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Abstract

Purpose: To determine retrospectively the prognostic factors for urinary incontinence following

robot-assisted radical prostatectomy (RARP).

Methods: Altogether, 180 patients with localized prostate cancer underwent RARP (same sur-

geon). Preoperative physical status, disease characteristics, laboratory findings, and surgical

technique were recorded and the patients checked 1, 6, 12, and 24 months after RARP regarding

their contribution to predicting post-prostatectomy urinary incontinence (PPI).

Results: Overall, 114 (63.3%) patients had PPI 1 month after RARP and 19 patients (16.0%) at 24

months. Univariate analysis showed that age was a significant factor for predicting PPI at 1 month.

PPI predictors at 24 months were age, body mass index, preoperative serum albumin level,

previous transurethral resection of the prostate, total operative time, and bladder neck sparing.

Multivariate analysis indicated that age and total operative time were significant predictors.

Conclusion: Older age and longer operative time were highly relevant to short- and long-term

PPI occurrence after RARP.
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Introduction

Radical prostatectomy remains the most
commonly used curative treatment for pros-
tate cancer that is also intended to minimize
collateral damage to surrounding tissues.1,2

Accurate tumor staging via pathologic exam-
ination of the surgical specimen is performed
after radical prostatectomy. Currently,
radical prostatectomy is routinely performed
for localized advanced prostate cancer.
Complications, however, are inevitable in
some cases, although the overall early com-
plication rate after radical prostatectomy
is low when performed by experienced
surgeons.3 Among the late complications
following radical prostatectomy, urinary
incontinence is one of the most troublesome.

The physiologic mechanisms that con-
tribute to urinary control after radical pros-
tatectomy are not entirely understood. It is
speculated, however, that damage to the
internal sphincter and possibly the external
sphincter during the surgery may contribute
to post-prostatectomy incontinence (PPI).

Oefelein4 and Van Kampen et al.5 sug-
gested that physical factors such as age,
prostate size, and previous transurethral
resection of the prostate (TURP) fore-
shadowed the development of PPI. Age is
probably one of the most important previ-
ously mentioned predictor. Younger
patients are more likely to regain urinary
continence than older patients. Recognition
of most factors only help us predict the
possibility of PPI urinary incontinence,
however. They do not prevent it.

This study evaluated possible predictors
of PPI at 1, 6, 12, and 24 months after robot-
assisted radical prostatectomy (RARP).
It also attempted to identify the factors, if
any, that not only predict PPI but also
improve the outcome.

Materials and methods

The institutional review board of Chang
Gung Memorial Hospital approved this

study and waived the need for patient con-
sent. We retrospectively enrolled patients
who underwent RARP by a single surgeon
from September 2008 through September
2014 in a tertiary teaching hospital. All
patients underwent RARP for prostate
adenocarcinoma at clinical stage T1–T3.
A technique to preserve the neurovascular
bundle was performed based on the sur-
geon’s judgment. The patients were shown
how to perform Kegel’s exercise and were
advised to practice it daily as soon as
possible after surgery regardless of whether
incontinence is noted.

The following data were gathered from
patient charts: preoperative physical status
(age, height, weight, body mass index
(BMI)); preoperative serum albumin level;
history of TURP; history of using anti-
androgenic drugs (including anti-androgens,
luteinizing hormone-releasing hormone ana-
logues or antagonists). Also noted were
the disease characteristics, including pros-
tate size, clinical and pathologic stage of
the prostate cancer, and the Gleason score.
Surgical events – operation time, intrao-
perative blood loss, preservation of the
bladder neck, preservation of the neurovas-
cular bundle – were also evaluated. The
bladder neck-sparing technique was defined
as the absence of bladder neck reconstruc-
tion before anastomosis between the bladder
neck and urethral stump. Preservation of
neurovascular bundles were recorded as ‘‘no
preservation,’’ ‘‘unilateral preservation,’’ or
‘‘bilateral preservation.’’ PPI was defined as
urination that required the use of more than
one pad within a day after the operation.
The PPI status was reported by the patient
and evaluated by means of a 3-day voiding
diary in the outpatient department by the
same physician. The PPI data were obtained
at 1, 6, 12, and 24 months after RARP.

