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Abstract

Purpose To explore the mechanism and efficacy of the modified bladder neck intussusception in laparoscopic radical pros-
tatectomy (LSRP) on postoperative early continence.

Methods We prospectively collected clinical information of prostate cancer patients who underwent LSRP with modified
bladder neck intussusception (n=10) and non-intussusception (n=10). At postoperative 1 month, the prostate-specific
antigen (PSA), pad test, real-time magnetic resonance imaging (rt-MRI), and flow rate were performed. At postoperative
3 months, the PSA, pad test, international prostate symptom score (IPSS), overactive bladder symptom score (OABSS),
incontinence questionnaire short form (ICI-Q-SF), and quality of life (Qol) were recorded.

Results The intussusception and non-intussusception patients had similar baseline characteristics. At postoperative 3 months,
intussusception patients had lower OABSS than non-intussusception patients (P =0.038). The non-intussusception patients
suffered from more severe incontinence (P =0.026). The continence rate of intussusception patients was significantly higher
(90% vs. 20%, P=0.005). And intussusception patients had significantly lower Qol scores (P =0.038). According to the
morphologic analysis by rt-MRI, there were 7/10 non-intussusception patients and 2/10 intussusception patients having
funnel-shaped bladder necks at Valsalva movement. The intussusception patients had larger angle between anterior and
posterior wall at bladder neck (P =0.029) and longer length of functional posterior urethra (P =0.029). During micturition,
the intussusception bladder neck was found to move less dynamically on X-axis and Y-axis, but the difference did not reach
significance.

Conclusions The modified technique of bladder neck intussusception in laparoscopic radical prostatectomy prolongs the
length of functional posterior urethra and is effective to improve postoperative early continence.
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Introduction

According to the WHO report in 2012, the incidence rate
of prostate cancer was estimated at 10.5% in Asian coun-
tries [1]. The incidence of prostate cancer has shown a
steady growing trend as the population ages and longevity
increases [2]. Radical prostatectomy is the gold standard
treatment for localized prostate cancer [3]. The goal of
radical prostatectomy is eradication of cancer while pre-
serving continence and, whenever possible, potency [3].
Studies concerning radical prostatectomy suggested that
postoperative urinary incontinence mostly impacts on life
quality and treatment satisfaction of patients regardless of
oncologic outcomes and sexual function [4, 5]. Accord-
ing to the published literatures, approximately 10-30% of
patients still suffered from urinary incontinence at postop-
erative 1 year [6, 7]. And the highest incidence rate of uri-
nary incontinence occurred at postoperative 2 to 6 months
[8, 9]. Therefore, it is imperative for surgeons to restore
satisfactory urinary continence of prostate cancer patients
at early postoperative stage.

Although multiple factors, for example, old age, high
body mass index (BMI), large prostate volume, have been
associated with postoperative incontinence, several estab-
lished surgical techniques contribute to urinary continence
after radical prostatectomy [10]. For instance, the clinical
significance of the bladder neck preservation for postop-
erative urinary continence had been repeatedly reported
[11, 12]. In Freire et al. [12] study, 228 out of 348 (65.6%)
patients who underwent bladder neck preservation reached
urinary continence at postoperative 4 months. In 2002,
Walsh et al. [13] first described bladder neck intussus-
ception as Lembert sutures at bladder neck reconstruction
to prevent a filling bladder from pulling open. The con-
tinence rate of patients who underwent intussusception
was 82% at postoperative 3 months [13]. In 2004, Wille
et al. [14] verified the intussusception of bladder neck in
139 patients who underwent open radical prostatectomy.
And the continence rate at postoperative 3 months was
77% [14]. Further, Tan et al. [10] adapted the intussus-
ception technique to robot-assisted laparoscopic radical
prostatectomy, and concluded that intussusception of the
bladder neck improved urinary function during the early
recovery period.

