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Abstract

Objective: This study aimed to investigate the early and late outcomes of simultaneous urological procedures performed in patients who underwent surgery for
primary or recurrent colorectal cancers with locally advanced disease or peritoneal metastases and effects of resection and reconstruction of the ureter and bladder
on survival.

Materials and Methods: All patients with locally advanced disease or peritoneal metastases requiring concurrent urological procedures in our clinic between
January 2014 and December 2020 were evaluated for this study. Only patients with bladder and ureter intervention were included in the study. Postoperative
complications and urological complications were evaluated and classified according to the Clavien-Dindo classification. Imaging studies, interventional procedures,
and follow-ups of patients with problems related to the urinary system in the long-term were recorded. The survival times of the patients were investigated.
Results: A total of 52 patients underwent simultaneous urological resection (ureter and bladder). As a synchronous urological procedure, an end-to-end anastomosis
was performed after ureter resection in 12 patients, transureter anastomosis to 4, partial cystectomy in 20, ileal conduit with total cystectomy in 7, orthotropic
neobladder in 1, and ureteroneocystostomy in 8. The most common early complication in all patients was urinary leakage (10 patients), followed by wound infection
(6 patients). The shortest and longest follow-up period of the whole group was 8 and 78 months, respectively, and the mean survival time was 38 months. No
difference was found between patients with malignant ureter and benign ureter resections in terms of survival (p=0.888).

Conclusion: In patients with clinical T4b and colorectal malignancies, en bloc resection should be the oncological procedure for bladder resections; if possible,
organ-preserving surgery should be performed with sufficient negative margin. However, it is thought that the late outcomes of ureteroneocystostomy in ureter
reconstruction are better and those of total cystectomy procedure are worse.
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90% can be attained in patients in whom tumor-negative
margin can be achieved with en bloc resection (3,4). However,
these multivisceral surgeries undoubtedly increase the risk of

Introduction

At the time of diagnosis, 5-10% of colorectal cancers are

tumors with adjacent organ invasion (clinical T4b), and these
tumors require multivisceral organ resections. To prevent
the spread of the tumor and to provide RO resection, an en
bloc resection should be performed with the adjacent organ.
These RO resections increase the 5-year survival and decrease
local recurrence rate (1,2). The 5-year survival rate of 50-

complications, and the morbidity and mortality rates after these
surgeries vary between 7-76% and 0-10%, respectively (4).

Colorectal tumors may be in close relationship with urological
organs due to the anatomical location of the organs, and
adhesions to these urological organs can also be malignant
or benign. Therefore, resection of urological organs may be
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required during colorectal surgeries. While total resection
of affected organs may be needed, partial resections can
be also performed. In cases with concurrence of colorectal
malignancies, choosing between partial and total cystectomy in
terms of oncological and functional outcomes may be difficult
(5). Urological involvement can be seen in 7-20% of patients
who undergo cytoreductive surgery and hyperthermic perfusion
chemotherapy (CRS + HIPEC) due to peritoneal carcinomatosis,
especially in those with metastases of colorectal malignancies,
and simultaneous resection and reconstruction may be required
(6,7). After ureter resections, reconstruction procedures can be
performed by various methods such as ureteroureterostomy,
ureteroneocystostomy (UNS), transureteroureterostomy, and
Boari flap reconstruction, and the effects of these methods on
urinary leakage rate are uncertain (5).

In this study, we investigated the outcomes of simultaneous
urological procedures performed in patients who underwent
surgery for primary or recurrent colorectal cancers with locally
advanced disease or peritoneal metastases. Moreover, we
evaluated the early and late outcomes and effects of resection
and reconstruction of the ureter and bladder on survival.

Materials and Methods

The study was planned as a retrospective analysis and before
starting the study ethical permission was provided by the local
hospital ethics committee. The ethical number of this study is
E2-21-355.

