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Introduction

Cytoreduct ive  surgery  (CRS)  and hyperthermic 
intraperitoneal chemotherapy (HIPEC) is associated with 
improved survival for patients with abdominal malignancies 
with peritoneal dissemination (1-3), although it was initially 
viewed with skepticism as a highly morbid procedure. 
However, a large volume of mostly retrospective data 
suggests that CRS and HIPEC has rates of morbidity and 
mortality similar to other major operations for abdominal 
malignancies. Identifying patient and tumor characteristics 
associated with an increased risk of complications is 
important as serious postoperative complications can 

significantly impact on quality of life, may delay other 
treatments, and may be associated with early recurrence 
following CRS and HIPEC (4). 

Overall morbidity and mortality

In several large series of CRS and HIPEC for a variety 
of cancer types, the rates of grade III-IV morbidity range 
from 22-34% and mortality from 0.8-4.1% (Table 1) (5-10). 
In series from large centers including primarily patients 
with peritoneal dissemination of colorectal cancer (CRC), 
pseudomyxoma peritonei (PMP), or diffuse malignant 
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peritoneal mesothelioma (DMPM), mortality is generally 
in the range of 2-4% (5,7,11-13). The few existing large 
series of HIPEC for gastric or ovarian cancer (OC) 
suggest mortality rates may be somewhat higher in gastric 
cancer (3.9% and 6.5% in series of 152 and 159 patients, 
respectively) (14,15), and somewhat lower in OC (0.8% in 
one of the largest series) (8). The higher mortality observed 
with CRS and HIPEC for gastric cancer may be related 
to gastrectomy, while the lower mortality observed with 
CRS and HIPEC for OC may be due to fewer visceral 
resections on average than CRS and HIPEC for primary 
gastrointestinal cancers. Specific complication rates from 
select large series are shown in Table 2. Common major 
postoperative complications include neutropenia, digestive 
fistula, pneumonia, postoperative bleeding, intra-abdominal 
abscess, systemic sepsis, wound infection, and renal 
insufficiency.

Specific patient and operative factors that have been 
examined for their contribution to CRS and HIPEC 
morbidity and mortality are discussed below. Those factors 
associated with CRS and HIPEC morbidity and mortality 
based on current evidence are summarized in Table 3.

Patient factors contributing to morbidity and 
mortality

Age

Morbidity and mortality from CRS and HIPEC is more 
common in elderly patients. Increasing age has been shown 
to be significantly associated with morbidity and mortality 
by univariate and multivariate analysis of HIPEC morbidity 
using large multi-institution series (6,17) and CRS and 
intraperitoneal chemotherapy data from the National Surgical 
Quality Improvement Program (NSQIP) database (16).  
In a single institution review of 81 patients over age  
70 undergoing CRS and HIPEC, morbidity was comparable 
to other studies at 38%, while 30- and 90-day mortality 
were significantly higher at 13.6% and 27.4% (18). Analysis 
of age related morbidity and mortality from CRS and 
intraperitoneal chemotherapy using NSQIP data showed 
that age ≥60 years was independently associated with death 
and serious morbidity, which increased at a significant rate 
of 0.6% per year after age 50. Venous thromboembolism, 
sepsis, postoperative bleeding, and respiratory complications 
were more commonly seen complications in patients aged 

Table 1 Summary of CRS and HIPEC morbidity and mortality in large series

Study
Single or multiple 

institution review

N (patients/

procedures)
Cancer type [N]

Grade III/IV 

morbidity
Mortality

% having 

HIPEC

Median survival 

(months)

Yan et al.  

2009 (5)

Multiple 405 DMPM 31 2 92 53

Glehen et al. 

2010 (6)

Multiple 1,290/1,344 CRC [503], PMP [301],  

GC [159], DMPM [88],  

AA [50]

33.6 4.1 86 34

Chua et al. 

2012 (7)

Multiple 2,298 PMP 22 2 89 196

Bakrin et al. 