Magnetic resonance imaging (MRI) allows high soft-
tissue resolution evaluation of the whole pelvic compart-
ments, and has proved a reliable technique for accurate
diagnosis of pelvic floor dysfunction. Meanwhile, real-
time MRI (rt-MRI) with steady-state sequences allows
detailed anatomic and functional evaluation of the lower
urinary tract [15]. Muto et al. explored the morphologic
changes in 10 patients with orthotopic ileal neobladder
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with rt-MRI for the first time [16]. Series of studies
reported the efficacy of the bladder neck intussusception
on restoring early postoperative continence, but there was
no analysis on the definite mechanism of the technique
[10, 13, 17]. In the present study, we modified the bladder
neck intussusception technique to restore early postop-
erative continence in laparoscopic radical prostatectomy.
With the help of rt-MRI, we also assessed the postopera-
tive morphologic changes of the lower urinary tract.

Patients and methods
Data source

From March 2016 through April 2017, we prospectively
included clinical information of prostate cancer patients
who underwent laparoscopic prostatectomy with modified
bladder neck intussusception (intussusception group, n=10)
and non-intussusception (non-intussusception group, n=10)
by two separated surgeons with similar surgical experience,
respectively. Patients who had a primary urethral stricture,
incontinence, neurogenic disease, and neoadjuvant androgen
deprivation therapy, and those with incomplete data were
excluded. All the patients were preoperatively provided with
the validated questionnaires included international prostate
symptom score (IPSS), overactive bladder symptom score
(OABSS), international consultation on incontinence ques-
tionnaire short form (ICI-Q-SF), and quality of life (Qol)
[18, 19]. The medical information concerning age, BMI,
prostate volume, prostate-specific antigen (PSA), biopsy
Gleason score, past history, operative time, blood loss, and
surgical pathology was recorded. At postoperative 1 month,
the serum PSA examination, pad test, rt-MRI, and flow rate
for micturition were performed. The rt-MRI was mainly
used to investigate the relationship between anatomy and
symptoms [16]. At postoperative 3 months, the outcomes of
serum PSA, pad test, IPSS, OABSS, ICI-Q-SF, and Qol were
recorded [17, 18]. When a patient did not have urine leakage
but suffered from the fear of leakage, the value of ICI-Q-SF
was recorded as 1 or 2 only calculated from Qol. The conti-
nence was defined as no pad/one safety liner per 24 h [18].
The study was approved by the Ethics Committee of Peking
University First Hospital. Informed consents were obtained
from all individual participants included in the study.

Surgical technique

In order to form a bladder neck matched with the residual
urethra, the bladder neck was reconstructed at 5-o’clock
and 7-o’clock, respectively, with running 3-0 absorbable
sutures to full-thickness. In the next steps, we make some
modifications. A suture at the 6-0’clock of the bladder neck
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was placed to facilitate the exposure of the posterior bladder
wall. Four to six running buttressing sutures were placed at
the lateral ligaments of bladder and then fat tissue around
the prostate bed to provide solid supports to the posterior
bladder wall at its neck and to avoid ureteral injury (Fig. 1a).
And an absorbable hemoclip was used to fix the running
buttressing suture being loosely tied but not the strangulat-
ing tissue (Fig. 1b). These sutures prevent the bladder neck
from pulling open as the bladder fills. Care must be taken to
be certain that the absorbable hemoclip would not be pulled
into the anastomosis in the following steps. Following pos-
terior intussusception, the stay suture at the bladder neck
is removed. After releasing the tension between bladder
neck and urethra, a second running 3-0 buttressing suture
was orderly performed at 5, 6, 7, and 9-0’clock to make the
mucosa-to-mucosa urethrovesical anastomosis. At this point,
a catheter was placed through the bladder neck without

inflated with saline. Then the second running 3-0 buttress-
ing suture was continued to be orderly performed at 11, 1,
3, and 5-0’clock to complete the urethrovesical anastomosis
(Fig. 1c). The catheter was infiltrated with 20 mL saline.
A third running buttressing sutures was placed about 2 cm
lateral to the bladder neck on each side with 4—6 stitches,
and once again it was tied loosely (Fig. 1d). At this point, the
bladder neck should be located beneath the anterior hood of
tissue that was created by the anterior stitch, like a turtle that
had pulled its head inside its shell. This tissue must not act
like a collar with the bladder neck protruding, because this
would lead to tissue ischemia, resulting in bladder neck con-
tracture. By contrast, for non-intussusception patients, only
the bladder neck reconstruction and urethrovesical anasto-
mosis were performed. The surgery was finished after a leak-
age test and the placement of a drainage tube. Routinely, the
drainage tube was removed at postoperative 2 days, and the

