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Salvage Urethroplasty With a ModiĮed Tubularized Distal Penile/PrepuƟal Skin Flap for 
Bulbar Urethral Necrosis AŌer Failed AnastomoƟc Urethroplasty in Circumcised PaƟents: A 

RetrospecƟve MulƟcenter Study 

 

 
Abstract 

IntroducƟon and ObjecƟve: 
Bulbar urethral necrosis (BUN) is an uncommon but severe complicaƟon of anastomoƟc urethroplasty 
for pelvic fracture urethral injury (PFUI). This study describes a modiĮed bilateral tubularized distal 
penile/prepuƟal skin Ňap for reconstrucƟon of segmental bulbar urethral loss in selected circumcised 
paƟents. The objecƟve was to describe the technique and evaluate procedural success and funcƟonal 
urethral patency at standardized follow-up. 
Materials and Methods: 
This retrospecƟve mulƟcenter cohort study included a highly selected populaƟon of circumcised 
paƟents who developed BUN aŌer anastomoƟc urethroplasty for PFUI at four terƟary reconstrucƟve 
urology centers between 2015 and 2024. Although tubularized prepuƟal/penile skin Ňap 
reconstrucƟon has previously been described mainly in uncircumcised paƟents with an intact 
prepuce, the present study evaluated its adaptaƟon to circumcised paƟents who retained suĸcient 
residual distal penile/prepuƟal skin adjacent to the circumcision line. Eligibility required this residual 
Ɵssue to be suĸciently mobile, well vascularized, and long enough to construct the Ňap without 
excessive tension. The primary endpoint was procedural success at 2 years, deĮned as funcƟonal 
urethral patency (Qmax >15 mL/s) without any therapeuƟc endoscopic or instrumental intervenƟon 
for restenosis. 
Results: 
Across the four parƟcipaƟng centers, 819 paƟents with PFUI underwent anastomoƟc urethroplasty 
during the study period. The iniƟal repair failed in 128 paƟents, of whom 119 met the diagnosƟc 
criteria for BUN. Six paƟents were excluded because of insuĸcient residual distal penile/prepuƟal 
skin, leaving 113 paƟents in the Įnal cohort. Procedural success was achieved in 93/113 paƟents 
(82.3%) at 3 months and 84/105 (80.0%) at 2 years; eight paƟents were lost to 2-year follow-up. 
Thirty-seven high-risk paƟents underwent one planned prophylacƟc endoscopic dilaƟon aŌer 
catheter removal and before any documented restenosis. 
Conclusion: 
ModiĮed bilateral tubularized distal penile/prepuƟal skin Ňap urethroplasty appears to be a feasible 
single-stage reconstrucƟve opƟon for selected circumcised paƟents with BUN and adequate residual 
distal penile/prepuƟal skin. Procedural success was observed in 82.3% of paƟents at 3 months and 
80.0% of evaluable paƟents at 2 years. These Įndings should not be interpreted as evidence of 
superiority or established long-term durability. Standardized outcomes beyond 2 years, parƟcularly at 
5 and 10 years, remain necessary. 
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fracture urethral injury; urethral reconstrucƟon 

 

IntroducƟon: 



Turner-Warwick described spongionecrosis of the bulbar urethra in the seƫng of complex pelvic 
fracture urethral injury. Contemporary literature disƟnguishes bulbar urethral necrosis (BUN) from 
recurrent bulbar stricture or obliteraƟon. BUN is characterized by segmental absence of the bulbar 
urethra, usually aŌer previous PFUI repair, and is considered predominantly an ischemic 
reconstrucƟve problem [1,23]. Severe recurrent Įbrosis or a long recurrent stricture alone is 
insuĸcient to establish the diagnosis. This disƟncƟon is clinically important because true segmental 
urethral loss requires subsƟtuƟon with well-vascularized Ɵssue rather than repeat excision and 
primary anastomosis. ReconstrucƟve opƟons include pedicled prepuƟal or penile skin tube Ňaps, oral 
mucosal graŌ- or Ňap-based reconstrucƟon, pedicled prepuƟal Ňaps combined with dorsal buccal 
mucosal graŌing, enterourethroplasty, microvascular free Ňaps, gracilis-supported buccal mucosal 
graŌs, and anterolateral thigh Ňaps [5,6]. 

In the present study, two vascularized distal penile/prepuƟal skin Ňaps were used to construct a 
neourethra in selected circumcised paƟents. Tubularized prepuƟal and penile skin Ňap reconstrucƟon 
has previously been described predominantly in uncircumcised paƟents, in whom an intact prepuce 
provides an obvious donor site. The novelty of the present technique lies in adapƟng this 
reconstrucƟve principle to circumcised paƟents who retain suĸcient residual distal penile/prepuƟal 
skin adjacent to the circumcision line. The Ɵssue used was therefore not an intact convenƟonal 
prepuƟal tube, but residual distal penile skin incorporaƟng remaining prepuƟal Ɵssue. The primary 
aim was to describe this modiĮed technique and evaluate procedural success and funcƟonal urethral 
patency. ErecƟle funcƟon, assessed with the InternaƟonal Index of ErecƟle FuncƟon (IIEF), was 
analyzed as a secondary exploratory outcome. 

Materials and Methods: 
Study design, ethics, and reporƟng: 

This retrospecƟve mulƟcenter observaƟonal cohort study was approved or insƟtuƟonally authorized 
at each parƟcipaƟng center for retrospecƟve use of de-idenƟĮed clinical data. At the University of 
Oran 1 Ahmed Ben Bella, approval was granted by the Ethics and Clinical Research Approval 
CommiƩee of the Faculty of Medicine (approval No. 134-4-2025). At Makkah Health Cluster (Mecca, 
Saudi Arabia), Mansoura University Urology and Nephrology Center (Dakahlia, Egypt), and Ahmed 
Maher Teaching Hospital (Cairo, Egypt), retrospecƟve use of center-speciĮc data was authorized by 
the relevant insƟtuƟonal research ethics authoriƟes in accordance with local requirements. The study 
was conducted in accordance with the DeclaraƟon of Helsinki. Data were de-idenƟĮed before 
mulƟcenter aggregaƟon. ReporƟng was revised in accordance with STROBE recommendaƟons for 
observaƟonal studies, including explicit descripƟon of the study seƫng, eligibility criteria, parƟcipant 
Ňow, endpoint deĮniƟons, loss to follow-up, and complete-case handling of missing 2-year outcome 
data [26]. 