2013 (8)

Multiple 566/607 Epithelial OC 31.3 0.8 100 35.4/45.7*

Kuijpers et al. 

2013 (9)

Multiple 960 CRC [660], PMP [300] 34** 3 100 33/130***

Levine et al. 

2014 (10)

Single 1,000/1,097 AC [472], CRC [248],  

DMPM [72], OC [69],  

GC [46], other [97]

24.3 3.8 100 29.4

*, Advanced epithlelial OC/recurrent epithelial OC; **, includes grade III-V morbidity, grade III/IV morbidity not reported 

separately; ***, CRC/PMP. CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; DMPM, diffuse 

malignant peritoneal mesothelioma; CRC, colorectal cancer; PMP, pseudomyoma peritonei; GC, gastric cancer; AA, appendiceal 

adenocarcinoma; OC, ovarian cancer; AC, appendiceal cancer.
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60 years and older (19). In one small study of CRS and 

HIPEC following neoadjuvant chemotherapy for epithelial 

OC, morbidity was significantly greater in patients ≥75 years  

of age with no survival benefit in this group (20).

Hypoalbuminemia

Hypoalbuminemia has also been associated with morbidity 
and mortal i ty from CRS and HIPEC in multiple 
studies. Lower preoperative serum albumin level was an 

Table 2 Comparison of complication types in large CRS and HIPEC series

Variable 
Yan et al.  

2009 (5)

Glehen et al.  

2010 (6)

Elias et al.  

2010 (12)

Elias et al.  

2010 (13)

Bakrin et al.  

2013 (8)

Bartlett et al.  

2013 (16)

Data source MI MI MI MI MI ACS-NSQIP

Number of patients 405 1,290 523 301 566 795

Origin of carcinomatosis DMPM Non-gynecologic CRC PMP Epithelial OC NR

Mortality (%) 2 4.1 3.3 4.4 0.8 2.3

Overall morbidity (%) 31 33.6 31 40 31.3 31

Complication (%)

Reoperation NR 14 11 17.5 8 9.6

Respiratory* 11 9.1 6 14 NR 8.4

Cardiac 3 NR NR NR NR 1.5

Gastrointestinal** 18 18.2 13 17 8 NR

Renal*** 10 1 NR NR 8 2.6

Neurologic NR NR NR NR NR 0.5

Hematologic**** 6 13.3 12 20 11 NR

Bleeding NR 7.7 6 13 5 15.1

Systemic sepsis NR 2.3 NR NR NR 14.6

Surgical site infection NR NR NR NR NR 11.4

*, Includes specific complication of pneumonia, when reported; **, includes specific complications of digestive fistula, intra-

abdominal abscess, radiologic drainage, and bowel obstruction, when reported; ***, includes specific complication of renal 

insufficiency, when reported; ****, includes specific complications of neutropenia and leukopenia, when reported. CRS, 

cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; MI, multiple institutions; ACS-NSQIP, American College 

of Surgeons National Surgical Quality Improvement Program; DMPM, diffuse malignant peritoneal mesothelioma; CRC, colorectal 

cancer; PMP, pseuodmyxoma peritonei; OC ovarian cancer; NR, not reported.

Table 3 Patient and operative factors associated with CRS and HIPEC morbidity

Category Strong association Weak association

Patient factors Age Obesity

Hypoalbuminemia

Performance status

Operative factors PCI Hepatobiliary procedures

Bowel resection Urologic procedures

Diaphragmatic involvement Preoperative bevacizumab

Distal pancreatectomy

Surgeon experience

CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; PCI, peritoneal carcinomatosis index.
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independent predictor of 30-day mortality in one single 
institution study (21), while preoperative albumin <3 g/dL 
was associated with 58% morbidity and mortality rates on 
review of the NSQIP database (16).

Preoperative performance status

Poor preoperative performance status is an important 
predictor of morbidity and mortality following CRS and 
HIPEC. Ihemelandu et al. reported that a higher ECOG 
score is associated with increased 30-day morbidity (21), 
while Baratti et al. found that ECOG performance status >0 is  
an independent predictor of grade III-V morbidity (22).