Fig.1 The surgical technique for the modified bladder neck intus-
susception. a Four to six running buttressing sutures were started at
the lateral ligaments of bladder and then fat tissue around the prostate
bed to support the posterior bladder wall at its neck (a). b An absorb-
able hemoclip was used to fix the running buttressing suture being
loosely tied but not strangulating tissue. ¢ After releasing the tension
between bladder neck and urethral, a second running 3-0 buttress-
ing sutures at 5, 6, 7, and 9-o’clock was orderly performed to make

the mucosa-to-mucosa urethrovesical anastomosis. At this point, a
catheter was placed through the bladder neck without inflated with
saline. Then the second running 3-0 absorbable sutures at 11, 1, 3,
and 5-o’clock were orderly performed to complete the urethrovesical
anastomosis (¢). The catheter was infiltrated with 20 mL saline; d: A
third running buttressing sutures was placed about 2 cm lateral to the
bladder neck on each side with 4-6 stitches, and once again it was
tied loosely
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catheterization was place until postoperative 2 weeks. In the
present study, the laparoscopic prostatectomy plus bladder
neck intussusception or non-intussusception was indepen-
dently completed by two separated surgeons.

Morphologic parameters of the urinary system
by rt-MRI

Multiple-parameters MRI with a 3.0-tesla superconducting
machine was used for micturition real-time imaging. The
patients were instructed to orally receive 500 mL water
30 min before the examination to ensure a sufficiently dis-
tended bladder. Image acquisition was started at the begin-
ning of micturition and stopped at the end of micturition.
During micturition, the sagittal slice orientation with a
fast imaging employing steady-state acquisition (FIESTA)
sequence was used. Rt-MRI images were obtained every 3 s
from the start to the end of voiding. Morphologic parameters
of the urinary system on rt-MRI were evaluated for profilom-
etry analysis by two experienced radiologists. The bladder
indexes were recorded as (1) funnel-shaped change of the
bladder neck or not at Valsalva movement (Supplementary
Fig. 1), (2) angle between anterior and posterior wall (AAP)
(Supplementary Fig. 2a), (3) angle between left and right
wall (ALR) (Supplementary Fig. 2b), (4) relative and actual
length of posterior urethra (Supplementary Fig. 2¢), (5)
angle between bladder neck and posterior urethral (ANU)
(Supplementary Fig. 2d), and (6) movements of the bladder
neck along the X-axis and Y-axis [16, 20].

Statistical analysis

We used SPSS v14.0 software (IBM Corp, Armonk, NY)
for statistical analysis. The Kolmogorov—Smirnov test deter-
mined the normality of the continuous variables. Median and
range presented continuous variables, and the Mann—Whit-
ney U test compared the differences between the two groups.
Frequency and percentile were used to present categorical or
ranked variables, and the Fisher exact test was used to test
the differences. All reported P values were two sided, and
P <0.05 was considered statistically significant.

Results
Patient characteristics

Table 1 lists the demographic and clinical characteris-
tics of the whole study cohort. The median age of the
study cohort was 63 years (range 51-71 years). The
study cohort had the median prostate volume and PSA
of 36.2 mL (range 19.5-56.4 mL) and 8.69 ng/ml (range
4.48-45.24 ng/mL). According to outcomes of the surgical
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pathology, the positive margin occurred on 2 patients.
There were 3 case, 2 cases, 9 cases, and 3 cases having the
pathological stage of T2a, T2b, T2c, and T3a. The baseline
of clinicopathologic characteristics, including age, pros-
tate volume, PSA, biopsy pathology, surgical time and
blood loss, and surgical pathology were similar between
the intussusception and non-intussusception groups.

