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Abstract

Background—Postoperative pancreatic fistulas (POPFs) are potentially morbid complications 

that often require therapeutic interventions. Distal pancreatectomy performed during cytoreductive 

surgery (CRS) and hyperthermic intraperitoneal chemoperfusion (HIPEC) puts patients at risk for 

POPF. The authors hypothesized that POPFs are more severe after CRS/HIPEC than after 

pancreatectomy alone.

Methods—Clinicopathologic and perioperative details, including POPF by International Study 

Group of Pancreatic Fistula criteria (ISGPF), and oncologic outcomes for patients undergoing 

distal pancreatectomy during CRS/HIPEC for peritoneal carcinomatosis of appendiceal (n = 31) or 

colorectal (n = 23) origin (HIPEC group) were compared with those for patients undergoing 

minimally invasive or open distal pancreatectomy without HIPEC (n = 66) for locally resectable 

pancreatic adenocarcinoma (non-HIPEC group).

Results—The incidence of POPF was similar between the HIPEC and non-HIPEC groups (26 

%). The severity of POPF according to the ISGPF criteria was significantly worse in the HIPEC 

group. The HIPEC patients had 13 grade B fistulas and 1 grade C fistula compared with 12 grade 

A fistulas and 4 grade B fistulas in the non-HIPEC group. The HIPEC patients with POPF did not 

differ in the extent of their CRS, peritoneal cancer index, length of hospital stay, or other 

postoperative complications from the the HIPEC patients without POPF. The HIPEC patients with 

colorectal carcinomatosis who experienced POPF had higher disease recurrence in the first year 

after CRS/HIPEC than those without POPF.

Conclusion—The findings showed that POPFs are more severe when distal pancreatectomy is 

combined with CRS/HIPEC. Moreover, selective use of distal pancreatectomy is important during 

CRS/HIPEC because POPFs may increase early disease recurrence for patients with colorectal 

carcinomatosis.

choudrymh@upmc.edu

DISCLOSURE None.

HHS Public Access
Author manuscript
Ann Surg Oncol. Author manuscript; available in PMC 2016 May 01.

Published in final edited form as:
Ann Surg Oncol. 2015 May ; 22(5): 1651–1657. doi:10.1245/s10434-014-4186-4.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Postoperative pancreatic fistulas (POPFs) have traditionally been associated with significant 

morbidity and mortality.1,2 They can require prolonged hospitalization and therapeutic 

interventions and may lead to adverse short- and long-term consequences. Usually, POPFs 

are encountered after formal pancreatic resection as a result of pancreatic duct disruption. 

However, they also may occur from pancreatic parenchymal violation during peripancreatic 

surgical procedures (e.g., splenectomy or peritoneal stripping) commonly performed in the 

setting of cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemoperfusion 

(HIPEC) for the management of disseminated intraabdominal malignancies.

Among clinicians, CRS/HIPEC has gained acceptance for the locoregional management of 

peritoneal surface malignancies including pseudomyxoma peritonei, malignant peritoneal 

mesothelioma, and ovarian and colorectal carcinomatosis confined to the peritoneal 

cavity.3-6 Frequently, CRS requires multivisceral resection and extensive peritoneal 

stripping to clear disseminated macroscopic disease within the peritoneal cavity. The 

common operative procedures required for optimal CRS that may predispose to POPF 

include splenectomy with or without distal pancreatectomy and peripancreatic peritoneal 

stripping. Several series have reported incidences of POPF after CRS/HIPEC ranging from 

4.8 % for all patients to 29 % for patients undergoing splenectomy.7-9

The inherent complexity and aggressive nature of CRS could conceivably affect the clinical 

course, management, and outcome of POPF, especially considering that these procedures are 

associated with relatively high overall morbidity (range, 24–74 %)9-15 and mortality rates 

(3.8 % in the largest reported series to date).16 Moreover, the additional impact of HIPEC on 

the development and clinical course of POPF is unknown, and this issue has not been 

addressed in the published literature.