PaƟents: 
Eligible paƟents with BUN aŌer anastomoƟc urethroplasty for PFUI were idenƟĮed from the clinical 
records of four terƟary referral centers with established experƟse in reconstrucƟve urology between 
January 2015 and December 2024. The parƟcipaƟng units were aĸliated with University of Oran 1 
Ahmed Ben Bella (Oran, Algeria), King Faisal Hospital within Makkah Health Cluster (Mecca, Saudi 
Arabia), Mansoura University Urology and Nephrology Center (Dakahlia, Egypt), and Ahmed Maher 
Teaching Hospital (Cairo, Egypt). Each center included an experienced reconstrucƟve urologist 
responsible for the procedure. At the Algerian center, paƟents referred from several naƟonal urology 
departments were centralized and managed by a single reconstrucƟve team; the other three centers 
managed paƟents within their respecƟve terƟary reconstrucƟve units. The same operaƟve technique, 
including Ňap design, pedicle preservaƟon, retro-scrotal transfer, tubularizaƟon, and urethral 



anastomosis, was used at all four centers. PostoperaƟve surveillance was also standardized across 
centers, with the same scheduled outcome assessments at 3 months and 2 years and the same 
deĮniƟons of funcƟonal urethral patency, restenosis, and procedure failure. The source cohort 
comprised 819 paƟents with PFUI who underwent anastomoƟc urethroplasty: 489 paƟents from the 
Oran center (59.7%), 123 from Mansoura University Urology and Nephrology Center (15.0%), 90 from 
Ahmed Maher Teaching Hospital (11.0%), and 117 from King Faisal Hospital/Makkah Health Cluster 
(14.3%). The iniƟal repair failed in 128 paƟents, of whom 119 met the diagnosƟc criteria for BUN. 
Circumcision status was determined from the preoperaƟve genital examinaƟon and documented in 
the clinical record as part of donor-site assessment for Ňap planning. In circumcised paƟents, the 
amount, mobility, vascularity, and reach of residual distal penile/prepuƟal skin adjacent to the 
circumcision line were speciĮcally assessed preoperaƟvely and conĮrmed intraoperaƟvely. All 119 
paƟents with BUN were circumcised. Previous circumcision did not automaƟcally preclude use of the 
technique because some paƟents retained a suĸcient amount of distal penile/prepuƟal skin adjacent 
to the circumcision line. Eligibility required suĸcient residual Ɵssue to create a mobile, well-
vascularized Ňap of adequate width and length without excessive donor-site tension. Six paƟents 
were excluded because the available distal penile/prepuƟal skin was insuĸcient. The Įnal cohort 
therefore comprised 113 circumcised paƟents with BUN and adequate residual Ɵssue, all of whom 
underwent modiĮed bilateral tubularized distal penile/prepuƟal skin Ňap urethroplasty (Flowchart 1). 
DiagnosƟc deĮniƟon and standardizaƟon of BUN: 
BUN was deĮned according to a standardized radiographic criterion consistent with contemporary 
literature: segmental absence or disconƟnuity of the bulbar urethra on retrograde urethrography 
(RUG) and voiding cystourethrography (VCUG) aŌer previous PFUI repair [23]. The diagnosis required 
demonstrable loss of a bulbar urethral segment between the opaciĮed distal and proximal urethral 
ends. A long recurrent stricture, dense spongioĮbrosis, or complete recurrent obliteraƟon with 
preserved conƟnuity of the bulbar urethra was not considered suĸcient for a diagnosis of BUN. The 
same operaƟonal imaging criterion was applied at all four centers, and all 119 cases classiĮed as BUN 
fulĮlled this deĮniƟon. Antegrade and retrograde urethroscopy were addiƟonally used before 
reconstrucƟon to delineate the proximal and distal urethral remnants and plan reconstrucƟon. 
Standardized outcome assessment was performed at 3 months and 2 years. The primary endpoint 
was procedural success at 2 years. FuncƟonal urethral patency was deĮned as Qmax >15 mL/s on 
uroŇowmetry. RouƟne passage of a 14-Fr catheter was not performed in asymptomaƟc paƟents with 
Qmax >15 mL/s. In paƟents with obstrucƟve urinary symptoms, inability to pass a 14-Fr catheter was 
considered suspicious for restenosis and required conĮrmaƟon by urethroscopy and/or 
urethrography demonstraƟng either an abrupt urethral cutoī or a Įliform passage. Procedural 
success was deĮned as funcƟonal patency without any therapeuƟc endoscopic or instrumental 
intervenƟon for restenosis aŌer urethroplasty. Restenosis was deĮned as symptomaƟc recurrent 
narrowing that met the 14-Fr criterion and was conĮrmed endoscopically and/or radiographically. 
Procedure failure was deĮned as conĮrmed restenosis and/or the need for any therapeuƟc 
endoscopic or instrumental intervenƟon aŌer urethroplasty. One prespeciĮed excepƟon was 
permiƩed: a single prophylacƟc endoscopic dilaƟon performed aŌer catheter removal, before 
documented restenosis, in paƟents considered at high risk of recurrence because the reconstructed 
urethral defect length was ≥8 cm. This planned prophylacƟc dilaƟon was considered an adjunct to the 
index reconstrucƟon and was not classiĮed as failure. Any subsequent dilaƟon or other therapeuƟc 
endoscopic/instrumental intervenƟon was classiĮed as failure. 
No formal sample-size calculaƟon was performed because BUN is rare and the retrospecƟve cohort 
included all eligible paƟents idenƟĮed during the predeĮned study period. 
 

Variable deĮniƟons: 



Recorded variables included age, body mass index (BMI), PFUI complexity, pelvic fracture 
classification, stricture type and length, IIEF score, flap length, functional urethral patency, penile 
appearance, and patient-reported penile shortening or curvature. Postoperative complications 
recorded from the clinical files included glans hypoesthesia, urethrocutaneous fistula, flap necrosis, 
wound infection, penile skin necrosis, urethral diverticulum, meatal stenosis, urinary incontinence, 
and bleeding. Penile curvature was recorded as a patient-reported present/absent postoperative 
complaint; no standardized objective curvature-angle measurement or validated curvature-specific 
patient-reported outcome instrument was used. Erectile function was assessed at three predefined 
time points: before salvage urethroplasty (baseline/pre-salvage), 3 months after surgery, and 2 years 
after surgery when follow-up IIEF data were available. The baseline IIEF assessment therefore 
reflected erectile function after the original pelvic fracture/PFUI and failed anastomotic urethroplasty 
but before the salvage procedure. For descriptive reporting, the study database categorized erectile 
dysfunction as severe (IIEF 6-10), moderate (11-16), or mild (17-25). Because these strata are study-
defined and do not correspond to standard validated IIEF severity categories, erectile-function 
findings were treated descriptively rather than as a formal longitudinal treatment-effect analysis. 

Categorical variables are presented as frequencies and percentages. ConƟnuous variables are 
summarized using means, medians, ranges, or interquarƟle ranges, as appropriate. Univariate 
analysis of factors associated with funcƟonal urethral patency at 2 years was performed as a 
complete-case analysis including the 105 paƟents with documented 2-year outcomes; the eight 
paƟents lost to 2-year follow-up were excluded. Two-sided Fisher-Freeman-Halton exact tests were 
used for categorical variables with more than two levels (BMI class, pelvic fracture classiĮcaƟon, and 
Goldman urethral injury classiĮcaƟon), and Fisher's exact test was used for the 2 × 2 analysis of 
stricture type. Crude odds raƟos (ORs) for funcƟonal patency and exact condiƟonal 95% conĮdence 
intervals (CIs) were calculated using clinically appropriate reference categories. A two-sided P value 
<0.05 was considered staƟsƟcally signiĮcant. 
 