Obesity

Obesity has not been consistently shown to be associated 
with a significant increase in overall HIPEC morbidity and 
mortality, although certain complications may be more 
common in obese patients. In a review of 1,000 patients 
having CRS and HIPEC procedures for primary tumors of 
the colon and appendix, 272 of whom were obese, neither  
30-day major or minor morbidity, 30-day readmission rate, nor 
30-day mortality (1.5% vs. 2.5%, obese vs. non-obese) were 
significantly associated with obesity. However, obese patients 
were more likely to have a late readmission, late urinary 
tract infection, and late anemia requiring blood transfusion 
(postoperative day 31-90). When analyzed by degree of 
obesity, moderately obese patients were more likely to have 
a late gastrointestinal bleed while severely obese patients 
were more likely to have a late exploratory laparotomy, intra-
abdominal abscess, interventional radiology drain placement, 
urinary tract infection, anemia, and arrhythmia (23). In 
another single institution review of 114 HIPEC procedures, 22 
in obese patients, overweight patients were more likely to have 
a deep vein thrombosis, but other complication rates were no 
different in obese compared to non-obese patients (24).

Operative factors affecting morbidity and mortality

Peritoneal carcinomatosis index (PCI)

The PCI, an indicator of extent of peritoneal disease, is one 
of the most consistent independent predictors of morbidity 
and/or mortality from CRS and HIPEC (6-8,17,22). One 
likely explanation for this finding may be that a higher PCI 
is a surrogate for more extensive surgery with the potential 
for more complications. Additionally, patients with more 

advanced disease may be more debilitated by their disease 
or have undergone more extensive preoperative therapy.

Bowel resection

Anastomotic leak and intestinal fistula are well known 
potential complications of CRS and HIPEC procedures. 
Mult ip le  s tudies  have  shown that  postoperat ive 
complications are more common when bowel anastomoses 
are required at the time of CRS and HIPEC (25,26). In 
a study of CRS and HIPEC for OC, the need for bowel 
resection was an independent predictor of morbidity (27). 
In a NSQIP analysis, gastrectomy with intraperitoneal 
chemotherapy, in particular, was associated with a high 
combined morbidity and mortality rate of 62% (16).

Diaphragmatic involvement

Diaphragmatic involvement has been associated with 
increased morbidity and mortality in CRS and HIPEC 
procedures. In a review of 1,077 procedures, 102 of which 
included diaphragmatic resection, major morbidity was 
similar with and without diaphragmatic resection (23.5% vs. 
16.8%, P=0.10), but diaphragmatic resection increased 90-day  
mortality (12.8% vs. 6.12%, P=0.03) (28). In another study 
of 199 patients having CRS and HIPEC, 89 of whom had 
diaphragmatic involvement, diaphragmatic involvement 
increased 30-day major morbidity (29% vs. 15%, P=0.02), 
but did not affect 90-day mortality. In this study, patients 
with diaphragmatic involvement had longer operative 
times, greater transfusion requirements, less optimal 
cytoreduction, longer intensive care unit (ICU) stay, and 
longer hospital stays (29).

Distal pancreatectomy

Studies suggest that distal pancreatectomy at the time 
of CRS and HIPEC is safe but is also associated with 
increased morbidity and mortality. In a review of 118 CRS 
and HIPEC procedures at seven institutions that included 
distal pancreatectomy, the major complication rate and 
90-day mortality rate were 44% and 7.6%, respectively, 
slightly higher than the anticipated rates of the procedure in 
general; the pancreatic fistula rate specifically was 33% (30).  
In another single institution study of 63 CRS and HIPEC 
procedures that included distal pancreatectomy out of 1,019 
total procedures, distal pancreatectomy was not associated 
with increased mortality but was associated with increased 
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major morbidity (30.2% vs. 18.8%, P=0.031) (31). Finally, 
a recent comparison of the perioperative pancreatic fistula 
(POPF) rate for distal pancreatectomy performed at the 
time of CRS and HIPEC for colorectal or appendiceal 
peritoneal carcinomatosis compared to the POPF rate 
for distal pancreatectomy for resectable pancreatic 
adenocarcinoma showed no difference in the POPF rate, 
although the rate of serious POPF (grade B or C) was 
significantly higher for distal pancreatectomy with CRS and 
HIPEC compared to distal pancreatectomy alone (32).

