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ARTICLE IN PRESS
Reconstructive Urology
Multi-institutional Outcomes and
Associations After Excision and
Primary Anastomosis for
Radiotherapy-associated
Bulbomembranous Urethral Stenoses
Following Prostate Cancer Treatment

BB Voelzke*, LS Leddy**, JB Myers, BN Breyer, NF Alsikafi, JA Broghammer, SP Elliott,
AJ Vanni, BA Erickson, JC Buckley, LC Zhao, T Wright, and KF Rourke, for the Trauma and
Urologic Reconstructive Network of Surgeons (TURNS)

OBJECTIVE To evaluate the outcomes of excision and primary anastomosis (EPA) for radiation-associated bul-
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bomembranous stenoses using a multi-institutional analysis. The treatment of radiation-associated
urethral stenosis is typically complex owing to the adverse impact of radiation on adjacent tissue.
METHODS
 An IRB-approved multi-institutional retrospective review was performed on patients who under-
went EPA for bulbomembranous urethral stenosis following prostate radiotherapy. Preoperative
patient demographics, operative technique, and postoperative outcomes were abstracted from 1/
2007−6/2018. Success was defined as voiding per urethra without the need for endoscopic treat-
ment and a minimum follow-up of 12 months.
RESULTS
 One hundred and thirty-seven patients from 10 centers met study criteria with a mean age of
69.3 years (50-86), stenosis length of 2.3 cm (1-5) and an 86.9% (119/137) success rate at a mean
follow-up 32.3 months (12-118). Univariate Cox regression analysis identified increasing patient
age (P = .02), stricture length (P <.0001) and combined modality radiotherapy (P = .004) as fac-
tors associated with stricture recurrence while body mass index (P = .79), diabetes (P = .93), smok-
ing (P = .62), failed endoscopic treatment (P = .08) and gracilis muscle use (P = .25) were not. On
multivariate analysis, increasing patient age (H.R.1.09, 95%CI 1.01-1.16; P = .02) and stenosis
length (H.R.2.62, 95%CI 1.49-4.60; P = .001) remained associated with recurrence. Subsequent
artificial urinary sphincter was performed in 30 men (21.9%), of which 25 required a transcorporal
cuff and 5 developed cuff erosion.
CONCLUSIONS
 EPA for radiation-associated urethral stenosis effectively provides unobstructed instrumentation-
free voiding. However, increasing stenosis length and age are independently associated with surgi-
cal failure. Patients should be counseled that further surgery for incontinence may be necessary.
UROLOGY 00: 1−6, 2021. © 2021 Elsevier Inc.
Radiation is one of the most common modalities
used to treat localized prostate cancer. An analysis
of prostate cancer treatment trends from 2004-
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consequence of treatment, urethral stenosis occurs in 1-
3% of men after primary EBRT, 4%-9% after brachyther-
apy, and likely higher rates after combination treatment
with both BT and EBRT.2-4 Urethral stenosis may also
occur in up to 40% of patients receiving adjuvant or sal-
vage radiation after radical prostatectomy.3

The majority of radiotherapy-associated urethral stric-
tures/stenoses occur in the bulbomembranous urethra and
are typically refractory to endoscopic treatment.3 While
the urethroplasty experience in this setting remains lim-
ited, excision and primary anastomosis (EPA) is the most
commonly utilized technique.5-7 This surgical preference
is likely related to several factors including potential
impairment of graft take due to a diseased peri-urethral
milieu after radiation, often short stenosis length and
challenging location deep within the male pelvis. We
present a multicenter retrospective review of outcomes
following EPA for radiotherapy-associated urethral stric-
tures following prostate cancer treatment. Specifically, our
objective is to examine the success rate of EPA in this set-
ting as well as factors associated with stricture recurrence
using an a priori model. We hypothesize that high rates of
urethral patency can be achieved in properly selected
patients but there will be a need for ancillary surgical
maneuvers during reconstruction, and significant risk of
postoperative treatment for other radiation related factors
such as incontinence.
METHODS
An IRB-approved multi-institutional (10 center) retrospective
review was performed of consecutive prostate cancer patients
undergoing EPA urethroplasty following radiotherapy between
January 2007 and June 2018.

