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Vesico-urethral anastomotic stenosis is a well-known sequela after radical prostatectomy

for prostate cancer and has significant impact on quality of life. This review aims to

summarize contemporary therapeutical approaches and to give an overview of the

available evidence regarding endoscopic interventions and open reconstruction. Initial

treatment may include dilation, incision or transurethral resection. In treatment-refractory

stenoses, open reconstruction via an abdominal (retropubic), transperineal or combined

abdominoperineal approach is a viable option with high success rates. All of the open

surgical procedures are generally accompanied by a high risk of developing de novo

incontinence and patients may need further interventions. In such cases, subsequent

artificial urinary sphincter implantation is the most common treatment option with the

best available evidence.

Keywords: prostatic neoplasms, urethral obstruction, transurethral resection, transurethral incision, urethral

reconstruction

INTRODUCTION

Prostate cancer (PCa) represents the most frequent, solid malignant tumor among men in the
Western hemisphere (1) and more than 80% of patients with localized PCa opt for definite
treatment (2). Besides radiotherapy, one of the most common treatment option is radical
prostatectomy (RP). Urinary incontinence and erectile dysfunction represent well-known and well-
described treatment-related adverse events (3). Another common mid- to long-term complication
after PCa treatment is bladder outlet obstruction (BOO) (4, 5). Given the relatively high overall and
cancer-specific survival at 10 years (90% and 99%, respectively) (6), there is a relevant proportion
of patients at risk of such long-term sequelae.

We believe it is important to emphasize that the term “urethral stricture” should be exclusively
restricted to those parts of the urethra, which are surrounded by corpus spongiosum. This excludes
the prostatic urethra at the outset (7). Moreover, it seems inevitable to us to distinguish between
a bladder neck contracture (BNC) after surgical procedures for benign prostatic hyperplasia and
VUAS after RP (7). It is a known fact, that etiology, anatomy, recurrence rates, and functional
outcomes differ significantly between BNC and VUAS (8). BOO after PCa treatment includes
radiation-induced bulbomembranous urethral stricture (9) as well as VUAS after RP (10). The
following comprehensive narrative review aims to provide a contemporary summary of the
epidemiology, etiology, preoperative evaluation, and treatment strategies for VUAS.
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EPIDEMIOLOGY

Evaluating the existing literature on VUAS, it is of utmost
importance to keep in mind that VUAS is mainly defined as a
condition resulting in a surgical procedure based on a patient’s
complaint. To the very best of our knowledge, there are no
prospective studies available, which analyzed urethral patency
after RP by any standardized diagnostic procedure. Thus, in most
studies, any surgical procedure is considered as the diagnosis
of VUAS. This may translate into a certain underestimation of
the true VUAS incidence. In 2007, an analysis of the Cancer of
the Prostate Strategic Urologic Research Endeavor (CaPSURE)
database provided a detailed insight into epidemiology of BOO
related to prior PCa therapy. Overall obstruction rate among all
treatment modalities was 5.2% at a median follow-up of 2.7 years.
Highest prevalence of BOO occurred in patients after RP (8.4%)
(11). Remarkably, BOO rates in patients treated with RP and
adjuvant or salvage radiotherapy were lower (2.7%).

Generally, it appears that VUAS incidence has declined over
the years. Table 1 summarizes the evidence on VUAS incidence
over the last two decades (5, 11–18). Of note, VUAS after robot-
assisted laparoscopic RP seem to be less common as compared
to open RP (∼1.3 vs. 3.6%, respectively) (5, 14, 17, 19). These
data suggest that not only the refinement of surgical techniques
over time, but also (robotic or open) RP in experienced surgical
hands and in high-volume centers will result in lower VUAS rates.
Notably, VUAS rates in men who had to undergo salvage RP after
failed radiotherapy is significantly higher (22–40%). However,
this evidence originates from small case series (20, 21). Beyond
VUAS, salvage therapies come along with a much higher risk of
urinary incontinence, rectal injury and urorectal fistulae (22).