All patients operated for colorectal cancer in our clinic between
January-2014 and December-2020 were analyzed retrospectively.
All patients with locally advanced disease or peritoneal metastases
requiring concurrent urological procedures were evaluated.
Only patients with bladder and ureter intervention were
included in the study. Patients who received kidney, prostate,
and urethra interventions were not included in the study
because of differences in surgical techniques and complications.
Both colorectal and urinary surgical margins were examined
with peroperative frozen section in all patients. All patients who
underwent surgery with curative intent and palliative resection
were excluded from the study.

All patients were preoperatively examined for ureter and
bladder invasion, hydronephrosis, and ureter dilatation from
their radiological images. In a multidisciplinary council, patients
who could undergo RO resection received explanation of
their radiological images before the treatment. Neoadjuvant
chemoradiotherapy was performed to cases indicated for
surgery due to rectal cancer and evaluated as locally advanced
(T3, T4 and node positive).

Total colonoscopy was definitely performed in all patients
preoperatively. Those who underwent cystoscopy, ureteroscopy,
and prophylactic double-] catheter placement were recorded.
All resections and reconstructions of the genitourinary tract
and other resections performed in the same session were
also recorded. Postoperative and urological complications
were evaluated and classified according to the Clavien-Dindo
classification (8). Pathological results of the resected primary
tumor and urological specimen were examined separately.
Imaging studies, interventional procedures, and follow-ups of
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patients with problems related to the urinary system in the long-
term were recorded. The survival times of the patients were
investigated.

Surgical Procedures: Laparotomy and resection were performed
in all study patients. The colorectal cancer procedure was
completed with relevant lymph node dissection according to
the location of the tumor and en bloc resection of the adjacent
organ. All patients underwent en bloc resection, regardless of
whether the adhesion was malignant or a desmoplastic reaction.
Patients with peritoneal metastases who could undergo complete
cytoreduction (CCO) were included in the study. HIPEC was
performed with the closed method in these patients. Catheters
were placed after resection, and hyperthermic perfusion was
implemented at 42 °C for 60 min. Moreover, 200 mg/m?
oxaliplatin was used in all patients for the perfusion procedure.
All urological and gastrointestinal anastomoses were performed
after the HIPEC procedure.

Urological procedures: Unilateral or bilateral double-] stents
were placed in some of the patients who had known T4 tumor
and organ invasion in the same session before the operation. In
some patients, stents could not be inserted because of severe
stenosis. Reconstructive procedures for the ureter and bladder
include uretero-ureterostomy, transuretero-ureterostomy,
UNS, partial cystectomy, total cystectomy with orthotropic
neobladder, and total cystectomy with ileal conduit.

Statistic Analysis

IBM SPSS Statistics program v. 21 (IBM Corp., Armonk, NY, USA)
was used for data analysis. When evaluating the data, frequency
distribution (numbers and percentages) was used for categorical
variables and descriptive statistics (minimum, maximum, and
median) was used for numerical variables depending on the
results of the Kolmogorov-Smirnov test. Continuous variables
were expressed as median (minimum-maximum) or mean *
standard deviation where applicable. The Mann-Whitney U test
was performed for comparison of median values, and the mean
differences were evaluated by Student’s t-test. The chi-square
test was performed to examine the relevance between two
categorical variables. A p-value <0.05 was considered significant.

Results

Of the 657 patients who underwent surgery for colorectal
malignancy in our clinic between January 2014 and December
2020, 52 underwent simultaneous urological resection (ureter
and bladder). Moreover, 30 (57.7%) patients were male and
22 (42.3%) were female, and their mean age was 57.70+£14.78
years. CRS and HIPEC were performed in 21 (40.4%) of these
patients because of the presence of concurrent peritoneal
metastases. While 24 (46.2%) patients underwent primary
malignancy surgery, 28 (53.8%) patients were operated upon
because of recurrence. Depending on the location, most tumors
were located in the rectum, followed by the left colon and right
colon (Table 1). The median hospital stay of the patients was 21
(7-103) days.

