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Abstract

Objective: To compare perioperative and oncologic outcomes of open modified ureterosigmoidostomy urinary
diversion (OMUUD) and intracorporeal modified ureterosigmoidostomy urinary diversion (IMUUD) following
laparoscopic radical cystectomy (LRC).

Patients and methods: We retrospectively reviewed our single institutional collected database patients undergoing
LRC from October 2011 to October 2019. The perioperative characteristics were compared between OMUUD and
IMUUD, and overall survival (OS) and progression-free survival (PFS) were evaluated by the Kaplan-Meier method.

Results: Overall, 84 patients were included. OMUUD and IMUUD were performed in 63 (75%) and 21 (25%) patients,
respectively. IMUUD patients demonstrated shorter postoperative length of stay (16.24 ± 3.91 days vs. 18.98 ± 7.41
days, P = 0.033), similar operation time (498.57 ± 121.44 vs. 462.24 ± 99.71, P = 0.175), similar estimated blood loss [400
(200–475) ml vs. 400 (200–700) ml, P = 0.095], and similar overall complication rate within 30 days (19.05% vs. 25.40%, P
= 0.848) and 90 days (23.81% vs. 17.46%, P = 0.748). Complete urinary control rate was 87.3% (55/63) in the OMUUD
group. In IMUUD, the complete urinary control rate was 90.5% (19/21). There was no significant difference in OS
(χ2 = 0.015, P = 0.901) and PFS (χ2 = 0.107, P = 0.743) between the two groups.

Conclusion: IMUUD postoperative recovery is faster; other perioperative outcomes and oncology results are not
significantly different with OMUUD. It is indicated that IMUUD can be utilized safely and effectively in the urinary
diversion after LRC.

Keywords: Ureterosigmoidostomy, Urinary diversion, Mainz pouch II, Laparoscopy, Radical cystectomy, Urothelial
carcinoma of the bladder
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Introduction
Bladder cancer is the ninth most common malignant
tumor of the urinary system in the world [1]. Although
the incidence of bladder cancer in China is lower than that
in Euro-American countries, the morbidity of this disease
is increasing year by year in recent years [2]. Radical cyst-
ectomy with pelvic lymph node dissection is supposed to
be the gold standard of muscle-invasive bladder cancer
and high-risk non-muscle-invasive bladder cancer [3]. The
prevalence of laparoscopic radical cystectomy in the past
three decades, compared with open radical cystectomy,
has the advantages of less intraoperative blood loss and
faster postoperative recovery [4].
In general, extracorporeal urinary diversion (ECUD)

was operated after LRC in most medical centers because
of its complex and time-consuming constructive proced-
ure. Intracorporeal urinary diversion (ICUD) represents
a viable alternative to ECUD and has the probable su-
periority in a smaller incision, relieving pain, reduced in-
testinal exposure, and reduced risk of body fluid out-of-
balance [5]. In the majority of cases, the primary option
for intracorporeal urinary diversion is the ileal conduit
[6, 7] or orthotopic neobladder [8, 9].
The modified ureterosigmoidostomy (Mainz II) is a

simple and reproductive operation technique, with good
results in safety and feasibility [10]. As a capable alterna-
tive type of continent urinary diversion, it is the main
mode of urinary diversion in our center. Our institution
completed intracorporeal modified ureterosigmoidost-
omy urinary diversion (IMUUD) after LRC more than
twenty cases since 2011. In this study, we will introduce
our single-center experience with IMUUD and evaluate
the safety and feasibility compared with open modified
ureterosigmoidostomy urinary diversion (OMUUD).

Patients and methods
From October 2011 to October 2019, 84 patients with
bladder who received LRC with Mainz Pouch II were en-
rolled in this study, of whom 63 patients underwent
LRC with OMUUD and 21 patients underwent LRC
with IMUUD. The doctor told the patients the advan-
tages and disadvantages of the two types of surgery, and
then, the patient chooses the type of surgery. The prem-
ise is that the patient’s cardiopulmonary function can
suffer from the surgery.
The following are the surgical indications: (a) muscle-

invasive bladder cancer pT2-T4a, N0-Nx, and M0 and
(b) T1G3 and recurrent non-muscle-invasive bladder
cancer that could be uncontrolled after transurethral re-
section of bladder tumor and intravesical instillation.
The following are the surgical contraindications: (a)

