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Abstract Objective: Cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemo-
therapy (HIPEC) are increasingly being used to treat peritoneal malignancies. Urological resec-
tions and reconstruction (URR) are occasionally performed during the surgery. We aim to
evaluate the impact of these procedures on peri-operative outcomes of CRS and HIPEC pa-
tients.
Methods: A retrospective review of a prospectively maintained database of all patients who
underwent CRS-HIPEC from April 2001 to February 2016 was performed. Outcomes between pa-
tients who had surgery involving, and not involving URR were compared. Primary outcomes
were the rate of major complications and the duration of stay in the intensive care unit
(ICU) and hospital. Secondary outcomes were that of overall survival (OS) and prognostic fac-
tors that would indicate a need for URR.
Results: A total of 214 CRS-HIPEC were performed, 21 of which involved a URR. Baseline clin-
ical characteristics did not vary between the groups (URR vs. No URR). Urological resections
comprised of 52% bladder resections, 24% ureteric resections, and 24% involving both bladder
and ureteric resections. All bladder defects were closed primarily while ureteric reconstruc-
tions consisted of two end-to-end anastomoses, one ureto-uretostomy, five direct
ccs.com.sg (M.C.C. Teo).
f Second Military Medical University.

9.003
sian Journal of Urology. Production and hosting by Elsevier B.V. This is an open access article under
tivecommons.org/licenses/by-nc-nd/4.0/).

mailto:Melissa.Teo.C.C@nccs.com.sg
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajur.2017.09.003&domain=pdf
https://doi.org/10.1016/j.ajur.2017.09.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/22143882
www.elsevier.com/locate/ajur
https://doi.org/10.1016/j.ajur.2017.09.003
https://doi.org/10.1016/j.ajur.2017.09.003


Urological Procedures in CRS and HIPEC 195
implantations into the bladder and three boari flaps. URR were more frequently required in
patients with colorectal peritoneal disease (p Z 0.029), but was not associated with previous
pelvic surgery (76% vs. 54%, p Z 0.065). Patients with URR did not suffer more serious compli-
cations (14% vs. 24%, p Z 0.42). ICU (2.2 days vs. 1.4 days, p Z 0.51) and hospital stays (18
days vs. 25 days, p Z 0.094) were not significantly affected. Undergoing a URR did not affect
OS (p Z 0.99), but was associated with increased operation time (570 min vs. 490 min,
p Z 0.046).
Conclusion: While concomitant URR were associated with an increase in operation time, there
were no significant differences in postoperative complications or OS. Patients with colorectal
peritoneal metastases are more likely to require a URR compared to other primary tumours,
and needs to be considered during pre-operative planning.
ª 2018 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
1. Introduction

Cytoreductive surgery (CRS) and hyperthermic intraperito-
neal chemotherapy (HIPEC) are used to treat selected pa-
tients with peritoneal carcinomatosis from colorectal,
ovarian, appendiceal, gastric, mesothelioma and primary
peritoneal neoplasms [1e4]. Urological resections and
reconstruction (URR) are occasionally required during the
CRS, due to disease involvement especially in patients with
heavy pelvic disease volume, or secondary to inadvertent
injury. Urological involvement during CRS and HIPEC has
been reported in 7%e20% of published reports [5e11],
although the impact on postoperative outcomes and long-
term survival remains inconclusive. Studies have alterna-
tively reported no differences in morbidity, operation time
or overall survival (OS) [9], increased operation time
without effect on morbidity or survival [8], increased risk of
severe morbidity without an effect on survival [12] and
increased operation time and risk of major complications,
but with no effect on OS [11].

We aim to report on the experience of urological
involvement and URR during CRS and HIPEC in a high-
volume centre in South East Asia, and to evaluate the
impact of these procedures on perioperative outcomes.

2. Patients and methods

A prospectively maintained, Institutional Review Board
(IRB) approved database of all patients who underwent
CRS-HIPEC for peritoneal-based malignancies at a single
institution from April 2001 to February 2016, was retro-
spectively reviewed. Demographics including age, gender,
race, and tumour type were included in the database and
reported.

