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Pediatric anterior urethral strictures are rare and recommendations regarding treatment strategies derive from small monocentric case series. In 2014, a collaborative effort of the Société Internationale d'Urologie and the International Consultation on Urological Diseases drafted the first systematic and evidence-based guideline for diagnosis and treatment of urethral strictures in children. Against this backdrop, we performed an updated literature review to provide a comprehensive summary of the available evidence and contemporary outcomes with a focus on comparative effectiveness of endoscopic treatment (dilation or urethrotomy) vs. open surgical reconstruction. Overall, 22 articles reporting on children with anterior urethral strictures were included into the review. Most strictures were iatrogenic (48%) and traumatic (34%), whereas congenital (13%), inflammatory (4%), or postinfectious strictures (1%) were rather rare. The cumulative success rate of endoscopic treatment and urethroplasty was 46% (range: 21–75; N = 334) and 84% (range: 25–100; N = 347), respectively. After stratifying patients according to urethroplasty technique, success rates were 82% (range: 25–100; N = 206) for excision and primary anastomosis, 94% (range: 75–100; N = 40) for graft augmentation, 97% (range: 87–100; N = 30) for flap urethroplasty, and 70% (one study; N = 20) for pull-through urethroplasty. In conclusion, endoscopic approaches are rather ineffective in the long-term and open surgical reconstruction via urethroplasty should be preferred to avoid multiple, repetitive interventions. Future research may involve multi-institutional, collaborative, and prospective studies, incorporating well-defined outcome criteria and assessing objective surgical endpoints as well as patient-reported functional outcomes.
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INTRODUCTION

Anatomic lower urinary obstruction is a rather rare problem in pediatric urology. Whereas, voiding difficulties are commonly diagnosed in boys with urethral valves or hypospadias, the experience in treatment of isolated pediatric anterior urethral strictures is remarkably scarce. Thus, information on pediatric or adolescent strictures is commonly extrapolated from the adult literature (1). With exception of the collaborative 2014 Société Internationale d'Urologie (SIU) and International Consultation on Urological Diseases (ICUD) task force to generate evidence-based recommendations for those patients (2), there are literally no keystones to base evidence-based treatment considerations on. Given that urethral stricture disease is relatively rare in adults (3), the incidence in children is even smaller and there is a paucity of experience in patients up to 18 years. As a consequence, etiology and management in pediatric urethral stricture disease are not well defined. In this review, we aimed to provide a contemporary overview of available operative techniques, treatment approaches, and outcomes in this subgroup of patients.

MATERIALS AND METHODS

We performed a literature review through PubMed for articles published between 2010 and September 2018 on urethral strictures in children using the search term “urethr* AND (child* OR ped*) AND stricture.” Additionally, we included select evidence from the recent landmark reviews by Kaplan et al. (1, 2). We excluded articles, which reported on adult patients only, isolated posterior strictures given the entirely different etiology in most cases, or those without information on (standardized) outcomes. Of note, we also considered articles in which patients with strictures of the anterior urethra were pooled together with children suffering from posterior urethral strictures. Articles about re-operative surgery after previously failed hypospadias repair were excluded if neo-urethral strictures were not mentioned and described in detail, given that re-do hypospadias repairs may not generally implicate urethral stricture disease. We tabulated information on authors and year of each study, number of included patients, stricture etiology, location, and length, the surgical approach, age at surgery, the chosen definition of treatment success, success rates, length of follow-up, and the type of study design. Of note, we chose to summarize conservative success rates after the very initial treatment. We believe this is important to mention, given that some authors do report “overall” success rates derived from several subsequent treatment sessions (e.g., after multiple urethrotomies).

After applying selection criteria, 22 articles reporting data on 682 patients were included into analyses. Treatment approaches varied across the studies with seven articles reporting on urethrotomy or dilation (4–10), 11 articles reporting on urethroplasty (11–21), and four articles reporting on both techniques in comparative analyses (22–25). A summary of all articles considered for this review is depicted in Tables 1–3.


Table 1. Summary characteristics of included studies of patients who underwent urethroplasty for pediatric urethral stricture.
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STRICTURE ETIOLOGY AND LOCATION

According to the SIU/ICUD consultation on urethral stricture nomenclature (26), stricture etiology should be stratified into iatrogenic (e.g., hypospadias-associated, post-catheterization, etc.), traumatic, inflammatory (e.g., lichen sclerosus-associated), postinfectious, and congenital. Emphasis should be put on the term “congenital stricture,” which is a less common subcategory, and the diagnosis should generally only be made in the absence of urethral manipulation, infection, inflammation or trauma (26). Accordingly, patients without evident etiology were classified as “congenital/unknown” within this review.