anal sphincter dysfunction, (b) after pelvic radiotherapy,
(c) sigmoid diverticulum, (d) chronic diarrhea, (e) the
previous sigmoid colon and rectal surgical history, (f)

renal dysfunction, serum creatinine > 200 μmol/l. All pa-
tients were confirmed to have bladder urothelial tumors
by imaging (enhanced computed tomography or mag-
netic resonance imaging) and pathology (pathology after
TURBT or cystoscope biopsy). The Clavien-Dindo clas-
sification was used to assess postoperative 30-day and
90-day complications [11].
The following are the preoperative preparation: (1)

500 ml saline enema, an upright position retained for 1 h
for anal sphincter function test; (2) colonoscopy ruled
out colorectal disease; (3) oral polyethylene glycol elec-
trolyte powder to prepare the intestinal tract, does not
advocate mechanical enema. The following are the post-
operative treatment: (1) it was unnecessary to indwell
gastrointestinal decompression tube intraoperatively and
postoperative. The liquid diet was started on the first
postoperative day, and the general diet was given at 1
week postoperation; (2) after the operation, the trans-
urethral abdominal drainage tube was removed accord-
ing to the condition of drainage fluid; (3) the anus canal
and bilateral ureteric Mono-J catheter were removed at
the same time after 10–14 days.

Urinary diversion
OMUUD
After laparoscopic radical cystectomy with standard pelvic
lymph node dissection [12], remove the midline lower ab-
dominal incision, about the length of 6~8 cm; 10~15-cm
lengths of the selected sigmoid colon and rectum respectively
were folded in inverted U shape, and then, the seromuscular
layer was sutured and fixed. Following the outline, the bowel
is opened antimesenterically and detubularized with electro-
cautery; 3/0 polygalactin suture was used to side-to-side anas-
tomosis the inner wall of the sigmoid colon and rectum to
form the posterior wall of the new reservoir outside the ab-
dominal cavity. The ureter was crossed a vessel-free area of
the mesentery into an intraperitoneal position and anasto-
mosed with the posterior wall of the new reservoir. The
length of 2~3-cm submucosal tunnel ureteric implantation fa-
cilitated an anti-reflux mechanism. Two 6F Mono-J ureteric
stents were inserted into bilateral ureters and connected with
the anal tube by mersilk suture in the urinary reservoir (the
anal canal should be selected more than 26F with 3~4 side
holes, and head-end of anal canal must be placed in the urin-
ary reservoir). The seromuscular layer was interrupted su-
tured with 3/0 polygalactin suture to close the anterior wall of
the pouch and establish a low-pressure and large-capacity
urinary reservoir. The anal canal and ureteric stents were
drawn out transanally and properly fixed to the skin.

IMUUD
After laparoscopic radical cystectomy with standard pel-
vic lymph node dissection, the selected sigmoid colon
and rectum were folded into an inverted U shape. At the
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bottom of it, an incision about 4 cm along the colonic
band was made. Two 60-mm laparoscopic Endo GIA
stapler devices (Figs. 1, 2) were placed in the intestinal
canal through the incision. The colonic band was put
face to face into the cutting surface of the Endo GIA
stapler device by adjusting the Endo GIA stapler device
and the intestinal tube. After closed and cut, a urinary
reservoir was quickly formed inside the abdominal cav-
ity. The embedded-nipple ureteric implantation was ap-
plied to form an anti-reflux mechanism. The rest of the
surgical procedure like OMUUD was completed in the
abdominal cavity.

Follow-up
All cases were followed every 6 months for the first 3
years, and then every year thereafter. Follow-up was car-
ried out mainly through telephone followed by visits and
outpatient reviews. The latest follow-up was conducted
on February 29, 2020. OS is defined as the time from
the start of the postoperative period to the onset of
death; PFS is defined as the time from the start of the
postoperative period to the onset of cancer progression
or death.
Urinary continent is defined as not requiring the use

of urinal pads on daily time.