Postoperative function of the lower urinary tract

Table 2 shows the function of lower urinary tract of the
study cohort at postoperative 1 month and 3 months. At
postoperative 1 month, the continence rates of intussus-
ception patients and non-intussusception patients were 7
of 10 and 1 of 10 (P=0.002). There was no significant
difference in maximum flow rate between the two groups
(median: 20.0 mL/s vs. 19.0 mL/s, P =0.286). When it
comes to postoperative 3 months, intussusception patients
had similar IPSS score with non-intussusception patients
(median: 7 vs. 7, P =0.456), and lower OABSS than non-
intussusception patients (median: 2 vs. 6, P=0.038). The
non-intussusception patients suffered from more severe
incontinence than intussusception patients (median [range]
of ICI-Q-SF: 12 (2-19) vs. 2 (1-7), P=0.026). Mean-
while, the continence rate of intussusception group was
90% (9/10), which is significantly higher than the 20%
(2/10) of non-intussusception patients (P =0.005). And the
Qol values of intussusception patients were significantly
lower than that of non-intussusception patients (median
[range]: 6 (1-8) vs. 1 (1-5), P=0.038).

Morphologic analysis of lower urinary tract

Table 3 presents the morphologic analysis of the lower uri-
nary tract for the study cohort at postoperative 1 month.
According to the morphologic analysis of lower urinary
tract by rt-MRI (Supplementary Video), there were 7 of 10
non-intussusception patients and 2 of 10 intussusception
patients having funnel-shaped bladder necks of filling blad-
ders (P =0.025) (Fig. 2a, d). Compared with non-intussus-
ception patients, intussusception patients had larger angle
between anterior and posterior wall at bladder neck (median:
90.8 degree vs. 107.5 degree, P=0.029) (Fig. 2b, e). The
intussusception patients had significantly longer length
of functional posterior urethra than non-intussusception
patients (range [median]: 29.59 (18.34-34.97) millimeter
vs. 19.93 (9.12-23.01) millimeter, P =0.029) (Fig. 2c, f).
During micturition, the intussusception bladder neck was
found to move less dynamically on X-axis and Y-axis than
the non-intussusception bladder neck, but the difference did
not reach significance.
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Table 1 Demographic and clinical characteristics of the whole study cohort

Characteristics Total (n=20) Non-intussusception (n=10) Intussusception (n=10) P
Age (years), median (range) 63 (51-77) 66 (59-77) 61 (51-76) 1.000
BMI (kg/m?), median (range) 23.89 (19.03-31.35) 23.89 (19.03-28.73) 24.22 (21.77-31.35) 1.000
PV (mL), median (range) 36.2 (19.5-56.4) 36.2 (26.041.1) 37.2 (19.5-56.4) 1.000
PSA (ng/mL), median (range) 8.69 (4.48-45.24) 7.2 (4.48-45.24) 15.54 (7.33-37.38) 1.000
Biopsy Gleason score, 1 (%) 0.773

343 6 (30.0) 3(30.0) 3 (30.0)

3+4 5(25.0) 3(30.0) 2 (20.0)

443 4(20.0) 1(10.0) 3 (30.0)

>38 5(25.0) 3 (30.0) 2 (20.0)
Surgical information

Operative time (min), median (range) 94 (64-119) 104 (92-116) 75 (64-119) 0.286

Blood loss (ml), median (range) 50 (10-200) 50 (10-200) 10 (10-100) 0.592

Positive margin, n (%) 2(14.3) 1(14.3) 1(14.3) 1.000
Gleason score, n (%) 0.836

343 2 (10.0) 1(10.0) 1(1.0)

3+4 9 (45.0) 5 (50.0) 4 (40.0)

443 4(20.0) 1(10.0) 3 (30.0)

>8 5(25.0) 3 (30.0) 2 (20.0)
Pathological stage, n (%) 1.000

T2a 3(15.0) 2 (20.0) 1 (10.0)

T2b 2 (10.0) 1(10.0) 1 (10.0)

T2c 9 (45.0) 5 (50.0) 4 (40.0)

T3a 3(15.0) 1(10.0) 2 (20.0)

T3b 3(15.0) 1(10.0) 2 (20.0)

