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Abstract
Purpose of Review To describe the epidemiology, pathogenesis, and management of vesicourethral anastomotic stenosis after
prostate cancer treatment.
Recent Findings Injectable scar modulating agents administered at the time of direct visual internal urethrotomy of vesicourethral
anastomotic stenoses have been shown to improve endoscopic treatment outcomes. Trials are ongoing to find the optimal agent
and delivery system. Novel tissue engineering techniques are in development and hold promise.
Summary Vesicourethral anastomotic stenosis after the treatment of prostate cancer is a challenging complication for patients and
urologists. Stenoses are prone to recurrence after endourologic treatment. Open repair is technically demanding and carries
substantial patient morbidity. The need for adjuvant or salvage radiation therapy after radical prostatectomy worsens outcomes
of both endourologic and formal repairs. Postoperative worsening of urinary incontinence is common after vesicourethral
anastomotic stenosis repair and can ultimately require placement of an artificial urinary sphincter or male sling. Occasionally
urinary diversion, indwelling foley catheter, or clean intermittent catheterization is necessary when reconstructive options have
been exhausted. Adjunctive measures to improve endourologic management such as hyperbaric oxygen and transurethral
injection of anti-fibrotic agents have been an area of interest in recent years and show promise.
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Introduction

Vesicourethral anastomotic stenoses (VUAS) after the
treatment of prostate cancer can be a morbid complica-
tion for patients and a challenge for urologists. VUAS
as result of prostatectomy should be distinguished from
the broader definition of bladder neck contractures
(BNC) which can refer to either VUAS or stricture after

transurethral interventions when the prostate remains in
situ. Patients with VUAS can variably present with uri-
nary incontinence, weak stream, urinary retention, lower
urinary tract symptoms and recurrent urinary tract infec-
tions [1]. Management is complicated by frequent recur-
rence after endoscopic treatment attempts and substantial
technical demands for definitive reconstruction [2••].
The need for multimodal treatment of a patient’s
prostate cancer with radiation further exacerbates the
complexity of management [3, 4]. When reconstructive
options have been exhausted, urinary diversion, self-di-
lation, or long-term indwelling catheter is occasionally
necessary.

Estimates of the incidence of VUAS after radical prostatec-
tomy range from 1.6% to 11.1% in contemporary series. The
incidence has decreased with the migration from an open
retropubic approach to the robotic assisted laparoscopic tech-
nique [5–12]. Though incompletely described, an etiology
implicating vascular compromise can be inferred from retro-
spective series which note a higher incidence in patients with
advanced age, morbid obesity, renal insufficiency, coronary
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artery disease and active smoking. Other factors variably im-
plicated include vesicourethral anastomotic urine leaks and
pelvic hematomas [7, 8, 11–13].

Initial management of VUAS is classically with dilation or
direct visual internal urethrotomy (DVIU). The success rate
for first-time endoscopic management is quoted as 44% in a
large retrospective contemporary series. Subsequent success
rates for second- and third-time endoscopic procedures de-
crease precipitously [2••]. A history of adjuvant or salvage
external beam radiation therapy (XRT) portends a worse prog-
nosis. Given these modest results there has been interest in
improving outcomes with hyperbaric oxygen (HBO) treat-
ments and injection of scar modulating agents [3, 4, 14–18].

The small vessel endarteritis caused by radiation treatment
can be partially ameliorated by serial treatments with pressur-
ized oxygen. The evidence for utility is primarily in radiation
cystitis and currently only holds a theoretical benefit in VUAS
[17, 18]. The agents which have received the most attention
for transurethral injection are Mitomycin C (MMC), an anti-
fibrinogenic deoxyribonucleic acid (DNA) alkylating agent,
and triamcinolone. Though the quality of evidence is subop-
timal, there is some indication that injection of MMC can be a
useful adjunctive maneuver [14–16, 19, 20].