Statistical analysis
Continuous variables are presented as means (standard
deviations (SD)) or median (interquartile range (IQR)),
while categorical variables are expressed as absolute
numbers and percentages. Pearson’s χ2 test or

continuous correction χ2 test and independent sample t
test or Mann-Whitney U test were used to evaluate cat-
egorical and continuous variables, respectively. Two-
sided test P value < 0.05 was considered statistically sig-
nificant. Statistical analyses were conducted using the
SPSS software version 23.0 (IBM Corp, Chicago, IL,
USA).

Results
Overall, 84 patients were included. Of those, 63 (75%)
and 21 (25%) patients were treated by OMUUD or
IMUUD, respectively. There were no significant differ-
ences in baseline characteristics, according to age, gen-
der, body mass index (BMI), American Society of
Anesthesiologists Scores (ASA), and previous trans-
urethral resection of bladder tumor (TURBT) (Table 1).
In terms of perioperative and pathological data, no differ-

ence was recorded for the pT stage, pN stage, lymph node
yield, pathologic grade, and surgical margin (Table 2). Com-
pared with OMUUD patients, IMUUD patients had similar
operation time (498.57 ± 121.44 vs. 462.24 ± 99.71, P =
0.175), similar estimated blood loss [400 (200–475) ml vs.
400 (200–700) ml, P = 0.095], and shorter postoperative
length of stay (16.24 ± 3.91 days vs. 18.98 ± 7.41 days, P =
0.033).
All the observed morbidities were classified by the

Clavien-Dindo classification for all patients in the two
groups (Table 3). However, there were no significant dif-
ferences between the two groups’ presented overall com-
plications within 30 days of surgery (25.40% vs. 19.05%,

Fig. 1 Schematic diagram of the surgical procedure
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P = 0.848) and 90-day complication (17.46% vs. 23.81%,
P = 0.748).
Urinary continence was available during daytime in 60

cases (95.2%) and occasional incontinence at night in 8
cases (12.7%), with a complete urinary control rate of
87.3% (55/63) in the OMUUD group. In the IMUUD
group, daytime urinary continence rate was 100% and
occasional incontinence at night in 2 cases (9.5%), with a
complete urinary control rate of 90.5% (19/21).
The median follow-up time of this study was 15

months (interquartile ranges (IQR) 8~27.75 months).
There were a total of 33 patient deaths and 36 patient

disease progressions during the follow-up period. The
1-, 2-, and 3-year OS rates (Fig. 3) showed that there
was no significant difference between the OMUUD
group and IMUUD group (73.9% vs. 72.7%, 61.9% vs.
63.6%, 55.5% vs. 42.4%, log-rank test χ2 = 0.015, P =
0.901). The 1-, 2-, and 3-year PFS rates (Fig. 4) in the
OMUUD and IMUUD groups were 67.4% vs. 74.3%,
53.3% vs. 65.0%, and 53.3% vs. 43.3%, respectively. The
Kaplan-Meier curves for PFS showed no survival differ-
ence between the two groups (log-rank test χ2 = 0.107, P
= 0.743).

Discussion
Urinary diversion and bladder reconstruction after cyst-
ectomy are a subject that urologists have been studying
for many years. Ureterosigmoidostomy, firstly reported
by Simon [13] in 1852, was the first form of continent
urinary diversion. Because of severe postoperative com-
plications, such as reflux pyelonephritis, electrolyte
imbalance, metabolic acidosis, impairment of renal func-
tion, renal calculus, and ureteric implantation site sec-
ondary tumor, the promotion of ureterosigmoidostomy
was subject to limitations.
In 1993, Fisch et al. [14] carried out a modified ureter-

osigmoidostomy (Mainz II) based on the original ureter-
osigmoid anastomosis. The total length of 15–20 cm
selected sigmoid colon and rectum was detubularized
and side-to-side anastomosed to form a large-capacity
and low-pressure reservoir without the need for colos-
tomy, which did not disrupt the continuity of the intes-
tinal tract [15]. This technique was a simple and elegant
method to obtain satisfactory continence after operation

Fig. 2 Pictures of the actual operation. a Following the outline, the bowel is opened antimesenterically and detubularized with electrocautery. b, c A
new reservoir was made by Endo GIA stapler device. d Two 6F Mono-J ureteric stents were inserted into the bilateral ureters. e The seromuscular layer
was interrupted sutured with 3/0 polygalactin suture to close the anterior wall of the pouch. f Operation completion status