Hepatobiliary procedures

While there is a general consensus that hepatobiliary 
resections can be performed safely at the time of CRS 
and HIPEC, they may also be associated with an increase 
in morbidity and mortality. In a review of 252 CRS and 
HIPEC procedures with 63 involving hepatobiliary 
resection, the minor complication rate was 35%, the 
major complication rate was 33%, and the bile leak rate 
was 4.8%. The most common major complications were 
intra-abdominal abscess and pancreatitis (33). This major 
complication rate is similar to major complication rates for 
CRS and HIPEC procedures in general. In another study 
of patients having hepatic resection at the time of CRS and 
HIPEC, grade III/IV morbidity was similar with or without 
hepatic resection (18.9% vs. 22.5%, P=0.39), but there was 
a trend toward increased mortality (6.5% vs. 2.8%, P=0.07) 
in patients undergoing hepatic resection (34).

Urologic procedures

Results on the impact of urologic procedures to overall 
CRS and HIPEC morbidity are mixed. In one series of  
267 patients having CRS and HIPEC for CRC with 
peritoneal carcinomatosis, 38 patients had an associated 
urologic procedure. The serious complication rate was 
47% vs. 20% (P<0.001) for patients having a urologic 
procedure vs. no urologic procedure, although there was 
no difference in overall survival between groups. The most 
common complications were digestive fistula and intra-
abdominal abscess (35). In three other series of 864, 598 and  
170 patients having CRS and HIPEC with 7.3%, 8% and 
20% including urologic procedures, respectively, urologic 
procedures did not increase major morbidity (36-38).  
In the former two of these studies, complications from 
urologic procedures were more common in malnourished 
patients, again demonstrating the impact of preoperative 

nutritional status on CRS and HIPEC morbidity. Two of 
the aforementioned studies found urologic procedures 
were associated with higher blood loss, operative time, and 
length of hospital stay (35,36), while a third found urologic 
procedures were not associated with increased transfusion 
requirement, operative time, length of ICU admission, or 
length of stay (38).

Iterative CRS and HIPEC

Small series on the morbidity and mortality of repeat CRS 
and HIPEC for recurrent or progressive disease suggests 
that major morbidity is not significantly greater after the 
second procedure compared to the first. In one study of 
62 patients having a second CRS and HIPEC procedure, 
the overall morbidity and mortality rate was 48% after 
the second CRS and HIPEC compared to 32% after the 
first procedure with nine grade III/IV morbidities and 
two deaths following the second CRS and HIPEC (39).  
Another series of 79 patients having iterative CRS 
compared to 466 having primary CRS showed morbidity 
and mortality were no different at 41% vs. 42% (P=0.806), 
and 0 vs. 1.2% (P=0.600) (40). A third series of 30 patients 
having a second CRS and HIPEC showed rates of severe 
morbidity after the second procedure compared to the first 
procedure of 40% vs. 30% (P=0.37) (41). In a very recent 
study of outcomes following repeat CRS and HIPEC for 
44 patients with DMPM, there were no mortalities and 
grade III-V morbidity was extremely low at 2.3%. The 
authors attributed this low incidence of complications to 
a combination of progression along the learning curve 
and fewer peritonectomies and visceral resections in an 
iterative procedure (42). The risk of complications from an 
iterative procedure, as is the case for any CRS and HIPEC 
procedure, is probably very individualized and will depend 
on a variety of factors including the number of visceral 
resections, the burden of postoperative adhesions, and the 
intraperitoneal chemotherapy agents used.