Inclusion criteria were a minimum of 12 months of follow up
with a minimum of an office visit or telephone call, for select
patients who could not return for an office visit. When possible,
the referring physician was contacted to gather clinical informa-
tion. Patients with radiotherapy-induced urethral strictures fol-
lowing prostate cancer treatment who were not deemed to be
surgical candidates for anastomotic urethroplasty were excluded
at the discretion of the surgeon. Success was defined as voiding
per urethra without the need for additional endoscopic proce-
dures or intermittent self-catheterization. Cystoscopy, uroflow-
metry, post-void residual bladder ultrasound, and/or subjective
questionnaires were utilized to assess voiding status following
urethroplasty.

Preoperative evaluation included retrograde urethrogram, cys-
toscopy and voiding cystourethrogram (VCUG) to assess steno-
sis length, location, tissue integrity, assess sphincteric function
and evaluate bladder capacity. Preoperative hyperbaric oxygen
therapy was performed at the treating surgeon’s discretion. Pre-
operative suprapubic catheter placement was performed in the
setting of recurrent urinary retention or based on the individual
preference of some surgeons. Urethral catheter duration follow-
ing urethroplasty was at the surgeon’s discretion. A voiding trial
with or without cystourethrogram was performed 3-6 weeks after
urethroplasty. If there was contrast extravasation noted during
VCUG, the urethral catheter and/or suprapubic catheter
remained until the contrast extravasation resolved.
2

Anastomotic urethroplasty was performed via a perineal
approach, with a concomitant abdominal surgery performed, if
necessary. Urethral mobilization was performed in all patients
with additional ancillary maneuvers such as division of the intra-
coproral space, infrapubectomy or corporal rerouting when nec-
essary to achieve a tension-free anastomosis. Gracilis muscle flap
interposition to fill dead space and support the anastomosis was
utilized at the discretion of the treating surgeon. When desired,
additional surgery to treat stress incontinence (i.e., artificial uri-
nary sphincter) was performed at a minimum of three months
following anastomotic urethroplasty once urethral patency was
established. The decision to proceed with incontinence surgery
was based on the degree of incontinence and patient preference
in a shared decision making model of care.

Predictor variables were determined a priori and assessed for
effect on surgical outcome: age, body mass index (BMI), diabe-
tes, current smoking status, >1 radiation modality, history of
endoscopic procedure prior to urethroplasty, salvage prostatec-
tomy for prostate cancer, gracilis muscle flap use, and stenosis
length. The primary endpoint was urethral patency at 12
months. Secondary endpoints of urinary continence and need
for post-operative incontinence surgery was also assessed. Signifi-
cant stress incontinence was defined as requiring >1 pad/day.

SPSS24 was utilized for statistical computations and compari-
sons. Statistical significance was defined as p<0.05 for all analyses.
RESULTS
There were 137 men that met study criteria and were included in
the analysis. Cohort demographics are outlined in Table 1. The
mean age of the cohort was 69.3 years (range 50-86) and the
majority had a history of prior failed endoscopic stricture treat-
ment (83.2%, 114/137). Brachytherapy was the most common
etiology (43.8%), followed by external beam radiotherapy
(38.0%), and combined modality radiotherapy (9.5%). Prior
transurethral resection of the prostate (TURP) was performed in
16.8% of patients and radical prostatectomy had been performed
prior to radiotherapy in 14.6% of patients. Mean stenosis length
was 2.3 cm (range 1-5).

