful after TURP (147). Bladder neck contracture following TURP or any of the newer minimally 
invasive therapies is most consistently resolved by bladder neck incision, which is the most preferred 
method (147,148). Vanni et al. reported on using a tri-radial incision in the bladder neck at 9-, 12-, 
and 3-o’clock, preceded and followed by 0.4 mg of mitomycin C as an antiproliferative agent to 
prevent recurrence (149). A full-thickness incision with a cold knife through the fibrotic ring into 
the periprostatic fat is then followed by 10 days of an indwelling catheter. This approach has a success 
rate of 84% in the refractory BNC that has failed prior direct vision internal urethrotomy (DVIU).

Bladder neck contracture following TURP appears to have no correlation with surgeon experience, 
but is more likely to appear as a sequel to trans-urethral resection of small-volume prostates due 
to aggressive overzealous resection of the bladder neck, a complication that can be decreased by 
the addition of a trans-urethral incision of the vesical neck (150). Bladder neck contracture with 
complete obliteration of the lumen is a rare but challenging complication of TURP that requires 
suprapubic cystostomy followed by Seldinger needle access endoscopically, guide wire placement 
through the stenotic diaphragm, dilation, and subsequent direct visual tri-radial urethrotomy to 
maintain potency (151).

To reduce the morbidity of traditional monopolar TURP, bipolar resection with various devices has 
been developed, using normal saline as the irrigant. Several randomized studies have prospectively 
compared the two techniques without any evidence of a change in the incidence of BNC (125).
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8.5.3  Management of post–radical prostatectomy vesico-urethral 
anastomotic strictures

A proposed algorithm for the management of VUAS is shown in Figure 7.

The definitive management of PUS generally requires endo-urological or open surgical interventions. 
Conservative interventions such as urethral catheterization or suprapubic cystostomy can temporize 
until definitive treatment is possible.

Local urethral dilation using male urethral sounds or other forms of radial expansion, such a fili-
forms and followers, insertion of straight Amplatz (152) or S-shaped (153) co-axial dilators over a 
guide wire, balloon dilators (154), or an endoscopic dilator system (155,156), may facilitate placement 
of a urethral drainage catheter or allow initiation of an intermittent self-catheterization protocol. 
A critical consideration in the treatment of VUAS is the risk of urinary incontinence. Formal elec-
trosurgical incision of BNC after RRP may cause urinary incontinence. As a result, treatment algo-
rithms reserve this intervention for refractory cases or incontinent patients (Figure 7).

Figure 7
A proposed algorithm for 
management of VUAS
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8.5.3.1 Surgical management – endo-urological
Interruption of the scarred bladder neck fibres is the central premise of endo-urological procedures 
for VUAS. After radical prostatectomy, a step-wise approach with the goal of preserving urinary 
continence is advocated. Table 8 contains reported series of patients managed with endo-urological 
techniques.

Table 8  endo-urological management of vesico-urethral anastomotic stenosis

Treatment Authors N Success (%) Level of evidence

Dilation

Ramchandani (1994) (157)
Geary (1995) (158)
Thiel (2006) (36)
Park (2001) (13)

Herschorn (2007) (153)

27
80
43
26
18

59
38

100
92.3

3

DVIU

Surya (1990) (27)
Dalkin (1996) (28)

Borboroglu (2000) (5)
Gonzalgo (2005) (26)

18
17
52

62
88
58

3
3
3

Trans-urethral 
resection Popken (1998) (159) 24 100 3

Holmium:YAG laser
Hayashi (2005) (160)

Lagerveld (2005) (161)
Eltahawy (2008) (162)

3
10
24

100
100
83

4
4
3

UroLume®

Meulen (1999) (163)
Zivan (2001) (164)
Elliott (2002) (165)

Magera (2009) (166)

2
1
9

25

100
100
88
52

4

Endo-urethroplasty Chiou (1996) (167)
Kuyumcuoglu (2010) (168)

2
11

100
55

4
3

Most anastomotic strictures after RRP occur within 6 months. Many investigators differenti-
ate between early, “immature,” strictures, which occur days to weeks after catheter removal, and 

