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Abstract Objective: Bladder neck contracture and vesicourethral anastomotic stenosis are
difficult to manage endoscopically, and open repair is associated with high rates of inconti-
nence. In recent years, there have been increasing reports of robotic-assisted bladder neck
reconstruction in the literature. However, existing studies are small, heterogeneous case se-
ries. The objective of this study was to perform a systematic review of robotic-assisted bladder
neck reconstruction to better evaluate patency and incontinence outcomes.
Methods: We performed a systematic review of PubMed from first available date to May 2023
for all studies evaluating robotic-assisted reconstructive surgery of the bladder neck in adult
men. Articles in non-English, author replies, editorials, pediatric-based studies, and reviews
were excluded. Outcomes of interest were patency and incontinence rates, which were pooled
when appropriate.
Results: After identifying 158 articles on initial search, we included only ten studies that fit all
aforementioned criteria for robotic-assisted bladder neck reconstruction. All were case
series published from March 2018 to March 2022 ranging from six to 32 men, with the median
follow-up of 5e23 months. A total of 119 patients were included in our analysis. A variety of
etiologies and surgical techniques were described. Patency rates ranged from 50% to 100%,
and pooled patency was 80% (95/119). De novo incontinence rates ranged from 0% to 33%,
and pooled incontinence was 17% (8/47). Our findings were limited by small sample sizes, rela-
tively short follow-ups, and heterogeneity between studies.
Conclusion: Despite limitations, current available evidence suggests comparable patency out-
comes and improved incontinence outcomes for robotic bladder neck reconstruction compared
one.org (L.C. Zhao).
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to open repair. Additional prospective studies with longer-term follow-ups are needed to
confirm these findings.
ª 2024 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
1. Introduction

Robotic-assisted surgical approaches have been widely
adopted across multiple domains of urologic surgery. Ad-
vantages include improved visualization, dexterity, and
ergonomics for the surgeon, and superior cosmesis and
shorter length of stay for the patient [1,2]. While urologic
oncology has traditionally dominated the field via prosta-
tectomy, cystectomy, and nephrectomy, reconstructive
urologists have increasingly incorporated robotic surgery
into their armamentarium given the complex anatomy
encountered and reconstructive techniques required [1,3].

Within the realm of lower urinary tract reconstruction,
one particularly challenging area is the management of
bladder neck contracture (BNC) and vesicourethral anas-
tomotic stenosis (VUAS). Up to 10% of patients develop BNC
after outlet procedures for benign prostatic hyperplasia
(BPH) [4]; about 3% will develop VUAS after radical pros-
tatectomy (RP) [5]; and 0%e32% of men receiving pelvic
radiation of various modalities may develop prostatic ure-
thral stenosis [6]. Although the etiologies of these defects
vary, the common location of the bladder neck and poste-
rior urethra deep within the narrow male pelvis makes
surgical access difficult, and their close proximity to the
external urinary sphincter, cavernous nerves, and rectum
puts patients at high risk for complications, especially the
development of de novo stress urinary incontinence [2,7].

As such, urologists have historically approached repair
with an escalating strategy [8]. The American Urological
Association urethral stricture guidelines have recom-
mended starting with endoscopic management and
reserving definitive reconstructive surgery for recalcitrant
cases [9]. Unfortunately, many patients will recur with
conservative management and are left to face a cycle of
repeated catheterizations and instrumentation or undergo
potentially highly morbid open surgery [8,10,11]. Urologists
may, in turn, be discouraged from attempting open recon-
structive repair [7].

During the last 5 years, robotic-assisted approaches to
BNC and VUAS repair have emerged as a potential alterna-
tive with improved visualization and surgical precision and
good short-term and mid-term outcomes [7,8,12,13]. First
reported in the literature as a case series in 2018 [14],
multiple subsequent series have since described varying
robotic-assisted techniques, while several narrative reviews
have summarized existing data of outcomes [7,8,13]. Given
the recent rise of robotic surgery in this area, we aimed to
perform the first systematic review of the current literature.
Our objective was to compare and compile patency and
continence outcomes across existing robotic-assisted
bladder neck repair studies. We hypothesized that there
would be a relatively wide range of patency and continence
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rates, but taken collectively, they would be comparable or
superior to open reconstructive surgical outcomes.