In all 682 patients, stricture etiology was mostly iatrogenic (48%), followed by traumatic (34%), and congenital (13%) strictures. Postinfectious (1%) and inflammatory strictures (4%) were rather rare (Figure 1). Given that this review aimed to focus on anterior stricture location, the majority of patients (62%) did present with an anterior urethral stricture, of which 45% had bulbar, 35% had penile, and 3% had bulbopenile strictures (Figure 2). In order not to omit data from studies reporting on outcomes in children with anterior and others with posterior strictures, we included those studies into the review. Thus, there were 25% of patients with posterior strictures and 13% in which the stricture location was not further specified (Figure 2).


[image: image]

FIGURE 1. Pie charts reporting the proportions of urethral stricture etiology in all 682 patients included into the present literature review.
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FIGURE 2. Pie charts reporting the proportions of urethral stricture location in all 682 patients included into the present literature review. NOS, not otherwise specified.



PRESENTATION AND PREOPERATIVE EVALUATION

Clinical symptoms of pediatric urethral strictures are heterogeneous and the diagnosis should be ruled out if no other underlying reason can be found. Children may present with hematuria, pain, nighttime and/or daytime wetting, urinary tract infections, decreased stream, high post-void residual volume, straining to void, or dysuria (2). According to the SIU/ICUD consultation, uroflowmetry cannot be relied upon to rule out a clinically relevant stricture, and thus, combined retrograde urethrography and voiding cystourethrography as well as endoscopy are recommended as reliable diagnostic procedures (2).

ENDOSCOPIC TREATMENT

Overall, seven studies reported on outcomes after endoscopic treatment (urethrotomy or dilation) (4–10) and four studies reported on comparative outcomes following endoscopic treatment vs. urethroplasty (22–25) (Tables 2, 3). Of note, only two articles performed a (partially) prospective data collection (4, 10) and thus, the level of evidence was low. The chosen definition of treatment success was heterogeneous, whereas most authors used the relatively easily assessable definition of asymptomatic voiding and no clinical symptoms (4, 5, 7, 8, 10, 23–25). Two studies did not define treatment success at all (6, 22), and seven articles chose radiographic evidence of urethral patency or no further need of any intervention as an adjunct definition of a successful surgery (4, 5, 8–10, 24, 25). The average cumulative success rate of urethrotomy or dilation in 334 patients (Tables 2, 3) was 46% (range: 21–75). Follow-up intervals varied across the studies, ranging from a median follow-up of 11.5 months (6) to an average of roughly 6.5 years (7, 9, 23, 24) Some authors included patients undergoing different treatment approaches (cold knife and laser urethrotomy or dilation) into their analyses. There were only three studies with distinguishable outcomes after dilation: overall, 23 of 58 patients (40%) recurred at a follow-up of at least 12 months (5, 22, 25). In two studies, patients undergoing urethrotomy or dilation were grouped together and thus, outcomes were not discriminable (23, 24). Thus, the lack of granularity of data and generally small sample sizes did not allow drawing any conclusion regarding a superiority of either urethrotomy (cold knife or laser) or dilation over each other. Of note, Aboulela and colleagues compared a prospectively followed cohort of 21 children undergoing holmium laser urethrotomy to a historical cohort of 21 children undergoing cold knife urethrotomy (4). Despite there was no statistically significant difference in treatment success (i.e., no voiding difficulty with improved Qmax to ≥15 mL/s confirmed by a normal urethrography) between both groups (P = 0.064), success rates differed clinically (67 vs. 38%). However, given the small sample size and differing follow-up (median of 12 and 24 months in the holmium laser and cold knife cohort, respectively), the authors' conclusion of the superiority of laser treatment over cold knife urethrotomy should be discussed under high scrutiny.


