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a b s t r a c t

Introduction: To determine the clinical predictive factors affecting the recovery from postoperative
urinary incontinence after robot-assisted radical prostatectomy (RARP).
Materials and methods: We consecutively analyzed 320 patients who underwent RARP between
January 2012 and March 2015. The restoration of urinary continence was defined as follows: the use of no
pads/no leakage of urine or the use of a safety pad. Preoperative covariates were statistically assessed by
multivariate logistic regression analysis to investigate their predict factor to recovery of urinary incon-
tinence. Therefore, in this study, we sought to identify predictors of early urinary continence status in a
single-center retrospective study of consecutive patients who underwent RARP.
Results: Continence rates at 1, 3, 6, and 12 months after the catheter was removed were 44%, 71%, 83%,
and 93%, respectively. Age, body mass index, and prostate volume had no significant association with
urinary continence recovery. In contrast to this, longer preoperative membranous urethral length (MUL)
was significantly associated with earlier postoperative continence recovery. Multivariate analysis
demonstrated that longer preoperative MUL is significantly associated with continence recovery at
1 month (P ¼ 0.0235).
Conclusion: Approximately 70% of patients achieved urinary continence within 3 months after RARP.
Multivariate analysis showed that age, body mass index, and prostate volume had no significant asso-
ciation with urinary continence recovery. Preoperative MUL assessed by magnetic resonance imaging
was an independent predictor of early recovery from urinary incontinence after RARP.
© 2018 Asian Pacific Prostate Society, Published by Elsevier Korea LLC. 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 a major disease affecting menworldwide, and
robot-assisted laparoscopic radical prostatectomy (RARP) is the
definitive treatment for localized prostate cancer. As postoperative
urinary incontinence has a negative effect on the satisfaction and
health-related quality of life (QOL) of patients who undergo radical
prostatectomy (RP),1,2 early recovery from postoperative urinary
incontinence (UI) is one of the most important functional out-
comes.3 A younger age at operation and longer membranous ure-
thral length (MUL) as measured on preoperative magnetic
resonance imaging (MRI) have been consistently demonstrated to
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be predictors of early continence recovery after radical prostatec-
tomy.4,5 Ficarra et al reported UI recovery in some difficult cases or
based on different surgeon experiences.2 Prostate volume, body
mass index (BMI) > 30, and surgeon experiences could affect the
probability of a patient recovering from UI after RARP.4,6e8

Furthermore, Paparel et al reported the importance of preserving
MUL through accurate dissection of the prostatic apex during
operation to the recovery of urinary continence after radical pros-
tatectomy.5 Recently, Mungovan et al reported the first systematic
review and meta-analysis which have investigated preoperative
MUL as a prognostic risk factor for overall continence recovery.9

Meanwhile, the issue on whether the preservation of the neuro-
vascular bundle (NVB) contributes to postoperative urinary conti-
nence after RARP has been controversial.10e12
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Table 1
Patients' characteristics.

Patients' characteristics Value

Age (years), median (IQR) 66 (62e70)
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We initiated RARP in 2012 and introduced the technique of
dividing the dorsal venous complex using a vascular stapler. With
these surgical techniques in RARP, we evaluated the clinical pre-
dictive factors to affect recovery from postoperative UI.
Baseline prostate-specific antigen (ng/mL), median (IQR) 7.1 (5.1e10.2)
Body mass index (kg/m2), median (IQR) 24.0 (22.4e25.7)
Prostate volume (g), median (IQR) 25.0 (19.0e35.0)
Preoperative MUL (mm), median (IQR) 10.5 (9.3e11.5)
Clinical T stage
T1c 122 (38.1%)
T2a 86 (26.9%)
T2b 45 (14.1%)
T2c 45 (14.1%)
T3a 12 (3.8%)
T3b 3 (0.9%)
Unknown 7 (2.1%)

IQR, interquartile ranges; MUL, membranous urethral length.
2. Materials and methods

2.1. Patients

In this retrospective study, we consecutively analyzed 320 pa-
tients with clinically localized prostate cancer who underwent MRI
and RARP at our institution between January 2012 and March 2015.
All patients were followed up for >12 months postoperatively. Pa-
tients who had neurogenic bladder, incontinence, or urinary
retention before prostatectomy were excluded. RARP was per-
formed via a transperitoneal approach. We stapled and divided the
dorsal venous complex using a 45-mm Endo-GIA stapler (Ethicon,
Somerville, NJ) after dividing the puboprostatic ligaments.13 This
technique enables not only a more defined apical dissection and a
statistically significant reduction in positive margins but also a
clearer and consistent visualization of the apex of the prostate and
urethra .13 We also developed the technique of approaching the
bladder neck directly to expose internal urethra andmaking a small
caliber of the internal orifice. Transection of the prostate began from
the anterior surface of the bladder neck. Urethrovesical anastomosis
was performed using a running suture with 3e0 V-Loc® with
minimum Rocco stitches.14 The criteria for nerve-sparing surgery
were cT1e2a and Gleason score � 7. In the case of unilateral nerve
sparing, the sparing sidewas determined from the imaging findings
of T2Wand diffusion-weighted image (DWI) and the positive site of
prostate biopsy. Bilateral nerve sparing was performed when cT1
and Gleason score � 3 þ 4 ¼ 7 cases. To exercise nerve sparing,
endopelvic fascia was maintained to keep the structure intact.