Failure of definitive endoscopic management requires either
serial self-dilation, long-term indwelling urethral catheter, for-
mal repair or urinary diversion. The decision to attempt VUAS
reconstruction is dependent on the patient’s health, inclination
to undergo further surgery after prostatectomy, and the treating
urologist’s perception of urethral salvageability. Initial ap-
proaches for definitive repair primarily describe a combined
abdominal and perineal approach with creation of a new
vesicourethral anastomosis. More recent approaches include
transvesical robotic assisted approaches with buccal mucosa
graft (BMG) inlay or local tissue advancement flaps [21, 22].
Correcting the VUAS can worsen incontinence and patients
should be advised theymay require subsequent artificial urinary
sphincter (AUS) or male sling for continent voiding [23].

There is abundant room for improvement in the manage-
ment of VUAS. Large knowledge gaps exist in the pathogen-
esis of VUAS formation and scar tissue formation in general.
Targeting specific fibrosis pathways with either injectable or
transurethrally absorbed medications hold promise. Efforts at
tissue engineering a suitable graft for urethral strictures and
VUASs are ongoing.

Epidemiology

A study from a prostate cancer disease specific registry of over
3000 men from 1995 to 2006 found an 8.4% stricture rate in
non-irradiated patients after radical prostatectomy. They did
not distinguish between open and robotic assisted laparoscop-
ic techniques [6]. A slightly more recent study of 8837

patients from 2003 to 2007 in the Survei l lance,
Epidemiology, and End Results (SEER) database distin-
guished the minimally invasive approach from the open
retropubic prostatectomy; there were significantly more
VUASs in the open versus minimally invasive approach
(14.0% vs 5.8%) [5].

Observational series have also shown a trend toward de-
creased VUAS formation for laparoscopic postatectomies
though high-volume open surgeons have also had excellent
results. In 753 patients that underwent open retropubic radical
prostatectomy (RRP) there was a 4.8% rate of VUAS. In a
second larger series of 4132 RRPs, a 2.5% rate of VUAS was
identified. Comparatively, in a series of 930 patients treated
with robotic assisted laparoscopic prostatectomy (RALP)
there was only a 1.4% rate of VUAS. A retrospective review
of 100 consecutive open prostatectomies and 100 robotic
assisted procedures performed by a single surgeon noted no
VUAS in the robotic series versus 9% in the open radical
prostatectomy group. This was corroborated more convinc-
ingly in retrospective review of 988 patients in which 695
patients underwent open surgery and 293 patients underwent
RALP. The study noted a 1.4% risk of VUAS in the RALP
group versus 2.6% in the RRP group [9–13] (Table 1).

Risk Factors and Pathogenesis

Mechanistic in vitro and in vivo studies are lacking to describe
the pathogenesis of VUAS. Microvascular disease has been
implicated in anastomotic complications in multiple disease
processes. In a series of 467 open radical prostatectomies,
comorbidities known to cause microvascular disease includ-
ing diabetes mellitus, hypertension, coronary artery disease,
and active smoking were associated with a higher rate of
VUAS. Similarly, age, renal insufficiency, and morbid obesity
were also predictive of VUAS formation in a combined series
4592 laparoscopic and open radical prostatectomies [7, 8].

It has been suggested that the robotic anastomosis, in which
meticulous mucosa to mucosa apposition is created, is protec-
tive over the standard interrupted tennis racket closure com-
monly used in open retropubic radical prostatectomy [13].
Technical factors, other than a minimally invasive versus open
approach, associated with an increased risk of VUAS forma-
tion include anastomotic leak, increased intraoperative bleed-
ing, and pelvic hematoma. This may be an overlapping spec-
trum given pelvic hematomas can displace and distract healing
anastomoses causing a urine leak. Migrating foreign bodies
such as staple lines from division of the dorsal venous com-
plex (DVC) and hemostatic clips have also been implicated in
the formation of VUAS [8, 10].

