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a b s t r a c t

Restoration of postoperative urinary continence after robot-assisted radical prostatectomy (RARP) is
affected by diverse factors. We compared the pad-free and positive margin rates of patients who un-
derwent RARP with or without bladder neck sparing (BNS) for prostate cancer. During this systematic
review and metaanalysis, we performed an electronic search of the Web of Science, Embase, Cochrane
Central Register of Controlled Trials, and PubMed to find original articles comparing RARP with and
without BNS for prostate cancer. We identified six studies (2,351 patients in total) who underwent RARP
with or without BNS. A metaanalysis of the pad-free rate at 3 months was performed. The overall pad-
free rate at 3 months for patients who underwent RARP with BNS was significantly higher than that of
patients who underwent RARP alone (control group) (odds ratio, 1.86; 95% confidence interval [CI], 1.22
e2.82), with high heterogeneity (P ¼ 0.005; I2 ¼ 67.45%). The pad-free rates at 7 days, 6 months, and
1 year and positive surgical margin rates of patients who underwent BNS were not significantly different
than those in the control group. Although no statistical difference was observed, the catheterization
period of the BNS group was shorter than that of the control group (standardized mean
difference ¼ �0.08; 95% CI, �0.16 to 0.01). Although RARP with BNS did not affect the long-term outcome
of continence, it had a significant effect on the early recovery of continence.
© 2024 The Asian Pacific Prostate Society. Published 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

Prostate cancer is the secondmost prevalent cancer and the fifth
leading cause of cancer-related mortality among men worldwide.1

Prostate cancer ranks as the third most prevalent cancer across
20 Asian nations. The rise in prostate cancer cases correlates with
extended life spans and the adoption of a Westernized lifestyle.2 In
recent decades, notable advancements have revolutionized pros-
tate cancer management and detection, driven by the emergence of
multiparametric MRI and the novel PET-CT.3,4 Further, robot-
assisted radical prostatectomy (RARP) has become the gold stan-
dard surgical approach for clinically localized prostate cancer, even
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in individuals aged 75 and older.5e7 Although the primary objective
of RARP is optimal cancer control, its secondary objective is the
maintenance of urinary continence, which is a primary concern
that affects the quality of life after radical prostatectomy (RP).8

Restoration of urinary continence after RARP is affected by
diverse factors, including patient and disease characteristics, sur-
gical proficiency, and methodologies used for surgical dissection
and reconstruction. Ficarra et al found that the prevalence of uri-
nary continence after RARP is 89e92%. Furthermore, age, body
mass index, lower urinary tract symptoms, and prostate volume
have emerged as the most pertinent preoperative predictors of
urinary incontinence.9

Surgeons have made various modifications, such as the use of
neurovascular bundle-sparing, to the radical prostatectomy (RP)
technique to enhance functional outcomes such as continence and
erectile function.10Many studies have analyzed the potential effects
of various surgical techniques, such as anterior and posterior
reconstruction before the urethrovesical anastomosis.11e14
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During the past two decades, several studies have focused on
the idea of preserving the bladder neck during RP to improve
functional outcomes without compromising oncological out-
comes.11,15 However, bladder neck sparing (BNS) in RP could result
in a higher incidence of positive surgical margins (PSM), subse-
quently contributing to the deterioration of oncological outcomes,
including an increased rate of biochemical recurrence (BCR).16,17

Although there have been reviews of various surgical techniques
for RARP, to the best of our knowledge, no study has compared the
effects of RARP with or without BNS. The advantages of the robotic
technique include its ability to provide a more expanded field of
three-dimensional (3D) vision and allow surgical procedures with
greater precision compared to laparoscopy. Therefore, it is assumed
that BNS is more likely to be performed appropriately with the
robotic technique, which is better for identifying circular fibers
during the preservation of the bladder and neck. Therefore, we
aimed to compare the pad-free rates (at 7 days [immediately],
3 months, 6 months, and 1 year) and PSM rates of patients who
underwent RARP with or without BNS for prostate cancer.