The Mann—Whitney U test was used to compare the differences of continuous variables; the Fisher exact test was used to compare the differ-

ences of categorical or ranked variables

BMI body mass index, PV prostate volume, PSA prostate-specific antigen

Discussion

Within the last decade, numerous surgical techniques have
been suggested to restore the early urinary continence in
patients who underwent radical prostatectomy [10-14]. In
2002 and 2004, Walsh et al. [13] and Wille et al. [14] per-
formed the surgical method of bladder neck intussusception
in open radical prostatectomy to prevent a filling bladder
from pulling open. Tan et al. [10] further performed the
intussusception technique in robot-assisted laparoscopic
radical prostatectomy, and suggested that the technique
improved urinary function during the early recovery period.
However, the detailed mechanisms of the intussusception
technique in improving postoperative early continence have
not been extensively studied. In the present study, we modi-
fied the bladder neck intussusception technique in laparo-
scopic radical prostatectomy. We also assessed the efficacy
of our modified technique in combination of postoperative
morphologic changes by rt-MRI.

In the present study, intussusception of the bladder
neck resulted in a significantly greater continence rate of

9/10 at postoperative 3 months. Meanwhile, the difference
in continence rate was complemented by the significantly
reduced scores of patient-reported questionnaires (ICI-
Q-SF, Qol, and OABSS) in intussusception group. The
results of our study were consistent with the published
literatures [10, 13, 14]. We further performed the morpho-
logic analysis to uncover the definitive mechanism behind
the earlier return of continence with intussusception of
the bladder neck.

First of all, the functional posterior urethra was signifi-
cantly prolonged for the intussusception patients, since the
use of buttressing sutures prevented the bladder neck from
pulling apart in filling status. According to the established
theory, the length of functional urethral length contributed
to urinary continence [21, 22]. Last but not the least, dur-
ing micturition, the intussusception bladder neck was found
to move non-significantly less dynamically on X-axis and
Y-axis than the non-intussusception bladder neck. As the
perspective by Wille et al., a securely fixed bladder neck to
the urethra with buttressing sutures counted for decreasing
straining of the sphincter and better sphincter function [14].
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Table 2 Postoperative function of lower urinary tract

Variables Postoperative 1 month P Postoperative 3 months P

Non-intussusception (n=10)  Intussusception (n=10) Non-intussus- Intussuscep-

ception (n=10) tion (n=10)

IPSS, median (range) - - - 7 (5-10) 7(2-9) 0.456
OABSS, median (range) - - - 6 (2-8) 2 (0-6) 0.038
ICI-Q-SF, median (range) - - - 12 (2-19) 2 (1-7) 0.026
Qol, median (range) - - - 6 (1-8) 1(1-5) 0.038
Pad count, n (%) 0.002 0.005
No pad/one safety liner 1(10.0) 7 (70.0) 2(20.0) 9 (90.0)
1 2 (20.0) 3 (30.0) 4 (40.0) 1(10.0)
>2 7 (70.0) 0(0.0) 4 (40.0) 0(0.0)
Continence n (%)* 1(20.0) 7 (70.0) 0.002  2(20.0) 9 (90.0) 0.005
Qmax (ml/s), median (range) 20.0 (16.0-28.0) 19.0 (15.0-34.0) 0.286 - - -
Qmean (ml/s), median (range) 12.0 (9.0-13.0) 10.0 (9.0-18.0) 1.000 - - -
RU (ml), median (range) - - 0 (0-15) 0 (0-20) 1.000

The Mann—Whitney U test was used to compare the differences of continuous variables; the Fisher exact test was used to compare the differ-

ences of categorical or ranked variables

IPSS international prostate symptom score, OABSS overactive bladder symptom score, /CI-Q-SF international consultation on incontinence
questionnaire short form, Qol quality of life, Omax maximal flow rate, Qmean mean flow rate, RU residual urine;

“Continence is measured as no pad/one safety liner per 24 h

Table 3 morphologic analysis

: Variables
of lower urinary tract at

Non-intussusception (n=10) Intussusception (n=10) P

postoperative 1 month

AAP (degree), median (range)
ALR (degree), median (range)
rLPU (mm), median (range)
LFPU (mm), median (range)

The funnel-shaped bladder neck, n (%)

Movements of the anastomosis during micturition (mm), median (range)

X-axis
Y-axis
ANU (mm), median (range)