Location of small and large bowel adenocarcinoma

Limited studies suggest that while overall survival may 
differ, there is no difference in perioperative morbidity and 
mortality based on tumor location for adenocarcinomas 
of the small and large bowel. In a study of 440 patients 
having HIPEC with complete cytoreduction for peritoneal 
carcinomatosis of the colon, rectum, appendix (not 
including pseudomyxoma), and small bowel, there was 
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no difference in morbidity or mortality between groups, 
although 5-year survival was superior in patients with an 
appendix primary (43). The efficacy of CRS and HIPEC for 
rectal cancer has been questioned due to the retroperitoneal 
location of the primary tumor, but Votanopoulos et al. found 
no difference in overall survival, morbidity, or mortality 
with CRS and HIPEC for peritoneal carcinomatosis from 
colon vs. rectal cancer, suggesting HIPEC for rectal cancer 
is safe in appropriately selected patients (44).

High grade histology

Some patients with appendiceal or colorectal cancer 
with peritoneal dissemination have higher grade, more 
aggressive tumors with a poorer overall prognosis. Few 
studies directly compare morbidity and mortality outcomes 
of CRS and HIPEC for low vs. high grade tumors. High 
grade is a negative prognostic factor for overall survival for 
mucinous appendiceal cancer, but long term survival can be 
achieved with optimal cytoreduction and HIPEC (11,45). 
However, survival is significantly worse for high grade 
tumors with lymph node involvement (46,47). Signet ring 
cell cancer is an aggressive form of CRC, and patients with 
colorectal signet cell carcinomatosis appear to have less 
favorable prognoses following CRS and HIPEC (48-51). 
When considering patients with aggressive tumors such as 
signet ring cell cancer or high grade mucinous appendiceal 
cancer with extensive lymph node involvement for CRS 
and HIPEC, the potential morbidity and mortality of the 
surgery must be weighed against the expected survival.

Perioperative systemic chemotherapy

Studies suggest that perioperative systemic chemotherapy 
does not appear to increase the major morbidity from CRS 
and HIPEC with the possible exception of preoperative 
bevacizumab, which has been associated with increased 
operative complications. In a series of 45 patients 
undergoing CRS and HIPEC for high grade appendiceal 
cancer by Turner et al., the 26 patients that had neoadjuvant 
chemotherapy with or without bevacizumab did not have an 
increased rate of major morbidity (52). Likewise, in a study 
of CRS and HIPEC for peritoneal carcinomatosis from 
CRC, Ceelen et al. found that neoadjuvant chemotherapy 
with bevacizumab improved overall survival and did not 
increase CRS and HIPEC mortality, overall complication 
rate, or anastomotic leakage rate (53). Eveno et al., on the 
other hand, found that in patients with disseminated CRC 

treated with neoadjuvant chemotherapy with or without 
bevacizumab followed by CRS and HIPEC, major morbidity 
was more common in the bevacizumab group (34% vs. 
19%, P=0.020), while the mortality rate was 6.2% vs. 3.9% 
(P=0.12), and the gastrointestinal fistula rate was 18% 
vs. 10% (P=0.300) (54). In another study of 116 patients  
with DMPM, 60 patients received preoperative chemotherapy, 
30 received postoperative chemotherapy, and 55 received 
perioperative platinum and pemetrexed. The authors found 
no increase in major complications with perioperative 
chemotherapy (55).

Surgeon and institution experience

In analyses of the impact of experience with CRS and 
HIPEC on surgical outcomes, there is a clear learning 
curve associated with improved CRS and HIPEC morbidity 
and mortality outcomes (56-58). One single institution 
comparison of outcomes from the first 70 CRS and HIPEC 
procedures to the next 70 CRS and HIPEC procedures 
demonstrated that severe morbidity decreased from 30% to 
10% with reduced transfusion requirement, operative time, 
and length of ICU stay for the second group (59). Other 
studies suggest that approximately 140-180 procedures are 
needed to minimize severe morbidity (60-62). Importantly, 
the learning curve is not necessarily purely technical; 
improved patient selection likely contributes to the 
improved outcomes seen at experienced centers (56). 