“mature” scar (28). For early post-operative BNC, urethral dilation with sounds, co-axial dilators, 
balloon dilators, or filiforms and followers is indicated. In all such cases, cystoscopic placement of a 
guide wire with straight or curved co-axial dilators (13,153) or long filiform reduces the risk of false 
passage or disruption of a recent anastomosis. Dilation allows for spontaneous voiding while the 
scarred region stabilizes. The success of dilation in these circumstances is variable, although some 
series report long-term favourable outcomes with this approach (13,36,157,158).
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For strictures that fail initial dilation or occur more than 6 weeks after RP, a low-energy incision has 
been recommended: either cold-knife DVIU or holmium:YAG laser of the VUAS (160–162). Dalkin 
described deep incisions at the 4- and 8-o’clock positions with a cold-knife direct vision urethrotomy 
from the proximal area of the contracture to its distal extent (28). Care must be taken to avoid injury 
to the normal striated sphincter muscle fibres. The incisions were carried down to bleeding tissue; 
a monopolar cautery electrode was used if hemostasis was required. Catheter drainage was used for 
72 hours. In a subsequent publication, Yurkanin and Dalkin reported that voiding, urinary bother, 
continence, and quality of life were no different in men after DVIU for VUAS when compared to a 
control group of asymptomatic men post-RRP (169).

Trans-urethral electrosurgical incision has been used when other interventions have failed, includ-
ing dilation, DVIU, and a course of intermittent self-catheterization. In such circumstances, the 
much higher risk of incontinence is considered against the likelihood of long-term urethral patency 
(170). Highly symptomatic patients may be generally willing to accept the risks of incontinence and 
the necessity of subsequent artificial urinary sphincter (AUS) or male sling surgery.

Numerous cases series and case reports document successful treatment of post-RP VUAS. Cold-
knife DVIU is advocated most often, and success rates vary from 58%–92% in small retrospective 
case series (5,26–28,159). Failure of repeated DVIU for VUAS is an extremely challenging problem. 
Because most open reconstructive techniques compromise continence (170,171), alternatives such 
as endo-urethroplasty (167,168) and stenting have been proposed as adjuncts to DVIU. Another 
proposed intervention for recurrent VUAS includes the endoscopic injection of 0.3–0.4 mg/mL of 
mitomycin C into each incision site at the time of tri- or quadrant DVIU. Vanni et al. reported that 
with this technique, at a median follow-up of 12 months, 13 of 18 patients (72%) had a patent bladder 
neck after one procedure, as did three (17%) after two procedures, and one after four procedures 
(149). Seventeen patients had undergone radical prostatectomies, including two with radiation and 
one post-TURP.

The permanent metallic UroLume stent (AMS; Minnetonka, MN) is used sparingly due to challenges 
with tissue re-growth and intrusion and migration into the bladder. In selected cases of refractory 
VUAS, several authors have described successful UroLume implantation (163–166). Although the 
UroLume has usually been described in conjunction with immediate or subsequent anti-inconti-
nence surgery, use of the shortest possible UroLume stent may preserve sphincteric function.

8.5.3.2 Surgical management – open
In cases of the most severe post-RRP anastomotic stenoses, an aggressive reconstructive approach 
may be considered. Temporarily diverting suprapubic catheter drainage allows planning for recon-
struction or diversion. In selected patients, suprapubic drainage may be the best long-term strategy 
when faced with severe medical comorbidities, stenosis requiring urinary diversion, or recurrent 
advanced prostate carcinoma. The literature outlining surgical reconstruction consists of case series, 
summarized in Table 9.
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Table 9  Open surgical management of vesico-urethral anastomotic stenosis

Treatment Authors N Success
(%) Approach Level of 

evidence

Urethro-
plasty

Schlossberg (1995) (172)
Wessells (1998) (171)

Theodoros (2000) (173)
Elliott (2006) (145)

Simonato (2007) (174)
Herschorn (2007) (175)

2
4
6

10
3
5

100
100
83
70

100
100

Abdominoperineal
Abdominoperineal or perineal

Abdominoperineal
Abdominoperineal
Abdominoperineal

Abdominal or abdominoperineal

4
4
4
3
4
4

Schlossberg et al. reported on two patients with obliterative strictures successfully treated with an 
abdominal and perineal approach, partial pubectomy, omental wrapping, and repeat vesico-urethral 
anastomosis (172). The patients were dry and voiding at 7 and 18 months post-treatment.