7(70.0) 2(20.0) 0.025
90.8 (78.3-107.9) 107.5 (93.4-124.7) 0.029
95.3 (82.2-105.2) 102.5 (89.3-117.3) 0.286
16.3 (7.78-22.77) 25.78 (13.87-28.81) 0.103
19.93 (9.12-23.01) 29.59 (18.34-34.97) 0.029
1.82 (0.18-2.88) 0.88 (0.56-1.37) 1.000
2.01(0.93-2.43) 1.27 (0.46-3.33) 0.286
23.0 (9.1-25.1) 17.6 (14.8-28.9) 1.000

The Mann—Whitney U test was used to compare the differences of continuous variables; the Fisher exact
test was used to compare the differences of categorical or ranked variables

AAP angle between anterior and posterior wall, ALR angle between left and right wall, rLPU relative
length of posterior urethra, LFPU length of functional posterior urethra, ANU angle between bladder neck
and posterior urethral, mm millimeter

And morphologic research in combination with the urody-
namic studies is imperative in future.

When intussuscepting the bladder neck, Walsh et al. and
Wille et al. placed buttressing sutures at the edges of the
posterior bladder wall, where the bladder was previously
attached to the prostate [13, 14]. Of note, in our modified
technique, running buttressing sutures started at the lateral
ligaments of bladder. Meanwhile, we reported the method of
bladder neck intussusception in laparoscopic surgery for the
first time. According to Sridhar et al. study, providing myo-/
fascio-ligamentous support to the posterior urethrovesical
anastomosis improved postoperative early continence [23].
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Rocco et al. and Coelho et al. reconstructed the residual
Denonvilliers fascia and vesicoprostatic muscle to support
posterior urethrovesical anastomosis [24, 25]. And the ben-
efits of these myo-/fascio-ligamentous reconstructions on
postoperative continence were verified in previous studies
[21-23]. In Walsh et al. and Wille et al. studies, the conti-
nence rates at postoperative 3 months were 82% (37/45) and
77% (98/139), respectively. And continence was defined as
the use of no or one pad daily in both the above studies. In
the present study, continence was defined as the use of no
pad or one safety liner daily, and the continence rate at post-
operative 3 months in intussusception group was 90% (9/10)
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“h . . 4 ” o
S
funnésshaped bladder neck

Fig.2 the morphologic analysis of the lower urinary tract. a The
intussusception bladder tended to have a non-funnel-shaped bladder
neck, b larger angle between anterior and posterior wall at bladder
neck (the degree of angle AOP), (¢) and longer length of functional
posterior urethra (the urethral length between the red dot and the hor-

[18]. Meanwhile, Tan et al. [10] adapted the intussuscep-
tion technique to robot-assisted surgery, and approximately
two-thirds of patients had complete continence within weeks
after surgery. The laparoscopic surgery carries several per-
ceived advantages over the open surgery including minimal
invasion, better vision, and greater range of motion [26].
In the last decade, robot-assisted surgery has been rapidly
adopted for its relative shorter learning curve than laparos-
copy, tremor reduction, motion scaling, and three-dimen-
sional vision [27]. However, the surgeons in the present
study have prior experience in laparoscopic surgery which
retains better tactile feedback.

izontal line), d the non-intussusception bladder tended to have a fun-
nel-shaped bladder neck, e smaller angle between anterior and poste-
rior wall at bladder neck (the degree of angle AOP), (f) and shorter
length of functional posterior urethra (the urethral length between the
red dot and the horizontal line)

The present study had some limitations. Within the fol-
low-up duration, none of bladder neck contracture and upper
urinary tract dilation was recorded. And longer follow-up
was ongoing. Meanwhile, the evidence level of our study
was decreased for its property of non-randomized con-
trolled trial. The laparoscopic prostatectomy plus bladder
neck intussusception or non-intussusception were indepen-
dently completed by two separated surgeons with similar
experience. Therefore, the process of grouping was mainly
determined by the preference of patients towards the two
surgeons. To address some methodological concerns, we
collected data prospectively and the baseline characteristics
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of the two groups appeared similar. Also, the interpretation
of our study was limited by its relatively small sample size.
And randomized controlled trials with larger sample size are
imperative in future.

Conclusion

The modified technique of bladder neck intussusception in
laparoscopic radical prostatectomy prolongs the length of
functional posterior urethra and is effective to improve post-
operative early continence.
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