2. Materials and methods

2.1. Evidence acquisition

We performed a literature search of the National Center for
Biotechnology Information PubMed database in May 2023
for all studies evaluating robotic-assisted reconstructive
surgery of the bladder neck in adult male patients older
than 18 years. All available publication dates were included
up to May 28, 2023. The following terms were used in the
search strategy: (robot OR robot-assisted OR robotic OR
robotic-assisted) AND (bladder neck OR posterior urethra)
AND (repair OR reconstruction). Reference lists of relevant
manuscripts were also reviewed for eligible articles. Of
note, we were solely interested in studies describing pa-
tients undergoing reconstructive surgery for a pre-defined
bladder neck defect, not studies reporting bladder neck or
vesicourethral anastomosis reconstructive techniques at
the time of RP or radical cystoprostatectomy.

All articles were screened for eligibility via titles and
abstracts. Articles in non-English, author replies, editorials,
pediatric-based studies, and reviews were excluded. The
remaining studies were reviewed in their entirety and
excluded if deemed to be irrelevant to the topic of interest
or if they were reviews. Study characteristics assessed
included year of publication, number of patients, etiology
of bladder neck defect, method of repair, length of
follow-up, and quality of evidence. Outcomes evaluated
were patency and incontinence rates. We followed the
Preferred Reporting Items for Systematic review and Meta-
Analysis (PRISMA) guidelines [15].

2.2. Evidence synthesis

The initial search identified 158 articles, of which seven
non-English studies and 19 pediatric-based studies were
excluded. On screening, 110 irrelevant studies were
excluded. On further review of the remaining 22 studies,
nine narrative review articles and three case reports were
excluded leaving a total of ten relevant studies meeting
inclusion criteria. Fig. 1 illustrates the study flow diagram.
Because all available studies were retrospective case se-
ries, only descriptive statistics could be performed for the
outcomes of interest. We combined patients from studies
that reported patency and de novo incontinence rates to
obtain pooled means for each. Due to the nature of these
small case series, limited reported granular data, and
heterogeneity between studies, we were not able to
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Figure 1 Study flow diagram.
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perform subgroup analysis or multivariable regression in a
pooled manner.

3. Results

We identified ten studies meeting our criteria for
robotic-assisted bladder neck reconstruction ranging in
publication date from March 2018 to March 2022. All were
case series with number of patients ranging from six to 32
men, and median follow-up ranging from 5 months to 23
months. We were not able to calculate a pooled median
follow-up time as data were incomplete and some studies
reported means without the ability to deduce median. The
overall total number of patients was 119 men included in
this review; nine of 10 men and one of nine men, respec-
tively, were excluded from two studies that also included
more distal urethral defects [16,17]. Etiologies of bladder
neck and posterior urethral defects varied, as did surgical
technique and methods of assessing outcomes. Table 1
summarizes key patient characteristics, operative ap-
proaches, and outcomes.

Etiologies ranged from BNC following transurethral
outlet procedures for BPH, VUAS after open or
robotic-assisted RP, posterior urethral stenosis secondary to
pelvic radiation for prostate cancer, and less commonly,
trauma, and idiopathic causes. It is important to note that
although different authors used varying terminology, for
purposes of standardization we will from here on refer to
relevant urethral defects based in part on the nomencla-
ture for urethral strictures and stenoses recommended by
the International Consultation on Urological Diseases [18]:
(1) we use stenosis instead of stricture throughout because
stricture describes narrowing of a segment of the urethra
surrounded by the corpus spongiosum, which the bladder
neck and prostatic urethra lack; (2) we use BNC to describe
stenosis of the bladder neck resulting from benign outlet
procedures for BPH, after which the prostate remains in
situ; (3) we use VUAS to describe narrowing of the
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anastomosis after complete removal of the prostate via RP;
(4) and we use radiation stenosis to describe narrowing of
the remnant posterior urethra after radiation, only if the
patient did not also undergo RP.