Surgical technique: 
In paƟents who met the radiographic deĮniƟon of BUN, the proximal and distal urethral remnants 
were further delineated before reconstrucƟon. Semirigid urethroscopy was performed through both 
antegrade and retrograde approaches to evaluate the urethra and deĮne the extent of segmental 
bulbar loss. Antegrade Ňexible cystoscopy was used to assess the bladder neck, posterior urethra, and 
verumontanum. A perineal incision was then made to expose the urethra. The bulbospongiosus 
muscle was divided in the midline, and the bulbar urethral remnants were circumferenƟally mobilized 
to expose the previous anastomoƟc region. Inferior parƟal pubectomy was performed when required 
to improve exposure aŌer corporal separaƟon (Fig. 2). Periurethral scar Ɵssue around the proximal 
urethral end was carefully excised unƟl healthy urethral Ɵssue was idenƟĮed. Nonviable or densely 
scarred Ɵssue corresponding to the radiographic defect was excised as required, and the distal 
urethral end was ventrally spatulated to create a wide anastomoƟc margin. 
A circumferenƟal distal penile/prepuƟal skin Ňap was then harvested. In this study, distal 
penile/prepuƟal skin refers to mobile residual distal penile skin incorporaƟng prepuƟal Ɵssue 
adjacent to the circumcision line. AŌer placement of a tracƟon suture on the glans, a circumferenƟal 
Ňap approximately 25–30 mm wide was designed. The vascular basis of the Ňap was the superĮcial 
dorsal penile vascular pedicle carried within the subcutaneous dartos Ɵssue. DissecƟon was 
maintained in the plane between the dartos and Buck fasciae in order to preserve this subcutaneous 
vascular pedicle. The circumferenƟal Ňap was then divided ventrally and dorsally, creaƟng right and 
leŌ hemicircumferenƟal Ňaps. Each hemiŇap retained its own subcutaneous superĮcial dorsal pedicle 
and therefore remained vascularized despite the circumferenƟal skin incision (Figs. 3–5). 



During transfer, the epithelial surface of the Ňap was oriented inward to line the neourethral lumen. 
The Ňap was brought to the perineum through a retro-scrotal tunnel passing behind the scrotum 
rather than by external rotaƟon over the penile shaŌ. Care was taken to avoid pedicle torsion or 
compression and to align the tube with the proximal and distal urethral ends adjacent to the corpora 
without kinking. The residual penile skin bridge was preserved for shaŌ coverage whenever possible. 
Tension was minimized by complete mobilizaƟon of the urethral ends, a short direct tunnel, and 
conservaƟve control of Ňap reach. In our operaƟve planning, a Ňap length of approximately 8 cm was 
considered the preferred pracƟcal upper length to avoid tracƟon on the pedicle; longer reach was 
accepted only if the transfer remained clearly tension-free. If addiƟonal skin coverage was required, 
local penile or perineal skin and, occasionally, a thin skin graŌ were used. 
Because only residual excess distal penile/prepuƟal skin was harvested, Ňap construcƟon did not 
necessarily produce a clinically signiĮcant donor-site skin deĮcit. Tissue adequacy was assessed 
preoperaƟvely and conĮrmed intraoperaƟvely on the basis of availability, mobility, vascularity, and 
the ability to construct the planned Ňap without excessive tension. PaƟents without suĸcient 
residual Ɵssue were not eligible for this technique. In selected cases, addiƟonal penile skin coverage 
required transfer of perineal skin or a thin skin graŌ. 
                        
Results: 
Between January 2015 and December 2024, 819 paƟents with PFUI underwent anastomoƟc 
urethroplasty across the four parƟcipaƟng terƟary reconstrucƟve centers. The source cohort 
consisted of 489 paƟents treated at the Oran center (59.7%), 123 at Mansoura University Urology and 
Nephrology Center (15.0%), 90 at Ahmed Maher Teaching Hospital (11.0%), and 117 at King Faisal 
Hospital/Makkah Health Cluster (14.3%). The iniƟal repair failed in 128 paƟents. Of these, 119 met 
the standardized radiographic deĮniƟon of BUN, corresponding to 14.5% (119/819) of the 
anastomoƟc urethroplasty cohort. Six circumcised paƟents with BUN were excluded because they 
lacked suĸcient distal penile/prepuƟal skin for Ňap construcƟon, leaving 113 paƟents in the Įnal 
analysis, equivalent to 13.8% (113/819) of the original cohort (Flowchart 1). Mean age was 27.3 
years. Among the 113 included paƟents, 87 (76.9%) had complex urethral injuries classiĮed as 
Goldman type ≥3, and 100 had American AssociaƟon for the Surgery of Trauma grade 3-5 urethral 
injuries. The mean duraƟon of available clinical follow-up was 53 months; however, standardized 
eĸcacy assessments were predeĮned at 3 months and 2 years, and follow-up beyond 2 years was not 
suĸciently uniform for formal eĸcacy analysis. Baseline and postoperaƟve outcomes are 
summarized in Tables 1 and 2. 
 

The mean Ňap length was 8.5 cm (range, 6.2-10.8 cm). Complete bulbar narrowing/obliteraƟon was 
present in 99 paƟents (87.6%). Procedural success, according to the predeĮned criteria, was observed 
in 93/113 paƟents (82.3%) at 3 months and 84/105 (80.0%) at 2 years; eight paƟents were lost to 2-
year follow-up. Immediate funcƟonal patency aŌer catheter removal was observed in 95/113 paƟents 
(84.1%) and was considered an early technical outcome. A single planned prophylacƟc endoscopic 
dilaƟon was performed aŌer catheter removal in 37 paƟents considered at high risk of restenosis 
because the reconstructed urethral defect length was ≥8 cm. These dilaƟons were performed before 
documented restenosis and were not classiĮed as failures. Any subsequent therapeuƟc endoscopic or 
instrumental intervenƟon for conĮrmed restenosis was classiĮed as procedure failure. Before salvage 
urethroplasty, 99/113 paƟents (87.6%) were classiĮed as having severe erecƟle dysfuncƟon and 
14/113 (12.4%) as having moderate erecƟle dysfuncƟon according to the study-deĮned IIEF 
categories; none were classiĮed as mild. At 3 months aŌer salvage urethroplasty, severe, moderate, 
and mild erecƟle dysfuncƟon were recorded in 67/113 (59.3%), 31/113 (27.5%), and 15/113 (13.3%) 
paƟents, respecƟvely. At 2 years, IIEF data were available for 45 paƟents (39.8% of the original 



cohort): 32/45 (71.1%) were classiĮed as severe, 11/45 (24.4%) as moderate, and 2/45 (4.4%) as mild. 
Although the 2-year assessment represents a clinically meaningful late postoperaƟve Ɵme point, 
missing IIEF data in 68 paƟents and the use of nonstandard severity categories preclude direct 
longitudinal comparison with the complete baseline cohort. 
PostoperaƟve complicaƟons are summarized systemaƟcally in Table 2. Wound infecƟon occurred in 
13 paƟents (11.5%), meatal stenosis in 7 (6.2%), and urethral diverƟculum in 7 (6.2%). 
Urethrocutaneous Įstula was reported in 5 paƟents (4.4%), urinary inconƟnence in 3 (2.7%), Ňap 
necrosis in 2 (1.8%), postoperaƟve bleeding in 2 (1.8%), and penile skin necrosis in 1 (0.9%). Glans 
hypoesthesia was reported in 34 paƟents (30.1%) at 3 months, 17 (15.0%) at 6 months, and 5 (4.4%) 
at 2 years. Penile shortening and curvature during erecƟon were reported in 5 paƟents (4.4%) and 4 
paƟents (3.5%), respecƟvely. 
 