The exclusion criteria were the following:
incomplete data collection; patient lost to
follow-up; patient missed first PPI evalu-
ation at 1 month after RARP; patient with
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preoperative urinary incontinence; patient
had already undergone an intervention
(other than medication alone) for prostate
cancer such as radiation therapy, cryotherapy,
and/or high-intensity focus ultrasonography.

The �2 test and Fisher’s exact test were
used for categorical comparisons of data.
Differences in means of continuous meas-
urements were tested using the independent
t-test. Binary logistic regression was used for
the multivariate analysis in the next step for
all the significant factors analyzed with the
�2, Fisher’s exact test, and the independent
t-test. A value of P< 0.05 was considered to
indicate statistical significance.

All statistical analyses were performed on
a personal computer with the statistical
package SPSS for Windows (Version 17.0;
SPSS, Chicago, IL, USA).

Results

Table 1 lists the patients’ characteristics.
The mean age of the patients who underwent
RARP was 65.5 years (range 48–77 years).
Their mean BMI was 25.4 kg/m2. The mean
preoperative serum albumin level was
4.45 g/dL (range 3.58–5.67 g/dL). Of the
180 patients, 19 had a history of TURP,
and 19 had taken anti-androgenic agents
before undergoing RARP.

The mean prostate volume was 44.1 cm3

(range 13.3–109.0 cm3). Before RARP, 9 of
the 180 patients had stage cT1disease, 120
had stage cT2 disease, and 51 had stage cT3
disease. The pathology analysis showed that
117 of the patients had pT2 stage disease,
60 patients had pT3 stage disease, and the
remaining 3 patients had lymph node metas-
tasis. Of the 180 patients, 61 had Gleason
scores of<7, another 89 had scores of 7, and
30 had scores of >7.

The mean operative time was 322min
(median 315min, range 230–550min). The
average intraoperative blood loss was
147ml. Bladder neck sparing was performed
in 92 patients, unilateral neurovascular

Table 1. Patients’ characteristics.

Parameter Data

Preoperative physical status

Patient age (years) 65.5 (48–77)

Body height (cm) 165.0 (146.7–179.9)

Body weight (kg) 69.1 (47.6–103.5)

BMI (kg/m2) 25.4 (18.6–38.2)

Albumin (g/dL) 4.45 (3.58–5.67)

Previous TURP history (no.)

Yes 19

No 161

Preoperative anti-androgen (no.)

Yes 19

No 161

Disease characteristics

Prostate size (cm3) 44.1 (13.3–109.0)

Initial serum PSA (ng/mL) 14.6 (0.69–84.0)

Clinical stage (no.)

T1 –

T1b 2

T1c 7

T2 120

T2a 32

T2b 14

T2c 74

T3 51

T3a 29

T3b 22

Pathologic stage (no.)

T2 117

T2a 22

T2b 4

T2c 91

T3 60

T3a 33

T3b 27

N1 3

T3aN1 1

T3bN1 2

Gleason score (no.)

<7 61

2þ 3 1

3þ 2 3

3þ 3 57

(continued)
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bundle sparing in 67 patients, and bilateral
neurovascular bundle sparing in 58 patients.

Among the 180 patients enrolled in this
study, 114 (63.3%) showed evidence of PPI

at 1 month after RARP, and 42 (23.5%)
showed evidence of PPI 6 months after
RARP. The rates decreased to 18.1% and
16.0% at 12 and 24 months, respectively,
after the surgery.

Only patient age at the time of surgery
was a significant predictor of PPI from 1
month to 24 months after RARP (Table 2).
The percentages of PPI at 1, 6, 12, and
24 months are shown, by age groups, in
Figure 1. From 6 months to 24 months after
RARP, the total operation time and bladder
neck sparing were significant predictors of
PPI. Albumin and BMI were significant
predictors of PPI at 12 and 24 months
after RARP, respectively.

The univariate analysis revealed the sig-
nificant predictors for PPI at 1, 6, 12, and
24 months after RARP (Table 2). The
parameters that remained significant at
24 months after RARP were the age at
surgery, BMI, preoperative serum albumin,
history of TURP, total operation time,
and bladder neck sparing. Figure 2 shows
the incontinence prevalence of the various
groups by the six significant parameters
from the univariate analysis at 1, 6,
12, and 24 months. We then used these six
predictors in the multivariate analysis
Table 3, which indicated that patient age at
the time of RARP was the most significant
predictor throughout the first 2 years after
RARP. A longer total operation time
resulted in poor continence until 2 years
after RARP. Patients with high BMIs and
low albumin levels also tended to experience
incontinence, but these variables lacked sig-
nificance in the multivariate analysis.