A substantial risk of VUAS is seen in patients treated with
adjuvant or salvage radiation therapy. The normal time course
for development of VUAS is also extended. In general,
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VUASs after radical prostatectomy without radiation present
in the first 6 months. In a prospectively evaluated cohort of
705 consecutive prostatectomies the median time to VUAS
occurrencewas 3.8 months [24]. Salvage or adjuvant radiation
associated VUASs can present years after the delivered ther-
apy. Salvage prostatectomy after primary radiation treatment
of prostate cancer also increases the risk of VUAS [3, 4, 12].

Surgical Management of Vesicourethral
Anastomotic Stenosis

Endourological Management

Direct visual internal urethrotomy (DVIU) and urethral dila-
tion have been the traditional first line endourologic manage-
ment of VUASs for decades. Initial descriptions of DVIU
primarily described cold-knife incision in a single location.
More recent publications describe multiple (tri or quadrant)
incisions with either a cold knife or laser, balloon dilation,
balloon dilation with incision or transurethral resection of
the contracture. There are currently no urethral stents ap-
proved for the urethral strictures in the United States although
there are stents available internationally (e.g., Memokath
stent). Success rates of endoscopic treatment modalities with-
out the use of adjunctive anti-fibrotic agents are summarized
in Table 2. The lack of prospective studies, heterogeneity of
inclusion criteria, and a publication bias for cohorts treated by
experts that see mostly refractory cases make an accurate es-
timation of the efficacy of endoscopic management difficult to
determine.

The success rates in the small series of novel treatments can
be promising but when not evaluated by prospective well-
powered studies the results should be incorporated into clini-
cal practice cautiously. A large retrospective review of 142
patients managed by a variety of techniques, with rigorous
inclusion criteria and follow-up, likely gives a relatively real-
istic description of expected success rates of endoscopic man-
agement. The combined result of laser incision, urethral dila-
tion, cold knife incision, and stent placement lead to a 44%
success rate after a single procedure. Laser incision was the
most efficacious treatment modality [2••, 25••].

Vesicourethral Anastomotic Stenosis - Incision and Resection

A relatively contemporary series of 50 consecutive patients
with BNC treated by a reconstructive urologist with dilation
followed by Collings knife lateral incisions quoted a 72%
success rate after one procedure and 86% after two proce-
dures. The cohort was a mix of first time and redo procedures
with 78% who previously had at least one BNC treatment. Its
relevance to VUAS specifically is not clear as the cohort was a
mix of post-TURP BNCs and VUASs [26]. The results may
be translatable, as a series of VUASs treated with cold knife
incisions alone resulted in a 74% success rate, determined by
follow up uroflowmetry, in 43 patients after a single proce-
dure. Some caution should be taken in interpretation as there
was no cystoscopic confirmation of cure and relatively low
flow rates were accepted as normal [24].

Alternatives to transurethral incision are transurethral re-
section or vaporization. Only small retrospective cohorts are
available to evaluate the efficacy of these treatment modalities
so results should be interrupted with caution. A small cohort
treated with circumferential bipolar resection of VUASs
quotes a 91% success rate. Laser vaporization of the
obstructing scar tissue, either circumferentially or anteriorly
from 3 to 9 o’clock have also been described with efficacies
between 76 and 100% with one treatment [27, 28].

Vesicourethral Anastomotic Stenosis - Urethral Dilation
and Stents

Small series have suggested that incision could be replaced by
high pressure balloon dilation to break the annular fibers of
scar tissue. Eight of ten patients treated with dilation alone to
30 French at 30 atm showed no recurrence after a single treat-
ment and the two failures responded to a second identical
treatment [29, 30].

Refractory cases of VUAS have previously been managed
with urethral stent insertion (Urolume®). In 25 patients who
had all undergone endoscopic treatment attempts in the past, a
single stent resulted in patency rate of 52%. An additional
24% were salvaged with a second stent placement [31].
These results are relatively inconsequential after the
Urolume® stent was removed from the market.