We hypothesized that HIPEC may increase the frequency or severity of POPF after distal 

pancreatectomy performed during CRS. Furthermore, POPF after HIPEC may lead to 

increased overall morbidity and mortality for patients and potentially affect oncologic 

outcomes adversely. We addressed this hypothesis by comparing POPF among patients 

undergoing distal pancreatectomy as a component of CRS/HIPEC (HIPEC group) for 

peritoneal carcinomatosis of appendiceal or colorectal origin against POPF among patients 

undergoing distal pancreatectomy alone (non-HIPEC group) for pancreatic adenocarcinoma.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board at the University of Pittsburgh. 

We retrospectively reviewed a prospectively maintained database of patients with peritoneal 

carcinomatosis from colorectal cancer (CRC) (n = 23) or mucinous appendiceal cancer 

(MAN) (n = 31) who underwent CRS/HIPEC with a distal pancreatectomy between 2001 

and 2012 (HIPEC group). We compared these patients and a cohort of 66 patients with 

pancreatic adenocarcinoma who underwent laparoscopic or open distal pancreatectomy from 

a retrospective database created during this same period (non-HIPEC group).

The exclusion criteria for patients in the non-HIPEC group specified those with borderline 

resectable or locally advanced unresectable disease according to the National 
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Comprehensive Cancer Network Guidelines, those receiving preoperative chemotherapy or 

radiotherapy, and those with incomplete follow-up data.17 The CRS was performed in 

accordance with techniques described by Bao and Bartlett.18 A standard institutional 

protocol for HIPEC was initiated after CRS. Using the closed technique, a roller-pump heat 

exchanger perfusion machine (ThermoChem HT-100; ThermaSolutions, Melbourne, FL, 

USA) allowed adequate saline flow (> 800 ml/min) and a target intraperitoneal tissue 

temperature of 42 °C. Mitomycin C 30 mg (5-fluorouracil (5-FU) and oxaliplatin in one 

patient) was added to the perfusate initially for 60 min followed by an additional 10 mg for a 

further 40 min.

Our primary end points were the rate and severity of POPF for the HIPEC and non-HIPEC 

groups. We collected demographic information including age at surgery, American Society 

of Anesthesiology (ASA) grade, body mass index (BMI), gender, and race. The 

intraoperative data recorded included the extent of CRS as defined by individual organs 

resected, peritoneal cancer index (PCI), number of anastomoses and need for colostomy, 

blood loss, and requirement for transfusion. Frequency and grade (Clavien-Dindo grade 3 or 

4) of individual complications,19 length of hospital stay, intensive care unit (ICU) 

admission, 30- and 90-day readmission, and mortality were noted. Specific attention was 

paid to the development of POPFs, and if present, they were scored based on the 

International Study Group of Pancreatic Fistula criteria (ISGPF).20 In this scoring system, 

biochemical fistulas without clinical sequelae are graded as A. Those requiring any 

therapeutic intervention (including drainage for more than 3 weeks) are graded as B, and 

fistulas with severe clinical sequelae are graded as C.

Statistical analysis was performed using R 3.0, and p values lower 0.05 were considered 

significant. Continuous variables were compared using the two-sample t test, and categorical 

variables were compared with Fisher’s exact test. Overall survival was calculated from the 

date of surgery to the date of death. Patients who did not die were censored at their last 

follow-up visit. Time to recurrence was calculated from the date of surgery to the date of 

first recurrence. Patients who did not experience recurrence were censored on the date of 

their last follow-up visit or at the date of death when the cause of death was clearly not 

related to their cancer. Patients with missing recurrence records or cancer that could not be 

ruled out as a cause for death were treated as having disease progression, and the time was 

calculated from the date of surgery to the date of death. The rates of POPF were compared 

using Fisher’s exact test. Survival times were estimated using the Kaplan–Meier method and 

compared using the log-rank test.

RESULTS

The HIPEC group comprised 54 patients with a diagnosis of MAN (n = 31) or CRC (n = 23) 

who underwent CRS/HIPEC and had a distal pancreatectomy as a component of their CRS. 

Of the 31 MAN patients, 4 (13 %) did not undergo formal pancreatectomy but were found to 

have a pancreas in the final pathology after splenectomy. This was true for 6 (26 %) of 23 

patients with CRC. Mitomycin C was used for chemoperfusion for all the patients except 

one who was treated with a combination of 5-fluorouracil (5-FU) and oxaliplatin in the 

perfusate.
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The non-HIPEC group included 62 patients who underwent laparoscopic (n = 23) or open (n 

= 39) distal pancreatectomy for pancreatic ductal adenocarcinoma. The patients in the 

HIPEC group were younger than those in the non-HIPEC group (median age, 54 vs. 62 

years; p < 0.0001). The remaining demographic characteristics were similar between the two 

groups (Table 1).