Methods of robotic-assisted repair were also heteroge-
neous and used the Si, Xi, and SP models of the da Vinci
robotic surgical system (Intuitive Surgical, Sunnyvale, CA,
USA). Some studies reported on a single technique, whereas
others had multiple approaches. Some surgeries were per-
formed only robotically, whereas other required a simul-
taneous perineal counter-incision for more distal defects.
Some used near-infrared fluorescence to facilitate visuali-
zation of healthy versus devascularized tissue. Several au-
thors described YeV plasty for non-obliterative BNC or
VUAS with a preserved posterior urethral plate, which en-
tails making an inverted Y-shaped incision through the
anterior bladder neck, thereby creating a V-shaped flap of
well-vascularized anterior bladder wall which is advanced
to create a widened bladder neck [14,19,20].

Others have described techniques for scar tissue excision
with primary or “redo” bladder neck anastomosis or bladder
reconstructive techniques for obliterative defects [20e25].
Redo anastomosis is generally approached in a similar
fashion across the studies, whereas the other bladder
reconstructive techniques somewhat vary. Shakir et al. [24]
described an anterior bladder flap technique whereby the
anterior bladder and scar tissue are excised, and a
full-thickness flap of anterior bladder wall is advanced into
the distal bladder neck. Multiple authors also described a
technique for creating a neo-bladder neck anastomosis in
cases where fibrotic tissue is severe and circumferential; in
this technique, the native bladder neck is closed; the
bladder is rotated downwards; and a cystotomy is made at
the anterior bladder and anastomosed to the urethral stump
(this approach termed variously as anterior bladder flap
urethroplasty, modified Tanagho flap, and downward rota-
tional bladder advancement) [21,24,25]. Overall, the choice
of surgical reconstruction technique depends on both degree
and length of stenosis. For partially obliterated stenoses,
authors have generally described using a YeV plasty
approach (or a similar T-plasty technique, whereby the
proximal incision is straight across and perpendicular rather
than in a “Y” shape). For obliterated stenoses, primary
reanastomosis and the aforementioned anterior bladder flap
technique is preferred.

For patients with defects 2 cm or longer, Liu et al. [17]
described a robotic-assisted buccal mucosa graft (BMG)
urethroplasty technique via a purely robotic approach or a
combined abdomino-perineal dorsal onlay approach if there
is stenosis in the bulbar urethra. Tissue transfer may be
performed to fill dead space in this case using rectus
abdominis, gracilis, or omental flaps. The first report of
robotic-assisted BMG urethroplasty in 2019 was not
included in this review as it was a case report of a single
patient [26].

In terms of patency outcomes, patients were assessed
for recurrence in a variety of ways, including via
self-reported symptoms and symptoms scores (e.g., the
International Prostate Symptom Score), visualization on
cystoscopy or passage of a 16 Fr or 17 Fr cystoscope, or
uroflowmetry with peak flow greater than 15 mL/s. Indi-
vidual patency rates ranged from 50% to 100%, though some



Table 1 Summary of studies (in chronological order of publication date).

Study Patient,
n

Etiology (n of patients) Type of robotic repair Follow-up,
mo

Patency, n (%); method
of assessment

De novo incontinence,
n/total without preexisting
incontinence (%)

Musch et al. [14]
(Mar 2018)

12 - BNC (9); simple prostatec-
tomy (2); high-intensity
focused of prostate (1)

- YeV plasty 23a - 10 (83); International
Prostate Symptom
Score

Incomplete reporting

Granieri et al. [19]
(Jul 2018)

7 - BNC (3); VUAS (1); XRT (3) - YeV plasty 8a - 7 (100); cystoscopy 2/7 (29) not included as
unclear if de novo

Kirshenbaum et al.
[20] (Aug 2018)

12 - BNC (7); VUAS (5) - Varies and includes redo
anastomosis, YeV plasty,
partial prostatectomy

14a - 9 (75); passage of 17 Fr
cystoscope or uro-
flowmetry of >15 mL/s

2/11 (18)

Unterberg et al.
[16] (Mar 2019)

1b - Not specified for 1
included patient

- Not specified for 1
included patient

7c - 1 (100); passage of 16
Fr cystoscope

Not reported

Lavolle et al. [22]
(Nov 2019)

6 - VUAS (6), of which 3 also
had XRT

- Redo anastomosis�
bladder flap

19a - 3 (50); freedom from
reintervention

3/6 (50) requiring AUS not
counted as unclear if de
novo

Cavallo et al. [23]
(Sep 2021)

12 - XRT (10), of which 1 also
had salvage prostatec-
tomy; idiopathic (2)