ETIOLOGY

Preoperative known measurable risk factors for the development
of VUAS are obesity, smoking, diabetes, and hypertension (12).
These factors may result in decreased microvasculature, possibly
leading to prolonged healing of the vesico-urethral anastomosis.
Transurethral resection of the prostate prior to RP and a large
prostatic volume have been proven as risk factors of VUAS as
well (12, 23). Intraoperative risk factors for VUAS are extensive
blood loss, mismatch, and tension on the anastomosis (12, 24)
whereas running sutures of the anastomosis as well as robot-
assisted compared to open procedures are supposed to lower the
risk (5, 17, 25). In general, VUAS occurs within the first 6 months
after surgery. The incidence of VUAS significantly decreases 2
years after RP (11).

DIAGNOSTIC WORKUP

Preoperative workup of VUAS should always include the
medical history, previous procedures, and an evaluation of
length and location of the stenosis (26). Clinical presentation
usually includes obstructive symptoms such as a weak stream,
hesitancy, and post-void residual urine. Moreover, patients who
underwent adjuvant or salvage radiotherapy after RP often

present with urgency and frequency symptoms with or without
urinary incontinence.

If there is any surgical treatment planned, a prostate-
specific antigen test should be performed to rule out PCa
recurrence. Diagnosis of recurrent PCa would lead to different
treatment strategies. Uroflowmetry and post-void residual urine
measurement should objectify obstructive symptoms.

Radiologic investigation represents another important part of
the diagnostic workflow. Combined retrograde urethrography
(RUG) and voiding cystourethrography (VCUG) gives valuable
information about the status of the anterior and posterior
urethra. Moreover, combination of RUG and VCUG reveals
a “funneled” VUAS (27). This “funneled” VUAS may impair
the exact identification of VUAS location and length. As the
anastomosis during RP is performed by connecting bladder
neck and membranous urethra, the funneled area can be part
of the VUAS. This may result in involving the membranous
urethra and therefore the external urethral sphincter. Therefore,
another integral part of the diagnostic workflow is a cystoscopy.
Stenotic involvement of the external sphincter can be evaluated
more precisely compared to isolated radiographic evaluation
and urethral diameter can be adequately assessed. Given that
incontinence rates are twice as high in patients with a VUAS
compared to those without VUAS (5), pad test and evaluation
of patient-reported outcome measurements (PROMs) should be
performed prior to any surgical intervention to assess the baseline
continence status.

TREATMENT

Endoscopic Procedures
Treatment algorithms for VUAS should usually commence
with endoscopic therapy (Figure 1). Whereas, the European
Association of Urology (EAU) guideline on urological trauma
suggests dilation or transurethral incision (28), the American
Urological Association (AUA) recommends a treatment decision
at the surgeon’s discretion (dilation, incision, or resection)
(29). The most comprehensive recommendation regarding the
sequential treatment of patients with VUAS is provided by a
collaboration of the Société Internationale D’Urologie (SIU)
and the International Consultation on Urological Diseases
(ICUD) (30). A priori, patients are stratified according to
continence status. In incontinent patients, the guidelines
differentiate between a completely obliterated urethra with the
recommendation to perform suprapubic cystostomy followed
by open reconstruction as a first line strategy. In incontinent
patient with residual urethral patency, transurethral incision
with or without continuous intermittent catheterization is
recommended. For continent patients, the SIU/ICUD guideline
recommends dilation or incision as a first line therapy (30). It is
important tomention that all of such recommendations are based
on data with low level of evidence.

If the membranous urethra is involved, most authors favor
dilation as a first line therapy (27), which may already lead to
reasonable success rates (31).

Success rates after primary incision or resection range between
37 and 69%. This rate may increase up to 91% after numerous
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TABLE 1 | Incidence of vesico-urethral anastomotic stenosis after radical prostatectomy as reported in the last two decades.