2. Materials and methods

2.1. Protocol and registration

The protocol for this systematic review was registered with
PROSPERO (registration number: CRD42024496444). Additionally,
this systematic review adhered to the guidelines outlined in the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses 2020 (PRISMA 2020) statement.18

2.2. Search strategy

A proficient medical librarian conducted electronic searches of
the Web of Science, Embase, Cochrane Central Register of
Controlled Trials, and PubMed (via the National Library of Medi-
cine) databases from inception to December 2023 (Supplementary
Table 1). The following search terms were used: prostatic neo-
plasms, prostatectomy, urinary incontinence, bladder, and robotic
surgical procedures. Moreover, we examined the reference lists of
published narratives and systematic reviews to identify studies that
might not have been captured by our electronic search.We used the
International Clinical Trials Registry Platform and ClinicalTrials.gov
search portals to identify ongoing trials.

2.3. Inclusion and exclusion criteria

Studies comprising patients who underwent RARP followed by
interventions, including BNS, were included. The outcomes of in-
terest included the postoperative pad-free rates (continence) at
7 days (immediately), 3 months, 6 months, and 1 year. An inves-
tigation of the differences in surgical margin rates was also per-
formed. The comparison group received no interventions. The
following types of studies were excluded: clinical trials that did not
compare procedures with and without BNS; studies without
available full text (including reviews, conference abstracts, editorial
notes/letters, and narrative reviews); studies that did not include
outcome parameters; and studies that were not published in
English.

2.4. Study selection

After eliminating duplicates, we imported all references into
Covidence (www.covidence.org). Two members (J. Choi and Y.J.
Yang) of the study team independently assessed each reference and
abstract based on the predetermined selection criteria. If the two
members disagreed, then a majority decisionwas reached based on
the opinion of a third team member (Y.S. Lee). Abstract screening
was performed to exclude studies that did not meet the inclusion
criteria. For studies that progressed beyond this stage, two mem-
bers of the study team independently conducted full-text reviews.
2.5. Data extraction

General information such as the first author's name, year when
the study was performed, country where the study was performed,
study type, and outcomes were extracted from the remaining
studies. The extracted outcomes were the postoperative pad-free
rates (continence) at 7 days (immediately), 3 months, 6 months,
and 1 year, catheter removal date, BCR rate, follow-up duration
(months), and differences in surgical margin rates.
2.6. Methodological quality assessment

The risk of bias for each eligible study was assessed using the
NewcastleeOttawa scale (NOS) for nonrandomized controlled trials
(non-RCTs) and the Cochrane risk of bias tool for RCTs.19,20 NOS
consists of six items, with 1 point assigned to each item except
comparability with the unexposed cohort. Hence, the maximum
achievable score was 6 points. During this study, NOS scores �5
were categorized as “good” and scores �3 but <5 were considered
“fair.” Additionally, the Cochrane “Risk of Bias” tool was used to
assess the risks of selection bias, performance bias, detection bias,
attrition bias, reporting bias, and others as low, unclear, or high. The
methodological quality was independently evaluated by two re-
viewers (J. Choi and Y.J. Yang). If there were discrepancies in the
results of the literature quality assessment, both authors discussed
or consulted with a third author (Y.S. Lee).
2.7. Statistical analysis

Statistical analyses were performed using STATA/MP (version
18.0; Stata Corp., College Station, TX, USA). The odds ratios (ORs)
and 95% confidence intervals (CIs) were calculated for the pad-free
rates at 7 days, 3 months, 6 months, and 1 year and a positive
surgical margin rates using a random effects model. The stan-
dardizedmean difference (SMD) and 95% CI were calculated using a
random-effect Hedge's g model to estimate the catheter removal
date. Statistical heterogeneity was evaluated using the chi-square
test and I2 values. Substantial heterogeneity was detected at
P <0.10 and I2 >50%. Publication bias was assessed using funnel
plots and Egger's test. Statistical significance was set at P <0.05.
3. Results

3.1. Literature retrieval results

Our electronic search yielded 2,598 references from four data-
bases. Of these, 558 duplicates were excluded (Fig.1). Subsequently,
963 articles were excluded because they were conference abstracts
(n ¼ 586), editorial notes/letters (n ¼ 132), narrative reviews
(n ¼ 180), or not written in English (n ¼ 65), resulting in 1,077
articles that were subjected to further screening. During the initial
screening phase, based on the title and abstract, 1,031 articles were
excluded. Subsequently, screening of the full text of the remaining
46 studies were conducted, resulting in the exclusion of 40 studies.
These studies were excluded because they did not include pre-
defined subjects and/or methods (n¼ 29), had overlapping subjects
and outcome indicators (n¼ 9), or were not original studies (n¼ 2).