A total of 13 patients who underwent surgery for primary rectum
carcinoma received long-term neoadjuvant chemoradiotherapy,
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Table 1. Demographic data of the patients
Total (n) 52
57.705+£14.784

Age (mean = SD)

Gender

Male (%) 30 (57.7%)
Female (%) 22 (42.3%)
HIPEC

+ (%) 21 (40.4%)
- (%) 31 (59.6%)
Lenght of stay (day) (median) 21

(range, min-max) (7-103)
24 (46.2%)

28 (53.8%)

Primary (%)

Relapse (%)

Primary tumor location
Rectum (%)

Left colon (%)

Right colon (%)

22 (42.3%)
19 (36.5%)
11 (21.2%)

N stage of colorectal tumors

0 38 (73.1%)
1a 4.(7.7%)
1b 5(9.6%)
2a 3 (5.8%)
2b 2 (3.8%)

SD: Standard deviation, HIPEC: Hyperthermic perfusion chemotherapy

and nine patients underwent surgery for recurrent rectum
carcinoma. Left colon and rectal surgery was performed in 41
(78.8%) patients, and right hemicolectomy was performed in 11
(21.2%) patients. In these patients, bladder-related procedures
were performed in 28 (53.9%) patients, and ureter resection
and reconstruction procedures were performed in 24 (46.1%)
patients. As a synchronous urological procedure, we performed
an end-to-end anastomosis after ureter resection in 12 patients,
transureter anastomosis in 4, partial cystectomy in 20, ileal
conduit with total cystectomy in 7, orthotropic neobladderin 1,
and UNS in 8 (Table 2). In addition, bladder hitch procedure was
performed to the psoas muscle in two patients who underwent
UNS and thought to have a tight anastomosis.

In the pathological examination of the resection materials,
the colorectal resection specimen of 49 patients revealed
adenocarcinoma. While the result was benign in two patients who
were thought to have recurrence preoperatively, the pathology
of both colon and ureter resections was gastrointestinal stromal
tumor (GIST) in one patient. The median number of harvested
lymph nodes was 16.52+15.16. Positive lymph node states (N
stage) of the patients are presented in Table 1.

Operation time, postoperative complications, 30-day morbidity,
30-day mortality, survival, and long-term morbidity results
are shown separately in Table 3 according to the urological
procedures performed. In this study, 2 (3.8%) patients died within
the first 30 days, and 5 (9.61%) patients died within the first 3
months. The median age of these patients was 73 (range, 70-88)
years. The most common early complication in all patients was

urinary leakage in 10 patients, followed by wound infection in
six patients. Ureteral anastomotic stenosis that developed in the
late period was most common after total cystectomy. Three of
these patients developed conduit obstruction caused by benign
stricture, and percutaneous nephrostomy was performed. At 2
months after the first operation, one patient developed a fistula
between the conduit and the ileum; surgery was performed,
and the ileum segment where the fistula developed with the
conduit was resected. Then, ureter anastomosis was performed
with the Bricker technique. To avoid conduit ischemia, the ileum
was anastomosed with the right colon without cecum resection
(Table 3).

Evaluation of complications that developed within 30 days
postoperatively was made according to Clavien-Dindo
classification (8). Complications were then compared as minor
complications (grade 0-2) and major complications (grade 3-5).
Factors affecting major complications are presented in Table 4.

The shortest and longest follow-up periods of the whole group
were 8 and 78 months, respectively, and the mean survival time
was 38 months. In terms of survival, no significant difference
was found between patients who underwent malignant ureter
and benign ureter resections (p=0.888).