Operative techniques and postoperative outcomes are pre-
sented in Table 2. At a mean follow-up of 32.3 months, overall
success was 86.9% (119/137) (12-118 months) (Fig. 1). The
mean time to failure was 16.4 months (1-36) confirmed with cys-
toscopy. The most common adjunctive operative maneuver
beyond urethral mobilization was splitting of the corporal bodies
(71.5%), followed by partial perineal prostatectomy with resec-
tion of prostate tissue (37.2%) and partial pubectomy (12.4%).
Gracilis muscle flap interposition was utilized in 23.4% of
patients and at the discretion of the surgeon. Patients undergo-
ing gracilis muscle interposition flap had longer strictures
(2.7 cm versus 2.2 cm; P = .003) and were more likely to require
corporal splitting (84.4% versus 67.6%; P = .05) than those
without an interposition flap but did not differ by age (69.3 years
versus 69.3 years; P = .99), BMI (27.4 vs 28.8; P = .21), pubec-
tomy status (15.6% vs 12.4%; P = .63), diabetes (15.6% vs
24.8%; P = .34), smoking status (9.4% vs 9.5%; P = .98) or com-
bined radiation etiology (12.5% vs 8.6%; P = .51).

Twenty-two patients (16.1%) experienced a 90-day complica-
tion following surgery including eight Clavien 1 complications:
separation of perineal wound (n = 3), clot retention requiring
catheter irrigation (n = 3), acute renal insufficiency resolving
with admit/hydration (n = 1), and ileus resolving with hydration
UROLOGY 00 (00), 2021



Table 1. Cohort demographics

Factor N (%)

Number of patients 137
Patient Age (years) Mean 69.3§7.7

Median 69.0 (50-86)
Diabetes 31 (22.6%)
Body Mass Index (BMI) Mean 28.5§5.5

Median 27.5 (12-50)
Active Smoker 13 (9.5%)
Previous Smoker 52 (38.0%)
Failed Endoscopic Treatment 114 (83.2%)
Etiology by Type of Radiotherapy
Brachytherapy (BT) 60 (43.8%)
External Beam Radiotherapy
(EBRT)

52 (38.0%)

Combined Radiation (EBRT + BT) 13 (9.5%)
HD-EBRT 7 (5.1%)
HDR-BT 4 (2.9%)
Proton Beam 1 (0.7%)
Pre-operative Adjuvant
Treatments

Cryotherapy 3 (2.2%)
TURP 23 (16.8%)
Radical Prostatectomy 20 (14.6%)
Hyperbaric Oxygen 9 (6.6%)
Radiation + Other Treatment 19 (13.9%)
Urethral Involvement / Stenosis
Location

Mid-Bulbar 2 (1.5%)
Proximal Bulbar 105 (76.6%)
Membranous 128 (93.4%)
Prostatic 72 (52.6%)
Bladder Neck 13 (9.5%)
Rectourethral Fistula 3 (2.2%)
Perineal fistula 1 (0.7%)
Stenosis Length (cm) Mean 2.3§0.8Median

2.0 (1-5)

*EBRT, external beam radiation therapy; BT, brachytherapy; HDR-
BT, high dose rate brachytherapy; HD-EBRT, high dose external
beam radiotherapy

Table 2. Surgical techniques and postoperative outcomes

Factor N (%)

Surgical Technique
Corporal Splitting 98 (71.5%)
Corporal Re-routing 0 (0%)
Partial Pubectomy 17 (12.4%)
Complete Pubectomy 1 (0.7%)
Partial Prostatectomy 51 (37.2%)
Salvage Prostatectomy 3 (2.2%)
Gracilis muscle flap 32 (23.4%)
Abdominal Procedure Required 8 (5.8%)
Operative Time (minutes) Mean 176.3§62.6

Median 150 (90-420)
Estimated Blood Loss (ml) Mean 255.2§253.8

Median 200 (20-1750)
Success 119 (86.9%)
Follow-up (months) Mean 32.3§24.5

Median 25 (12-118)
Incontinence (>1 pad/day) 44 (32.1%)
Artificial Urinary Sphincter 30 (21.9%)
Trans-corporal Cuff Placement 25/30 (83.3%)
Cuff Size (cm) Mean 4.57

Median 4.5 (4-6)
Urethral Erosion 5/30 (16.7%)
Length of Follow-up after AUS Mean 19.9§21.6

Median 11.3 (2-82)
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(n = 1). There were twelve Clavien 2 complications including
acute epididymo-orchitis (n = 4), wound infection (2), urinary
tract infection (3) and one pneumonia all requiring antibiotics.
Additionally, one patient developed transient urinary retention
requiring catheterization in the early postoperative period and
another a transient perineal fistula that healed with prolonged
catheter drainage. There was one Clavien 3a complication: a
wound infection requiring drain placement by interventional
radiology and a single Clavien 4a complication: a pulmonary
embolus.