The incidence of POPF was similar between the HIPEC and non-HIPEC groups (26 %). The 

severity of POPF in the HIPEC group was significantly worse than in non-HIPEC group, as 

characterized by the ISGPF criteria. The HIPEC patients had 13 grade B fistulas and 1 grade 

C fistula compared with 12 grade A fistulas and 4 grade B fistulas in the non-HIPEC group 

(Table 2). Most of the patients in both groups underwent stapled transection of the pancreas 

(93.5 % in the HIPEC group and 75 % in the non-HIPEC group). However, the method of 

transection differed significantly between the two groups, with more patients in the non-

HIPEC group undergoing pancreatic transection by electrocautery (20 vs. 4.3 %) or by sharp 

dissection (5 vs 2.2 %; p = 0.036).

The patients who underwent stapled pancreatic transection showed no difference in the rate 

of staple line reinforcement using either a technique of oversewing or the Seamguard insert 

(p = 0.2). However, only one patient in the HIPEC group had explicit control of the 

pancreatic duct compared with 17.8 % of the patients in the non-HIPEC group (p = 0.039), 

wherein the duct was identified and closed separately from division of the pancreatic 

parenchyma or reinforcement of the staple line.

Using the PCI 21 as a surrogate for disease burden, we noted no significant difference in the 

intraoperative PCI in the HIPEC group between the patients who did and those who did not 

experience POPF (Table 3). When the patients were grouped by low PCI (<15) versus high 

PCI (>15), there was no difference in the occurrence of POPF. The rate of fistula among the 

patients with a low PCI did not differ from that of those who did not undergo CRS/HIPEC 

(p = 0.46) and this was also true for the group of patients with a high PCI (p = 0.4). In the 

HIPEC group, age, gender, ASA, BMI, length of operation, estimated blood loss, and 

intraoperative transfusion requirements did not differ significantly between those who 

experienced POPF and those who did not. The extent of CRS did not differ between those 

who had POPF and those who did not. The patients who had POPF did not have a higher 

likelihood of other postoperative morbidities, a longer hospital stay, or higher rates of ICU 

admission than those who did not experience POPF. The occurrence of Clavien-Dindo 

grades 3 and 4 complications did not differ between the groups. Finally, the occurrence of 

POPF was not influenced by tumor grade in the patients undergoing CRS/HIPEC (Table 3).

For 10 HIPEC patients with POPF (71 %), a peripancreatic drain was placed 

intraoperatively, whereas the remaining patients required postoperative drain placement. A 

POPF was suspected in the four patients without operatively placed drains when they 

experienced decreased appetite, ileus, ascites, and shortness of breath associated with 

acidosis in the postoperative setting. These patients underwent operative or image-guided 

placement of drains for the management of their fistulas. The drains were left in place for a 

median of 39 days (range 31–106 days). Five patients were treated with octreotide to help 

manage their POPF. Four patients required drainage of associated pleural effusions. 
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Notably, 80 % of the patients with POPF had peritoneal stripping of the left hemidiaphragm, 

and two had partial left diaphragm resections, which can be associated with pleural effusion. 

However, the POPF in these patients met the criteria for grade B fistulas, even when their 

pleural effusions were not considered. Four patients required readmission due to their POPF. 

One patient experienced fever and leukocytosis from a malfunctioning drain. A second 

patient had a recurrent collection after inadvertent removal of an operatively placed drain 

and required image-guided drainage. A third patient experienced pancreatitis, and a fourth 

patient was readmitted with bleeding from a branch of the superior pancreatic artery in the 

setting of a grade C POPF that required reoperation.

