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Abstract
To determine factors influencing failure-to-rescue in patients with complications following cytoreductive surgery and HIPEC. A
retrospective analysis of patients enrolled in the Indian HIPEC registry was performed. Complications were graded according to
the CTCAE classification version 4.3. The 30- and 90-day morbidity were both recorded. Three hundred seventy-eight patients
undergoing CRSwith/without HIPEC for peritoneal metastases from various primary sites, between January 2013 and December
2017 were included. The median PCI was 11 [range 0–39] and a CC-0/1 resection was achieved in 353 (93.5%). Grade 3–4
morbidity was seen 95 (25.1%) at 30 days and 122 (32.5%) at 90 days. The most common complications were pulmonary
complications (6.8%), neutropenia (3.7%), systemic sepsis (3.4%), anastomotic leaks (1.5%), and spontaneous bowel perfora-
tions (1.3%). Twenty-five (6.6%) patients died within 90 days of surgery due to complications. The failure-to-rescue rate was
20.4%. Pulmonary complications (p = 0.03), systemic sepsis (p < 0.001), spontaneous bowel perforations (p < 0.001) and PCI >
20 (p = 0.002) increased the risk of failure-to-rescue. The independent predictors were spontaneous bowel perforation (p = 0.05)
and systemic sepsis (p = 0.001) and PCI > 20 (p = 0.02). The primary tumor site did not have an impact on the FTR rate (p = 0.09)
or on the grade 3–4 morbidity (p = 0.08). Nearly one-fifth of the patients who developed complications succumbed to them.
Systemic sepsis, spontaneous bowel perforations, and pulmonary complications increased the risk of FTR and multidisciplinary
teams should develop protocols to prevent, identify, and effectively treat such complications. All surgeons pursuing this specialty
should perform a regular audit of their results, irrespective of their experience.
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Introduction

In the recent past, peritoneal cancer dissemination was per-
ceived as a disease process worth only “palliation.” The dual
treatment modality of cytoreductive surgery (CRS) and hyper-
thermic intraperitoneal chemotherapy (HIPEC) has provided
an opportunity for longer survival and even cure in some
patients. However, there remains hesitancy in subjecting a
patient who has just undergone an aggressive local surgical
treatment, to heated chemotherapy, which carries its own mor-
bidity. It is a given that as complexities of surgical procedures
increase, the risk of complications and therefore risk of peri-
operative morbidity and mortality increases in proportion.

CRS and HIPEC has reported mortality rates of 0–17% and
morbidity rates of 0–52% [1–3]. In most studies, hospital
mortality and the 30-day or 90-day morbidity have been used
as parameters to evaluate surgical quality. Recently, failure-to-
rescue (FTR) has emerged as a yard stick for evaluation of
surgical quality and is defined as “death in a patient due to one
or more complications after surgery.” [4]. This concept was
first proposed as a hospital quality metric by Silber et al. to
explain varying mortality rates following surgery [5]. For any
surgical procedure, it is not just the surgical skill and clinical
acumen but the nature of the surgery itself and the underlying
patient and disease related factors that lead to morbidity.
Hence, any surgical procedure will be lead to complications
irrespective of the surgeon’s experience [6]. But with experi-
ence, the proportion of patients dying due to these complica-
tions reduces [7]. In our experience, the surgical morbidity has
been at par with published reports from expert centers; how-
ever, the failure-to-rescue (FTR) rate was high [8]. We carried
out this study to determine the factors responsible for FTR in
Indian patients undergoing CRS and HIPEC.

Materials and Methods

The Indian network for development of peritoneal surface
oncology (INDEPSO) is an independent collaborative group
of Indian surgeons specializing in the management of perito-
neal surface malignancy (PM). All patients enrolled by mem-
bers of INDEPSO into the Indian HIPEC registry since its
inception to December 2017 were included in this retrospec-
tive study. Patients undergoing CRS ± HIPEC for gastrointes-
tinal, gynecological, and other rare peritoneal metastases
were included. The goal of surgery was to obtain a CC-0
resection. Patients with an Eastern Cooperative oncology
group (ECOG) performance status of 0/1, American Society
of Anaesthesiologists (ASA) classes 1–3 and without any dis-
tant unresectable metastases were taken up for surgery. For
patients with an albumin level of less than 3 g/dl, nutritional
supplementation is provided or surgery is deferred. Intensive
spirometry and other exercises to improve pulmonary capacity