Significant stress incontinence (>1 pad/day) following ure-
throplasty was present in 32.1% of patients (44/137). When
comparing patients who did not have a history of prior radical
prostatectomy and/or endoscopic prostate surgery (ie, patients at
lower risk for expected baseline incontinence prior to EPA), the
rate of incontinence was 18.0% (18/100) versus 70.3% (26/37)
in those who had prior prostate surgery (P < .0001). As a sub-
group, patients with a history of salvage/adjuvant radiotherapy
after radical prostatectomy had a 65.0% (15/20) rate of inconti-
nence postoperatively but not a statistically significant higher
rate of recurrent stenosis (25.0% vs 11.1%; P = .09)

Subsequent artificial urinary sphincter (AUS) was performed
in 30 men (21.9%), 25 of these required a transcorporal cuff.
UROLOGY 00 (00), 2021
Ultimately, 5 patients developed cuff erosion (16.7%) with a
mean of 19.9 months of follow-up (2-82). Of the five cuff ero-
sions, four were placed via a transcorporal technique. Among
the five AUS cuff erosions, all patients had a subsequent AUS
placed after successful urethral healing. Of the five who under-
went repeat AUS placement, two developed repeat AUS cuff
erosion.

Univariate Cox regression analysis was performed to analyze
factors associated with surgical failure (Table 3). Cox regression
analysis identified increasing patient age (P = .02), stricture
length (P <.0001) and combined modality radiotherapy (P
=0.004) as factors associated with stricture recurrence while
body mass index (P = .79), diabetes (P = .93), smoking (P = .62),
failed endoscopic treatment (P = .08) and gracilis muscle use
(P = .25) were not. On multivariate analysis (Table 3), increas-
ing age (Hazard Ratio 1.09, 95%CI 1.01-1.16; P = .02) and stric-
ture length (H.R.2.62, 95%CI 1.49-4.60; P = .001) remained
associated with recurrence.

Among the 18 failures, one patient underwent revision EPA
which was successful. The remaining patients underwent the fol-
lowing management: indwelling suprapubic catheter (n = 7),
intermittent endoscopic treatment (2), self-dilation (4), ileal
conduit (3), and Indiana pouch (1).
DISCUSSION
We present an 86.9% rate of success following EPA for
radiotherapy induced urethral stenosis among patients
with a minimum of 12-months follow-up from ten recon-
structive centers. This is consistent with published
success rates for posterior EPA urethroplasty in the non-
radiated patient population with a reported range from 86-
97%.8-10 This series also compares favorably with the
70%-91% success rates of other series describing
3



Figure 1. Kaplan-Meier survival curve of excision and primary anastomosis for radiotherapy-associated bulbomembranous
urethral stenoses following prostate cancer treatment. (Color version available online.)
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anastomotic urethroplasty for radiotherapy-induced ure-
thral strictures.5-7,11,12 While with any urethroplasty tech-
nique there can be a progressive rate of stricture
recurrence over time, our mean follow-up of 32.3 months
provides some evidence of procedural durability.12 Our
series complements these publications as the largest
described series of urethroplasty for radiation induced ure-
thral stenosis. Unique to this study was an analysis of fac-
tors associated with failure while also illustrating several
important considerations about the complexity of post-
RT EPA urethroplasty. In our series, urethral stenoses
spanning from the proximal bulbar urethra to the bladder
neck, most commonly involving the membranous urethra
Table 3. Univariate Cox regression analysis of factors assoc
induced urethral stenosis