- Redo anastomo-
sis�adjunctive tech-
niques, prostatectomy,
flaps

16a - 10 (83); passage of 16
Fr cystoscope

4/12 (33)

Liu et al. [17] (Jan
2022)

8d - VUAS (7), of which 4 also
had XRT; trauma (1)

- BMG urethroplasty 12a - 6 (75); unknown 0/8 (0)

Shakir et al. [24]
(Feb 2022)

32 - VUAS (32), of which 16 also
had XRT

- Varies and includes pri-
mary anastomosis or ante-
rior bladder flap

12a - 24 (75); passage of 17
Fr cystoscope or uro-
flowmetry of >15 mL/s

2/13 (15)

Bearrick et al. [21]
(Mar 2022)

20 - BNC (5); VUAS (15), of
which 5 also had XRT

- YeV plasty, redo
anastomosis, bladder flap,
and urethral pull-through

Varied based
on etiology

- 18 (90); “functional”
and “anatomic”
evaluation

Incomplete reporting

Zhao et al. [25]
(Mar 2022)

9 - VUAS (7), of which 4 also
had XRT; XRT only (2)

- Bladder flap 5c - 7 (78); unknown 0/3 (0)

Pooled outcomee 119 - 95 (80) 8/47 (17)

AUS, artificial urinary sphincter; BMG, buccal mucosa graft; BNC, bladder neck contracture; mo, month; VUAS, vesicourethral anastomotic stenosis; XRT, radiation therapy.
a Mean.
b Nine patients excluded based on location of defects.
c Median.
d One patient excluded based on location of defect.
e Only patients meeting criteria included.
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authors counted towards patency if patients met criteria at
last follow-up even after subsequent endoscopic reinter-
vention for recurrence after definitive repair, whereas
others appeared to count towards patency only those pa-
tients who never developed recurrence during the
follow-up period. The pooled patency rate was 80% (95 of
119 men) across all studies. Bearrick et al. [21] performed
subgroup analysis based on etiology of defect, and found
that 100% (5/5) of patients with BNC, 100% (10/10) of pa-
tients with VUAS, and 60% (3/5) of patients with stenosis
after both RP and radiation were “functionally” patent
(pZ0.035), though functional patency was not defined
explicitly. Because many studies did not provide granular
breakdown of their outcomes by patient, we were not able
to perform a combined analysis.

Wewere only interested in de novo incontinence, asmany
patients in these studies had preexisting incontinence before
reconstructive surgery; they were not counted towards in-
continence outcomes, regardless of whether authors re-
ported improved or worsened symptoms. Individual de novo
incontinence rates ranged from 0% to 33% as defined by
requiring at least one pad per day. Pooled incontinence
across studies who provided granular data was 17% (eight of
47men). The same study that reported patency outcomes by
etiology notedmedian postoperative pad per day use of 0, 0,
and 10.5, among patients with BNC, VUAS, and stenosis after
both RP and radiation, respectively (p<0.001) [21]. Some
studies also reported or only reported rates of requiring
subsequent artificial urinary sphincter (AUS) placement;
however, because not all specified whether those patients
who received AUS was for preexisting or de novo inconti-
nence, we were not able to calculate a standard pooled AUS
rate for de novo incontinence.
4. Discussion

In this systematic review of robotic-assisted bladder neck
reconstruction, we identified ten case series which
comprised 119 men with relevant pathology. The most
frequent etiologies of urethral defects were benign BNC,
VUAS, and post-radiation stenosis, and a variety of recon-
structive techniques were employed, including YeV plasty,
redo anastomosis, a rotational anterior bladder flap, and
BMG urethroplasty. Several studies employed a combined
abdomino-perineal approach when necessary. Patency
rates ranged from 50% to 100%, and pooled patency was
80%. De novo incontinence rates ranged from 0% to 33%, and
pooled incontinence was 17%.