Table 2. Surgical procedures and pathology results

Urological procedure (n) 52

Partial cystectomy 20 (38.5%)
End to end anstomosis of ureter 12 (23.1%)
Anastomosis to the contralateral ureter 4 (7.7%)
Total cystectomy 8(15.4)
Ureteroneocystostomy 8 (15.4)

Surgical procedure

Low anterior resection 22 (42.3%)
19 (36.5%)

11 (21.1%)

Left hemicolectomy, anterior resection

Right hemicolectomy

Ostomy

None 14 (269%)
End colostomy 20 (38.5%)
End ileostomy 7 (13.5%)

Loop ileostomy 11 (21.2%)

Preoperative double-] catheter

None 30 (57.7%)
Unilateral 7 (13.5%)
Bilateral 15 (28.8%)

Pathology of the colorectal specimen

Adenocarcinoma 49 (94.2%)
2 (3.8%)

1(1.9%)

Benign

Gastrointestinal stromal tumor

Pathology of the urological specimen

Adenocarcinoma 35 (67.3%)
16 (30.8%)

1 (1.9%)

Benign

Gastrointestinal stromal tumor
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Table 3. Early and late complications of urological resection and reconstructions
Anastomosis
Reconstructions/complications :::;:g:\z(sjis zgr:?realateral E;srttieiltomy -cr;l)st:‘elctomy UNS
ureter
Total (n, %) 12 (23.1) 4 (7.7%) 20 (38.5%) 8 (15.4%) 8 (15.4%)
None 5 (41.6) 3 (75%) 8 (40%) 1(12.5%) 4 (50%)
Urosepsis 0 0 1 (5%) 1(12.5%)
lleus 1 (8.3%) 0 1 (5%) 1(12.5%) 1(12.5%)
Urinary leakage 3 (24.9%) 0 3 (15%) 3 (37.5%) 1(12.5%)
Early compli Urinary stenosis 1 (8.3%) 1 (25%) 0 1(12.5%) 1(12.5%)
cations Intestinal leakage 0 0 4 (20%) 0 0
Wound infection 1(8.3%) 2 (10%) 1 (12.5%) 1 (12.5%)
Acute renal failure 1 (25%)
Respiratory 1 (8.3%) 1 (5%)
Mortality (first 90 days) 1(8.3%) 0 3 (15%) 1 (12.5%) 0
Lenght of stay (days) 18.6 21.75 23.7 25.87 15.37
None 8 (66.6) 3 (75%) 16 (80%) 2 (25%) 8 (100%)
Late Nephrostomy 0
complications Benign stricture 2 (16.6%) 1 (25%) 1 (5%) 3 (37.5%)
(6 months later) Malign stricture 0 0 0 2 (25%)
Revision surgery 0 0 0 1(12.5%)
UNS: Ureteroneocystostomy

Discussion

Urological resections and reconstructions performed for T4b
colorectal malignancies vary, and en bloc resections may provide
long-term survival with acceptable mortality and morbidity
rates. In our clinic, en bloc resection of urinary organs (ureter
and bladder) was performed in 52 (7.9%) of 657 patients who
underwent surgery for colorectal malignancy due to clinical
T4b tumor. With regard to the early and late outcomes of these
patients, the mean survival time was 38 months. The incidence
rate of anastomotic stenosis requiring interventional procedures
in the late period after these procedures was 17.3% and the
benign stenosis rate was 13.4%.

At the time of diagnosis, 10-20% of colorectal malignancies
are T4 tumors that have invaded the neighboring organs (9).
After colorectal surgery, 40% of the patients develop recurrence,
mostly in distant organs. Locoregional recurrence develops
within the first 3 years in 10-20% of the patients (10). The barrier
function of the peritoneum against malignant cells is impaired
with previous operations, especially after abdominal and
pelvic procedures. Recurrent colorectal tumors and peritoneal
metastases may be implanted in the retroperitoneum because
of the deterioration of the protective barrier function of the
peritoneum and the damage caused by lymph node dissections
performed in the previous operation, and they may form masses
that lead to obstruction, especially in the ureters (11). Long-
term survival can be achieved with RO en bloc resections in
tumors with such locoregional recurrence and primarily locally
advanced (T4b) tumors (12). In our study, 52 patients with ureter
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and bladder invasion (clinically T4b tumors) underwent en bloc
resection. Of these patients, 24 (46.2%) were operated upon
for primary and 28 (53.8%) for recurrent colorectal malignancy.
Despite the numerically higher need for urinary organ resection
in recurrent cases, no significant difference was found between
the two groups (p=0.660). This numerical difference can be
explained by the deterioration of the protective feature of
the peritoneum at the first operation and the more frequent
retroperitoneal invasion.