Wessells et al. described re-anastomoses in four patients with severe obliterative stenoses (171). One 
patient underwent excision and end-to-end anastomosis through a combined abdominal and peri-
neal approach. Two patients had a trans-pubic approach with an onlay penile skin graft and rectus 
muscle flap for one and re-anastomosis with a bladder tube for the other. Both were wrapped with 
omentum. The fourth patient had a perineal approach with an onlay urethroplasty to the bladder 
neck with a 7 cm penile fasciocutaneous flap. All were patent at 17–54 months after surgery and all 
were incontinent. Two underwent AUS implants.

Theodoros et al. reported on six men with complex BNC following repeated unsuccessful trans-
urethral resections (173). All underwent abdomino-perineal excision of the stenosis and end-to-end 
anastomosis with simultaneous AUS implant. Three had simultaneous clam ileocystoplasty for 
intractable detrusor over-activity. After a mean of 24 months, all were patent, five were continent, 
and one was improved.

Elliott et al. reported a 70% success rate in 10 patients with vesico-urethral re-anastomoses for 
intractable stenosis following RP in their series of severe urethral complications after prostate cancer 
therapy (145). Of the four with EBRT, two were unsuccessful, including one who required a fasciocu-
taneous flap. Six of the patients needed partial or total pubectomy to accomplish the urethroplasty. 
Incontinence was managed with AUS implant.

Simonato et al. reported on three patients with intractable BNC after RP who underwent anterior 
perineal mobilization of the bulbar urethra, stricture excision, and vesico-urethral re-anastomosis 
through a perineal incision (174). All were patent but incontinent at 6 months and underwent AUS 
implant. The mean follow-up for the whole group, including an additional three men with complica-
tions of treatment for BPH, was 38 months.
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Herschorn reported on five patients with complete occlusion of the vesico-urethral anastomosis who 
underwent re-anastomoses (175). Three were done via the abdomen alone and two required abdomi-
nal and anterior perineal mobilization. All were patent after a mean of 26 months. The three patients 
with the abdominal-only approach had mild or no incontinence and the other two had moderate to 
severe incontinence.

Selection of the appropriate procedure requires consideration of surgical exposure, amount of 
scar to be excised, and sources of healthy vascularized tissue for transfer into the diseased bladder 
neck region. Patient age, prior surgery or radiotherapy, cancer stage, and life expectancy must all 
be assessed before intervention. Men with VUAS after RRP can undergo successful excision of the 
stenosis and re-anastomosis. The types of reconstruction and approach are variable and may depend 
on the length of stenosis, degree of peri-urethral and pelvic fibrosis, previous radiation, and experi-
ence of the surgeon.

Longer stenosis lengths require more perineal and penile urethral mobilization. While this approach 
is feasible in relatively short stenoses, long defects may require more extensive mobilization of the 
distal urethra. The primary goal is patency, with many men requiring insertion of an AUS at a 
later date (171). Catheterization for 3–4 weeks, followed by voiding cysto-urethrography, ensures 
complete urethral healing prior to catheter removal.

Urinary diversion with the bladder in situ has been reported for patients with radiation necrosis, 
severe neurogenic bladder dysfunction, complex fistulas, and other factors that make reconstruction 
of the urethra impractical or impossible (176,177).

Ullrich and Wessells reported on cephalad mobilization of the bladder base after resection of the 
vesico-urethral anastomosis (or prostate if present after TURP or radiation) (176). They incorpo-
rated an intestinal segment into the bladder neck and created a cutaneous stoma, and no attempt 
was made to close the distal urethra. Intestinal tissue was anastomosed to the bladder neck without 
any tension using a single-layer closure with 2-0 polyglycolic acid suture. The appendix or tapered 
ileum can be used according to the Mitrofanoff principle for continent catheterizable diversion.  
A continence mechanism based on the ileocecal valve can also be used (178).



231Posterior Urethral Stenosis After Treatment for Prostate Cancer

8.6 Recommendations
1. Risk factors for development of VUAS identified in case series and large prospective RP studies can be divided into pre-

operative, intra-operative, and post-operative categories, and include excessive blood loss, type of bladder neck dissection, 
post-operative urinary leakage, adjuvant radiotherapy, prior TURP, smoking, older age, obesity, and surgeon experience  
(Level 2–3). Other risk factors may include open versus minimally invasive surgery (Level 2–3) and acute post-operative 
retention treated with suprapubic tube (Level 3).