Complications of individual intraperitoneal 
chemotherapy regimens

Mitomycin C (MMC)

The most common toxicity of MMC is myelosuppression. 
A 28% rate of myelosuppression has been reported with 
single agent MMC intraperitoneal chemotherapy (63). The 
consequence of grade IV neutropenia is profound, as 66% 
of patients (4/6) with grade IV neutropenia died in one 
study (64). In a review of 127 CRS and HIPEC procedures 
with MMC for appendiceal cancer, female gender and 
MMC dose per body surface area (BSA) were independent 
predictors of severe neutropenia with MMC (65).

Platinums

There is some evidence that high dose intraperitoneal 
oxa l ip la t in  can  pred i spose  pa t ient s  to  b leed ing 
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complications and mild hepatic toxicity, while high dose 
cisplatin can be nephrotoxic. The phase II CHIPOVAC 
trial, a study of CRS and HIPEC with 30 minutes of  
460 mg/m2 oxaliplatin for advanced epithelial OC, was closed 
early due to the high rate of serious adverse events. The 
overall grade III morbidity rate was 29%, but 9/31 patients  
had 13 exploratory laparotomies for intra-abdominal bleeding 
following CRS and HIPEC (66). Elias et al. also reported a 
50% rate of unexplained peritoneal hemorrhage at the two 
most hypotonic concentrations of oxaliplatin in an early 
pharmacokinetics study of increasingly hypotonic oxaliplatin 
solutions (67). Ceelen et al. found a 460 mg/m2 oxaliplatin 
dose to be safe for CRS and HIPEC in a series of 52 patients, 
63% with CRC, with a major morbidity rate of 24% and 
no mortalities. They did, however, have one patient with 
multiple episodes of recurrent, unexplained intra-abdominal 
bleeding. In addition, they report evidence of persistent mild 
hepatic toxicity one month after surgery as evidenced by mild 
elevations in glutamyl transferase and alkaline phosphatase (68).  
In a series of phase I trials of CRS and HIPEC with cisplatin 
for primary peritoneal mesothelioma by Park et al., the major 
toxicity of cisplatin was renal toxicity at doses greater than 
the maximum tolerated dose (69).

MMC vs. platinums

MMC and platinum compounds are the most commonly 
used intraperitoneal chemotherapy agents. Data on the 
efficacy and toxicity of MMC compared to platinum 
compounds as the intraperitoneal chemotherapy agent for 
HIPEC are mixed and may depend largely on histology.

In one 2008 review of 103 consecutive CRS and HIPEC 
procedures at a Swedish university, fewer complications 
were seen in patients with PMP receiving MMC than 
in patients with other diagnoses receiving platinum 
compounds (42% vs. 71%, P<0.05) (70). A 2014 comparison 
of 39 patients receiving oxaliplatin and 56 patients receiving 
MMC for CRS and HIPEC found a tendency toward more 
extra-abdominal complications with MMC but similar 
rates of intra-abdominal complications; only the patients 
receiving MMC experienced neutropenia/leucopenia (71).  
In a matched pair analysis of 80 patients undergoing CRS and 
HIPEC with either oxaliplatin or MMC and doxorubicin, 
there was no difference in morbidity (42.5% vs. 37.5%, 
P=0.648) or mortality (2.5% vs. 0%) (72). These studies are 
summarized in Table 4. Interestingly, in another study of 
patients having splenectomy as part of CRS and HIPEC, 
grade III and IV platelet and neutrophil toxicity was more 
common with oxaliplatin than MMC; there was no difference 
in the rate of hematologic complications in patients that had 
CRS and HIPEC without splenectomy (73).