Discussion

Laparoscopic radical prostatectomy allows
better visualization of the prostatic apex
than traditional open surgery. The minimal
bleeding and increased magnification of the
operative field associated with the laparo-
scopic approach allow precise dissection of

Table 1. Continued.

Parameter Data

¼7 89

3þ 4 56

4þ 3 33

>7 30

3þ 5 1

4þ 4 14

5þ 3 1

4þ 5 9

5þ 4 4

5þ 5 1

Surgical events

Operation time (min) 322 (230–550)

Intraoperative blood loss (mL) 146.6 (50–700)

Bladder neck sparing (no.)

Yes 92 (51.1%)

No 88 (48.9%)

NVB sparing (no.)

No 55 (30.6%)

Unilateral 67 (37.2%)

Bilateral 58 (32.2%)

Positive surgical margins (no.) 41 (22.8%)

PPI status (no.)

1 Month

Yes 114 (63.3%)

No 66 (36.7%)

6 Months

Yes 42 (23.5%)

No 137 (76.5%)

12 Months

Yes 27 (18.1%)

No 122 (81.9%)

24 Months

Yes 19 (16.0%)

No 100 (84.0%)

The results are given as the number or the mean (range) or

the number (%).

Abbreviations: BMI, body mass index; TURP transurethral

resection of the prostate; PSA, prostate-specific antibody;

NVB, neurovascular bundle; PPI, post-prostatectomy

incontinence.
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the prostatic apex with limited trauma to the
periurethral striated sphincter and genitour-
inary diaphragm.6

Few, if any, studies have provided definitive
conclusions about whether laparoscopic rad-
ical prostatectomy is associated with a lower
incidence of postoperative urinary incontin-
ence than open surgical approaches.7–9 Most
of the studies have shown that age, preopera-
tive micturition disorders,5 urethral length,10

and factors that are related to the surgical
technique (e.g., prostate size)4 are predictive of
PPI. One study focused on postoperative
images to predict incontinence.11

We found that the most significant pre-
dictor for PPI after RARP was the patient’s
age at the time of surgery. A prolonged total
operation time also significantly contributed
to poor continence status. This could be
explained by the longer total surgical time

required, representing more difficult surgery
and dissection around the prostatic margin,
thereby causing more damage to the pelvic
floor and sphincter muscle.

Previous TURP for benign prostate hyper-
plasia was not correlated with the occurrence
of PPI until 12 months after RARP. It is
possible that patients who had undergone
prior TURP may have had an easier recovery
from PPI at 24months after RARP. Only 5 of
14 patients with a previous TURP still had
PPI at 24months afterRARP.More cases are
required to support the relation between prior
TURP and long-term PPI and whether
patients with previous TURP could also
enjoy satisfying continence after RARP.

The pelvic anatomy of the men undergo-
ing radical prostatectomy may be similar to
that of the female anatomy. In addition, the
prevalence of stress incontinence is higher

Table 2. Univariate analysis (P values) of the parameters for predicting PPI occurrence at 1, 6, 12, and 24

months.

Parameter 1 Month 6 Months 12 Months 24 Months

Preoperative status

Age 0.013 0.009 0.007 0.028

Body height 0.01 0.312 0.246 0.422

Body weight 0.149 0.92 0.396 0.161

BMI 0.853 0.57 0.105 0.034

Serum albumin 0.934 0.072 0.019 0.03

Previous TURP history 0.127 0.756 0.107 0.032

Anti-androgen 0.987 0.649 0.365 0.458

Disease characteristics

Prostate size 0.893 0.556 0.319 0.285

Clinical stage 0.63 0.638 0.925 0.618

Pathological stage 0.877 0.322 0.122 0.075

Gleason score 0.511 0.454 0.884 0.802

Surgical events

Operation time 0.104 0.016 0.005 0.018

Intraoperative blood loss 0.099 0.682 0.667 0.886

Bladder neck sparing 0.371 0.026 0.007 0.027

NVB sparing 0.266 0.235 0.776 0.767

Results are given as P values.