Continence was evaluated using the Expanded Prostate Cancer
Index Composite (EPIC) survey question: “Howmany pads or adult
diapers per day did you usually use to control leakage during the
last 4 weeks?”. 15,16 The question was modified to measure conti-
nence at the time of catheter removal and 1week after removal. The
patientwas defined as continent if theyanswered “zeropad” or “one
safety pad” per day at postoperative visits of 1, 3, 6, and 12 months.
2.2. MRI procedures

All examinations were performed using a 1.5 Tesla MRI system
(Signa LXHorizon Echospeed; General ElectricMedical Systems Inc.,
USA). T2W images of the prostate and seminal vesicle included the
following parameters: the repetition time (TR), 3300e4000ms; the
Fig. 1. The anatomical urethral length was measured in the sagittal planes by MRI. (A) Preo
Postoperative MUL was measured from the bladder neck to the entry of the penile bulb. M
echo time (TE), 80e100 ms; slice thickness, 3.0 mm; gap, 0.3 mm;
and matrix, 260 � 256. Images were retrospectively interpreted
with a urologist specializing in prostate MRI. MRI variables evalu-
ated were preoperative and postoperative MUL. Postoperative MRI
was taken after 3 months or longer after surgery. MUL was
measured in the midline sagittal plane on T2-weighted MRI. On
preoperative MRI, MUL was considered to be the distance from the
prostatic apex to the level of the urethra at the penile bulb (Fig. 1A).
On postoperative MRI, MUL was considered to be the distance from
the bladder neck to the level of the urethra at the penile bulb
(Fig. 1B).
2.3. Statistical analyses

Frequencies and proportions were generated for categorical
variables; means as well as medians and interquartile ranges (IQRs)
were generated for continuously coded variables. The t test,
ManneWhitney U test, and Pearson's Chi-square test were used to
compare categorical variables. Logistic regression analyses were
used for univariate and multivariate analyses. Using JMP (version
11.0, SAS Institute Inc., Cary, NC, USA), all P values calculated
correspond to two-sided tests, with a P value of 0.05 considered to
represent a significant difference.
3. Results

Patient characteristics are summarized in Table 1. The median
age of patients was 66 years (IQR, 62e70), median preoperative
concentration of prostate-specific antigen was 7.1 ng/mL (IQR,
5.1e10.2), BMI was 24.0 kg/m2 (IQR, 22.4e25.7), median prostate
perative MUL was measured from the prostate apex to the entry of the penile bulb. (B)
UL, membranous urethral length; MRI, magnetic resonance imaging.



Table 2
Perioperative parameters

Intraoperative parameters Value

Operative time, (min), median (IQR) 159 (129e198)
Blood loss (mL), median (IQR) 100 (20e242)
Postoperative catheterization period (day),
median (IQR)

8 (7e8)

Postoperative MUL (mm), median (IQR) 10.6 (9.3e12.4)
Nerve sparing
Bilateral 99 (31%)
Unilateral 116 (36%)
Nonsparing 105 (33%)

IQR, interquartile ranges; MUL, membranous urethral length.

Table 3
Histopathological data

Histopathological data Number (%)

Positive margins 72 (22)
Apex positive margins 56 (18)
pT2 positive margins 42 (13)

Stage
pT2 254 (79)
pT3 58 (18)
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volume was 25.0 g (IQR, 19.0e35.0), and the median preoperative
MUL was 10.5 mm (IQR, 9.3e11.5). Perioperative findings are
summarized in Table 2, the median operative time was 159 mi-
nutes, and the median blood loss was 100 mL. The median time of
postoperative catheterization hospital stay was 8 days. In terms of
nerve sparing, 99 patients (31%) had bilateral nerve sparing, 116
patients (36%) had unilateral nerve sparing, and the remaining 105
patients (33%) had nonenerve-sparing operation. Histopatholog-
ical data are reported in Table 3. The overall positive surgical
margin rate was 22.5%, and in 17.5% of the cases, the positive
margin was located at the apex. The positive margin rate decreased
to 13.1% in the pT2 patient cohort.
Fig. 2. Age (A) (P ¼ 0.055), BMI (B) (P ¼ 0.337), and prostate volume (C) (P ¼ 0.494) had no si
to this, longer preoperative MUL (D) (P < 0.001) was significantly associated with earlier p
length.
Urinary continence was defined as the use of no pads or the use
of a safety pad. Based on these criteria, continence rates achieved at
1, 3, 6, and 12 months after catheter removal were 44%, 68%, 85%,
and 93%, respectively.