A recent study suggests that the efficacy of MMC or 
oxaliplatin as an intraperitoneal chemotherapy agent for 
patients with CRC peritoneal carcinomatosis may depend 
on the peritoneal surface disease severity score (PSDSS). In 
this multi-institution review of 539 patients with complete 
cytoreduction, median overall survival for patients receiving 
MMC vs. oxaliplatin was 32.7 vs. 31.4 months (P=0.925). 
However, when stratified by PSDSS score, median overall 
survival for PSDSS I/II patients was 54.3 vs. 28.2 months for 
those receiving MMC vs. oxaliplatin, while median overall 
survival for PSDSS III/IV patients was 19.4 vs. 30.4 months  

Table 4 Comparison of morbidity of CRS and HIPEC with MMC vs. platinum IPC agents

Study Primary malignancy IPC regimen N
Overall 

morbidity (%)
P

Grade III/IV 

morbidity (%)
P

van Leeuwen  

et al., 2008 (70) 

PMP MMC 47 42 <0.05*

CRC Oxaliplatin 38 71

GC, OC, MPM Cisplatin and doxorubicin 17

Hompes  

et al,. 2014 (71)

CRC MMC 56 59 0.12 35.7 0.29

Oxaliplatin 39 75 48.7

Glockzin  

et al., 2013 (72)

Adenocarcinoma MMC and doxorubicin 40 37.5 0.65

Oxaliplatin 40 42.5

*, The IPC regimen differed based on the origin of carcinomatosis. Tumor histology may have contributed to the observed 

difference in morbidity. CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; MMC, mitomycin C; IPC, 

intraperitoneal chemotherapy; PMP, pseudomyxoma peritonei; CRC, colorectal cancer; GC, gastric cancer; OC, ovarian cancer; 

MPM, peritoneal mesothelioma.
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(P=0.427) for those receiving MMC vs. oxaliplatin (74). 
Other studies of CRS and HIPEC for malignant peritoneal 
mesothelioma suggest that platinum compounds are 
superior to MMC in terms of overall survival and may be 
associated with decreased transfusion requirement and 
shorter length of hospital stay (75,76).

Platinum compounds are also sometimes used in 
conjunction with MMC. In one study of 247 consecutive CRS 
and HIPEC procedures, grade III-V systemic toxicity was 
more common with higher cisplatin doses as well as cisplatin 
and doxorubicin, compared to cisplatin and MMC (77). 

Irinotecan

Given the success of the intravenous regimen of 5-fluorouracil, 
oxaliplatin, and irinotecan (FOLFOXIRI) in the treatment of 
metastatic CRC (78), irinotecan has been studied as another 
intraperitoneal chemotherapy agent for HIPEC. In a two 
institution study of 146 patients receiving either oxaliplatin 
alone or oxaliplatin plus irinotecan, the overall morbidity rate 
was significantly lower with oxaliplatin alone (34.9% vs. 52.4%, 
P=0.05) with no difference in overall or relapse free survival (79). 
A single institution study of 20 patients receiving intraperitoneal 
oxaliplatin vs. 12 patients receiving intraperitoneal irinotecan 
for CRS and HIPEC for colorectal or appendiceal cancer found 
no difference in complications but did find a trend toward 
improved survival with oxaliplatin (80). Together these studies 
suggest that irinotecan may not be an ideal intraperitoneal 
chemotherapy agent.

Melphalan

Melphalan is another drug that has been used instead of 
the traditional intraperitoneal chemotherapy agents in 
select cases with some success and acceptable morbidity 
and mortality. In one series of 25 patients receiving 
intraperitoneal melphalan, the rate of grade III-IV morbidity 
was 23%, with nine patients experiencing neutropenia (81). 
Another series of 34 patients found a 26% grade III and 17% 
grade IV complication rate with intraperitoneal melphalan 
for CRS and HIPEC (82). Melphalan may be an appropriate 
second line chemotherapy agent for patients having a repeat 
CRS and HIPEC (42).