http://ClinicalTrials.gov
http://www.covidence.org


Fig. 1. Flowchart of the study selection procedure.
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3.2. Study characteristics

Six original articles comprising 2,527 patients who underwent
RARP with or without BNS that were published between 2012 and
2020 were included (Table 1). Five eligible observational studies
performed in Europe,21e23 Canada,24 or Korea25 recruited 2,319
patients who underwent RARP with or without BNS. The only
included RCT enrolled 208 patients underwent RARP.26 The ma-
jority of studies used conventional RARP as the control
method.21,22,25,26 Additionally, two studies performed RARP and
bladder neck resection for the control groups.23,24 The primary
objective of this study was to investigate the pad-free rates by
subdividing them into social continence rates (0e1 pad) at 0, 3, 6,
and 12 months. However, although the mean urine loss was
examined, it was excluded from the metaanalysis because these
measurements were not reported by the other studies.

The study by Bartoletti et al included 208 patients and had a
unique prospective design based on information obtained via
phone interviews.21 The studies by Preisser et al, Rajih et al, and You
et al had a retrospective design and included 322, 107, and 88 pa-
tients, respectively.23e25

The studies by Bartoletti et al and You et al were not indepen-
dently performed; however, they included posterior musculofascial
reconstruction.21,25 Although there was potential bias because
posterior musculofascial reconstruction is commonly performed
with RARP, these studies were included in the analysis. The study
by Dal Moro et al used extreme BNS (�1 cm) as a criterion and,
according to the authors' standards, the typical length of the spared
bladder neck during RARP did not differ; therefore, it was included
in the research.22

Additionally, the study by Bartoletti et al slightly differed from
the others because it based the continence rate on the use of no
pads rather than social continence.21 Generally, continence rates
reported by the studies were not clearly defined; furthermore,
some studies included both the continence rate based on the use of
no pads and the social continence rate.



Table 1
Characteristics of studies included in the systematic review.

Study Setting, country Enrollment criteria Study conducted Control method Patients, n Primary outcomes Secondary
outcomes

Intervention Control

Bartoletti, 2017 Phone call
interview, Italy

RARP þ BNS þ PRec 2009e2016 RARP only 105 125 Severe
incontinence
(12 mo)

Continence rate (no
pad) at early, 3, 6,
12 mo

Nyarangi-Dix, 2013 RCT, Germany RARP þ BNS 2013 RARP only 104 104 Mean urine loss (cc)
at 0, 3, 6, 12 mo

Social continence
rate (0e1 pad) at
0, 3, 6, 12 mo &
QOL

Preisser, 2020 Retrospective,
Germany

RARP þ BNS 2010e2017 RARP þ bladder
neck resection

382 1,130 Median time to
catheter removal

Pad-free rate at
7 days, 3 mo, 1 yr

Rajih, 2019 Retrospective,
Canada

RARP þ BNS 2006e2015 RARP þ bladder
neck resection

245 77 0-pad continence at
1,3,6,12,24 mo

None

You, 2012 Retrospective,
Korea

RARP þ BNS þ PRec 2008e2010 RARP 48 31 Mean
catheterization
time

Continence at 3,
6 mo, PSM

Dal Moro, 2020 Prospective, Italy RARP þ BNS
(�1 cm)

2015e2018 RARP 88 88 PSM None

BNS, bladder neck sparing; mo, months; PRec, posterior musculofascial reconstruction; PSM, positive surgical margin rate; RARP, robot assisted radical prostatectomy.
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3.3. Methodological quality assessment

Of the six included studies, five were observational studies, and
one was an RCT. The methodological quality of the observational
studies were generally poor to good, according to the NOS
(Supplementary Table 2). According to the Cochrane risk of bias
tool, the RCT had a low risk of bias (Supplementary Fig. 1).26