We examined whether covariates affect the recovery from
postoperative UI. Age, BMI, and prostate volume had no significant
association with the postoperative incontinence periods. In
contrast to this, longer preoperative MUL was significantly associ-
ated with earlier postoperative continence recovery (P < 0.001)
(Fig. 2). Multivariate analysis demonstrated that longer preopera-
tive MUL was significantly associated with continence recovery at
1 month (P ¼ 0.0235) and 3 months (P ¼ 0.0002) in preoperative
factors (Table 4). However, MUL was not significantly associated
with continence recovery at 6 months (P ¼ 0.9837) and 12 months
(P ¼ 0.9933). The median preoperative MUL was 10.5 mm (IQR,
9.3e11.5). When patients were dichotomized by this cutoff point,
the group with preoperative MUL longer than 10.5 mm showed
significantly earlier recovery (P < 0.001) (Fig. 3).

We examined the relationship between nerve-sparing tech-
nique and urethral length. Based on the degree of nerve sparing, the
bilateral nerve-sparing group had significantly earlier recovery
(P ¼ 0.0117). There was no significant difference between the
nonsparing group and unilateral group (P ¼ 0.8398), but the
bilateral nerve-sparing group had significantly earlier continence
recovery than the unilateral group (P ¼ 0.0222) (Fig. 4). The pre-
operative median MUL was 10.7 mm (IQR, 9.6e11.9) in the bilateral
nerve-spared group, 10.3 mm (IQR, 9.3e11.4) in the unilateral
sparing group, and 10.3 mm (IQR, 9.2e11.4) in the nonsparing
group, with no significant difference between the groups
(P ¼ 0.2107). Postoperative MUL was affected by the status of nerve
sparing; median postoperative MULwas 11.8 mm (IQR, 9.7e13.2) in
the bilateral nerve-spared group, 10.8 mm (IQR, 9.1e12.1) in the
unilateral sparing group, and 10.3 mm (IQR, 8.9e11.5) in the non-
sparing group. The bilateral nerve-sparing group had significantly
longer postoperative MUL than other groups (P ¼ 0.0020) (Fig. 5).
The median MUL was similar before and after RP (10.5 mm vs.
10.6 mm, respectively).
gnificant association with the leverage value of continence recovery periods. In contrast
ostoperative continence recovery. BMI, body mass index; MUL, membranous urethral



Table 4
Multivariate logistic regression analysis was performed to identify the risk factors associated with continence at 1 month and 3 months after operation.

Multivariate analysis Continence at 1 month Continence at 3 months

Odds ratio 95% CI P Odds ratio 95% CI P

Ages 1.0009 0.9757e1.0542 0.6595 1.0189 0.9789e1.0611 0.3595
BMI 0.9357 0.8408e1.0393 0.2161 1.0466 0.9492e1.1546 0.3572
Prostate volume 1.0024 0.9831e1.0234 0.8041 1.0150 0.9964e1.0327 0.1039
Preoperative MUL 0.8329 0.7071e0.9757 0.0235 0.7460 0.6317e0.8733 0.0002

BMI, body mass index; CI, confidence interval; MUL, membranous urethral length.

Fig. 3. KaplaneMeier curve shows the overall urinary continence rate after robot-
assisted radical prostatectomy by nerve-sparing criteria. The bilateral nerve-sparing
group showed significantly earlier recovery. There was no significant difference be-
tween the nonsparing group and the unilateral group, but the bilateral nerve-sparing
group had significantly earlier recovery than unilateral groups.

Fig. 5. Comparison of postoperative MUL by nerve-sparing techniques: the bilateral
nerve-sparing group had significantly longer postoperative MUL than other groups.
MUL, membranous urethral length.
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4. Discussion

Postoperative UI is a common complication that significantly
impairs the QOL.17 A recent systematic review and meta-analysis
have shown that RARP has higher postoperative continent rates
than radical retropubic prostatectomy or laparoscopic radical
prostatectomy .2 Many definitions for continence have been used
including pad-free status, leak-free status, and urinary function
composite scores.18 The use of standardized, validated patient-
completed questionnaires facilitates the collection of this
information and thus standardizes the manner in which the
Fig. 4. KaplaneMeier curve shows overall urinary continence rate after robot-assisted
radical prostatectomy according to postoperative MUL (cutoff value for preoperative
MUL was 10.5 mm which was the median preoperative MUL). MUL, membranous
urethral length.
question is asked. The EPIC specifically was developed to better
quantify and define the QOL outcome variables after prostatectomy
and has become the most widely accepted instrument for this
purpose.15,19 This study defined continence as the use of no pads/no
leakage of urine or the use of a safety pad according to the EPIC
survey question, “How many pads or adult diapers per day did you
usually use to control leakage during the last 4 weeks?”.16,20 In our
group, 44% and 68% of patients have achieved urinary continence
1 month and 3 months, respectively, after RARP. Another system-
atic review showed 1 month urinary continence recovery rates of
about 35% to 65% and 3 month rates of about 65% to 85%.2,18,21