2. Following BT, stenosis is the most common long-term serious urinary adverse effect (Level 2–3), and most stenoses that 
develop within 2–5 years are in the BM region (Level 2–3). Risk factors included older age, non-white race, low income, more 
comorbidities, combination therapy with EBRT or hormonal therapy, and history of prior TURP (Level 2–3).

3. Urethral stenosis after EBRT also increases with long-term follow-up (Level 2–3). Salvage RP is associated with the highest 
stenosis rate (Level 3).

4. Following cryotherapy, prostatic obstruction may occur with tissue sloughing (Level 3). Urethral warming is used to minimize 
sloughing and prevent stricture occurrence (Level 3).

5. Following HIFU, necrotic sloughing of the prostate may occur, necessitating TURP (Level 3). Pre- or post-HIFU TURP may 
decrease the development of bladder outflow obstruction (Level 3). Long-term BNC may still occur (Level 3).

6. Patients with low prostatic resection weights (at TURP for BPH) are predisposed to BNC (Level 2–3).

7. Prior to surgery, a basic patient evaluation should consist of a history, physical examination, urinalysis, and PVR urine 
measurement (Level 1–2; A). Urine (urinalysis, culture, and sensitivity/leukocyte esterase screening test) and blood testing 
(blood urea nitrogen, creatinine, glucose, PSA) is recommended. Cystoscopy and appropriate imaging of the urinary tract are 
helpful in guiding therapy (Level 2–3; B). Urodynamics may be helpful to evaluate voiding dysfunction/incontinence (Level 3; C).

8. Following radiation, a graded approach to management beginning with endo-urological procedures is recommended (Figure 6). 
This may be combined with self-dilation. Failures of management may necessitate more invasive approaches, including stents, 
open reconstruction, or diversion (Level 3; C).

9. For VUAS following RP, a graded approach to management beginning with endo-urologic procedures is recommended (Figure 7). 
This may be combined with self-dilation. Failures of management may necessitate more invasive approaches, including stents, 
open reconstruction, or diversion (Level 3; C). Concomitant or resultant urinary incontinence may require additional evaluation 
and surgery (Level 3; C).
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8.6.1 Future research

1. Continue to document risk factors and associations with localized treatment for prostate cancer.

2. Standardization is needed in reporting complications from all sources, including surgeons and radiation oncologists.

3. Anatomic classification systems are needed in defining the location of PUS. Classification can also include description of 
incremental anatomic severity. Higher-grade lesions should be associated with greater morbidity, warrant more complex 
treatment, and may have worse prognoses. No accepted grading system exists yet for VUAS.

4. Identify intra-operative techniques of RP that are associated with lower risk of VUAS.

5. Standardization is needed in work-up for accurate delineation of the stenosis and its morbidity.

6. Registry of surgical cases of stenoses after RP and radiation to create larger cohorts is needed.

7. Randomized trials of interventional techniques, both endo-urological and open, are needed.
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9.1 Background
A literature search was performed through PubMed for articles published from 1990 to the present 
(c. 2010) on strictures in children. There were 32 articles, which provided the data for this review.

The articles were divided into those that reviewed meatal strictures, anterior (penile and bulbar) 
urethral strictures, and posterior urethral strictures. Some articles dealt with strictures in both the 
anterior and posterior urethra. The studies were rated according to the level of evidence and the grade 
of recommendation using the International Consultation on Urological Diseases (ICUD) standards.

9.2 Introduction
Lower tract urinary obstruction is a common problem in pediatric urology. Many of the problems, 
e.g., posterior and anterior urethral valves, are well characterized. However, strictures of the urethra 
are more common than urethral valves, yet their etiology and management are not well defined. This 
review attempts to synthesize the existing literature and to present a consensus to guide management 
and future research.

9.3 Methods
A committee was appointed by the Société Internationale d’Urologie (SIU). The chair conducted a 
literature search through PubMed for peer-reviewed articles on strictures in children and identi-
fied 508 English-language articles from 1990 to the present (c. 2010). These were divided into four 
groups (A–D) using sequential numbering by fours and one group was sent to each of the committee 
members. The members were asked to screen their assigned group of articles and select those that 
were prospective or retrospective series that contained reported data on at least 10 patients 18 years 
of age or younger. The committee members had previously agreed to extract the following data:
1. Etiology of the stricture
2. Pertinent information regarding patient 

presentation (age, symptoms, physical find-
ings, laboratory investigations)