Univariate analysis of factors associated with funcƟonal urethral patency at 2 years: 
 

Among the 105 paƟents with documented 2-year outcomes, 84 had funcƟonal urethral patency and 
21 did not. Goldman urethral injury classiĮcaƟon was signiĮcantly associated with 2-year funcƟonal 
patency (P = 0.002). Compared with Goldman type 2 injury, type 4a injury was associated with 
substanƟally lower odds of funcƟonal patency (crude OR, 0.05; 95% CI, 0.003-0.43). BMI class showed 
a borderline overall associaƟon (P = 0.050), whereas pelvic fracture classiĮcaƟon (P = 0.146) and 
stricture type (P = 0.703) were not signiĮcantly associated with 2-year funcƟonal patency. Complete 
univariate results, including crude ORs and 95% CIs, are presented in Table 3. 
 

Discussion: 
BUN is a disƟnct ischemic reconstrucƟve condiƟon and should not be used synonymously with severe 
recurrent bulbar stricture disease. Recent radiographic work deĮnes BUN by segmental absence of 
the bulbar urethra aŌer PFUI repair and emphasizes its predominantly vascular pathophysiology [23]. 
Accordingly, the present series included only paƟents with radiographically demonstrable segmental 
bulbar urethral loss or disconƟnuity; paƟents with recurrent narrowing, Įbrosis, or obliteraƟon but 
preserved bulbar urethral conƟnuity were not classiĮed as having BUN. The bulbar urethra receives 
both antegrade and retrograde vascular supply. The bulbospongiosus muscle surrounds the bulbar 
urethra, while arterial supply is derived from the bulbar arteries, perforaƟng branches of the 
cavernosal arteries, and retrograde contribuƟons from the distal penile vascular network [7,8]. 
The deep dorsal arteries lie lateral to the deep dorsal vein and may be injured during inferior 
pubectomy or crural separaƟon if bone removal, periosteal elevaƟon, or electrocautery compromises 
adjacent vascular structures. BUN may develop when retrograde perfusion is impaired. Complex 
posterior urethral reconstrucƟon should therefore be undertaken by surgeons experienced in 
advanced perineal approaches. AddiƟonal factors that may compromise bulbar urethral viability 
include excessive distal urethral mobilizaƟon, concomitant hypospadias, and extensive 
spongioĮbrosis aŌer previous surgery [9,10]. 
Reported rates of BUN aŌer PFUI repair vary according to referral paƩerns, trauma complexity, case 
volume, and surgeon experience. In a large terƟary-center experience, Kulkarni and colleagues 
treated more than 1,700 paƟents with PFUI between 1995 and 2021 and reported success rates of 
79.1% for redo reconstrucƟon and 85.4% for primary anastomoƟc urethroplasty; approximately 9% of 
paƟents (n = 177) developed BUN [11-13]. 
In the present study, eĸcacy was assessed at standardized postoperaƟve Ɵme points using a 
predeĮned procedural-success framework. Success required Qmax >15 mL/s together with freedom 
from therapeuƟc endoscopic or instrumental treatment for restenosis. Passage of a 14-Fr catheter 
was not performed rouƟnely; it was reserved for symptomaƟc paƟents, and failure to pass the 



catheter required endoscopic and/or urethrographic conĮrmaƟon of recurrent narrowing. Procedural 
success was 82.3% at 3 months and 80.0% among paƟents evaluable at 2 years. Thirty-seven paƟents 
with a reconstructed urethral defect length ≥8 cm underwent one planned prophylacƟc endoscopic 
dilaƟon aŌer catheter removal and before restenosis developed. Because this maneuver was 
protocolized as postoperaƟve prophylaxis rather than treatment of established recurrence, it was not 
classiĮed as failure; any subsequent therapeuƟc dilaƟon or other endoscopic/instrumental 
intervenƟon was classiĮed as failure. This endpoint deĮniƟon should be considered when comparing 
the present results with series that use strictly intervenƟon-free deĮniƟons of success. 
Published outcomes of BUN reconstrucƟon vary with case complexity, reconstrucƟve technique, 
previous surgical history, follow-up duraƟon, and the deĮniƟon of success. Reported reconstrucƟve 
strategies include pedicled prepuƟal tube Ňaps, Q Ňaps, oral mucosal Ňaps, pedicled prepuƟal onlay 
reconstrucƟon combined with dorsal buccal mucosal graŌing, scrotal drop-back procedures, and 
enterourethroplasty [14-16]. These heterogeneous series provide useful technical context but are not 
directly comparable with the present cohort because paƟent selecƟon and outcome deĮniƟons diīer. 
The present Įndings indicate that the modiĮed bilateral Ňap can be performed as a single-stage 
reconstrucƟve opƟon in carefully selected paƟents, with funcƟonal urethral patency observed in 
80.0% of evaluable paƟents at 2 years. However, the retrospecƟve design, absence of a comparator 
group, and lack of standardized 5- and 10-year outcomes preclude conclusions regarding superiority 
or established long-term durability. 
Joshi et al. [22] recently reported 41 paƟents who underwent pedicled Ňap reconstrucƟon for BUN. 
Distal penile skin Ňaps were used in 24.4% of paƟents and had a 40% primary success rate, whereas 
overall primary and secondary success rates across all Ňap types were 66% and 78%, respecƟvely. 
Direct comparison with the present cohort is not appropriate because of diīerences in paƟent 
selecƟon, case complexity, previous surgical burden, Ňap design, follow-up duraƟon, and outcome 
deĮniƟons. In the present study, one protocolized prophylacƟc dilaƟon in high-risk paƟents was not 
classiĮed as failure, whereas any therapeuƟc endoscopic or instrumental intervenƟon for conĮrmed 
restenosis was considered failure. Accordingly, the numerical diīerences between studies should be 
interpreted descripƟvely and should not be taken as evidence that the bilateral technique is superior 
to other reconstrucƟve approaches. 
ConvenƟonal tubularized prepuƟal Ňaps are most naturally applicable to uncircumcised paƟents with 
an intact prepuce and have already been described in that seƫng. The present series addresses a 
diīerent and more restricted clinical situaƟon: circumcised paƟents in whom suĸcient residual distal 
penile/prepuƟal skin remains available adjacent to the circumcision line. Circumcision status was 
therefore not merely a demographic characterisƟc but a technical selecƟon variable, documented 
during preoperaƟve genital examinaƟon and donor-site assessment. Previous circumcision did not 
automaƟcally exclude the technique; however, paƟents without adequate residual Ɵssue were not 
candidates and were excluded from this cohort. Accordingly, the present results should not be 
generalized to all circumcised paƟents. They also should not be directly extrapolated to 
uncircumcised paƟents, because donor-site anatomy, Ňap design, and Ɵssue availability diīer and 
because this study was speciĮcally designed to evaluate the adaptaƟon of the technique to 
circumcised paƟents with adequate residual Ɵssue. 
From a technical standpoint, the disƟnguishing feature of this modiĮcaƟon is that the neourethral 
tube is created from two hemicircumferenƟal distal penile/prepuƟal skin Ňaps, each based on a 
superĮcial dorsal subcutaneous pedicle. The skin surface is directed inward, and the Ňap is delivered 
to the perineum through a retro-scrotal tunnel. This conĮguraƟon aims to preserve vascularity, 
reduce pedicle tracƟon, and permit midline alignment of the neourethra relaƟve to the corpora and 
urethral ends. 