3.4. Quantitative analysis

The comparison of the robot field of view between BNS and
without BNS techniques is illustrated in Fig. 2. The five observa-
tional studies included 884 patients who underwent RARP with
BNS and 1,467 who underwent RARP without BNS (control group)
and described the pad-free rate at 3 months.21,23e26 The pad-free
rate at 3 months in the BNS group was significantly higher than
that in the control group (OR,1.86; 95% CI,1.22e2.82) (Fig. 3A), with
high heterogeneity (P ¼ 0.005 and I2 ¼ 67.45%). Publication bias
was not detected in studies that reported the pad-free rate at
3 months (Egger's test; t ¼ 0.34 and P ¼ 0.731) (Fig. 3B).
Fig. 2. Comparison of robot field of view between (A) bladder ne
The pad-free rates at 7 days, 6 months, and 1 year and positive
surgical margin rates did not significantly differ between the BNS
and control groups (Table 2). Substantial heterogeneity was
detected in studies that reported pad-free rates at 7 days, 6 months,
and 1 year. Publication bias was not observed in the pooled results
of the pad-free rates at 6 months and 1 year and positive surgical
margin rates (Supplementary Fig. 2AeD). The publication bias of
the results of the pad-free rate at 7 days could not be analyzed
because only two included studies reported this rate.

The catheter removal date was reported by two studies
(2,579 patients) that recruited 1,173 patients who underwent
RARP with BNS and 1,406 patients who underwent RARP
without BNS (control group) (Preisser, 2020; Friedlander, 2012).
The pooled results showed no significant difference between the
two groups, but the catheter removal period of the BNS group
was slightly shorter than that of the control group
(SMD ¼ �0.08; 95% CI, �0.16 to 0.01), with low heterogeneity
(P ¼ 0.377; I2 ¼ 0.01%). Publication bias could not be analyzed
because only two included studies estimated the pooled results
of the catheter removal date.
ck sparing and (B) without bladder neck sparing techniques.



Fig. 3. A random effects model was used to create the (A) forest plot and (B) funnel plot comparing the pad-free rates of patients who underwent bladder neck sparing (BNS) and
the control group at 3 months.

Table 2
Summary of the results from metaanalysis on postoperative outcomes between patients with bladder neck sparing and control group using random effect model.

Outcome measures Stu-dies Total (n) Intervention (n) Control (n) OR (95% CI) Heterogeneity Egger's test Ref

Yes No Yes No Yes No Q df P-hetero I2 t P

Pad free rate at 7 days 2 908 834 269 218 639 616 1.75 (0.82e1.58) 5.7 1 0.017 82 - - 21,23
Pad free rate at 3 months 5 1,682 669 639 245 1,043 424 1.86 (1.22e2.82) 14.6 67 0.34 0.010 21,23e26
Pad free rate at 6 months 4 578 261 369 133 209 128 1.40 (0.51e3.79) 13.2 3 0.004 88 �2.28 0.150 21,24e26
Pad free rate at 1 year 4 1,888 364 668 148 1,220 216 1.56 (0.79e3.07) 20.1 3 <0.001 83 3.86 0.060 21,23,24,26
Surgical margin positive rate 4 236 1,739 64 558 172 1,181 0.77 (0.56e1.05) 2.9 3 0.404 0 �0.39 0.731 22,23,25,26

CI, confidence interval; df, degree of freedom; OR, odds ratio; P-hetero, probability level associated with the Q test; Q, homogeneity test.
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3.5. Qualitative results

Among the included studies, one reported that the continence
rate of the BNS group was significantly higher than that of the
control group on day 7 (49.4% vs. 24.7%).21 Owing to the insufficient
number of studies, P values could not be obtained.

Bartoletti et al classified the use of more than two pads per
day as severe incontinence, which was analyzed separately, and
found that the severe incontinence rates of the BNS group and
control group were 4.93% and 15.05%, respectively; furthermore,
they observed a statistically significant difference at 1 year
(P ¼ 0.03).21

Preisser et al found no difference in the BCR rate based on the
performance of BNS in both the univariable (P ¼ 0.2) and multi-
variable models (P ¼ 0.9). Furthermore, during the 48-month
follow-up period, the BNS group had a lower BCR-free survival
rate (P ¼ 0.022).23 Unfortunately, a metaanalysis could not be
performed because the number of relevant studies was
insufficient.

You et al categorized positive surgical margin areas as apical,
base, and lateral, and no significant differences were observed be-
tween the BNS and control groups.25 However, because an insuf-
ficient number of studies used this method, additional subgroup
analyses could not be performed.