First author Year of publication Number of patients Study design Follow-up VUAS incidence

Open retropubic prostatectomy

Borboroglu et al. (12) 2000 467 Single-center mean: 54 months 11%

Hu et al. (13) 2003 2,292 Multicenter N/A 26%

Elliott et al. (11) 2007 3,310 Multicenter median: 32 months 8.4%

Erickson et al. (14) 2009 4,132 Single-center median: 44 months 2.5%

Carlsson et al. (15) 2010 458 Single-center median: 30 months 4.5%

Gillitzer et al. (16) 2010 2,052 Single-center median: 52 months 5.5%

Breyer et al. (17) 2010 695 Single-center median: N/A; ≥ 12 months in all patients 2.6%

Modig et al. (5) 2019 942 Multicenter mean: 24 months 3.6%

Laparoscopic robot-assisted prostatectomy

Carlsson et al. (15) 2010 1,253 Single-center median: 19 months 0.2%

Breyer et al. (17) 2010 293 Single-center median: N/A; ≥ 12 months in all patients 1.4%

Parihar et al. (18) 2014 930 Single-center mean: 23 months 1.6%

VUAS, vesico-urethral anastomotic stenosis.

FIGURE 1 | Proposal of a treatment algorithm for vesico-urethral anastomotic stenosis (VUAS) following radical prostatectomy (Hamburg VUAS Algorithm).

* Simultaneous permanent urethral ligation in case of urinary incontinence. ** Not more than three times.
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sequential surgical procedures (8, 10, 32). There are only two
publications to exclusively report on endoscopic treatment of
VUAS and most of the published series do not distinguish
between a BNC after surgery for benign prostatic hyperplasia and
VUAS after RP. Table 2 summarizes the results from those two
studies (10, 32).

Transurethral incision of the VUAS is usually performed at
two sites. It should be emphasized that incision at the six o’clock
position should be avoided. After RP, there is usually only a
thin tissue plane between the vesico-urethral anastomosis and
the rectum. Therefore, incision at this location would be prone
to fistula formation or rectal injury (24). There is no high-
level evidence on whether the incision should be performed by
(hot or cold) knife or by laser (holmium or thulium). However,
there is one publication suggesting a certain superiority of the
holmium laser incision over cold knife incision (32). Injection of
triamcinolone or mitomycin in addition to incision for recurrent
VUAS has been described with success rates of 83–89% (33, 34).
In this context, potential serious adverse events such as osteitis
pubis, bladder necrosis, or rectourethral fistula with eventual
need of cystectomy and supravesical diversion should be kept in
mind and the risks and benefits should be adequately weighed
(35). Another effort to treat recurrent VUAS has been made by
using the UroLume stent (36). However, long-term follow-up has
lowered initial expectations (37).

As mentioned above, the SIU/ICUD guidelines base treatment
recommendations on a patient’s continence status (30). The
association of VUAS with incontinence is not uncommon (5).
One possible explanation is that extensive fibrosis may involve
the external sphincter, described as funneling by some authors
(27). However, data about incontinence after endoscopic surgery
for VUAS are rare. Pfalzgraf et al. have reported on postoperative
de novo incontinence after endoscopic approaches in almost one
third of patients. Incision resulted in higher incontinence rates
as compared to resection (31 vs. 12%, respectively), whereas
no difference was observed for previously irradiated vs. non-
irradiated or primary vs. repeatedly treated patients (10).

Open Surgical Reconstruction
All endoscopic therapies inherit the risk of recurrence. Therefore,
there is a non-negligible number of patients with recurrent
VUAS. In those patients, transurethral therapy should not
be continued and open surgical reconstruction should be
discussed with the patient (Figure 1). We generally opt for open
reconstruction in case of treatment failure after three previously
failed transurethral procedures. Treatment choices should be
patient-centered. Therefore, bladder drainage by permanent
catheterization (transurethral or suprapubic) may be one option,
especially for frail and very old patients. However, in most cases it
is worth considering an open reconstruction of the VUAS. In very
complex situations, urinary diversion may be another option but
should be regarded as a last resort.