The median follow-up time was 4.2 years. Death occurred for 32 patients, and tumor 

recurrence was experienced by 43 patients in the HIPEC group overall. The median overall 

survival (OS) was 2.9 years for the patients who experienced POPF in this group and 3 years 

for the patients who did not. Similarly, the median recurrence-free survival (RFS) was 1.78 

years after CRS/HIPEC for the patients who experienced POPF and 1.79 years for those 

who did not. Stratification by diagnosis showed that the patients with MAN had an OS of 

6.5 years compared with 1.3 years for the patients with CRC. The RFS also differed 

significantly between the two groups (2.7 years for MAN vs. 1 year for CRC). For the MAN 

patients with POPF, the median OS was 4.7 years compared with 6.7 years for those without 

POPF, although this difference was not significant (Fig. 1). The patients with CRC and 

POPF had a median OS similar to the OS of those without POPF. Interestingly, for the 

patients with CRC and POPF, recurrence appeared to be more frequent in the first year than 

for those without POPF, although the difference was not significant. This difference was not 

apparent among the MAN patients with POPF (Fig. 2).

DISCUSSION

Cytoreductive surgery is an aggressive locoregional approach that frequently requires 

multivisceral resections, including pancreatectomy and splenectomy as well as 

peritonectomy procedures that predispose to POPF. Moreover, the addition of HIPEC to 

CRS may increase the potential morbidity associated with these complex surgical 

procedures. Our study is unique in that it compared the characteristics of POPF in patients 

undergoing distal pancreatectomy as a component of CRS/HIPEC (HIPEC group) for 

colorectal and appendiceal malignancies and those in patients undergoing distal 

pancreatectomy without HIPEC (non-HIPEC group) for pancreatic adenocarcinoma. Our 

data demonstrated that the HIPEC group experienced more severe pancreatic fistulas than 

the non-HIPEC group, whereas the rate of POPF remained equivalent.

The higher severity of POPF seen in the HIPEC group, as demonstrated by our study, could 

have been due to several factors. First, patients undergoing CRS/HIPEC frequently require 

more extensive procedures than those undergoing pancreatectomy alone, perhaps accounting 

for an inherent risk of increased morbidity. Diffuse peritoneal dissemination of tumors and 

associated fibrosis often obscure normal tissue planes, leading to challenging dis- section 

and resection of organ structures such as the pancreas and spleen. Moreover, aggressive 

stripping of the visceral peritoneum and routine omentectomy may have a negative impact 

on the ability of tissues to heal well, especially those of the soft pancreatic parenchyma. 
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However, we did not see a difference in the intraoperative PCI or the extent of surgery in the 

HIPEC patients who did or did not experience POPF.

Second, HIPEC is known to cause physiologic and metabolic derangements, in addition to 

those caused by CRS alone, which theoretically could contribute to poor healing and 

ultimately more severe fistulas.22-26 The higher severity of POPF experienced by the HIPEC 

patients in our study would support this hypothesis.

Third, a high incidence of overall postoperative morbidity among patients undergoing CRS/

HIPEC may engender a tendency to leave postoperative drains in place for a longer period, 

which may inadvertently predispose to a higher rate of grade B or C POPF. Additionally, it 

is possible that surgeons have a lower threshold for placement of intraoperative drains at the 

time of CRS/HIPEC given the potential morbidity of undrained pancreatic fistulas in these 

fragile patients, leading to higher recognition of POPF that otherwise would not have been 

clinically relevant or detected.

A few studies have reported the incidence of POPF in the setting of CRS/HIPEC. To our 

knowledge, however, a comparison of fistula severity between patients managed with 

HIPEC and those not treated with HIPEC has not been reported. The incidence of POPF in 

our study is in line with what has been reported in the literature after CRS/HIPEC, which 

ranges from 4.8 % for all patients to as high as 29 % for patients undergoing 

splenectomy.7-9,27 In one study of 17 patients who underwent distal pancreatectomy and 

splenectomy for ovarian, peritoneal, or fallopian tube cancers, the patients who experienced 

POPF (n = 4) had a longer hospital stay than those who did not, but this did not have an 

impact on the time to chemotherapy.10 In a series of 270 cases by Kusamura et al.,7 the 

POPF rate was 4.8 % among all the patients undergoing CRS, not only those undergoing 

splenectomy or distal pancreatectomy. In this series, a higher dose of cisplatin during 

HIPEC, duration of CRS, extent of CRS, and need for either splenectomy or gastrectomy 

were independently associated with POPF. These authors also reported frequent grade C 