3. Imaging (retrograde urethrography, voiding 
cystourethrography, ultrasound)

4. Flow rates, if used
5. Treatment (dilation, direct vision urethrot-

omy, end-to-end anastomosis, flaps, patch-
graft onlay–skin vs. buccal mucosa, dorsal 
vs. ventral onlay, staged vs. single stage)

6. Criteria of success
7. Length of follow-up
8. Modality to diagnose post-treatment recur-

rence (symptoms, imaging, flow rate, 
urethroscopy)

9. Minimum follow-up to exclude recurrence
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In total, 447 articles were eliminated from further review because they were duplicate listings, not 
about strictures in children, review articles, expert opinion without data to support the opinion, case 
series of < 10 children, or series of both adults and children where the children were not separately 
identifiable.

The remaining 61 articles were reviewed by the entire committee and a further 29 were eliminated 
because, despite previous screening, they did not deal with urethral strictures in children (in four 
cases), the pediatric patients could not be separately identified in a series of children and adults (in 
nine cases), they were duplicates (in eight cases), they had fewer than 10 pediatric patients in the 
series (in four cases), or were reviews (in four cases). This left 32 articles to provide the data for this 
review.

The articles were then divided into those that reviewed meatal stenosis (five articles), anterior (penile 
or bulbar) urethral strictures (13 articles), and posterior urethral strictures (22 articles). Some of the 
articles dealt with strictures in both the anterior and posterior urethra. Hence, the total is actually > 
32. The studies were rated according to the level of evidence and the grade of recommendation using 
ICUD standards (1,2).

9.4 Meatal Strictures
There were between 18 and 100 patients in each of the five series that reported meatal strictures 
(3–7). The level of evidence of each these articles was 3. Patients ranged in age from 20 months to 15 
years. The symptoms with which they presented were decreased stream, prolonged voiding times, or 
deflected stream. 

There was no information about physical examination, laboratory studies, flow rates, or imaging, 
although one series did mention a pinhole meatus as a physical finding (3).

The treatments used included self-dilation (4), meatotomy using EMLA cream (5), and evert-
ing meatoplasty (3). Meatotomy or meatoplasty were used in three series and were successful in 
98%–100% of cases; however follow-up was only 13 months in one series (6), > 3 months in another 
(5), and not stated in a third.

Dilation was successful in 36% and 89% of cases in two series, but many patients required 4 months 
to 3 years of treatment to achieve success, with 1–9 years of follow-up (4,7). Success was defined as 
no symptoms and a good stream. The etiology of the meatal strictures was thought to primarily be 
possible diaper dermatitis in circumcised boys. A few were thought to be secondary to hypospadias 
repair or lichen sclerosus (LS).
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9.5 Anterior Urethra
There were between 7 and 119 patients in each of the 13 series that reported children with stric-
tures of the anterior urethra, i.e., the penile or bulbar urethra (8–20). One paper, which reported 
seven children with anterior urethral strictures also reported seven children with posterior urethral 
strictures (8). The level of evidence of these articles was 3. The patients’ ages ranged from antenatal 
diagnosis to 18 years. Symptoms included hematuria, pain, daytime wetting, daytime and nighttime 
wetting, urinary tract infection, retention, decreased stream, straining to void, and dysuria.

There was no information about any physical findings. The glomerular filtration rate was obtained 
in one series (9). Otherwise, there was no information about laboratory studies. Flow rates were 
obtained in two series (10,11). Although some children had an obstructive pattern, many had a normal 
flow pattern despite having a stricture. Voiding cystourethrography and retrograde urethrography 
were used in four series to diagnose strictures (9,10,12,13); cystoscopy was used in five series, three of 
which did not use imaging (12–16).

The treatments used included direct vision internal urethrotomy (DVIU) in five series, with a 
reported success rate of 35%–58% (9,10,17–19); dilation in two series, with 35%–40% success (9,11); 
dilation with a guide wire in two series, with 42%–84% success (12,14); urethroplasty (excision and 
re-anastomosis) in three series, with 100% success (8,13,15); buccal mucosal or skin graft in three 
series, with 87%–100% success (8,13,17); and KTP laser urethrotomy in one series, with 84% success. 

Success was defined as good flow and no urinary tract infection (UTI). Follow-up varied from 3 
to 44 months. If the patients were followed for at least 4 years, 65% of the strictures treated with 
direct vision urethrotomy recurred (17–19). The etiology of the strictures was congenital (idiopathic), 
hypospadias, and trauma.