Table 2. Summary characteristics of included studies of patients who underwent endoscopic treatment (dilation or urethrotomy) for pediatric urethral stricture.
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Table 3. Summary characteristics of included studies on comparative outcomes after both endoscopic and open surgical treatment for pediatric urethral stricture.
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URETHROPLASTY

Overall, 11 studies reported on outcomes after urethroplasty (11–21) and the aforementioned four studies reported on both endoscopic treatment and open surgery (22–25) (Tables 1, 3). All studies were performed retrospectively without exception. Similar to the articles on endoscopic treatments, the definitions of (surgical) treatment success were heterogeneous. In eight of the 15 studies, the authors used relatively objective criteria such as radiographic evidence of urethral patency (11, 13, 19, 21, 25) or no further need of any intervention (11, 15, 17, 24) as a surrogate for success, whereas treatment success was determined rather clinically (absence of urinary symptoms, improvement in uroflowmetry, patient satisfaction, absence of post-void residual urine) in five (12, 14, 16, 18, 23) or was not defined in two studies (20, 22). Roughly 58% of boys undergoing urethroplasty were treated by excision and primary anastomosis, followed by graft augmentation in 12%, flap urethroplasty in 9%, and pull-through urethroplasty in 6%. The reconstructive technique was not specified in 15% of patients (Figure 3). Follow-up intervals varied across the studies, ranging from a median follow-up of 0.7 years (21) to an average of roughly 6.8 years (24). After stratifying patients according to urethroplasty technique, average cumulative success rates were 82% (range: 25–100) for excision and primary anastomosis in 206 boys, 94% (range: 75–100) for graft augmentation in 40 boys, 97% (range: 87–100) for flap urethroplasty in 30 boys, 70% for pull-through urethroplasty in 20 boys (one study), and 77% in 51 boys in whom urethroplasty technique was not further specified (Figure 3). The overall cumulative success rate of urethroplasty in 347 patients (one was lost to follow-up) was 84% (range: 25–100), irrespective of the reconstructive technique used (Tables 1, 3, Figure 3).
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FIGURE 3. Pie chart reporting the proportions of different reconstructive techniques used in 347 patients who underwent urethroplasty and were included into the present literature review. The smaller doughnut charts represent the treatment success rates for each technique (green: success; red: failure). NOS, not otherwise specified.



Given that nine of the 15 studies evaluating the role of urethroplasty in children with urethral stricture included both posterior and anterior strictures (14–22), the reporting of outcomes for isolated anterior strictures was hardly possible. Several other pitfalls have to be considered when interpreting the present data and drawing therapeutical conclusions. Overall, the evidence on which this review was based on was very low with almost all studies being invariably of retrospective nature. In addition, the reported outcomes in the studies included into this review lack homogeneity, as the definition of treatment success was chosen at the discretion of each author—an issue which is seen quite often in reconstructive urology and it is still an ongoing debate on how to define success after reconstructive urological surgery (27, 28). Furthermore, a detailed assessment of graft placement techniques such as ventral, dorsal or lateral placement and differences in outcomes was not possible given the lack of granularity within the primary data.

Generally, several stricture characteristics have to be considered when opting for a reconstructive technique. Length, location, etiology, and previous interventions may hereby guide in treatment decisions. The majority of the children were treated by excision and primary anastomosis, a feasible option in short posterior or bulbar strictures < 1 cm. Considering the studies included into this review, success rates after graft augmentation or flap urethroplasty were markedly higher compared to those in patients who underwent excision and primary anastomosis (roughly 95 vs. 82%, respectively; Figure 3). The aforementioned limitations of the present data left aside, one should always keep in mind the anatomical differences in children as opposed to adults when favoring one technique over another. The urethral caliber is smaller, the tissue more delicate and less elastic, and many children have a history of multiple surgical interventions, specifically in case of iatrogenic hypospadias-associated urethral strictures. Hypospadias repair is the leading cause of subsequent urethral stricture formation and this is somehow reflected by roughly 50% of the strictures in patients included into this review were caused iatrogenically. Of note, roughly three-fourths of these patients had a history of previous hypospadias surgery (Figure 1). Given that pronounced scar formation and lack of sufficient sponge tissue hamper an adequate reconstruction significantly, some authors have suggested additive maneuvers to improve vascular supply and tissue coverage. Scarred tissue is commonly attached firmly to the cavernous bodies, which complicates urethral mobilization. On the other hand, ventral placement of the graft lacks the support of the corporeal bodies, which may promote formation of diverticula and sacculation. Djordjevic et al. introduced a combined technique of a ventral only buccal mucosal graft with an anchoring of the graft to the surrounding periurethral tissue to prevent folding and retraction. In 15 boys with urethral stricture following failed hypospadias surgery, the success rate was 100% after a mean follow-up of 37 months, and only one boy underwent a minor fistula repair (13).