Primary outcomes were the rate of major complications
and the duration of stay in the intensive care unit (ICU) and
hospital. Secondary outcomes were that of OS and prog-
nostic factors that would indicate a need for URR.

2.1. Patient selection

Patients considered for CRS-HIPEC had to be of Eastern
Cooperative Group (ECOG) performance status 0 or 1, with
no distant metastases. All patients were recommended for
CRS-HIPEC after evaluation in a multidisciplinary tumour
board. The extent of disease of the abdomen and pelvis was
examined on computed tomography (CT) scans and the
absence of extra-abdominal disease was determined either
via CT scans of the thorax or positron emission tomography
(PET)-CT scans.

2.2. CRS and HIPEC

CRS-HIPEC proceeded according to previously published
techniques [13]. The extent of disease was documented ac-
cording to the peritoneal cancer index (PCI) [14]. Complete
cytoreduction was attempted whenever possible, and the
extent of cytoreductionwas recordedby the completeness of
cytoreduction (CC) score [15]. Chemotherapywas infused via
a hyperthermia pump (Belmont) into a closed abdomen at a
target temperature of 41e42�C for 60 min. The chemother-
apeutic agent used was determined by a medical oncologist
on the basis of malignancy type.

2.3. Urological procedures

Operative reports were individually reviewed to determine
if preoperative ureteric stenting or a urological procedure
was performed during the CRS. Urological procedures were
defined as any resection or reconstruction of the genito-
urinary tract during the same anaesthetic as the CRS-HIPEC
procedure. Ureteric stents were placed routinely after all
ureteric reconstructions, and typically removed in the
outpatient setting via a flexible cystoscopy between 4 and 6
weeks from the time of the CRS-HIPEC.

No distinction was made between urological organs
removeddue to involvementwith tumouror iatrogenic injury.

Complications were categorized according to the
Clavien-Dindo classification, with major complications
defined as Clavien III and IV [16]. OS was defined as time
from date of CRS-HIPEC to date of death from any cause.
Survival was censored on date of death or last follow-up.

For the purposes of comparison, patients were divided
into two groups based upon whether or not a urological
procedure was included. Thirteen patients underwent more
than one CRS-HIPEC procedure during the study period.
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Table 1 Types of urological resections and re-
constructions performed (n Z 21).

Any urological procedure n (%)

Urological resection
Partial bladder resection 11 (52)
Ureteric resection 5 (24)
Partial bladder and ureteric resection 5 (24)

Urological reconstructions
Primary bladder repair only 10 (48)
Ureto-uretostomy 1 (5)
End-to-end anastomoses 2 (10)
Direct implantation 5 (24)
Boari flap 3 (14)
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Data were analysed at the CRS-HIPEC level in order to in-
crease the generalizability of results to include patients
who undergo multiple procedures. In these instances, listed
patient characteristics are representative of the patient’s
state at the time of each included operation.

2.4. Statistical analysis

Continuous variables were expressed as mean � SD (nor-
mally distributed data) and categorical data as proportions
throughout the article. Clinical variables and surgical out-
comes were compared across groups as follows: Chi-square
or Fisher’s exact test (if a group contained five or less
samples) for comparison between categorical variables re-
ported as number and percentage in each group. Indepen-
dent sample t-test or ANOVA with Tukey post-hoc testing
(when the comparison included more than one degree of
freedom) for continuous variables, reported as mean � SD
or using ManneWhitney U test for ordinal variables
reporting median and interquartile range (IQR). p < 0.05
was considered statistically significant. Median OS was
estimated using the KaplaneMeier method and compared
via the log-rank test. All statistical analyses were per-
formed using R 3.2.3 [17].