Table 1 Incidence of VUAS in
contemporary prostatectomy
series by surgical approach

Series Year Technique Patients (n) Incidence (%)

Borboroglu & Amling 2000 RRP 467 11.1

Park & Lepor 2001 RRP 753 4.8

Erickson & Catalona 2009 RRP 4132 2.5

Elliott & Carroll 2009 RRP/RALP 3310 8.4

Sandhu & Rabbani 2010 RRP/RALP 988 2.2

Breyer & Carroll 2011 RRP/Laparoscopic 3458 4.3

Parihar & Kim 2014 RALP 930 1.6
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Adjunctive Maneuvers to Improve Endourologic
Outcomes

The limited efficacy of urethral dilation and DVIU led inves-
tigators to consider transurethral administration of anti-fibrotic
and anti-inflammatory medications. The agents that have been
most pervasive in clinical use and subject of the most, though
relatively limited, study have been the steroid triamcinolone
and Mitomycin C (MMC).

Triamcinolone (80 mg) injection, in conjunction with hol-
mium laser incision, in VUAS that had recurred after initial
dilation or DVIU had a reported efficacy of 83% in 24 patients
at 2 years of follow up. The purported mechanism of action
was enhancement of endogenous collagenase activity by the
steroid injection [19].

Mitomycin C has been the subject of more extensive expe-
rience and investigation. MMC is a DNA alkylating agent and
crosslinker. When administered at a site of potential scar for-
mation, such as after a DVIU, the normal expression of extra-
cellular matrix (ECM) genes is inhibited and fibroblasts un-
dergo apoptosis. The ultimate result is a decreased rate of
ECM deposition and slower, less exuberant, scar formation
[32, 33].

Unfortunately, there are no randomized controlled trials of
MMC for VUAS in the urologic literature sowe are dependent
on retrospectively reviewed prospective data and multi-
institutional retrospective reviews. The Trauma and Urologic
Reconstruction Network of Surgeons (TURNS) retrospective-
ly reviewed data from their participating institutions and con-
cluded there may be limited benefit to MMC at the time of
DVIU for recalcitrant BNC. Across 8 sites, 55 patients were
retrospectively identified over a 5-year period that had under-
gone treatment with MMC. Forty-four of the patients had a
previous dilation or DVIU. They noted a success rate of 58%
after one DVIU with MMC at a median follow-up of
9.2 months as defined by the ability to atraumatically pass a
16Fr flexible cystoscope. Nine of 15 patients who underwent

repeat DVIU with MMC showed a durable result at a median
of 8.6 months. They therefore quoted an overall success rate
of 73% after 2 procedures.

There are several points to note regarding this retrospective
study. First, these were a combination of BNCs and not
VUASs specifically. Second, there was not a standard ap-
proach to DVIU. The procedure was variably performed with
a cold knife or with electrocautery. Counterintuitively, the
study found that electrocautery resection, which causes a local
avascularity, was more successful than cold knife incision
(63% vs 50%, p = 0.03). Finally, the amount of MMC deliv-
ered ranged from 0.4 mg to 10.0 mg. Those who advocate for
the use of MMC have not suggested 0.4 mg as an adequate
dose to expect efficacy.

Importantly, this research collaborative did note a 7% (n =
4) serious adverse event rate. Two patients experienced oste-
itis pubis with early recurrence of their BNC. A third patient
developed a rectourethral fistula (RUF) after DVIU and injec-
tion. All three patients had a history of XRT. The fourth pa-
tient, unexposed to XRT, had extensive necrosis of their blad-
der neck and prolonged pain [15].