ErecƟle dysfuncƟon is a well-recognized consequence of PFUI and is usually mulƟfactorial. Proposed 
mechanisms include cavernous nerve injury, disrupƟon of branches of the internal pudendal or 
cavernosal arterial supply, direct corporal injury, venous dysfuncƟon, and psychological eīects of 
major pelvic trauma [24,25]. A systemaƟc review and meta-analysis esƟmated that approximately 
34% of men have erecƟle dysfuncƟon aŌer PFUI before deĮniƟve urethroplasty, whereas delayed 
urethroplasty was associated with only a modest addiƟonal incidence of de novo erecƟle dysfuncƟon 
beyond that aƩributable to the iniƟal injury [24]. These Įndings suggest that erecƟle dysfuncƟon in 
this populaƟon is driven predominantly by the iniƟal pelvic and urethral trauma rather than by 
urethroplasty alone. In the present cohort, baseline IIEF assessment was therefore performed aŌer 
PFUI and failed primary anastomoƟc repair but before salvage reconstrucƟon. The 2-year 
postoperaƟve assessment is more informaƟve than the 3-month assessment for late erecƟle-funcƟon 
status; however, it was available in only 45 paƟents. Accordingly, IIEF Įndings at baseline, 3 months, 
and 2 years are reported descripƟvely and should not be interpreted as evidence that the salvage 
procedure caused either recovery or deterioraƟon in erecƟle funcƟon. 
Vascular factors may nevertheless contribute to erecƟle funcƟon and urethral Ɵssue viability aŌer 
PFUI. Complete posterior urethral disrupƟon and severe pelvic trauma may injure pudendal or 
cavernosal arterial branches, whereas transecƟon and mobilizaƟon of the bulbar urethra during 
reconstrucƟon can alter antegrade bulbar arterial inŇow. Bulbar artery-sparing techniques have 
therefore been developed to preserve proximal arterial supply to the corpus spongiosum during 
anastomoƟc reconstrucƟon [19]. Bulbar arterial Ňow can be assessed with Doppler ultrasonography, 
allowing preservaƟon of one or both arteries when technically feasible. In the present retrospecƟve 
cohort, however, the contribuƟon of reduced antegrade bulbar Ňow to erecƟle dysfuncƟon cannot be 
separated from the neurogenic and vascular eīects of the original pelvic trauma. The data therefore 
do not establish bulbar urethral transecƟon or loss of antegrade Ňow as the cause of the observed 
erecƟle dysfuncƟon. 
Penile curvature during erecƟon was reported by 4 paƟents (3.5%). However, curvature was not 
assessed using standardized preoperaƟve and postoperaƟve angular measurements or a validated 
curvature-speciĮc paƟent-reported instrument. Accordingly, this observaƟon cannot be interpreted 
as objecƟve evidence that the bilateral Ňap design prevents penile deviaƟon. From a technical 
standpoint, dividing the circumferenƟal Ňap into two hemicircumferenƟal components and 
transferring them on opposite sides of the penis may distribute tracƟon more symmetrically and 
therefore represents a potenƟal biomechanical advantage of the technique [20-22]. This proposed 
advantage remains hypotheƟcal and should be evaluated prospecƟvely with standardized curvature 
measurements and validated paƟent-reported assessments. 
 

Circumcision status or the amount of residual prepuƟal skin should not be used to infer a culturally 
speciĮc aestheƟc ideal. Available evidence indicates that genital appearance is a subjecƟve, paƟent-
reported construct. In a geographically diverse sample, genital self-image did not diīer signiĮcantly 
between circumcised and uncircumcised men; instead, greater saƟsfacƟon with one's own 
circumcision status was associated with a more posiƟve genital self-image [27]. In a separate 2025 
survey, most circumcised adult men reported no concern about penile appearance, including some 
men with objecƟvely redundant foreskin [28]. Because no validated genital self-image or cosmeƟc-
saƟsfacƟon instrument was administered in the present cohort, no formal conclusion regarding 
postoperaƟve aestheƟc saƟsfacƟon can be made. Glans hypoesthesia was the most frequent sensory 
complaint, aīecƟng 30.1% of paƟents at 3 months, 15.0% at 6 months, and 4.4% at 2 years, and 
should be discussed during preoperaƟve counseling. 
 

LimitaƟons 



This study has several limitaƟons. Its retrospecƟve mulƟcenter design may have introduced 
heterogeneity in referral paƩerns and documentaƟon. However, all four insƟtuƟons were terƟary 
referral centers in reconstrucƟve urology, the same operaƟve technique and postoperaƟve 
surveillance protocol were used across centers, and each procedure was performed by an 
experienced reconstrucƟve urologist. Individual surgeon case volume and reconstrucƟve experience 
were not formally quanƟĮed or compared between centers. Although the same operaƟonal 
radiographic deĮniƟon of BUN was applied across centers, imaging was obtained and interpreted as 
part of rouƟne clinical care rather than through a prospecƟve central adjudicaƟon protocol. 
Standardized eĸcacy assessments were available at 3 months and 2 years, but not at 5 or 10 years; 
therefore, very long-term durability cannot be established. The mean clinical follow-up of 53 months 
reŇects the duraƟon of available records and should not be interpreted as a standardized 53-month 
eĸcacy assessment. Eight paƟents were lost to 2-year follow-up and were excluded from the 
complete-case univariate analysis. The procedural-success deĮniƟon also included a protocolized 
excepƟon for one prophylacƟc endoscopic dilaƟon aŌer catheter removal in 37 high-risk paƟents with 
a reconstructed urethral defect length ≥8 cm. Although this intervenƟon was performed before 
documented restenosis and was not considered treatment of failure, the endpoint is not idenƟcal to a 
strictly intervenƟon-free deĮniƟon and may limit comparison with other series. In addiƟon, the 14-Fr 
catheter assessment was symptom-triggered rather than rouƟnely performed in all paƟents. IIEF data 
at 2 years were available for only 45 of 113 paƟents, creaƟng substanƟal potenƟal for aƩriƟon bias. 
The historical IIEF severity categories were nonstandard, and objecƟve neurovascular tesƟng was not 
performed; erecƟle-funcƟon trajectories and causal mechanisms therefore cannot be established. No 
validated genital self-image or cosmeƟc-saƟsfacƟon instrument was used. Penile curvature was 
recorded only as a paƟent-reported present/absent Įnding; no objecƟve preoperaƟve/postoperaƟve 
curvature-angle measurement or validated curvature-speciĮc instrument was available, so any 
protecƟve eīect of the bilateral Ňap design against penile deviaƟon remains unproven. An addiƟonal 
limitaƟon is the highly selected donor-site anatomy of this cohort: all paƟents were circumcised and 
had suĸcient residual distal penile/prepuƟal skin to permit Ňap construcƟon. Therefore, the Įndings 
cannot be generalized to circumcised paƟents without adequate residual penile skin and should not 
be directly extrapolated to uncircumcised paƟents, in whom Ňap anatomy and Ɵssue availability 
diīer. Finally, the univariate analysis was exploratory, several subgroups were small, and the absence 
of a comparator group precludes conclusions regarding superiority over other salvage reconstrucƟve 
techniques. 
 