Independent contribution of intraperitoneal 
chemotherapy to HIPEC morbidity

The few existing studies comparing outcomes of surgery for 

abdominal malignancies with and without intraperitoneal 
chemotherapy suggest that intraperitoneal chemotherapy 
does not greatly increase morbidity and mortality over 
surgery alone. A 2011 study by Yang et al. is the only 
randomized controlled trial published to date evaluating 
outcomes for CRS with and without HIPEC. In this 
study of 68 patients with gastric cancer with peritoneal 
carcinomatosis, the serious adverse event rate for patients 
randomized to CRS alone was 11.7%, while the serious 
adverse event rate for those randomized to CRS plus 
HIPEC was 14.7% (P=0.839) (83). In a review of patients 
having colorectal resection for CRC using the NSQIP 
database, propensity matched morbidity (41% vs. 45%, 
P=0.34), mortality (1.1% vs. 2.5%, P=0.26), and length of 
stay (12 vs. 11 days, P=0.27) were no different with and 
without intraperitoneal chemotherapy (84). In a comparison 
of 54 patients undergoing CRS for recurrent OC,  
22 patients who had surgery prior to 2008 had CRS alone, 
and 32 patients who had surgery from 2008 on had CRS plus 
HIPEC, with no difference in morbidity between groups 
(23% vs. 28%, P=0.453) (85). A small single institution 
case-control study of 62 consecutive patients having CRS 
for CRC with peritoneal carcinomatosis showed higher 
30-day morbidity for patients having CRS and HIPEC 
vs. patients having CRS alone (28.6% vs. 9.4%, P=0.11), 
although this difference was not statistically significant (86).  
Finally, in the previously mentioned study comparing the 
POPF rate for distal pancreatectomy performed at the 
time of CRS plus HIPEC for colorectal or appendiceal 
carcinomatosis compared to the POPF rate for distal 
pancreatectomy without HIPEC for resectable pancreatic 
adenocarcinoma, there was no difference in the POPF 
rate, although the rate of serious POPF (grade B or C)  
was significantly higher in the former group (31).

Other factors affecting morbidity and mortality

Several other factors have been shown in a handful of 
studies to be associated with increased morbidity and/or 
mortality. In a NSQIP analysis, increased operative time and 
intraoperative transfusion requirement were associated with 
increased morbidity and mortality (16). In individual large 
single or multi-institution studies, factors that have been 
associated with increased morbidity include longer operative 
time, ovarian origin of tumor, and presence of ascites (17); 
more than five visceral resections (22); prior operations (7);  
and the institution where HIPEC was performed (6). 
Finally, in one analysis of independent predictors of 
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HIPEC morbidity and mortality, major morbidity was 
100% in 9/426 patients with PCI >30, more than five 
visceral resections, and poor performance status (22).  
This finding stresses the importance of preoperative 
consideration of all factors contributing to CRS and HIPEC 
morbidity and mortality.

Conclusions

CRS and HIPEC for disseminated intra-abdominal 
malignancies is a complex procedure with the potential for 
high morbidity and mortality. However, when CRS and 
HIPEC is performed at experienced high volume centers, 
it can be associated with long term survival with acceptable 
morbidity and mortality rates.

The decision to perform CRS and HIPEC should be 
made in a multidisciplinary setting with consideration of 
the risks and benefits, the timing in relation to systemic 
chemotherapy, and the patient and operative factors 
associated with increased morbidity and mortality. Morbidity 
and mortality vary by patient factors such as age, performance 
status, and nutrition status, and operative factors such as PCI, 
the organ systems affected by disease, tumor histology, and 
surgeon experience. A better understanding of the patient 
and operative factors associated with morbidity and mortality 
allows for more informed patient selection and decision 
making.

While abundant high level data is lacking, the limited 
existing data suggest that the independent contribution 
of the intraperitoneal chemotherapy to overall morbidity 
is small, and that the majority of morbidity is related to 
the abdominal surgery itself. Larger studies evaluating the 
individual contribution of intraperitoneal chemotherapy to 
CRS and HIPEC morbidity and mortality and to long-term 
outcomes are needed.
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