Our experience over a period of 7 years was originally
published in 2011 and updated in 2015. Forty patients
underwent DVIU with MMC in 4 quadrants (2, 4, 8, and 10
o’clock) with a cold knife. Depending on the length of the
stricture, either 1 or 2 cc of 0.4 mg/ml MMC was injected at
the base of each incision. At a median follow up of
20.5 months, a 75% patency rate was found after one proce-
dure and an additional 12.5% of patients had a patent repair
after secondDVIU andMMC injection. There were no serious
adverse events [14, 34–38].

Definitive Surgical Management

If attempts at endoscopic management are exhausted and the
patient is a suitable surgical candidate, definitive open repair
or urinary diversion should be considered. Reanastomosis has

Table 2 Success of endoscopic treatment of VUAS, without the use of adjunctive anti-fibrotic agents, by treatment modality. Pretreatment rate is
defined as the patient having undergone a prior endoscopic attempt at VUAS management. (NR - not reported, N/A - not applicable)

Series Year Endoscopic Technique Patients (n) Pretreatment rate (%) Success rate - intial
treatment (%)

Success rate - multiple
treatments (%)

Giannarini & Selli 2007 Cold knife incision 43 0 74 100

Ramirez & Morey 2013 Cold knife incision 50 78 72 86

Kumar & Nargund 2007 Balloon dilation 9 0 89 NR

Ishii & Egawa 2015 High pressure balloon dilation 10 0 80 100

Brodak & Holub 2010 Bipolar transurethral resection 22 NR 91 NR

Lagerveld & de la Rosette 2005 Holmium:YAG laser ablation 10 60 100 N/A

Magera & Elliott 2009 Urethral stent 25 100 52 76

LaBossiere & Rourke 2016 Combined modalities 142 NR 44 91
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traditionally been accomplished by a retropubic or
transperineal approach or a combination of the two. It is a
technically difficult surgery performed in a scarred field with-
in close proximity of the rectum and should be approached
with caution and by experienced hands. More recently mini-
mally invasive robotic assisted laparoscopic interventions
have been described.

Transperineal reanastomosis of the bladder neck has been
described in several small series with good efficacy. In a series
of 15 patients who had undergone at least 4 prior endoscopic
interventions, transperineal reanastomosis was successful in
14 of 15 patients and the single failure was managed success-
fully by repeat DVIU. A similar series of 12 patients, 25% of
which had been treated with salvage or adjuvant radiation, that
used a combination of transperineal and transabdominal ap-
proaches found a similar patency rate of 92%.

It should be noted that in these cohorts and other similar
series a vast majority of patients had substantially worse conti-
nence after surgery. Nearly all patients will require AUS place-
ment after reanastomosis; AUS placement is done in a staged
approach, after urethral patency has been assured. Authors have
variably argued for at least 3–6 months of urethral rest after
reanastomosis prior to AUS placement [22, 39–42].

Patency rates after transabdominal robotic assisted laparo-
scopic repairs are lacking for VUAS specifically. In combined
series of BNCs and VUASs proof of principle for a robotic
approach has been confirmed. Described techniques include
Y-V plasty and scar excision with bladder mucosal advance-
ment. The TURNS published their combined experience of 12
patients with a 75% patency rate as determined by passage of a
17Fr cystoscope and flow rate greater than 15 ml/s [1, 21, 43].
The retropubic robotic assisted approach is a key advance-
ment in the ability to successful reconstruct these complex
VUASs. The ability to access deep and narrow spaces with
superior visualization and comfort allows for precise dissec-
tion and reconstruction of stricture area. The perineal area
remains unviolated should a future AUS be necessary.

Vesicourethral Anastomotic Stenosis
and Urinary Incontinence

Stress urinary incontinence is a well-known side effect of
radical prostatectomy. Vesicourethral anastomotic stenoses
can either partially mask SUI or contribute to overflow urinary
continence. By acting as an obstructive impediment to leak
with Valsalva maneuvers, VUASs can mask the severity of
post prostatectomy SUI. Alternatively, overflow incontinence
can occur if the obstruction is severe and the patient is in
resultant urinary retention. It has also been suggested that
the circumferential scarring and rigidity of a VUAS can im-
pact the ability of the external urinary sphincter to contract
effectively [1].