are started 7–15 days prior to the planned procedure. Some
surgeons routinely administer intravenous fluids at 1 ml/kg/h,
starting 12–24 h prior to surgery to patients scheduled for
HIPECwith cisplatin or oxaliplatin, others do not. Each center
has its own protocol for intra and post-operative management.
At some centers, all patients undergoing diaphragmatic sur-
gery receive post-operative ventilation, at others, they do not.
HIPEC is performed by the open, semi-open, or closed meth-
od using the recommended drug regimens for each indication
[9]. Two surgeons performed early post-operative intraperito-
neal chemotherapy (EPIC) either alone or in combinations
with HIPEC. EPIC is performed with paclitaxel 25 mg/m2

in 1 l of 1.5% peritoneal dialysis fluid infused daily for
5 days [10].

The perioperative outcomes were evaluated and complica-
tions were graded according to the CTCAE classification ver-
sion 4.3 [11]. The 90-day morbidity and mortality were both
recorded. The complications that failed to resolve within
30 days of surgery or new complications that developed after
30 days were included in the 90-day morbidity. Grade 3–4
complications were considered “major morbidity.” Failure-
to-rescue (FTR) rate was defined as the percentage of patients
with complications following surgery, dying due to complica-
tions. In the hospital, mortality was defined as all-cause mor-
tality occurring within 30 days of surgery or till discharge
from the hospital, whichever is later. Patients dying after dis-
charge due to unknown causes were excluded from the FTR
analysis.

Categorical data were compared using the ×2 test and
Fisher’s exact test and Mann-Whitney U test was used for
continuous variables. Clinically relevant variables, as well as
variables with a p value < 0.15 on univariate analysis, were
evaluated in multivariable logistic regression model. The
model was selected using a forward stepwise method. All
statistical tests were two-sided, and the significance level
was 0.05. SPSS Version 20 (SPSS Inc., Chicago, IL) and
MedCalc Version 12.2 were used for analysis.

Results

From January 2013 to December 2017, 378 patients were
enrolled in the registry by 12 surgeons. Forty-eight (12.6%)
were over the age of 65 years. Two hundred ninety-two
(77.3%) were females. The primary tumor site was ovary in
142 (37.5%), appendix in 106 (28.0%), colorectal in 66
(17.4%), mesothelioma in 23 (6.0%), and uncommon primary
sites in 42 (11.1%). The median PCI was 11 [range 0–39] and
131 (34.6%) had a PCI > 20. ACC-0/1 resection was achieved
in 353 (93.3%). HIPEC was performed in 301 (80%) patients,
EPIC in 32 (8.4%) (4 had HIPEC and EPIC both) and no
intraperitoneal chemotherapy (IPC) was administered in 38
(11.5%). The HIPEC drug regimen comprised of cisplatin in
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129 (41.3%), mitomycin-C in 122 (39.1%), and oxaliplatin in
39 (12.5%). Resection of 4 or more organs was performed in
142 (37.6%) patients and 2 or more bowel anastomosis in 150
(39.7%). The median ICU stay was 2 days and the hospital
stay was 15 days [range 5–69 days].

Morbidity and Mortality

Grade 3–4 morbidity was seen in 95 (25.1%) patients at
30 days and 122 (32.5%) at 90 days. In 19 patients, the com-
plications failed to resolve within 30 days and in 8 others new
complications developed after 30 days of surgery. Twenty-two
patients had more than 1 major complication. Twenty (5.2%)
patients died within 30 days and 25 (6.6%) within 90 days of
surgery due to complications. 5/25 patients (20%) died more
than 30 days after surgery. The failure-to-rescue rate was
20.4%. A comparison of patients with and without complica-
tions is provided in Table 1.