In the examination of pathological specimenin en bloc resections,
studies have reported that 30-70% of the patients actually
have malignant infiltration, while the remaining patients have
inflammation-induced adhesions (13,14). Despite the high rate
of benign pathology, en bloc resection is the preferred method
because local recurrences increase and survival decreases with
the distribution of tumor cells formed by separation of these
adhesions (9,14,15). While the 5-year survival rate is 49-53%
in colorectal malignancies with en bloc resection, attempts
to remove the organs separately causes tumor distribution
and decreases the survival to 19-21% even if total resection
can be performed (15). In our series, en bloc resection was
performed in all patients, and when their primary pathologies
were examined, 49 (94.2%) patients had adenocarcinoma of
the colon; moreover, urological specimens were malignant in 35
(67.3%) and benign in 16 (30.8%) and one patient had GIST.
In the present study, the pathological T4b rate was 71.4%. In a
study of colorectal malignancies with bladder invasion, Gao et
al. (5) stated that the pathological T4b rate was 54% and the
5-year survival is not affected by the invasion being malignant
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Table 4. Factors affecting major complications seen in the early
period

Major Major -value
C jor Complications p
omplications (+) ©
Age (years) 59.95+£15.74 56.53+14.05 0.480
Gender (n)
Male 18 12
0.790
Female 14 8
Primary tumor location (n)
Rectum 14 8
Left colon 12 7 0.865
Right colon 6 5
Primary tumor 10 14
Relapse 10 18 0.660
HIPEC (n)
+ 10 11
®) 0.089
-) 22 9
Preoperative double-J catheter
+ 11 11
®) 0.143
) 21 9
Urological procedures performed
End to end anastomosis
8 4
of ureter
Anastomosis to the
3 1
contralateral ureter
Ureteroneocystostomy 6 P 0.554
(UNS)
Partial cystectomy 12 8
Total cystectomy 3 5
Ostomy
+ 22 16
Al 0.377
-) 10 4

HIPEC: Hyperthermic perfusion chemotherapy

or benign. The finding of the present study was similar to that
of Gao et al. (5) in that urological organ pathology does not
affect survival.

In a large and multicenter study conducted by the PelvEx
Collaborative group in patients with locally advanced colorectal
cancer, 2.472 patients who underwent pelvic excentration were
examined, and the first 30-day major complication rate, which
varied by years, was 31.2-45.1% and the mortality rate as 0%-
7% (16). In the present study, the first 30-day mortality and
major complication rates were 3.9% and 35.2%, respectively, in
accordance with the literature.

Bladder-sparing partial cystectomy can be performed in invasions
to the bladder, and the bladder can be primarily repaired. If
there is trigon invasion or if the bladder volume will remain too
small, en bloc pelvic exentration should be performed (17). No
oncological difference was found between total cystectomy or
bladder-sparing cystectomy after a negative microscopic surgical
margin was performed (17). However, studies have shown that