Conclusion 

BUN aŌer PFUI repair is a complex ischemic reconstrucƟve condiƟon characterized by 
radiographically demonstrable segmental loss of the bulbar urethra rather than by recurrent stricture 
severity alone. In selected circumcised paƟents who retain adequate residual distal penile/prepuƟal 
skin, modiĮed bilateral tubularized distal penile/prepuƟal skin Ňap urethroplasty appears to be a 
feasible single-stage reconstrucƟve opƟon. Procedural success was observed in 82.3% of paƟents at 3 
months and 80.0% of evaluable paƟents at 2 years. These Įndings are speciĮc to this selected 
retrospecƟve cohort and do not establish superiority over alternaƟve techniques or durable long-
term success. Standardized 5- and 10-year outcome data and comparaƟve studies are required before 
broader conclusions can be drawn. 
 

Figures: 
Fig. 1. Segmental absence of the bulbar urethra on voiding cystourethrography (VCUG), consistent 
with BUN 

Fig. 2. Inferior parƟal pubectomy 



Fig. 3. Two parallel incisions in the distal penile/prepuƟal skin 

Figs. 4 and 5. Ventral and dorsal division of the circumferential distal penile/preputial skin flap 

Fig. 6. Tubularization of the distal penile/preputial skin flap 

Fig. 7. Anastomosis of the tubularized flap to the proximal and distal urethral ends 

Fig. 8. Schematic representation of the modified bilateral distal penile/preputial skin flap: (A) 
circumferential design based on the superficial dorsal vascular pedicles; (B) division into right and left 
hemicircumferential flaps, each retaining its own pedicle; (C) retro-scrotal tunneling to the perineum; 
(D) tubularization with the epithelial surface oriented inward; (E) final position of the neourethra 
adjacent to the corpora; and (F) operative principles used to avoid tension. 
 

 

 

References: 

1: Kulkarni SB, Joshi PM, Hunter C, Surana S, Shahrour W, Alhajeri F. Complex posterior urethral injury. 
Arab J Urol. 2015;13(1):43-52. doi:10.1016/j.aju.2014.11.008. 

2: Paul Neuville, Judith C Hagedorn, Alexander J Skokan, Nicolas Morel-Journel, Hunter Wessells. 
Management of long-term funcƟonal sequelae of pelvic fracture urethral injury. Fr J Urol. 2024 
Nov;34(10):102711. doi:10.1016/j.łurol.2024.102711. 

3: Joshi PM, Costa-Grau M, Kandhari P, Thakkar SM, Oyibo EU, Navarro J, Kulkarni SB. Management of 
pelvic fracture urethral injury. Transl Androl Urol. 2025 Oct 31;14(10):3328-3341. 

4: Joshi PM, Kulkarni SB. Management of pelvic fracture urethral injuries in the developing 
world. World J Urol 2020;38:3027-34. 

5 : Sreeranga YL, Joshi PM, Bandini M, et al. Comprehensive analysis of paediatric pelvic fracture 
urethral injury: a reconstrucƟve centre experience. BJU Int 2022;130:114-25. 

6: EAU Guidelines. Edn. Presented at the EAU Annual Congress Paris 2024. ISBN 978-94-92671-23-3 

7: Slimane Kerroumi, Adel Djilali Lansari,  Ahmad Jamal Alharbi,  Ali Bazzi, Chihab Ouanezar, 
Malik Hafaf, Meshari AƟf Alqurashi, Mostefa Jamal YousĮ . What’s the best bowel segment in 
enterourethroplasty for the salvage of bulbo-membranous stricture ?: Anatomical study of fresh 
corpses.Urology. Volume 206, Supplement 14-15December 2025. doi:10.1016/j.urology.2025.11.034 

8: EnganƟ B, Reddy MS, Chiruvella M, Bendigeri MT, Ragoori D, Ghouse SM, Reddy P. Double-face 
augmentaƟon urethroplasty for bulbar urethral strictures: Analysis of short-term outcomes. Turk J 
Urol. 2020 Sep;46(5):383-387. 

9: Sanjay B. Kulkarni, Sandesh Surana, Devang J. Desai, Hazem Orabi, SubramanianIyer, Jyotsna 
Kulkarni, Ajit Dumawat,Pankaj M. Joshi. Management of complex and redo cases of pelvic fracture 
urethral injuries. Asian Journal of Urology (2018)5,107e117 

10: Kulkarni SB, Orabi H, Kavanagh A, et al. RE Re Do urethroplasty aŌer mulƟple failed surgeries of 
pelvic fracture urethral injury. World J Urol 2020;38:3019-25. 

11: Pankaj M. Joshi, Marco Bandini , ChrisƟan Yepes , Sandeep Bafna, Shreyas Bhadranavar , Vipin 
Sharma , Giuseppe OƩone Cirulli , Sanjay B. Kulkarni. Flaps for bulbar urethral ischemic necrosis in 
pelvic fracture urethral injury. Joshi et al. Plast Aesthet Res 2022;9:22 



12: Singh, Preet Mohan; Krishna, Bhavya1; Yadav, Siddharth. Primary bulbar urethral ischemic 
necrosis following pelvic fracture urethral injury: A rare surgical challenge. Indian Journal of Urology 
40(1):p 62-64, Jan–Mar 2024.  

13: Blaschko SD, McAninch JW, Myers JB, Schlomer BJ, Breyer BN (2012) Repeat urethroplasty aŌer 
failed urethral reconstrucƟon: outcome analysis of 130 paƟents. J Urol 188(6):2260–2264 

14: Kulkarni S, Joshi P, Surana S, Kulkarni J, Joglekar O, Alkandari M. Pedicled prepuƟal tube 
urethroplasty for bulbar urethral necrosis aŌer failed anastomoƟc urethroplasty for pelvic fracture 
urethral distracƟon defects. Eur Urol Suppl 2018;17:e1937. 