Table 1 Baseline characteristics of patients who received OMUUD
or IMUUD

Items OMUUD (n = 63) IMUUD (n = 21) P value

Age/years 61.71 ± 9.21 60.86 ± 10.07 0.719a

Gender, n (%) 1.000b

Male 50 (79.37) 17 (80.95)

Female 13 (20.63) 4 (19.05)

BMI (kg/m2) 22.56 ± 3.32 22.26 ± 2.63 0.708a

ASA score, n (%) 0.176 b

I~II 55 (87.30) 15 (71.43)

III 8 (12.70) 6 (28.57)

Previous TURBT, n (%) 0.893b

No 43 (68.25) 14 (66.67)

Yes 20 (31.75) 7 (33.33)
aIndependent sample t test
bPearson’s χ2 test (or continuous correction χ2 test)
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Table 2 The perioperative and pathological characteristics of patients who received OMUUD or IMUUD

Items OMUUD (n = 63) IMUUD (n = 21) P value

pT stage, n (%) 0.709a

Ta /T1 13 (20.63) 4 (19.05)

T2 30 (47.62) 12 (57.14)

T3 16 (25.40) 3 (14.29)

T4 4 (6.35) 2 (9.52)

pN stage, n (%) 0.748a

Negative 52 (82.54) 16 (76.19)

Positive 11 (17.46) 5 (23.81)

Lymph node yield 9.44 ± 5.15 7.52 ± 3.92 0.122b

Pathologic grade, n (%) 0.109a

Low grade 18 (28.57) 10 (47.62)

High grade 45 (71.43) 11 (52.38)

Surgical margin, n (%) 1.000a

Negative 61 (96.83) 20 (95.24)

Positive 2 (3.17) 1 (4.76)

Time of operation 462.24 ± 99.71 498.57 ± 121.44 0.175b

Estimated blood loss 400 (200~700) 400 (200~475) 0.095c

Postoperative length of stay 18.98 ± 7.41 16.24 ± 3.91 0.033b

Perioperative transfusion, n (%) 25 (39.68) 4 (19.05) 0.085a

aPearson’s χ2 test (or continuous correction χ2 test)
bIndependent sample t test
cMann-Whitney U test

Table 3 Postoperative outcome parameters

Items OMUUD (n = 63) IMUUD (n = 21) P value

30-day complication rate, n (%)

Clavien I 7 (11.11) 3 (14.29)

Clavien II 8 (12.70) 1 (4.76)

Clavien III 1 (1.59) 0

Clavien IV 0 0

Clavien V 0 0

Overall complication rate, n (%) 16 (25.40) 4 (19.05) 0.848a

90-day complication rate, n (%)

Clavien I 6 (9.52) 3 (14.29)

Clavien II 0 0

Clavien III 4 (6.35) 2 (9.52)

Clavien IV 0 0

Clavien V 1 (1.59) 0

Overall Complication rate, n (%) 11 (17.46) 5 (23.81) 0.748a

Ureteric implantation site stricture, n (%) 4 (6.35) 2 (9.52) 1.000a

aPearson’s χ2 test (or continuous correction χ2 test)
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[16]. Turk et al. [17] first described their experience of
laparoscopic radical cystectomy with intracorporeal con-
tinent urinary diversion (rectal sigmoid pouch) in 5 pa-
tients. In their series, the results are promising,
operation time was 6.9 to 7.9 h, and estimated blood loss
was 190 to 300 ml.
In this study, the 30-day complication rate (23.81%,

20/84) was like other series of studies [10, 18, 19]. The
most common early complications included wound in-
fection, hypoproteinemia, fever, electrolyte disturbance,
and intestinal obstruction. The 90-day complication rate

was 19.05% (16/84). No difference in the complication
rates at 30 days and 90 days was noted between the two
groups. Especially, two patients developed metabolic
acidosis during the follow-up in this study. They im-
proved after the administration of oral sodium bicarbon-
ate 600–2400 mg bid.
Ureteric implantation site stenosis as the most im-

portant late complication occurred in 6 patients (7.14%,
6/84). Is there a difference in anastomotic stenosis rate
between different ureteric implantation techniques?
Bastian et al. [20] found no significant difference in the