Different approaches have been discussed for open
reconstruction: the abdominal (retropubic), the (trans)perineal,
and the combined abdominoperineal approach (27, 38–43). For
all of these approaches, results have been generally satisfying.
Table 3 gives an overview about the latest published evidence.

Lately, robotic reconstruction of VUAS has been added to the
surgical armamentarium. In a recent case series of 12 patients
including seven patients with BNC and five patients with VUAS,
treatment success was 75%. De novo incontinence has been
observed in 18% of patients (44).

When using the open retropubic approach, the bladder neck is
accessed via an abdominal midline incision. VUAS scar tissue is
excised and a reanastomosis is established similarly to primary
vesico-urethral anastomosis during RP (41). Primary success
rate can be as high as 60%. If further endoscopic therapies are
performed for recurrences, overall success rate may raise up to
95% (41).

The transperineal approach inherits several advantages over
the abdominal approach: First, adhesiolysis and surgical obstacles
due to extensive scarred tissue in the previously operated field
may be avoided. It can be difficult to identify surgical planes. Scar
tissue resection can be challenging. Second, urethral mobilization
to achieve a tension-free anastomosis can be difficult by the

TABLE 2 | Endoscopic treatment of vesico-urethral anastomotic stenosis after radical prostatectomy.

First author Overall treatment Treatment success in patients Treatment success in patients

success; n (%) with no previous endoscopic treatment; n (%) with ≥ 1 previous endoscopic treatment; n (%)

Holmium laser incision

LaBossiere et al. (32) 89/162 (55%) 48/70 (69%) 41/92 (45%)

Pfalzgraf et al. (10) N/A N/A N/A

Cold knife incision

LaBossiere et al. (32) 5/15 (33%) 2/8 (25%) 3/7 (43%)

Pfalzgraf et al. (10) 19/36 (53%) N/A N/A

Transurethral resection

LaBossiere et al. (32) 26/64 (41%) 14/36 (39%) 12/28 (43%)

Pfalzgraf et al. (10) 25/67 (37%) N/A N/A

Dilation

LaBossiere et al. (32) 6/46 (13%) 0/17 (0%) 6/29 (21%)

Pfalzgraf et al. (10) N/A N/A N/A
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TABLE 3 | Open surgical reconstruction of recurrent vesico-urethral anastomotic stenosis after radical prostatectomy.

First author Year Number of patients Follow-up Treatment success Comment

Abdominal approach

Pfalzgraf et al. (41) 2011 20 median: 59 months 60% 95% treatment success after secondary endoscopy

Abdominoperineal approach

Theodoros et al. (38) 2000 6 mean: 24 months 83% Simultaneous AUS implantation in all patients

Simultaneous bladder augmentation in three patients

Elliott et al. (39) 2006 10 median: 24 months 70% 50% treatment success in irradiated patients

Perineal approach

Reiss et al. (42) 2014 15 mean: 21 months 93% 100% treatment success after secondary endoscopy

Schüttfort et al. (43) 2017 23 mean: 45 months 87% 100% treatment success after secondary endoscopy

AUS, artificial urinary sphincter.

retropubic approach and may be facilitated by transperineal
access (42). However, the transperineal approach can be very
challenging (27). It seems mandatory that this procedure is
performed in experienced centers.

For transperineal reanastomosis the patient is exposed in
an exaggerated lithotomy position. A transperineal half-moon
incision should be performed and the urethra should be dissected
under digital-rectal examination. A complete exposition of the
urethra and anastomotic area should be obtained. Scar tissue
should be completely excised, beginning from the urethral lumen
until healthy tissue is reached. A transurethral catheter allows
for better orientation and identification of the distal end of the
healthy urethra.Widemobilization of urethra and bladder should
be performed to guarantee a tension-free anastomosis (42). By
some authors, a separation of the crura and sometimes even an
inferior wedge pubectomy is recommended as the mobilization
is generally done very far forward into the anterior triangle of
the perineum (27). A dorsal spatulation of the anterior urethra
should be performed and reanastomosis should be sutured by
single knots under direct vision control. We propose inserting
an 18 F transurethral catheter postoperatively (42). As recently
shown, transperineal reanastomosis may result in success rates of
up to 90% (43).