POPF (39 %). In another study, duration of operation, need for more than 6 units of blood 

transfused, and splenectomy were independent factors associated with POPF. Although 

POPF was associated with longer hospital stay, it did not increase procedure-specific 

morbidity. These authors also found a high percentage (65 %) of severe fistulas.27

In our series, the development of POPF did not appear to increase the risk of other 

postoperative complications or to impact significantly the short-term clinical course of 

patients. However, in concordance with the two larger series described, we did demonstrate 

a higher frequency of severe fistulas. Like Kusamura et al.,7 we hypothesize that the use of 

HIPEC may predispose to more severe fistulas due to its cytotoxic effects and possible 

impact on wound healing, which is supported by their finding that increasing the dose of 

cisplatin is independently associated with the development of POPF.

The management of patients with POPF in our study was similar to that described in the 

literature for patients who experience POPF after pancreatic resection alone. External 

drainage is the treatment of choice, with the possible need for antibiotic, octreotide, and total 

parenteral nutrition.28-32 In studies reporting POPF in the setting of CRS/HIPEC, fistula 
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drainage also was the mainstay of management, with the addition of the adjuncts previously 

described when necessary.7,9,10,27

Our data demonstrated increased recurrence in the first year after CRS/HIPEC when POPFs 

were encountered in patients with CRC, although no adverse impact on OS was seen. An 

inability to start adjuvant chemotherapy after CRS/HIPEC may be an underlying reason for 

this higher recurrence rate given the nutritional depletion with the physiologic and physical 

deconditioning often associated with the development of POPF. Although Kehoe et al.10 

reported no delay in the use of chemotherapy for patients with POPF, they were limited by 

the very few patients with POPF in their series (n = 4). In clinical practice, prolonged use of 

an intraabdominal drain (median time of 39 days in our study) or the need for total 

parenteral nutrition would most certainly delay initiation of adjuvant chemotherapy.

We recognize several limitations to this study. First, our study was retrospective, and 

although the database of HIPEC patients was prospectively maintained, our second cohort of 

patients arose from a retrospective database, and the patients were not matched. Moreover, 

we would expect that the extent of surgery and the physiologic impact of CRS/HIPEC is 

inherently greater compared with distal pancreatectomy alone. Therefore, these two groups 

were compared only to the extent of POPF rates and severity. Further comparisons were 

avoided in light of the disparate procedures, as mentioned earlier.

Our sample size was small because CRS/HIPEC is only selectively used as a treatment 

method. Furthermore, splenectomy or distal pancreatectomy is performed only for a small 

percentage of patients undergoing CRS/HIPEC. Finally, the ISGPF system was not 

developed to grade fistulas occurring in the setting of CRS/HIPEC and therefore may not be 

the ideal metric for evaluating POPF after HIPEC. However, given that it currently is the 

gold standard for evaluating POPF, it is the best system currently available.

In summary, POPFs after CRS/HIPEC are more severe than when they occur after distal 

pancreatectomy alone despite a similar frequency of occurrence. We advocate a low 

threshold for the use of drains after distal pancreatectomy during CRS/HIPEC because 

POPFs usually are high grade. However, the development of POPF after CRS/HIPEC does 

not confer increased risk of other postoperative complications or have an impact on the 

clinical course of patients in the short term. Although POPFs may predispose to early 

recurrence rates in CRC patients, they do not appear to have an impact on survival. Selective 

use of distal pancreatectomy is important because POPF may increase disease recurrence for 

patients with CRC. In the future, the focus should be on techniques for preventing the more 

severe grade B and C POPFs in the setting of CRS/HIPEC.
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FIG. 1. 
Kaplan–Meier OS curves of patients treated with cytoreductive surgery and hyperthermic 

intraperitoneal chemoperfusion who did and did not experience postoperative pancreatic 

fistulas, stratified by diagnosis. a Of the patients with mucinous appendiceal cancer (MAN), 

the median OS was 6.7 years for the patients without postoperative pancreatic fistulas 

(POPFs) (n = 24) and 4.7 years for the patients with POPFs (n = 7). b Of the patients with 

colorectal cancer (CRC), the median OS was 1.3 years for the patients without POPF (n = 