In the scenario where a VUAS is contributing to conti-
nence, treatment of the VUAS can worsen urinary inconti-
nence. This also holds true if the VUAS involves longer seg-
ments of the urethra that impact the EUS. Special consider-
ation should be given to the treatment of VUAS in the post
XRT setting where the EUS has been in the radiation field.
Treatment in this setting can significantly impact urinary in-
continence and it is more hazardous to perform future anti-
incontinence procedures.

Most authors suggest a staged approach to managing
SUI when there is a VUAS or SUI as a result of VUAS
treatment. Some authors who offer simultaneous treat-
ment reserved redo DVIUs with long or dense strictures
for a staged approach [44]. Stabilization of the anasto-
motic stricture for a period of 3–6 months is followed
by AUS or male sling placement based on the severity
of incontinence. Assurance the VUAS is stable prevents
the need to operate transurethrally through a deactivated
sphincter which risks erosion. A small series of patients
with recurrence after AUS placement were successfully
managed after sphincter deactivation with a semi-rigid
ureteroscope and laser incision [45].

A series of 33 patients were managed by DVIU
followed by AUS or male sling when the stenosis had
remained patent for at least 3 months. There was only
one erosion even though the series included some radi-
ated patients who are more likely to have AUS compli-
cations. Patient continence and satisfaction endpoints
were not quoted. Similarly, in a series of 21 AUS place-
ments 3 months after DVIU the authors found an 86%
success rate as defined by an open anastomosis and
urinary continence [23, 46]. Staged management by sta-
bilization of the VUAS with a period to confirm stabi-
lization followed by an anti-incontinence procedure can
be effective.

Future Directions

Most contemporary novel management techniques for
VUASs focus on anti-fibrotic medication delivery to prevent
recurrence after endoscopic management. Studies addressing
the specific issue of VUASwith tissue engineering or acellular
matrices are lacking. Extrapolating from the urethral stricture
literature these technologies are in development and can likely
be applied to VUASs.

Phase III clinical trials are underway using a pacli-
taxel coated balloon for dilation of urethral strictures.
Improved outcomes were found with paclitaxel and di-
lation than dilation alone in the Phase I-II study. A
dilation balloon is covered with paclitaxel in a proprie-
tary coating that adheres to the urothelium. The pacli-
taxel and coating detach at the time of balloon inflation
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and mucosal contact. The paclitaxel and coating agent
adheres to the urothelium allowing for prolonged con-
tact and drug delivery [47]. Transurethrally administered
captopril gel has also been shown in a Phase II clinical
trial to decrease the rate of stricture after DVIU [48].

Tissue engineering is another novel area of investiga-
tion that could ultimately provide exciting results.
Acellular matrices have been used to both allow
urothelium ingrowth when implanted in the urethra or
as a scaffold to create large autologous buccal mucosa
grafts with promising results [49, 50]. Tubularized
tissue-engineered autologous urethras composed of a
muscle and epithelial layer were implanted into 5 hu-
man subjects and patency was noted over a media
follow-up of 71 months [51, 52].

Conclusions

Vesicourethral anastomotic stenosis after the treatment
of prostate cancer is a challenging complication for
both patients and urologists. Endoscopic management
is not universally effective though success rates do
improve with adjunctive measures such as transure-
thral injection of scar modulating agents. Definitive
repair is technically demanding and may result in
worsened incontinence necessitating AUS placement.
Radiation, before or after prostatectomy, limits the
success of endoscopic and formal reconstruction.
Targeted intervention of the scar tissue formation
and propagation pathway with transurethrally admin-
istered medications, represents an exciting possibility
to improve success rates with limited patient morbid-
ity. Prospective randomized trials are needed to clarify
optimal treatment.
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