3. Results

3.1. Baseline characteristics of study population

Between April 2001 through to February 2016, 201 patients
underwent a total of 214 CRS-HIPEC. Twelve patients un-
derwent CRS-HIPEC twice and one patient had CRS-HIPEC
thrice. One hundred and eight (50%) of the HIPEC used
mitomycin C, 88 (41%) used cisplatin, seven (3%) used
oxaliplatin, and for nine (4%) patients the HIPEC regime was
not recorded. Twenty-one of 214 (10%) CRS-HIPEC proced-
ures included a URR (Table 1), of which five (24%) were due
to an iatrogenic injury.

Urological resections comprised of 52% partial bladder
resections, 24% ureteric resections, and 24% involving both.
All bladder defects were closed primarily while ureteric
reconstructions consisted of two end-to-end anastomoses,
one ureto-uretostomy, five direct implantation and three
boari flaps.

The median follow-up of all patients was 18 months (IQR
6e27 months).

Operations were grouped according to whether or not a
URR was performed concurrently. Baseline clinical features
are summarised in Table 2 and did not defer between the
groups.

3.1.1. Preoperative factors
Operations involving URR were more common in patients
with colorectal peritoneal disease than other primary tu-
mours (p Z 0.029). Concomittent URR also appeared to be
required more frequently in patients who had undergone
previous pelvic surgery, but this association was not sta-
tistically significant (76% vs. 54%, p Z 0.065). There was no
significant association between URR and previous
abdominal-only surgery (14% vs. 24%, p Z 0.42). There
were no differences seen in the other baseline pre-
operative characteristics.

3.1.2. Intraoperative factors
Concomitant URR was associated with an increase in oper-
ation time (570 min vs. 490 min, p Z 0.046). Patients with
upper abdominal disease who required subdiaphragmatic
peritoneal stripping were less likely to require a URR during
the CRS-HIPEC (p < 0.01). There was no difference in PCI
score, CC score, or estimated blood loss between the two
groups (p Z 0.54, 0.94 and 0.62, respectively).

3.1.3. Ureteric stenting
Preoperative ureteral stenting to aid in ureteral identifi-
cation was performed in 26% of patients and done at each
surgeon’s discretion. The rate of preoperative stenting was
higher in the URR group (52% vs. 23%, p < 0.01), of note
there was a strong association between stenting and pre-
vious pelvic surgery (87% of stented had previous pelvic
surgery versus 50% of non-stented, p < 0.01).

3.2. Perioperative outcomes

There was no difference in perioperative complication
rate (49% vs. 43%, p Z 0.28), or rate of major complications
(24% vs. 14%, p Z 0.42) between the patients without a URR
and thosewhounderwentURR. Therewas also no difference in
average length of ICU stay (2.2 � 5.5 days vs. 1.4 � 1.4 days,
pZ 0.51) or total hospital stay (18� 14 days vs. 25� 39 days,
p Z 0.094). In the long term, there were no leaks or stenoses
reported.

3.3. OS

There was no difference in OS after operations involving
concomitant URR or no URR, median survival was 67 vs. 70
months, respectively (p Z 0.99, Fig. 1).

4. Discussion

In this retrospective review, we examined concomitant
urological procedures during CRS and HIPEC, performed at
one of the largest Asian institutions with more than 10 years
of experience. Out of 214 CRS-HIPEC, 9.8% of cases



Table 2 Baseline characteristics of study population.

Clinical variable No URR (n Z 193) Operations involving
URR (n Z 21)

p value

Age (year)a 51 � 12 54 � 12 0.23
Genderb 0.6

Female 144 (75) 14 (67)
Male 49 (25) 7 (33)

Raceb 0.59
Chinese 146 (75) 18 (85)
Indian 12 (6) 1 (5)
Malay 7 (4) 1 (5)
Others 28 (15) 1 (5)

Primary tumourb 0.24
Colorectal 52 (27) 11 (52) 0.029 (colorectal vs. other

primary tumours)
Ovarian 59 (30) 6 (29)
Appendix 44 (23) 4 (19)
Primary peritoneal 15 (8) 0 (0)
Others 13 (7) 0 (0)
Mesothelioma 10 (5) 0 (0)