Univariate A

Factor N (%) (for categorical variables) P-

Age (years)
Body Mass Index (BMI)
Diabetes 4/31 (12.9%) vs. 14/106

(13.2%)
Current Smoker 1/13 (7.7%) vs. 17/124

(13.7%)
Combined Modality
Radiotherapy

5/13 (38.5%) vs. 13/124
(10.5%)

.0

Prior Endoscopic Procedure 13/114 (11.4%) vs. 5/23
(21.7%)

Salvage prostatectomy 3/3 (100%) vs. 116/134
(86.6%)

Gracilis Muscle Flap (GMF) 5/32 (15.6%) vs. 13/105
(12.4%)

Stricture length (cm) <

*P<.05.

4

(93.4%), and strictures up to 5 cm in length were recon-
structed using an anastomotic technique.

Multivariate Cox regression analysis of a priori risk fac-
tors demonstrated that increasing stenosis length and
increasing patient age were independently associated with
surgical failure. It has been well established that increasing
stricture length is associated with urethroplasty failure in
non-radiated bulbar urethroplasty with or without tissue
transfer.13 Likewise, advanced patient age has also been
shown to be associated with stricture recurrence after ure-
throplasty particularly in the elderly although this associa-
tion is less consistently established.14,15 While multi-
modal radiation treatment was associated with recurrent
iated with stricture recurrence following EPA for radiation

nalysis Multivariate Analysis

Value Hazard Ratio (95% CI) P-Value Hazard Ratio (95% CI)

.02* 1.08 (1.02-1.15) .02* 1.09 (1.01-1.16)
.79 0.99 (0.91-1.08)
.93 1.05 (0.35-3.21)

.62 0.60 (0.08-4.53)

04* 4.68 (1.66-13.25) .30 2.08 (0.53-8.26)

.08 0.39 (0.14-1.12)

.71 0.05 (0.00-2000.00)

.25 1.86 (0.64-5.40)

.001* 2.73 (1.61-4.62) .001* 2.62 (1.49-4.60)

UROLOGY 00 (00), 2021
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stenosis on univariate analysis, it was not associated on
multivariate assessment. Additional factors including
body mass index and use of a gracilis muscle flap were also
not associated with surgical failure. Hopefully, these asso-
ciations will improve the ability of urologists to properly
counsel and select patients for urethroplasty in the setting
of radiotherapy-associated urethral stenosis. Anecdotally,
recurrent radiation stenosis after urethroplasty may be
amenable to endoscopic procedures than the pre-opera-
tive state due to a reduction in fibrosis compared to the
pre-operative state.7

The majority of patients in our study required adjunc-
tive surgical maneuvers beyond a standard anastomotic
urethroplasty. These maneuvers included, corporal split-
ting (71.5%), partial prostatectomy (37.2%), partial
pubectomy (12.4%) and gracilis muscle flap (23.4%). Gra-
cilis muscle flap utilization was employed at the discretion
of the surgeon and was most frequently performed with
longer stenoses and when further adjuvant steps beyond
urethral mobilization such as corporal splitting were nec-
essary during the EPA. We readily acknowledge that the
decision to place a gracilis flap is not standard practice, as
evidenced by a lack of association with surgical outcomes;
however, there may be value in a select subgroup of
patients. Such patients might include those with both
poor tissue vascularity (i.e., dual radiation, cardiovascular
disease) and a large dead space in the perineum after scar
excision and/or following partial/complete pubectomy
(i.e. to reduce risk of pubic osteomyelitis). Use of gracilis
has been helpful particularly when performing a ventral
only with buccal mucosa for long, high risk urethral stric-
tures including those with radiotherapy etiologies.16 Pre-
diction of which adjunctive maneuvers will be necessary
is not possible prior to surgery, highlighting the need for
an experienced reconstructive surgeon and pre-operative
patient counseling.
The post-operative incontinence rate (>1 pad per day)