15:Thakor, Poojan, Kalra, Sidhartha, Ghorai, Rudra Prasad; Sreerag, Kodakaƫl Sreenivasan; 
Dorairajan, Lalgudi Narayanan, Aggarwal, Deepanshu, Narkhede, Vishal, Bolar, Siddhant. Revitalizing 
scrotal drop-back surgery for bulbar urethral necrosis in the contemporary pracƟce. InternaƟonal 
Journal of ReconstrucƟve Urology 3(1):p 65-70, January-June 2025. 

16:Chauhan A, Sham E, Chee J. Microsurgical urethroplasty for complex bulbar urethral strictures 
using the radial forearm free Ňap prelaminated with buccal mucosa. J Reconstr Microsurg 
2016;32:378-85.  

17: S. Kerroumi, A.D. Lansari, C.O. Ouanezar, M.H. Hafaf, M.A. AƟf Alqurashi, Y.M. Mostefa. 
UrétroplasƟe de sauvetage par lambeau cutané pénien en tube modiĮé pour nécrose bulbaire après 
échec d’urétrorraphie termino-terminale. Progrès en Urologie - FMC, Volume 35, Issue 7, 
Supplement, November 2025, Page S112. hƩps://doi.org/10.1016/j.fpurol.2025.07.168 

18: Borgognone A, SanƟ GD, Baĸgo G, Capobianco SV, Goleƫ S. Is a pedicular Ňapcoupled to 
the double turnover Ňaps urethroplasty suitable for urethral-perineal reconstrucƟon? ConsideraƟons 
about a relapsing urethral-cutaneous Įstula condiƟon. JPRAS Open. 2023 Aug 19;38:91-97.  

19 :R.G. Gómez, L.G. Velarde, R.A. Campos, R. Massouh, V. Humerez, V. Barrientos. Outcomes of 
bulbar artery sparing during anastomoƟc urethroplasty for pelvic fracture urethral injuryResultado de 
la preservación de las arterias bulbares durante la uretroplasƟa anastomóƟca para la lesión uretral 
por fractura de pelvis. Actas Urológicas Españolas (English EdiƟon) Volume 49, Issue 1, January–
February 2025, Pages 102-107 

20 :Gomez RG, Campos RA, Velarde LG. ReconstrucƟon of Pelvic Fracture Urethral Injuries With 
Sparing of the Bulbar Arteries. Urology. 2016 Feb;88:207-12. 

21:Gómez RG, Velarde LG, Campos RA, Barrientos V. Vessel-sparing Non-transecƟng AnastomoƟc 
ReconstrucƟon of the Posterior Urethra: Single Center Experience with Long-term Follow-up. Urology. 
2025 Feb;196:283-289. 

22: Joshi PM, Navarro J, Ratanapornsompong W, Ocampo MA, De Win G, Thiessen F, Wood D, 
Kulkarni SB. Pedicled tubularized Ňaps for the treatment of bulbar urethral necrosis. World J Urol. 
2026;44(1):125. doi:10.1007/s00345-026-06223-5. 

23: Joshi PM, Navarro J, Ocampo MA, De Win G, Filip T, Wood D, Bhadranavar S, Talpallikar A, Kulkarni 
SB. Bulbar urethral necrosis: current concept and novel comprehensive classiĮcaƟon. BJU Int. 
2025;136(1):103-108. doi:10.1111/bju.16710. 

24: Blaschko SD, Sanford MT, Schlomer BJ, Alwaal A, Yang G, Villalta JD, Wessells H, McAninch JW, 
Breyer BN. The incidence of erecƟle dysfuncƟon aŌer pelvic fracture urethral injury: a systemaƟc 
review and meta-analysis. Arab J Urol. 2015;13(1):68-74. doi:10.1016/j.aju.2014.09.004. 



25: Shenfeld OZ, Kiselgorf D, Gofrit ON, Verstandig AG, Landau EH, Pode D, Jordan GH, McAninch JW. 
The incidence and causes of erecƟle dysfuncƟon aŌer pelvic fractures associated with posterior 
urethral disrupƟon. J Urol. 2003;169(6):2173-2176. doi:10.1097/01.ju.0000067660.51231.05. 

26: von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP; STROBE IniƟaƟve. The 
Strengthening the ReporƟng of ObservaƟonal Studies in Epidemiology (STROBE) statement: 
guidelines for reporƟng observaƟonal studies. J Clin Epidemiol. 2008;61(4):344-349. 
doi:10.1016/j.jclinepi.2007.11.008. 

27: Selino S, Krawczyk R. Happiness with Circumcision Status, Not Status Itself, Predicts Genital Self-
Image in a Geographically Diverse Sample. Arch Sex Behav. 2023;52(4):1525-1534. 
doi:10.1007/s10508-023-02543-4. 

28: GiramonƟ K, Valenty L, Feustel P, Lee J, Rehfuss A. Are adult males concerned about the 
appearance of their circumcision that was done as a newborn? J Pediatr Urol. 2025;21(3):687-691. 
doi:10.1016/j.jpurol.2025.01.017. 

 



 

Variable PaƟents, n (%) 

Total cohort 113 (100) 

Mean age, years 27.3 (range, 16–57) 

BMI class  

≤18.5 kg/m² 21 (18.6) 

18.5–25 kg/m² 80 (70.8) 

≥25 kg/m² 12 (10.6) 

Pelvic fracture classiĮcaƟon  

Tile A, stable 5 (4.4) 

Tile B, verƟcally stable 13 (11.5) 

Tile B, rotaƟonally unstable 55 (48.7) 

Tile C, unstable 40 (35.4) 

AAST urethral injury classiĮcaƟon  

Grade 1, contusion 0 (0) 

Grade 2, stretch injury 13 (11.5) 

Grade 3, parƟal disrupƟon 48 (42.5) 

Grade 4, complete disrupƟon with gap <2 cm 16 (14.2) 

Grade 5, complete disrupƟon with gap ≥2 cm 36 (31.9) 

Goldman urethral injury classiĮcaƟon  

Type 1, elongaƟon/stretching 0 (0) 

Type 2, urethral disrupƟon 26 (23.0) 

Type 3, membranous urethral disrupƟon 61 (54.0) 

Type 4, bladder neck injury 10 (8.8) 

Type 4a, bladder base injury 11 (9.7) 

Type 5, anterior urethral trauma 5 (4.4) 

PreoperaƟve IIEF category (before salvage urethroplasty)  

Severe erecƟle dysfuncƟon, 6–10 99 (87.6) 

Moderate erecƟle dysfuncƟon, 11–16 14 (12.4) 

Mild erecƟle dysfuncƟon, 17–25 0 (0) 



 

Table 1: Baseline characterisƟcs and preoperaƟve outcomes 

 

 

 

 

 

 

 

 

 

 

 

Variable PaƟents, n (%) 