One series compared stricture rates when different suture materials were used to repair the urethra 
(20). Strictures were more likely to form if polydioxanone (PDS) was used as suture material (68% 
developed strictures) as opposed to chromic or polyglycolic acid (PgA) (24% and 7% developed stric-
tures, respectively).

In dealing with strictures following hypospadias repair, open repairs were successful in 87% of cases 
(17). Direct vision urethrotomy was successful in only 35%–58% of cases of post-hypospadias repair 
strictures (17–19). While Nd:YAG (neodymium-doped yttrium aluminum garnet) laser urethrotomy 
was reported to be successful in 84% of cases, the follow-up was short (16).
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9.6 Posterior Urethra
There were 22 series that included children with posterior urethral stenoses (8,12–15,18,19,21–34). 
The level of evidence of these articles was 3. The number of patients in each series ranged from 2 to 
68. Five series had fewer than 10 children with posterior urethral stenoses but all five also had chil-
dren with anterior urethral strictures, so that the total number of children reported in each of these 
series was 10 or more (8,13,14,18,19). Patient age ranged from 2 to 18 years. There was no information 
regarding symptoms or physical findings.

Urinalysis and urine cultures were reported in two series (21,22) and creatinine was recorded in one 
(23). Simultaneous antegrade and retrograde urethrograms were reported in 13 series (12,21–32). 
Cystoscopy was used in six series (12,22,24,26,27,33). Intravenous pyelograms (IVPs) were done in 
five series, which were all older series (22,23,25,28,29). Flow rates were used post-operatively in five 
series (12,18,22,27,33).

One series, using urodynamics, showed decreased capacity and compliance, longer voiding times, 
and decreased flow rates post-treatment (24). A suprapubic tube at the time of injury followed by a 
perineal end-to-end anastomosis was used in nine series with a success rate between 50% and 93% 
(8,13,15,18,21,25,30–32). If pubectomy was considered necessary, inferior partial pubectomy was 
preferred over anterior excision. Augmentation urethroplasty with a tube graft was successful in 
only 33% of cases (21), while scrotal inlay procedures were successful in 46% (25). Cut-to-the-light 
procedures were uniformly unsuccessful (34). Dilation with a guide wire was successful in 42% of 
cases (12,14). Direct vision urethrotomy was successful in 33%–50% of cases (19,33).

Success was defined as no symptoms and no recurrences. The etiology of the posterior urethral stric-
tures was almost always trauma (external or, rarely, iatrogenic). Follow-up was 6 months to 20 years. 
All of the series examined were pelvic fracture urethral injuries

9.7 Discussion
9.7.1 Meatal strictures

It is apparent from this review that the quality of the existing evidence to guide the management 
of urethral strictures in children is weak and consists almost entirely of retrospective case series. 
Nevertheless, there are certain opinions that have emerged from this review. Firstly, certain terms, 
specifically success and recurrence, should be defined so that there can be unanimity of interpretation 
of results. A distinction should be made between an unsuccessful outcome and a recurrence of the 
original stricture.
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Meatal stenosis arises most frequently in circumcised boys and is thought to be caused by diaper 
dermatitis. The presenting symptoms are usually a decreased or deflected stream. Meatotomy and 
meatoplasty are reliable methods of management. Urethral dilation, although sometimes successful, 
requires repeated dilation over a long period of time to be successful.

Prospective studies in which circumcised boys who are in diapers are randomized to routine applica-
tion of petroleum jelly ointment to the glans and meatus versus observation without ointment might 
prove helpful in elucidating the prevention of this problem.

9.7.2 Anterior urethra

Strictures of the anterior urethra are often idiopathic (perhaps congenital) or traumatic in origin. 
However, post-hypospadias strictures also occur with some frequency in the anterior (penile and 
bulbar) urethra, sometimes as a result of the repair itself and sometimes produced by the catheter 
used for post-operative drainage. 

Strictures of the anterior urethra usually produce symptoms of irritation (hematuria, dysuria, 
wetting) or obstruction (straining to void or retention). They are best diagnosed with radiographic 
or endoscopic imaging of the urethra. Unfortunately, flow rates are unreliable unless they demon-
strate an obstructive flow pattern. Direct vision urethrotomy is effective in only half of cases, but is 
probably is not harmful if used only once. Dilation does not seem to be an appropriate treatment, as 
it must be repeated many times over the patient’s life.