Pre-operative stentingb 44 (23) 11 (52) <0.01
Previous abdominal surgeryb 47 (24) 3 (14) 0.42
Previous pelvic surgeryb 105 (54) 16 (76) 0.065
Previous abdominal or pelvic surgeryb 152 (79) 19 (90) 0.26
Operative proceduresb

Subdiaphragmatic stripping 122 (63) 6 (29) <0.01
Gastrectomy 18 (9) 1 (5) 0.7
Colectomy 104 (54) 11 (52) 1
Small bowel resection 51 (26) 8 (38) 0.38
Splenectomy 51 (26) 3 (14) 0.3
THBSO 35 (18) 1 (5) 0.21
Cholecystectomy 46 (24) 7 (33) 0.49

PCI scorea 13 � 9 11 � 9 0.54
CC score (median (IQR)) 0 (0) 0 (0) 0.94
Duration of procedure (min)a 490 � 160 570 � 190 0.046
Estimated blood loss (mL)a 1500 � 1500 1300 � 960 0.62

CC, completeness of cytoreduction score; PCI, peritoneal cancer index; THBSO, total hysterectomy and bilateral salpingo-
oophorectomy.

a Values are presented as mean � SD.
b Values are presented as n (%).
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required a URR. This rate of URR is similar to other reports
from western centres performing CRS-HIPEC [1e6]. We
found that the majority of the resections involved resection
of the bladder (52%), with subsequent reconstruction by
primary closure. When resections involved the ureter (48%),
the commonest reconstruction was direct implantation
(45%), followed by a boari flap (27%). No patients required a
nephrectomy, radical cystectomy or ileal conduit.

We found that CRS-HIPEC for colorectal peritoneal me-
tastases were more likely to involve a URR compared to
other primary tumours (pZ 0.029). This could be explained
by the more invasive nature of colorectal peritoneal me-
tastases compared to other malignancies like pseudomyx-
oma peritonei from appendical tumours [17]. Patients who
had disease involving the upper abdomen and required
subdiaphragmatic stripping were also less likely to require a
URR (p < 0.01). These findings emphasise the important
role that disease biology and distribution play in planning
for CRS-HIPEC cases.
Similar to a recent report, we found that having a
concomitant URR during CRS-HIPEC was associated with a
longer operation time. However, unlike the Pittsburgh
group [11], we did not find a difference in length of ICU stay
or hospital stay (pZ 0.51 and 0.094 respectively). This may
be due to the relatively small number of URR procedures in
our CRS-HIPEC cohort. In addition, there was no difference
in perioperative complication rate (p Z 0.28), rate of
major complications (p Z 0.42), or blood loss (p Z 0.62)
during the combined procedure. Few western centres have
reported increase in major complications amongst patients
who undergo URR during CRS-HIPEC [11,12], but the dif-
ference has been postulated to be due to an increase in
urinary-tract specific complications related to the URR
themselves [11].

As a secondary outcome, we also looked at OS, and
found no difference between operations involving
concomitant URR or no URR, with a median survival of 67 vs.
70 months, respectively (p Z 0.99). This is important, as it



Figure 1 Overall survival following cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy, stratified by
concomitant urological procedure.

198 G.H.C. Tan et al.
highlights the fact that peritoneal disease involving the
urinary tract, does not necessarily relate to a more
aggressive disease biology [5], and should not deter sur-
geons from performing CRS-HIPEC where indicated.

As with all retrospective reviews, there were inherent
limitations on the data and the presence of a selection bias.
In addition, despite having similar rates of URR compared to
other published series, our small numbers of URR did not
allow for us to perform separate subset analyses to deter-
mine if there were any significant differences between URR
performed for tumour involvement or iatrogenic injury.
Lastly, as this study looked at URR performed in a single
institution, the results may not be applicable to all other
institutions.

5. Conclusion

Concomitant URR were performed in 9.8% of CRS and HIPEC
cases. They can be safely carried out in patients undergoing
CRS and HIPEC but does involve a longer operating time.
Patients with colorectal peritoneal metastases are more
likely to require a URR compared to other primary tumours,
and this information should be included during patient
consultation.
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