Impressive data with regard to comparative outcomes in stricture treatment following hypospadias repair have been presented by Duel et al. (23) The authors compared eight children who underwent upfront urethroplasty to 29 children who underwent urethrotomy and found that those undergoing open surgery fared significantly better (88 vs. 21% success at a mean follow-up of 6.3 years). Similar but somehow less pronounced findings were made by Gargollo et al. (24) who also demonstrated a clinically relevant superiority of initial urethroplasty over endoscopic treatment (53 vs. 38% success at a follow-up of roughly 6 years; P > 0.05) in patients with iatrogenic stricture after hypospadias repair. Interestingly, the authors evaluated secondary success rates after another procedure in case of stricture recurrence and found that success rates ranged between roughly 60–70% whenever urethroplasty was performed at any time during follow-up, whereas repeat urethrotomy was successful in only 17% of patients (24). Whereas, the case series by Gobbi et al. (25) and Banks et al. (22) take the same line for congenital strictures, patient samples are too small to draw reliable conclusions.

A clear distinction between inflammatory and postinfectious strictures in children is commonly not feasible. There is some evidence suggesting an inflammatory etiology of stricture formation caused by lichen sclerosus (29), several autoimmune disorders (26), bulbar urethritis, and urethrorrhagia (30). Postinfectious strictures are mainly caused by recurrent gonococcal urethritis (26). Inflammatory strictures caused by lichen sclerosus are rare in children (Figure 1), but nevertheless pose a significant challenge to the reconstructive surgeon. Generally, repeat procedures such as multiple urethrotomies should be avoided and the lichenoid tissue should be dissected in order to avoid excessive scar formation and mitigate the need of further treatment. Currently, the use of genital skin as a tissue flap is not considered appropriate, given that it remains prone to the same disease process (31). Thus, promising outcomes using non-skin, oral mucosal grafts have been reported in the adult literature (32, 33), and Ashraf et al. recently reported on five boys who underwent one-stage Asopa buccal mucosal graft urethroplasty for lichen sclerosus-associated penile urethral stricture with a median length of 2.7 cm. There was no treatment failure at a median follow-up of roughly 3 years (12).

CONCLUSIONS

Although there are several surgical options at hand for pediatric urethral stricture, the paucity of literature, which is mainly based on small monocentric series, often hampers treatment decisions for this rare disease, specifically when opting for therapeutical sequences, and gauging different strategies. However, there is some evidence available and when meticulously summarizing individual patient level data, the therapeutical perspective may be broadened, even if high-level evidence from multi-institutional, prospective collaborations with sound statistical methods are currently lacking. Pediatric anterior urethral strictures are mostly iatrogenically caused of which the majority of cases are hypospadias-associated, followed by traumatic, and congenital strictures. Endoscopic strategies such as dilation and direct vision internal cold knife or laser urethrotomy are ineffective in the long-term and should not be chosen as a first-line treatment. Urethroplasty should be preferred as definitive therapy to avoid multiple interventions and diminish clinical visits and a long time of suffering. Excision and primary anastomosis may be preferred if the stricture is short and mobilization is anatomically feasible with reported cumulative success rates of roughly 82%. Graft augmentation or flap urethroplasty did perform somewhat better, with a cumulative success rate of roughly 95% when performed in referral centers in capable hands. However, sample sizes are small and thus, results should be interpreted with caution and no unequivocal recommendation can be made to favor one open surgical approach over the other. More importantly, one highly relevant outcome measure is commonly missing in the literature, as there is virtually no data on functional outcomes such as erectile and sexual function, urinary continence, and body image or cosmetic results following surgery for pediatric urethral stricture. This comes along with short follow-up periods and inconsistency and heterogeneity in outcome definitions. Thus, researchers are challenged to establish retrospective and prospective multi-institutional collaborations, incorporating granular patient level data with adequately defined outcome measures to advance our knowledge in this relatively unattended field of reconstructive urology.
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prospective cohort); Cold
knife (N = 21; retrospective
cohort)

Guide wire and sheath
dilator (N = 52)

Nd:YAG laser (N = 12)

Cold knife (N = 29);
Ho:YAG laser (N = 2)

Cold knife (N = 45);
Electrocautery loop (N = 4);
:YAG laser (N = 1)

Cold knife (V = 34)

HoiYAG laser (N = 29)

Age at surgery

Mean: 6.3 + 3.2
years

Mean: 5.6 +2.3
years; Range:
218

Median: 7.5
years; Range:
2-18

Mean: 11 years;
Range: 2-18

Mean: 7.7

years; Range:
617

Median: 6.3

years; Range:
02163

Median: 5.0
years; Range:
2413

Definition of treatment
success.