In the group with complications, the proportion of patients
with a PCI > 20 (p = 0.02), 4 or more organ resections (p =
0.065), 2 or more bowel anastomosis (p = 0.08), and those
with a duration of surgery > 8 h (p < 0.0001) was higher.
The commonest complications (grade 3–4) were pulmonary
in 26 (6.8%), neutropenia in 15 (3.9%), systemic sepsis in 14
(3.7%), wound dehiscence in 9 (2.3%), cardiac in 7 (1.8%),
urinary fistula in 13 (3.4%), anastomotic leak in 12 (3.1%),
spontaneous bowel perforations in 5 (1.3%), and others in 12
(3.1%). Renal complications occurred in 5 (1.3%) patients.
The pulmonary complications included pneumonitis requiring
return to ICU and/or reintubation, acute respiratory distress
syndrome, pleural effusion, and hydropneumothorax.
Fourteen patients (11.4%) underwent reoperation for manage-
ment of complications and 10 (8.1%) were readmitted follow-
ing discharge for the same. Prior chemotherapy (p = 0.03),
PCI > 20 (p = 0.02) and resection of 4 or more organs (p =
0.019) were independent predictors of a higher incidence of
complications. There was a trend towards increased morbidity
in patients who received HIPEC (p = 0.06). The factors affect-
ing major morbidity are detailed in supplementary section 1.
The only independent predictor of a higher mortality was sys-
temic sepsis (p = 0.001). Though the group of patients with no
complications had a higher proportion of ovarian cancer pa-
tients (p < 0.001), the primary tumor site was not a predictor of
a higher risk of complications.

Failure-to-Rescue

Of the 122 patients who developed grade 3–4 complications
within 90 days, 25 (20.4%) died due to these complications,
i.e., 20.4% could not be rescued. The FTR rate was different
for each complication (Fig. 1). A comparison between patients
who were rescued and not rescued is provided in Table 2.

None of the patients with cardiac complications or anasto-
motic leaks died due to them. However, 64.5% of the patients
with systemic sepsis and 60% of the patients with spontaneous
bowel perforations died because of the respective complica-
tion. A higher rate of FTR was observed in patients with PCI
> 20 (p = 0.02), more than one bowel anastomosis (p = 0.037),
pulmonary complications (p = 0.03), spontaneous bowel per-
foration (p = 0.005), and systemic sepsis (p = 0.001) (Table 3).
The two independent predictors were spontaneous bowel per-
foration (p = 0.05) and systemic sepsis (p = 0.001) (Table 4).
The failure-to-rescue rate did not depend on the age (p = 0.29)
or sex (p = 0.39), number of organs resected (p = 0.15), num-
ber of bowel anastomosis (p = 0.33), or when surgery was
performed before 2014 (p = 0.32). The primary tumor site
did not have an impact on the FTR rate (p = 0.09).

Discussion

The overall 90-day grade 3–4morbidity of 32.5% in this study
can be considered acceptable but the mortality of 6.6% is high
compared to current published reports [12, 13]. Similarly, the
FTR rate (25.4%) is significantly higher than published re-
ports [14, 15]. Even in their early experience, only 9.02%
patients with complications could not be rescued at hospital
Lyon Sud [14]. It has been shown that FTR depends on the
type of complication. In Passot’s study, renal failure was iden-
tified as a factor predicting FTR. Li et al. concluded that ASA
class 4, major morbidity, and dependent functional status were
independent predictors of FTR [14, 15]. Kim et al. showed
that pneumonia, intestinal fistula, and pancreatic leaks had a
higher probability of mortality [16].

In this study, systemic sepsis, spontaneous bowel perfora-
tions, and pulmonary complications were associated with a
high FTR rate. Spontaneous bowel perforations are perfora-
tions that occur in regions of the bowel where no anastomosis/
suturing has been performed. These may be probably due to
unnoticed iatrogenic injury to the bowel either from an energy
source used during surgery or during HIPEC when it is per-
formed by the closed method. The second concern is systemic
sepsis. 3.7% patients had systemic sepsis and though we have
not captured this information in the registry for all patients,
most of these infections which resulted in failure-to-rescue
were due to multidrug-resistant organisms (MDR) like
carbapenem-resistant enterococci (CRE), vancomycin-
resistant enterococci (VRE), and methicillin-resistant
Staphylococcus aureus (MRSA) [17]. Patients undergoing ex-
tensive surgery with IPC leading to an immunocompromised
state are at an increased risk of sepsis especially with MDR
organisms [17]. All patients who died due to bowel perfora-
tions had developed systemic sepsis. In contrast, none of the
patients with anastomotic leaks died due to it. We attribute this
difference to the development of sepsis in patients with
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perforations. Even if safe surgical practices and infection con-
trol measures are followed, patients may harbor organisms in
indwelling devices like chemo-ports. The problem of systemic
sepsis due to MDR organisms is a community problem in the
country due to injudicious use of antibiotics which lead to the
growth of drug-resistant organisms and cannot completely be
avoided even if all precautions are taken. At one institution, all
patients are screened for MDR organisms with a throat and
stool culture and antibiotics are given accordingly before sur-
gery [18]. This calls for a judicious use of IPC. Use of IPCwas
associated with a higher incidence of complications (p =
0.02). The risk of sepsis increases in presence of any