total cystectomy increases complications and impairs quality
of life (18,19). In the present study, in accordance with the
literature, early urological major complications after total
cystectomy were higher than that after partial cystectomy in
patients with colorectal cancer, but this difference was not
significant (Table 4). Therefore, we can say that bladder-sparing
surgery is more advantageous in terms of the postoperative
period and quality of life if it is performed without compromising
oncological principles. After total cystectomy, urinary continuity
can be maintained as continent or noncontinent (20,21). As
in our series, noncontinent ileal conduits are preferred more
frequently in such cases. We performed orthotropic neobladder
reconstructon in one patient, and reconstruction with an ileal
conduit in seven patients. In the literature, after ileal conduit, the
rates of urinary leakage, ileus, and ileal leakage were 7-27.7%,
22%, and 11.1%, respectively (20,22). As late complications,
ureteroenteric anastomosis stenosis and renal failure and
abdominal wall-related complications were reported in 7-14%
and 15%-65% of the cases, respectively (20). We performed
nephrostomy and dilatation in three patients who underwent
ileal conduit in the late period, owing to the development of
stenosis for benign reasons. Conduit revision was performed in a
patient who developed a fistula between the conduit and ileum 2
months after the first surgery. We performed ureter anastomosis
with Bricker technique, and the ileum was anastomosed with
the right colon without cecum resection to avoid the conduit
ischemia. In two patients, palliative nephrostomy was performed
because of recurrence after an average of 13 (6-21) months
in the postoperative period, and the Bricker type ileal conduit
technique was performed. In a meta-analysis comparing the
Bricker and Wallace techniques in terms of late stricture, no
difference was found between the two techniques (23). Based
on the literature and results of the present study, if the negative
margin can be achieved, we think that the early and late
outcomes of bladder-sparing surgery will be better; therefore,
intraoperative frozen examination is required from the bladder
margins.

In the comparison of patients with and without major
complications, we found that factors such as age, gender,
localization of the primary tumor, requirement of preoperative
DJ, and primary or recurrence of CRC had no effect on major
complications. In addition, 21 (40.4%) patients underwent CRS
+ HIPEC of the peritoneal metastasis of colorectal cancer. The
mean PCl value of these patients was 6 (0-18). Six patients with
a PCl value of 0 were those who underwent prophylactic HIPEC.
In terms of major complications and mortality, no significant
difference was found between patients who underwent HIPEC
and those who did not. Moreover, no significant difference was
noted in terms of survival between HIPEC and non-HIPEC groups.
Studies have shown that the addition of urological procedures
increases postoperative complicationsin patients who underwent
CRS + HIPEC, but does not affect long-term survival, so it does
not constitute a contraindication for surgery (24,25). Morkavuk
et al. (26) found that preoperative hydronephrosis, primary or
recurrent tumor, and ureter reconstruction type did not cause a
difference in terms of complications in patients who underwent
ureter resection simultaneously with CRS + HIPEC (26). We also
found that ureter resection and reconstruction types have no
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effect on major complications and mortality. A multicenter study
of the BIG-RENAPE group examined ureter resections performed
in 7-8% of patients who underwent CRS + HIPEC and found that
reconstruction was better in patients who underwent UNS than
in patients who underwent an end-to-end anastomosis (27).
We can say that UNS is the type of anastomosis with the least
anastomotic stenosis in the late period.

Study Limitations

This study has some limitations. Although the data of patients
who underwent surgery were recorded prospectively, the study
was designed retrospectively. The low number of patient groups
in the study also makes the study weak. Ureter and bladder
resection and reconstruction types constitute a heterogeneous
group. By contrast, in the literature regarding such en bloc
resections, the numbers are low even in high-volume centers.

Conclusion

In patients with clinical T4b and colorectal malignancies,
en bloc resection should be the oncological procedure to be
selected, and a surgical plan should be made by urological and
colorectal surgeons by making a management plan approved
by a multidisciplinary oncology council. In bladder resections,
if possible, organ-preserving surgery should be performed
with sufficient negative margin. However, it is thought that
late outcomes of UNS in ureter reconstruction are better and
those of total cystectomy procedure are worse. We recommend
performing prospective randomized studies and meta-analyses
to reach a definite conclusion.
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