Abbreviations: BMI, body mass index; TURP, transurethral resection of the prostate; NVB, neurovascular bundle.
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than in men who did not undergo radical
prostatectomy. Intraoperative techniques
that maintain anatomical and functional
structures in the pelvis as normal as possible
may bring early return of urinary continence
after RARP.11 Currently, the most common
treatment strategy for men with PPI is similar
to that for female stress urinary incontinence
and includes pelvic floor muscle exercises12–14

and suburethral sling placement.6,12,13 Only
patients with severe incontinence may require
an artificial sphincter.

The results showed that the prevalence of
incontinence was high (63%) 1 month after
RARP. It then decreased to 23.5%, 18.1%,
and 16.0% at 6, 12, and 24 months after
RARP, respectively. These results suggest
that PPI during the first postoperative
month is in an acute phase of urinary
incontinence, the 6–12 months after surgery
is a recovery phase, and the 12–24 months
after RARP is a stable PPI phase. Thus, any
aggressive intervention to treat PPI within

1 year after RARP requires serious consid-
eration, as the PPI could resolve without
treatment if given more healing time.

Age and BMI are well-known risk factors
for female stress incontinence.8,14,15 In the
present study, these parameters have shown
a notable relation with male incontinence
after radical prostatectomy as well. In add-
ition to age and BMI in this study, the
univariate analysis showed that the albumin
level was a significant predictor of PPI at
12 and 24 months after RARP, although it
showed only a trend – without significance –
in the multivariate analysis.

It is reasonable to assume that the albumin
level represents the general nutritional status
of a patient. Thus, patients with higher
albumin levels are healthier and have heal-
thier pelvic floor muscles than those with
lower albumin levels. Thus, with adequate
pelvic floor muscle training, these muscles
could help protect against the development of
incontinence after surgery. This could also

Figure 1. PPI occurrence following RARP in patients who were evaluated 1, 6, 12, and 24 months after

surgery, by age group.

Abbreviations: PPI, post-prostatectomy urinary incontinence; RARP, robot-assisted radical prostatectomy.
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Figure 2. PPI occurrence following RARP at 1, 6, 12, and 24 months according to possible risk factors for

PPI. Prevalence of PPI at four postoperative time points (1, 6, 12, and 24 months after RARP), in regard to: age

(a); BMI (b); serum albumin level (c); prior TURP (d); operative duration (e); bladder neck sparing (f).

Abbreviations: PPI, post-prostatectomy urinary incontinence; RARP, robot-assisted radical prostatectomy;

BMI, body mass index; TUR-P (TURP), transurethral resection of the prostate.

Table 3. Multivariate analysis results of the predictors for PPI at 1–24 months after RARP.

1 month

(n¼ 180)

6 months

(n¼ 179)

12 months

(n¼ 149)

24 months

(n¼ 119)

Predictor Exp(B) P Exp(B) P Exp(B) P Exp(B) P

Age 1.077 0.009 1.098 0.010 1.137 0.012 1.130 0.030

BMI 0.990 0.845 1.013 0.822 1.106 0.172 1.174 0.086

Albumin 1.174 0.758 0.594 0.385 0.358 0.188 0.248 0.197

Prior TURP 2.527 0.073 1.063 0.917 0.370 0.137 0.218 0.034

Operation time 1.006 0.073 1.008 0.018 1.012 0.004 1.009 0.005

Bladder neck sparing 0.958 0.992 1.545 0.549 1.588 0.685 1.040 0.905

PPI, post-prostatectomy incontinence; RARP¼ robotic-assisted resection of the prostate; BMI, body mass index; Exp(B),

odds ratio; TURP, transurethral resection of the prostate.
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explain why younger patients recover faster
from PPI than older patients.

A larger sample size and a prospective
study design are needed to confirm the roles
of the albumin level and the BMI on PPI
after RARP.

Conclusion

Most of the patients who experienced PPI
after RARP recovered continence within
1 year after the operation. Old age at the
time of surgery and a longer total operative
time were highly associated with short-
term and long-term PPI. Patients with
lower albumin levels and higher BMIs also
tended to have worse long-term outcomes
for incontinence. Losing body weight before
RARP and maintaining adequate albumin
levels before and during pelvic floor exercise
may potentially provide better PPI outcomes.
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