complication. Where there is a doubt regarding the added
benefit of IPC, it should be avoided especially if the risk of
morbidity is high.

Thirdly, every fifth patient with a pulmonary complication
died because of it. Extensive upper abdominal surgery specif-
ically diaphragm stripping has been associated with an in-
creased incidence of pulmonary complications by some inves-
tigators and not by others [19, 20]. In our study, since majority
of the patients had upper abdominal surgery, we were not able
to demonstrate the impact on pulmonary complications. With
changing life styles and dietary patterns, abdominal obesity
with or without general obesity has become common in urban

Table 1 Comparison of patients
with and without complications Characteristics All patients

(n = 378)
(%)

Patients with grade 3–4
complications
(n = 103)

Patients without
complications
(n = 275)

p value

Age (years) > 65 48 (12.6%) 15 33 0.180

Gender Male 86 (22.7%) 25 61 0.05

Female 292 (77.3%) 78 214

Year of surgery Before 2014 31 (8.2%) 7 24 0.05

After 2014 347 (91.8%) 96 251

Primary site Colorectal 66 (17.6%) 19 47 0.06

Ovary 142 (37.5%) 30 112

Appendix 106 (28.0%) 35 71

Mesothelioma 22 (5.8%) 5 17

Rare
indication

42 (11.1%) 14 28

Prior chemotherapy 216 (57.1%) 55 161 0.012

Prior surgery 177 (46.8%) 52 125 0.36

ECOG performance status > 1 6 (1.5%) 4 2

PCI < 20 247 (65.3%) 54 193 0.002

> 20 131 (34.6%) 49 82

Median PCI (range) 11(0–39) 18 [0–39] 13 [0–39] –

CC-score 0/1 353 (93.3%) 98 255 0.134

2/3 25 (6.7%) 5 20

Intraperitoneal
Chemother-
apy

HIPEC 312 (82.5%) 86 226 0.118

EPIC 28 (8.5%) 7 21

NIL 38(11.5%) 10 28

HIPEC
Regimen

Cisplatin 129 (41.3%) 32 97 0.18

Oxaliplatin 39 (12.5%) 14 25

Mitomycin-C 122(39.1%) 27 95

Others 12 (3.8) 3 9

No of organ
resections

< 3 236 (62.4%) 35 201 0.065

> 3 142 (37.6%) 68 74

No of bowel
anastomosis

< 1 228 (60.3%) 88 140 0.08

> 1 150 (39.7%) 15 135

Duration of
surgery

< 8 h 225 (59.5%) 34 191 < 0.0001

> 8 h 153 (40.5%) 69 84

Median
hospital stay
(days)

15 [5–69] 17 [5–69] 14 [5–69] 14 [5–69] 0.45
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Indians [21, 22]. The ECOG performance status and ASA
grade do not take into account the physical capacity. Even in
patients who are not morbidly obese, but have abdominal

obesity and do not perform regular physical exercise, the
post-operative pulmonary function can be compromised. A
pre-operative pulmonary function test that will usually be

Table 2 Comparison between
patients with complications who
could and could not be rescued

Characteristic Patients who were rescued
(n = 78) (%)