in this series was 32.1%, which is near the upper limit of
that reported in prior series with rates of 7% to
35.7%.5,6,11,12 However, the definition of incontinence
can be quite narrow or broad, limiting the ability to com-
pare outcomes across manuscripts. When limited to
patients with an intact bladder neck prior to urethro-
plasty, (ie, patients without a history of radical prostatec-
tomy or endoscopic prostate surgery), the rate of post-
operative stress urinary incontinence in our series was
18.0% when compared to 70.3% in those with prior blad-
der neck resection. This highlights the importance of lim-
iting transurethral prostatic and bladder neck resection in
men with membranous strictures after radiotherapy as it
appears that the internal sphincter mechanism remains
functional, and sufficient, in the majority (over 80%) of
patients. This rate of post-operative stress urinary inconti-
nence in patients with an intact bladder neck, and
therefore presumably functional internal sphincter, simul-
taneously highlights the need for preoperative discussion
of the risk of urinary incontinence with all radiated
patients. This is in contrast to non-radiated posterior
UROLOGY 00 (00), 2021
urethroplasty (pelvic fracture urethral distraction defect)
patients who have very low rates of de novo incontinence
after EPA.17 The higher rates of de novo post-operative
stress urinary incontinence compared to the non-radiated
patients are likely the result of radiotherapy-associated
internal sphincter insufficiency.

An AUS was placed in 21.9% (30/137) of patients in
the series with a 16.7% rate of cuff erosion. Men with a
prior history of pelvic radiation appear to have an
increased risk of cuff erosion. Multiple publications have
reported AUS erosion rates of 3.4%-23% in this high-risk
population.18-21 The question of whether a prior urethro-
plasty affects the rate of AUS erosion has yet to be defini-
tively answered. Data from UCSF noted that prior
urethroplasty led to an eight-fold increase in the risk of
AUS failure, while a separate multi-institutional did not
find prior urethroplasty to be a risk factor.18,20

A transcorporal technique was used for 83.3% of
AUS devices placed in this series. This is a helpful
technique for patients who have undergone prior ure-
thral mobilization as it avoids a repeat dissection of the
delicate plane between corpus spongiosum and corpus
cavernosum. It also augments urethral circumference
that is often decreased in patients after radiotherapy.
This technique may be associated with improved out-
comes in patients with a “fragile urethra”.22 Transcorpo-
ral cuff placement remains an option even after corporal
spitting during EPA urethroplasty by performing corpo-
rotomies distal to the split corporal bodies so that the
final location of the cuff is more distal than typical cuff
placement.

The retrospective nature of this work has inherent limi-
tations, most notably lack of data with regard to pre-oper-
ative urinary and sexual function. In future, the use of
validated questionnaires will allow for objective data col-
lection with regard to sexual function, continence and
pre- and post-operative quality of life. This will improve
our ability to characterize the bladder storage symptoms
that occur as a result of the radiotherapy and determine
how surgical reconstruction impacts quality of life. This
study also represents a diverse group of patients with radia-
tion induced urethral stenosis requiring a variety of recon-
structive techniques and is not a uniformly heterogeneous
population of patients. However, this is often the cases in
clinical practice and highlights the individualized
approach that these patients may require. Additionally,
this study did not address the pre-operative decision mak-
ing undertaken by urologists with regard to the health and
function of the bladder. Patients with poor preoperative
bladder capacity and compliance should be counseled
toward urinary diversion, as reconstruction of their ure-
thra and possible AUS placement will not compensate for
compromised urine storage. Our definition of success of
symptom-free spontaneous voiding function not requiring
intervention may not have detected asymptomatic cysto-
scopic recurrences. Further study of this growing popula-
tion will improve the predictive value of the statistical
model.
5
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CONCLUSION
This multi-center retrospective analysis demonstrates
EPA urethroplasty after prostate radiotherapy produces an
87% rate of urethral patency. Ancillary surgical maneu-
vers are frequently required for surgical success in these
complex patients. Increasing stenosis length and patient
age are independently associated with urethroplasty fail-
ure. Additionally, pre-operative counseling should include
a discussion of the risk of de novo stress incontinence,
even in patients with an intact bladder neck.
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