16) and 1 year for the patients with POPF (n = 7)
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FIG. 2. 
Kaplan-Meier curves of recurrence-free survival for patients treated with cytoreductive 

surgery and hyperthermic intraperitoneal chemoperfusion who did and did not experience 

postoperative pancreatic fistulas, stratified by diagnosis. a Of the patients with mucinous 

appendiceal cancer (MAN), the median progression free survival was 2.7 years for the 

patients without postoperative pancreatic fistulas (POPFs) (n = 24) and 3.7 years for the 

patients with POPFs (n = 7). b Of the patients with colorectal cancer (CRC), recurrence-free 

survival was 1 year for the patients without POPF (n = 16) and 4.1 months for the patients 

with POPF (n = 7)
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TABLE 1

Baseline characteristics of the HIPEC and non-HIPEC groups

HIPEC group
(n = 54) n (%)

Non-HIPEC group
(n = 62) n (%)

Mean age (years)
a 54 62

Gender

 Female 27 (50) 40 (65)

Mean BMI (kg/m2) 26.3 26.5

Median ASA 2.8 2.7

Diagnosis

 CRC 23 (43)

 MAN 31 (57)

 Pancreatic adenocarcinoma 62 (100)

Surgical approach

 Open 54 (100) 39 (63)

 Minimally invasive 0(0) 23 (37)

HIPEC hyperthermic intraperitoneal chemoperfusion, BMI body mass index, ASA American Society of Anesthesiology physical status 
classification CRC colorectal cancer, MAN mucinous appendiceal neoplasm

a
p Value <0.05
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TABLE 2

Rate and severity of postoperative pancreatic fistulas in the HIPEC and non-HIPEC groups

ISGPF
grade A
fistula n (%)

ISGPF
grade B
fistula n (%)

ISGPF
grade C
fistula n (%)

HIPEC group–CRC
 (n = 23)

0(0) 6 (5.2) 1 (0.9)

HIPEC group–MAN
 (n = 31)

0 (0) 7 (6) 0(0)

Non-HIPEC group

 (n = 66)
a

12 (10.3) 4 (3.4) 0 (0)

Non-HIPEC group (open
 distal pancreatectomy

 only) (n = 39)
b

7 (17.9) 4 (4.3) 0 (0)

HIPEC hyperthermic intraperitoneal chemoperfusion, ISGPF international study group of pancreatic fistula criteria, CRC colorectal cancer, MAN 
mucinous appendiceal neoplasm

a
Fisher’s exact test p value compared with the HIPEC group–CRC and the HIPEC group–MAN: 0.0006

b
Fisher’s exact test p value compared with the HIPEC group–CRC and the HIPEC group–MAN: 0.014
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TABLE 3

Perioperative characteristics of the HIPEC group of patients with and without POPF (n = 54)

No POPF
n (%)

POPF
n (%)

p Value

Omentectomy 36 (92.3) 13 (92.9) 1

Total abdominal colectomy 4(10) 1 (7.1) 1

Small bowel resection 9 (22.5) 2 (14.3) 0.71

Partial gastrectomy 10 (25) 3 (21.4) 1

Stoma 19 (48.7) 7(50) 1

Mean no. of anastamoses
 (standard deviation)

0.85 ± 0.83 0.71 ± 0.91 0.63

Sepsis 6 (15.4) 4 (28.6) 0.43

Postoperative bleed 2 (5.1) 1 (7.1) 1

Delayed gastric emptying 6(17.1) 3 (21.4) 0.7

Ileus >3 weeks 2 (5.9) 2 (14.3) 0.57

Cardiac complication 3 (7.7) 4 (28.6) 0.07

Pulmonary complication 11 (28.21) 7(50) 0.19

Mean ICU days
 (standard deviation)

3.6 ± 2.7 3.3 ± 2.21 0.76

Mean hospital stay
 (standard deviation)

18 ± 15.5 19.4 ± 8.2 0.69

High-grade tumor 15 (40.5) 4 (30.8) 0.74

Mean intraoperative PCI
 score

15.2 12.9 0.16

HIPEC hyperthermic intraperitoneal chemoperfusion, POPF postoperative pancreatic fistula, ICU intensive care unit, PCI peritoneal cancer index
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