No voiding difficulty with
improved Qmax to > 15
mUs that was confimed
by anormal VCUG

No diinical symptoms or no.
endoscopic evidence of
recurrence

NS

Asymptomatic voiding
without ciical evidence of
residual stricture (good flow
rate and absence of
residual urine)

No symptoms for 12
months and no subsequent
procedure required

No subsequent procedure
required

No postoperative voiding
difficulty, postoperative
maximum flow rate (Qmax)
>15ml/s and normal
urethrography

Success rate

Ho:YAG: 67¢
Cold knfe: 38%;
No difference in
treatment
success.
(P=0.064)

39%

75%

36%

26%

62%

Length of
follow-up

HoYAG:
Median 12
months; Range:
6-34; Cold

Kife: Median 24
months; Range:
832 No
difierencein
follow-up
P=01)

Mean: 4.5 +2.4
years; Range:
38-65

Median: 11.5
months; Range:
716

Mean: 6.6
years; Range:
2-20

Median: 2 years;
Range: 1-7
(N=40)

Median: 6.6
years; Range:
06-17.4

Range: 1215
months

Type of study

Combined
retrospective and
prospective

Retrospective

NS

Retrospective

Retrospective

Relrospective

Prospective
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Duel
etal. (23)
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etal. (24)
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2017
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of
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7

12

38

Stricture etiology

Congenital/
Unknown (N = 7)

Congenital/
Unknown (N = 12)

latrogenic (N = 38)

latrogenic (N = 88)

EPA, excision and primary anastomosis; N/S, not specified.

Stricture
location

Bulbar (V = 8);
Penie (N

Bulbar
(N=10);
Posterior
N=2)

NS

Distal
(N=46);
Mid-shaft
(V=11);
Proximal
W=31)

Stricture
length

>tem
(N=4) <tem
=3

NS

NS

Mean: 1.7 £

0.7cm
(V=37

Surgical
approach

Urethrotomy
N=2)
Urethroplasty

(N = 2); Dilation
3

Urethrotomy: Cold
knife (N =
Dilation (N = 3);
Urethroplasty: EPA
w=1)
Urethrotomy/
Dilation (N = 29);
Urethroplasty
[Duplay tube

(N = 3); Pedicled
onlay flap (N = 4);
Bladder mucosa
tube (N = 1); Lost
to follow-up (N = 1)
Dilation/
Urethrotomy
(=39
Urethroplasty:
technique N/S

N =149)

Age at surgery

Mean: 3.7 months
+3.5; Range: 1-10

<1 year (N =6);
Median: 14 years;
Range: 3-15
WN=6)

Mean atinital
hypospadias repair:
2 years; Range:
0.6-5.8; Mean
interval from
hypospadias repair
to stricture: 27
months; Range
1-150

Dilation/
Urethrotomy —
Mean: 64.6 & 47.5
months;
Urethroplasty—
Mean: 57.1  49.1
months

Definition of
treatment
success

Absence of
urinary
symptoms at
follow-up,
radiologic or
endoscopic
documentation
of resolution of
the stricture

NS

Asence of
urinary
symptoms

Apsence of
symptoms for
>12 months
and no
subsequent
procedure
required

Success rate

Urethrotomy:
50%;
Urethroplasty:
100%;
Dilation: 67%

Urethrotomy:
38%; Dilation:
33%;
Urethroplasty:
100%
Urethrotomy/
Dilation: 21%;
Urethroplasty:
88%

Dilation/
Urethrotomy:
38%;
Urethroplasty:
53%; Overall:
47%

Length of
follow-up

>12 months;
not further
specified

Mean: 19
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Range: 3-84
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Urethrotomy—
Mean: 73.8 £
49.9 months;
Urethroplasty—
Mean: 81.0
63.1 months