The etiology of UI after radical prostatectomy is complex and
multifactorial. Some reports have shown that increasing age, BMI,
prostate volume, and preoperative lower urinary tract symptoms
(LUTS) affect continence after RARP.2,8,18,21,22 And, some studies
reported on the role of preoperative and postoperative MUL in the
recovery of continence after RP.5,23,24 In our study, multivariate
analysis showed that age, BMI, and prostate volume had no sig-
nificant association with the recovery of continence but that pre-
operative MUL assessed by MRI was an independent predictor of
early recovery from urinary incontinence after RARP.

Correlation between anatomic variables such as MUL and the
recovery of urinary continence is suggested. Functional urethral
length is the length of the posterior urethra with a high resting
pressure as assessed through urodynamics. This continence zone
extends from the bladder neck to the corpus spongiosum and in-
cludes the internal and external sphincters.25,26 Therefore, preop-
erative pelvic MRI provides an optimal tool to visualize detailed
anatomy of the prostate, periprostatic tissue, andMUL to determine
if these anatomic structures are associated with the recovery of
urinary continence after RARP.5,23,24,27 Our study suggested that
preoperative MUL assessed by MRI is an independent predictor of
early recovery from urinary incontinence and that keeping long
postoperative MUL is conducive to early recovery from inconti-
nence after RARP. The use of both preoperative and postoperative
MRI allowed us to assess the role of changes in urethral length in
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postoperative urinary continence. The median MUL was similar
before and after RP (10.5 mm vs. 10.6 mm, respectively). Some
studies reported the importance of urethral preservation for post-
operative continence.5,23,24,27 Bilateral nerve sparing contributed to
the early restoration of urinary continence and longer post-
operative MUL.

Consistent with other reports, we clearly showed the impact of
nerve sparing on early continence recovery after RARP.11,28,29 The
possible effect of nerve sparing is most likelymultifactorial. In cases
with nerve sparing, the preparation of the surrounding structures
might be done more carefully, and anatomic integrity as well as
innervation of the sphincter complex might be better pre-
served.12,30 The issue of whether the preservation of the NVB
contributes to the improvement of continence after RARP remains
controversial, and the neuroanatomic role of the NVB in male uri-
nary continence is not clear.31 Srivastava et al suggested that the
impact of autonomic innervation on the urethral sphincter was
demonstrated by intraoperative stimulation of the NVB; this
resulted in a significant increase in the urethral pressure.12,31 In the
present study, we reconfirmed that early postoperative continence
was improved by nerve sparing. Bilateral nerve sparing contributed
to the early restoration of urinary continence and longer post-
operative MUL. Taken together, keeping the anatomical structure
that surrounds the urethra as intact as possible appeared to be
conducive to early recovery from incontinence after RARP. This is
consistent with the hypothesis that increased distal removal of the
prostate damages this voluntary sphincter mechanism or its nerve
supply. It would also be consistent with a shorter MUL, as those of
patients with more of the urethra removed during distal dissection
would be expected to go low enough to affect the distal striated
sphincter.32 As we considered that there was no significant differ-
ence in preoperative MUL due to the nerve sparing, it was sug-
gested that bilateral nerve preservation may be a procedure to
preserve the periurethral structure.

The present study was limited because there was more than one
surgeon. The surgeon's learning curve in RARP has been suggested
to affect the recovery of incontinence.2,33 In this study not com-
parison by single surgeons but comparison by the number of cases
by surgeons has not been implemented. However, among such
cases, the incontinence recovery was significantly earlier in pa-
tients with preoperative long urethra, and it was suggested that the
length of the urethra is a predictor of early incontinence recovery.
MRI-assessed preoperative and postoperative urethral lengths
seem to be important predictors of who regains continence after
RARP. Improved surgical techniques would provide the opportunity
to keep a longer stump of the membranous urethra.

In conclusion, our analysis showed that age, BMI, and prostate
volume had no significant association with urinary continence re-
covery. We evaluated the degree of urethral length based on the
MRI findings in patients with prostate cancer before RARP and
showed the significant impact of preoperative MUL on the delayed
recovery of the continence status after RARP in these patients.
Keeping the anatomical structure that surrounds the urethra as
intact as possible appeared to be conducive to early recovery from
incontinence after RARP.
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