End-to-end anastomosis after excision of the stricture is the most effective treatment when it is 
anatomically feasible, even for post-hypospadias strictures. When end-to-end anastomosis is not 
feasible, a patch graft of buccal mucosa or skin is usually successful. Inlay procedures are not nearly 
as successful. It would seem that PDS is best avoided as suture material in urethral repairs.

There is a need for basic research in urethral wound healing, as well as long-term longitudinal stud-
ies of clinical results after hypospadias repair and stricture repair. This might elucidate the length of 
follow-up needed to state with some certainty that a successful outcome has been achieved.

Because urethral strictures in children are not commonly seen, even in centres where there are many 
urethral reconstructions performed, centres could pool their data to obtain greater numbers, using 
questionnaires and standardized investigations for consistency in data collection. This may lead to a 
better understanding of the causes of an unsuccessful outcome.

9.7.3 Posterior urethra

Stenoses/obliterations of the posterior urethra are almost always traumatic in origin, usually in asso-
ciation with a pelvic fracture. Most of the evidence regarding initial management at the time of 
injury suggests that placement of a suprapubic catheter is the preferred management.
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There are no data in children to compare primary endoscopic realignment with placement of a 
suprapubic catheter alone but adult data would suggest that this approach has merit. Strictures were 
imaged pre-repair using a simultaneous combination of retrograde and antegrade images of the 
urethra.

Although the evidence comes from case series, it would appear that delayed end-to-end anastomosis 
of the urethra through a perineal approach after excision of the stricture is the management most 
likely to prove successful. Pubectomy, whether inferior or anterior (superior), is only rarely indicated 
to effect repair, even in children, since a tension-free anastomosis is usually attainable in a perineal 
approach. A combined perineal and abdominal approach may be indicated in complex cases associ-
ated with problems such as bladder neck incompetence or urethral fistulas to the bladder base or 
rectum.

It seems clear that cut-to-the-light procedures do not work and should be abandoned as definitive 
therapy. Once again, basic research on urethral wound healing and long-term longitudinal studies of 
clinical results is needed. Additionally, the one study of urodynamic changes after repair of posterior 
urethral strictures needs to be repeated. If these findings are confirmed, there needs to be further 
studies to find reasons for these changes and methods to prevent their occurrence.

9.8 Recommendations
9.8.1 Meatal stenosis

1. Meatotomy or meatoplasty is generally successful and is the recommended management. Dilation, when successful, requires 
repeated dilations over extended periods of time and for that reason is not recommended (A).
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9.8.2 Anterior (Penile and Bulbar) Urethral Strictures

1. Flow rates may reveal an obstructive pattern, but the flow pattern may be normal despite the presence of a stricture; hence, 
uroflowmetry cannot be relied upon to rule out a stricture (B).

2. Voiding cystourethrography, retrograde urethrography, and cystoscopy are recommended for diagnosing strictures (A).

3. Urethroplasty (excision and re-anastomosis), when feasible, provides the best results, but buccal mucosal or skin grafts are 
successful if excision and re-anastomosis is not appropriate (A).

4. Direct vision internal urethrotomy or dilation is successful in only one third of cases if followed for 5 years, and is not 
recommended as a first-line treatment (A).

5. In dealing with hypospadias strictures, open repairs are usually successful (B).

9.8.3 Posterior Urethral Stenoses/Pelvic Fracture Urethral Injuries

1. Simultaneous antegrade and retrograde urethrography provides good visualization of the stricture (A).

2. End-to-end urethral anastomosis using a perineal approach offers the best chance of success. If pubectomy is necessary to 
achieve a tension-free anastomosis, inferior partial pubectomy is preferred over anterior (superior) partial excision, especially 
if a perineal approach is used; however, either approach can yield satisfactory results (A).

3. Augmentation with a tube graft and scrotal inlay procedures are successful less often than excision and anastomosis and 
should be resorted to only in the presence of extensive scarring or shortening of the anterior urethra, which are usually a result 
of previous failed endoscopic or surgical attempts at repair (A).

4. Cut-to-the-light procedures are uniformly unsuccessful and are not recommended. In fact, the literature examined says that “it 
is not an efficacious procedure in children” (A).
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