In previously irradiated patients, we would advise against
performing a transperineal reanastomosis (Figure 1). One
treatment option in those patients is to perform a continent
vesicostomy (Mitrofanoff) with reasonable success rates (45).
In patients with urinary incontinence, perineal ligation of the
bladder neck should be performed simultaneously. However,
in irradiated patients, bladder neck ligation can be challenging
and success rates are lower compared to non-irradiated patients
undergoing continent vesicostomy. Therefore, urinary diversion
represents a reliable treatment option in this subgroup of
patients (46).

Continence rates after open retropubic or robotic
reanastomosis range between 18 and 31% in preoperatively
continent patients (41, 44). After transperineal reanastomosis,
almost all patients remain incontinent (43). It is therefore
mandatory to counsel patients prior to reanastomosis about the
possible necessity of a subsequent artificial urinary sphincter
(AUS) implantation. A simultaneous reanastomosis and AUS

placement is possible, but a two-staged procedure minimizes
the risk of infection (31, 38). Additionally, staged procedures
maintain the option of further endoscopic therapy in case of
early VUAS recurrence. Ultimately, the stressed urethra is prone
to revascularization. Urethral atrophy after cuff placement
during AUS is therefore more unlikely. AUS placement should
be performed 3–6 months after reanastomosis as completion of
wound healing after this time period is very likely.

FUTURE DIRECTIONS

In the light of 90% overall and 99% cancer-specific survival
at 10 years of follow-up (6), there is a need to better classify
VUAS severity and complexity. That said, treatment options
ought to be tailored more precisely. A superior classification
system could possibly be achieved by including magnetic
resonance tomography (MRI) into the diagnostic workup. As
of today, combined urethrography represents the standard
diagnostic procedure. In some cases, a “funneled” VUAS
can be detected (27). However, the relation to the external
sphincter, the exact length of the stenosis, and severity of
fibrosis surrounding the stenosis cannot be predicted precisely.
As a standard diagnostic tool for prostate cancer, MRI could
help to better understand the pathophysiology of VUAS and
the aforementioned factors. Whereas, there is no relevant
data on MRI in the context of VUAS, MRI compared to
standard radiographic assessment showed a better predictive
capacity regarding the length of stenosis in obliterated posterior
urethral strictures (47, 48). Moreover, in traumatic bulbar
urethral strictures, MRI appears more precise in anticipating
the degree of spongiofibrosis, concomitant fistula, and stricture
length compared to conventional diagnostic tools (49). A novel
VUAS classification should—among others—possibly include
stenosis grading and etiological aspects. Taken together, a VUAS
classification system would have important implications for both
patients and urologists to improve treatment choices and predict
surgical outcomes. Furthermore, an accepted grading system
could aid in choosing the optimal treatment option, as previous
attempts to predict urethral patency after VUAS treatment have
failed (10). As of now, the type of endoscopic treatment as well
as the decision to move on to open reconstruction is mostly
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based on surgeon preference and institutional experience. There
is a crucial need for prospective, multi-institutional randomized
studies with a well-selected patient population.

CONCLUSIONS

VUAS is one of the most common complications after RP.
Fortunately, incidence has declined over the last decades and was
reported at ∼2% in recent series. VUAS usually occurs within
the first 2 years after RP. Endoscopic treatment should usually
be performed as a first line therapy, and most patients can be
treated successfully. However, some patients develop recurrent
VUAS. In those, reconstructive surgery should be considered.
Reanastomosis, if performed by an abdominal, a perineal or a
robotic-assisted laparoscopic approach, can result in high success

rates. All types of VUAS therapy inherit the risk of de novo
incontinence, which may be as high as 31 and 100% after
endoscopic and open reconstruction, respectively. In these cases,
AUS implantation can be regarded the most common treatment
option with the best evidence available.
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