Fig. 3 Kaplan-Meier curves of overall survival probability in patients who received OMUUD and IMUUD after LRC

Fig. 4 Kaplan-Meier curves of progression-free survival probability in patients who received OMUUD and IMUUD after LRC
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incidence of anastomotic stenosis for three ureteric im-
plantation techniques consist of Goodwin-Hohenfellner
technique, Abol-Enein modification, and Le-Duc pro-
cedure. The anastomosis technique was enhanced with
attention to the preservation of ureteral blood supply.
The MAINZ II procedure ensures bowel continuity, and
we can use the peristalsis of the upper colon to help the
urinary reservoir to urinate. This will help to reduce
urine reflux and inflammation of the anastomosis site
thereby reducing the stenosis rate.
There is still controversy over whether to implement

ECUD or ICUD. In most medical centers, ECUD is still
the first choice of urologists, attribute to the advantage
of shorter operation time [21]. Although the procedure
of ICUD is time-consuming and laborious, the pressure
provided by the pneumoperitoneum in laparoscopic sur-
gery has a certain hemostatic effect, with advantages for
better surgical vision, less intraoperative blood loss, and
lower intraoperative blood transfusion rate. Besides, ex-
cessive bowel manipulation during the procedure and
loss of body fluids contributed to the long postoperative
bowel recovery time. In this study, the IMUUD group
had a shorter postoperative length of stay (P = 0.033)
compared to the OMUUD group. Although the differ-
ence in operative time between the two groups was not
statistically significant (462.24 ± 99.71 vs. 498.57 ±
121.44, P = 0.175), it was a great labor intensity for the
operator during the IMUUD. It is interesting that the
operation times were not much longer for the IMUUD
group. For this question, we propose the following hy-
potheses. First, our surgical operator completed cystec-
tomy and LND faster for the IMUUD group because
they did it after some learning curve. Second, the appli-
cation of Endo GIA reduces the time of urinary diver-
sion in the IMUUD group.
In order to reduce operation labor intensity, stainless

steel staples have been generally utilized in the urinary
tract after RC [22], and gradually, methods have
emerged for applying linear cut closures to make a new
reservoir. Gastrointestinal anastomosis (GIA) does not
impact the time to bowl recovery following RC [23]. The
use of the GIA stapler device was associated with a sig-
nificant decrease in operation time and provides a good
functional effect with acceptable complication rates [24].
Radical cystotomy is a relatively complex procedure with
a long learning curve. The low-volume surgeons will
benefit more by using stapling devices in radical cystec-
tomy; it makes the surgical procedure safer and faster
[25]. The application of GIA makes it easier for intracor-
poreal urinary diversion and reduces operator labor in-
tensity. The nails of the Endo GIA stapler device will fall
off by themselves in about 1 month, and there is no
complication associated with reservoir stones in the
follow-up.

Compared with other types of continent urinary diver-
sion, low-pressure rectal reservoir represents an ideal
choice for continent urinary diversion using an anal
sphincter. Modified sigmoidorectal pouch can reduce
the retrograde infection and renal function damage
caused by urine reflux to the proximal colon. At the
same time, it has a good urinary control rate, and the
daytime urinary control rate can reach 100%. In these
cases, urinary continence available during the daytime
was 95.2% and 100%, with a complete urinary control
rate of 87.3% (55/63) and 90.5% (19/21) between
OMUUD and IMUUD, respectively.
This study, however, has some limitations. First, it was

a retrospective controlled trial at a single institution with
a small sample size. We can only collect the total oper-
ation time from the anesthesia record sheet, but not the
time of urinary diversion. Second, despite our patient
baseline and the pathological characteristics being simi-
lar between groups, there remains a degree of selection
bias due to the non-randomized nature. In general, lar-
ger samples and multicenter randomized controlled tri-
als are needed to further explore the effect evaluation
and prognostic implications of patients with IMUUD.

Conclusions
In summary, IMUUD postoperative recovery is faster,
quality of life is higher, and oncology results are not sig-
nificantly different. IMUUD may represent a viable alter-
native to open urinary diversion. Due to the small
number of cases, the prognosis and associated complica-
tions remain to be further observed.
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