Although all studies were case series contributing only
Level 4 evidence, taken together, several salient points can
be made despite inter-study heterogeneity. First, patency
rates are generally comparable with results from the open
reconstructive surgery literature, which ranges from 60% to
100% depending on the stenosis etiology, surgical tech-
nique, and length of follow-up [27e32]. Although follow-up
times are generally longer for open reconstruction, these
comparable patency rates should not be surprising given
the degree of comfort and skill of experienced robotic
reconstructive surgeons, and the many aforementioned
advantages of robotic-assisted surgery, especially in a deep
anatomical space such as the male pelvis. In addition to the
345
usual cited benefits of robotic surgery, these studies also
demonstrated the added utility of near-infrared fluores-
cence as well as use of the SP robotic surgical system for
facilitating ease of access to the perineum for simultaneous
abdomino-perineal surgery, if necessary [17,19]. What will
be crucial, however, is prolonged follow-up to demonstrate
whether robotic patency rates are durable in the
long-term.

Second, rates of de novo incontinence were much lower
than that reported in the open literature, which approaches
near 100% [27,28,31,32]. In these robotic series, inconti-
nence rates ranged from as low as 0%e33%, with a pooled
rate of 17%. Of course, one must take into account again the
relatively shorter follow-up time as well as the specific way
that we counted only de novo incontinence, and not the rate
of AUS placement, given inter-study differences. Indeed,
many older open series report incontinence via AUS place-
ment as proxy. However, there may in fact be reasonable
explanations for the markedly improved incontinence out-
comes with robotic-assisted reconstruction. Whereas open
perineal repair often results in disruption of the external
sphincter complex, robotic approaches without concomitant
perineal dissection can avoid this complication [2,20].
Furthermore, if patients do end up needing AUS placement,
a virgin perineum may be more suitable for restoration of
incontinence than a previously operated-on perineum [2].
Nonetheless, additional follow-up and standardized ways of
assessing incontinence are needed in future studies to
confirm the apparently greatly improved incontinence rates
seen in robotic reconstruction.

Given these early but encouraging outcomes, some
groups have modified their practice to perform only one or
two endoscopic interventions before proceeding to robotic
reconstruction of the bladder neck or posterior urethra
[2,14]. Indeed, the most recent American Urological Asso-
ciation urethral stricture guidelines were updated in April
2023 to reflect the option of robotic reconstruction [33].
Urologists now have at their disposal several viable options
for robotic-assisted repair of BNC and VUAS, whether
obliterative or non-obliterative, and even longer urethral
defects. We believe that patients should be counselled
about emerging robotic options and the current patency
and incontinence outcomes available in existing studies.
Certainly, longer-term follow-up, prospective studies, and
comparative studies of robotic versus open are ultimately
necessary to generate higher level evidence [34,35], but
this review represents a good initial step beyond individual
case series.

In addition to the limitations of retrospective case series
with relatively small sample size and shorter follow-up
time, there may be selection bias in individual studies
based on specific inclusion criteria. For example, some
studies purposefully excluded patients with a history of
radiation or those who required abdomino-perineal dissec-
tion to standardize their data [20]. Nonetheless, subse-
quent studies did include those patients and the pooled and
individual results with irradiated patients still compared
favorably to open surgery in general. Many of these studies
were performed by single surgeons with expertise in robotic
surgery, limiting generalizability. However, several are also
multi-institutional, including studies from the Trauma
and Urologic Reconstructive Network of Surgeons
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consortium [20,24]. Still, not all facilities have the capa-
bilities or personnel to perform complex robotic recon-
structive surgery. In terms of our review, we were limited
by heterogeneity between studies in terms of how out-
comes were assessed and what granular data were re-
ported. Our pooled patency rate included all metrics of
patency, but our incontinence rate only included those
studies who specified development of de novo inconti-
nence. Given the lack of granular “per patient” data, we
were also not able to perform more sophisticated subgroup
analysis of outcomes by surgical technique or etiology of
disease, which would be helpful information for surgical
decision making and patient counselling. Taken together,
however, our results suggest that robotic bladder neck
reconstruction is a viable option with favorable patency
and incontinence outcomes across multiple types of
reconstruction and etiology.

5. Conclusion

Robotic-assisted bladder neck reconstruction has been
increasingly reported in the literature in the last 5 years,
albeit in the form of case series. Current available evidence
based on a variety of reconstructive techniques in patients
with different etiologies of disease suggests that patency
outcomes are comparable to open surgery, and inconti-
nence rates are better than open surgery. Additional pro-
spective studies with longer-term follow-ups are needed to
confirm these findings and show durability.
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