Total cohort 113 (100) 

Type of bulbar lesion  

ParƟal narrowing 14 (12.4) 

Complete obliteraƟon 99 (87.6) 

Mean Ňap length, cm 8.5 (range, 6.2–10.8) 

PostoperaƟve IIEF at 3 months  

Severe erecƟle dysfuncƟon 67 (59.3) 

Moderate erecƟle dysfuncƟon 31 (27.5) 

Mild erecƟle dysfuncƟon 15 (13.3) 

PostoperaƟve IIEF at 2 years (available-case data, n=45)  

Severe erecƟle dysfuncƟon 32/45 (71.1) 

Moderate erecƟle dysfuncƟon 11/45 (24.4) 

Mild erecƟle dysfuncƟon 2/45 (4.4) 

Early funcƟonal urethral patency aŌer catheter removal 95/113 (84.1) 

FuncƟonal urethral patency at 3 months 93/113 (82.3) 

FuncƟonal urethral patency at 2 years 84/105 (80.0) 

PostoperaƟve complicaƟons and paƟent-reported outcomes  



Glans hypoesthesia at 3 months 34 (30.1) 

Glans hypoesthesia at 6 months 17 (15.0) 

Glans hypoesthesia at 2 years 5 (4.4) 

Penile shortening 5 (4.4) 

Penile curvature during erecƟon 4 (3.5) 

Urethral diverƟcula 7 (6.2) 

Urethrocutaneous Įstula 5 (4.4) 

Flap necrosis 2 (1.8) 

Wound infecƟon 13 (11.5) 

Penile skin necrosis 1 (0.9) 

Meatal stenosis 7 (6.2) 

Urinary inconƟnence 3 (2.7) 

PostoperaƟve bleeding 2 (1.8) 

 

Note: PostoperaƟve complicaƟon percentages are calculated using the full study cohort (n=113), 
unless another denominator is explicitly stated. IIEF data at 2 years were available for 45 of 113 
paƟents. 

Table 2: OperaƟve and postoperaƟve outcomes 

 

 

 

 

 

 

 

 

 

 

 

Variable / category Evaluabl
e 

FuncƟonal 
urethral 

Loss of 
urethral 

Crude OR 

(95% CI) 
P 
value 



at 2 
years, n 

patency, 
n (%) 

patency, 
n (%) 

BMI class 

≤18.5 kg/m² 17 12 (70.6) 5 (29.4) 0.41 (0.11–1.78) 

0.050 18.5–25 kg/m² 76 65 (85.5) 11 (14.5) Reference 

≥25 kg/m² 12 7 (58.3) 5 (41.7) 0.24 (0.05–1.15) 

Pelvic fracture classiĮcaƟon 

Tile A (stable) 5 5 (100) 0 (0) ∞ (0.26–∞) 

0.146 Tile B (verƟcally stable) 13 13 (100) 0 (0) ∞ (0.82–∞) 

Tile B (rotaƟonally unstable) 52 40 (76.9) 12 (23.1) 1.15 (0.37–3.47) 

Tile C (unstable) 35 26 (74.3) 9 (25.7) Reference 

Goldman urethral injury 
classiĮcaƟon 

Type 1, elongaƟon/stretching 

0 NA NA NA 

0.002 

Type 2, urethral disrupƟon 26 23 (88.5) 3 (11.5) Reference 

Type 3, membranous urethral 
disrupƟon 

57 49 (86.0) 8 (14.0) 0.80 (0.13–3.75) 

Type 4, bladder neck injury 9 7 (77.8) 2 (22.2) 0.47 (0.04–6.66) 

Type 4a, bladder base injury 8 2 (25.0) 6 (75.0) 0.05 (0.003–
0.43) 

Type 5, anterior urethral 
trauma 

5 3 (60.0) 2 (40.0) 0.21 (0.02–3.47) 

Type of stricture 

ParƟal narrowing 
12 9 (75.0) 3 (25.0) 0.72 (0.16–4.56) 

0.703 

Complete narrowing 93 75 (80.6) 18 (19.4) Reference 

Table 3: Univariate analysis of factors associated with funcƟonal urethral patency at 2 years 

Note: Complete-case analysis included 105 paƟents with known 2-year outcomes (84 with funcƟonal 
urethral patency and 21 without); eight paƟents were lost to follow-up. Lost-to-follow-up distribuƟon: 
BMI, 4/4/0; Tile classiĮcaƟon, 0/0/3/5; Goldman classiĮcaƟon, 0/0/4/1/3/0; parƟal/complete 
narrowing, 2/6. ORs represent the odds of funcƟonal urethral patency. Global P values were 
calculated using two-sided Fisher-Freeman-Halton exact tests for BMI, pelvic fracture classiĮcaƟon, 
and Goldman classiĮcaƟon, and Fisher's exact test for stricture type. ORs and 95% CIs are exact 
condiƟonal esƟmates; inĮnite ORs reŇect zero loss-of-patency events in the corresponding category. 

 

 

Flowchart 1. Study selecƟon and inclusion process 



PaƟents with PFUI treated across the four parƟcipaƟng terƟary centers 

January 2015–December 2024 

n = 819 

↓ 

PaƟents who underwent anastomoƟc urethroplasty 

n = 819 

↓ 

Failure of iniƟal anastomoƟc urethroplasty 

n = 128 

↓ 

Bulbar urethral necrosis (BUN) among failed repairs 

n = 119 

Failures without BUN: n = 9 

↓ 

Circumcised paƟents with BUN assessed for Ňap eligibility 

n = 119 

↓ 

Excluded 

Insuĸcient residual distal penile/prepuƟal skin 
for Ňap construcƟon 

n = 6 

Final included cohort 
Circumcised BUN paƟents with suĸcient 
residual distal penile/prepuƟal skin 

n = 113 

↓ 

ModiĮed bilateral tubularized distal penile/prepuƟal skin Ňap urethroplasty 

Final analyzed cohort: n = 113 

AbbreviaƟons: BUN, bulbar urethral necrosis; PFUI, pelvic fracture urethral injury. 

 

 

Figure 8. OperaƟve schemaƟc of the modiĮed bilateral distal penile/prepuƟal skin Ňap 



 

SchemaƟc showing the key technical steps and anatomical relaƟonships: circumferenƟal distal 
penile/prepuƟal skin design based on the superĮcial dorsal vascular pedicles; ventral and dorsal 
division into two hemicircumferenƟal Ňaps; retro-scrotal tunneling; tubularizaƟon with the skin 
surface facing the lumen; Įnal posiƟoning adjacent to the corpora; and operaƟve measures used to 
minimize pedicle tracƟon. 
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Fig 1 : Absence of the bulbar urethra (MCU) 

 



                        

Fig2 : inferior partial pubectomy                       Fig3: Two parallel penile skin incisions 

 

                                          

Fig4,5: The penile circular skin flap was separated on the ventral and dorsal side 

                  

Fig6: Skin flap was shaped into a tube         Fig7:  Suturing the flap with proximal and distal urethra           

 

 

 



 