Friedlander et al performed a large-scale prospective study
of 1,067 patients and presented continence rates graphi-
cally without precise numerical values.27 Additionally, during
this study, the early continence rate at up to 3 months was less
than 20%, which was significantly different from that of other
studies; therefore, it was excluded from the analysis. The BCR
rate in this study was not significantly different regardless of the
use of BNS.
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4. Discussion

In this study, RARP with BNS had a significantly greater effect on
the continence rate at 3 months (OR, 1.81). However, the pad-free
rates at 7 days, 6 months, and 1 year and positive surgical margin
rates did not significantly differ between the RARP with and
without BNS groups.

Urinary incontinence can significantly impact the quality of life
of patients undergoing RP.9,28 Despite the unclear and intricate
physiology of mechanisms associated with urinary continence after
RP, BNS plays a pivotal role.29 BNS has the benefit of preserving the
rhabdosphincter, which is located between the verumontanum and
prostatic apex.30

Therefore, the effect of BNS on the continence rates of patients
who underwent RARP was assessed. The debate regarding the ef-
fects of BNS on continence and its oncological safety are
ongoing.29,31 Nevertheless, RARP has emerged as the predominant
surgical approach for RP in the United States.32 The enhanced 3D
vision provided by the robotic system may facilitate more
straightforward identification of muscular fibers during BNS;
therefore, it could ensure better functional outcomes and fewer
positive surgical margins than open surgery or laparoscopy. Lee
et al presented their methodology and emphasized the significance
of the BNS grade in early postoperative continence; furthermore,
they concluded that BNS is graded in degrees rather than as a bi-
nary result and found that a higher degree of BNS was linked to a
quicker return to continence without compromising oncological
outcomes.31

Similarly, less recent metaanalyses suggested a nonsignificant
impact of BNS on incontinence associated with RP, and recent
studies, particularly those involving robotic techniques, suggested
that BNS during RP can contribute to early recovery.16,33,34 Our
study confirmed these findings by conducting a metaanalysis that
exclusively involved RARP.

Surgical skills are pivotal when performing urological surgery,
particularlywhen utilizing diverse techniques for RARP. The selection
of the surgical approach may be influenced by the previously iden-
tified independent predictors of urinary continence and the extent of
the disease. BNS is associated with various variables, including pros-
tate size, history of radiationorhormone therapy, presenceofmedian
lobe enlargement, anddegreeof intravesical prostatic protrusion, and
all of these can affect outcomes. Additionally, these parameters may
be linked to long-term functional results.30,35

Functional aspects are important after RARP, but oncologic
outcomes should be given priority above all. In a systematic review,
PSM was reported more often in RARP with BNS than in RARP
without BNS (mean base PSM 4.9% vs. 1.85%).36 However, in our
study, it was found that there was no difference in PSM between
RARP with BNS and without BNS, so it is feasible to perform RARP
with BNS expecting an early recovery of continence while main-
taining the oncologic outcome.

This study had some limitations. First, some studies only
included BNS, and others included posterior musculofascial
reconstruction. Second, there was inconsistency in the use of terms
such as pad-free rate, continence rate, and social continence rate
(0e1 pad), and many articles did not provide precise definitions.
Third, the use of various data sources was another limitation. The
number of RCTs was limited, and the analysis included both
retrospective and prospective studies. Fourth, due to insufficient
data, we were unable to derive results for the continence outcome
beyond 12 months. Overall, analyzing surgical techniques can be
challenging, with differences in the heterogeneous nature of sur-
geons, study designs, and the inherent impossibility of double-
blinding studies, leading to the potential for selection bias. There-
fore, there are inherent limitations to metaanalysis.
The attainment of continence after RARP is multifactorial and
relies on various surgical approaches rather than a single proced-
ure. However, there is value in understanding the effect of a single
technique on RARP and its outcomes through a metaanalysis rather
than a generalized analysis of various methods.

5. Conclusions

The implementation of BNS with RARP significantly affected the
postoperative continence rate at 3 months. However, no significant
difference was observed compared to the control group in the
subsequent period in terms of continence rate. Although it did not
affect long-term outcome, BNS with RARP showed early recovery in
continence compared to the control group. Further studies are
needed to better investigate the impact of this technique on
continence.
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