Type of study

Retrospective

Retrospective

Retrospective
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Author Yearof ~ Numberof Stricture Stricture Stricture Surgical Ageatsurgery  Definition of Success Length of Type of study
study  patients etiology location length approach treatment rate follow-up.
success
Ashrafetal. 2018 5 Inflammatory (V= ) Distal/Penile (V=5) Median 2.7cm; ~ One-stage Asopa Median: 14 years;  Functional 100% Median: 34 Retrospective
(12) Range: 15-40 BMGU(N=5  Range: 11-18 success ie., months; Range:
improvement in 30-42
urofiowmetry,
patient satisfied
vith urinary
stream)
Aldagadossi 2018 2 latrogenic (N = 16); Bulbar (V = 15); Mean:51%  Ciculrpenle  Mean:93%26  Nommalvoiling,no 87% Mean: 52+ 17 Retrospective
etal. (11) Postinfectious (V=4;  Bulbopenie (V=8  1.0cm fasciocutaneous  years radiographic months.
CongentaliUnknown flap (V =23) manifestation of
w=3 stricture, no further
postoperative
interventions
Djordjevic 2011 15 latrogenic (N = 15) Penie (N = 15) Mean:26cm;  One-stageventral Mean: 13years;  Adequate urethval  100% Mean: 37 Retrospeotive
etal. (19) Range: 30-55  BMGU with Range: 9-17 diameter, months; Range:
tissue coverage confimed by 17-73
and graft hanging urofiowmetry and
w=15 urethrography
Hafezetal. 2005 3 Traumatio (N = 36) Buibar (N = 9) Mean:260m;  EPA(N=35)  Mean:11.94£34 Asymptomatic  89% Mean: 46 Retrospective
(14) Bulbopenile (V= 2);  Range: 1-5 years; Range: voiding without months; Range:
Posterior (N = 24) 618 clinical evidence of 6-132
residual stricture
(good flow rate
and absence of
residual urine)
Plalzgraf 2012 17 Traumatic ( Mean:25cm;  EPA(N=8) Median: Oyears;  Nosubsequent  89% Median: 30 Retrospective
etal (1) latrogenic (N = 7); Range: 05-4.0  One-stage Range: 1-13 procedure months; Range:
GongenttaliUnknown Posterior (N = 3) BMGU (N = 7); required 4115
W=2) Staged BVIGU
WN=2
Roukeetal 2003 17 Traumatio ( Buibar (V = 8); Median:22cm;  EPA(N=14);  Median: 134 Urinary confinence  94% Median: 57 Retrospective
(1) latrogenic (N = 3); Posterior (N=8);  Range: 10-60  Penile flap years; Range: with a patent months; Range:
Congenital/Unknown Bubopenile (V = 1) augmentation 717 urethva and absent 12-124
W=2) =2 lower urinary tract
One-stage symptoms
BMGU (V= 1)
Shenfeld 2008 14 Traumatio ( Buibar (V = 7); NS EPA(N=11;  Chidren Nosubsequent ~ 93% Mean: 30 Retrospective
etal. (17) latrogenic (V= 1); Posterior (N =7) One-stage (N=5-Mean: procedure months; Range:
Congenital/Unknown BMGU(N=2;  108years; Range: requied 12-54
W=14) Penile flap 9-13; Adolescents
augmentation (V= 9)—Mean:
=1 16.7 years; Range:
14-18
Sunayetal. 2011 75 latrogenic (N = 5); Buibar (V= 38) EPA(N=54;  Mean:12.3years; Urinary EPA: 69%; Mean: 43 Retrospective
(18) Posterior (N = 37) Pull-through Range: 6-17 continence, patent  Pul-through months; Range:
urethroplasty urethra, and urethroplasty:  12-94
NV =20); Ureteral absence of lower  70%; Ureteral
raft urinary tract gaft
augmentation symptoms augmentation:
w=1 100%; Overall
69%
Trachtaetal. 2016 8 Traumatic (N = 8) Bulbar (V= 4); 'S EPA(N=8) Mean: 123 years;  Noevidencoof  25% Mean: 4.5 years;  Retrospective
(19) Posterior (N = 4) Range: 5-17 strcture in Range: 05-10
urethrography
Vashishtha 2014 52 Traumatic (N = 30); Bulbar and NS EPAN=5)  Mean: 108years; NS 81% Mean; 42.8 Retrospective
etal. (20) Inflammatory (V=20);  Posterior; /S Range: 4-18 months; Range:
‘Congenital/Unknown 12-144
w=2)
Voelzke etal., 2012 2 Traumatic (= 26) Anterior (N=8);  Anterior One-stage Mean: 15 years;  Noevidenceof  Anterior Median: 0.7 Retrospective
1) Posterior (N strictures— BMGU(N=8);  Range: 4-18 strcture in strictures: 88%;  years; Range:
Medan: 26cm;  EPA (N = 23) urethiography,  Posterior 007-78
Range: 1.5-5.5; sufficient strictures: 89%;
Posterior uroflowrmetry, Overall: 88%
strictures— absence of lower
Median: 2.0om; urinary tract
Range: 1.0-5.0 symptoms

BMGU, buccal mucosal graft urethroplasty; EPA, excision and primary anastomosis; N/S, not specified.
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