Patients who could not be
rescued (n = 25) (%)

p value

Age > 65 9 (11.5) 6 (24.0) 0.12

Female sex 57 (73.0) 21 (84.0) 0.26

Primary site

Appendix/PMP 27 (3.6) 8 (32.0) 0.81

Ovary 23 (29.4) 4 (16.0) < 0.001

Colorectal 15 (19.2) 7 (28.0) 0.33

Mesothelioma 2 (2.5) 3 (12.0) 0.05

Rare indication 11 (14.1) 3 (12.0) 0.78

Prior chemotherapy 42 (53.8) 14 (56.0) 0.85

Prior surgery 40 (51.2) 12 (48.0) 0.77

ECOG performance status > 1 1 (1.2) 1 (4.0) 0.39

Median PCI 15 (19.2) 22 (88.0)

PCI > 20 26 (33.3) 14 (56.0) 0.04

CC-2/3 resection 4 (5.1) 3 (12.0) 0.24

Intraperitoneal
chemotherapy

HIPEC 68 (87.1) 18 (72.0) 0.07

EPIC 4 (5.1) 3 (12.0) 0.23

nil 6 (7.6) 4 (16.0) 0.22

> 3 organ resections 26 (33.3) 9 (36.0) 0.80

> 1 bowel anastomosis 14 (17.9) 2 (8.0) 0.23

Patients with upper abdominal
surgery

54 (71.7) 21 (84.0) 0.22

Duration of surgery > 8 h 44 (56.4) 16 (64.0) 0.50

> 1 grade 3–4 complications 16 (20.5) 6 (24.0) 0.66

90-day grade 3–4 morbidity 22 (28.2) 5 (20.0) 0.41

Pulmonary complications 20 (25.6) 6 (24.0) 0.71

Spontaneous bowel
perforations

2 (2.5) 3 (12.0) 0.05

Systemic sepsis 5 (6.4) 9 (36.0) 0.0001

Fig. 1 Failure-to-rescue rates for
different complications
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normal is such patients or show a restrictive pattern related to
poor effort. Most Indian surgeons are cautious in selecting
older patients for surgery for these reasons. Only 12.6% of
our patients were aged over 65 though studies have shown
good results over the age of 70 in Caucasians [23]. At one
center, non-invasive ventilation is used post-operatively for all
patients to aid recovery of lung function [24]. Thoughwe have
not performed anthropometric measurements and calculated
BMI, this seems to be the most plausible explanation for in-
creased pulmonary complications in patients not at an in-
creased baseline risk and should be prospectively evaluated.
In the western population, obesity has not been associated
with increased morbidity [25, 26].

There is another group of patients who have extensive dis-
ease and/or present with gross ascites. Optimizing pulmonary

function is difficult in such patients and the risk for pulmonary
complications is increased. Extensive surgery leads to
prolonged ventilation and ventilator acquired pneumonia in
these patients leading to FTR.

In our study, the proportion of complications was higher in
patients with mesothelioma and lower in those with ovarian
cancer. The increase in complications due to HIPEC may be
due to surgeons being on the learning curve and inclusion of
various primary tumor sites. Only few patients had albumin
levels of < 3 g/dL since most surgeons used this as an exclu-
sion criterion. Hence, we are not able to evaluate its impact on
complications. The administration of chemotherapy before
surgery and multi-visceral resections, known as risk factors
for complications, increased the risk of complications in our
patients [27, 28]. The number of resected organs is related not

Table 3 Factors affecting failure-
to-rescue Variables Univariate

analysis
Multivariate
analysis

Odds
ratio

95% confidence
interval

Age < 65 0.29

Gender 0.39

ECOG 0.41

Prior chemo 0.48

Prior surgery 0.42

Primary tumor site 0.09

PCI < 20 versus > 20 0.002 0.022 2.68 1.15–6.21

CCR 0/1 vs 2/3 0.15

CRS + HIPEC vs CRS alone 0.25

HIPEC vs EPIC vs NIL 0.47

Hospital stay 0.81

Duration of surgery < 8 vs
> 8 h

0.037

No. of anastomosis < 1 vs > 1 0.33

Organs resected < 3 vs > 3 0.154

Surgery before 2014 vs after
2014

0.32

Bowel perforation 0.005 0.05

Systemic sepsis 0.001 0.001

Pulmonary complication 0.038

Table 4 Impact of the type of
complications on failure-to-
rescue

Type of complications No. of patients Failure-to-rescue rate (%) UVA MVA

Pulmonary 26 23.7 0.038

Neutropenia 15 20.0 0.118

Systemic sepsis 14 64.5 0.001 0.001

Ureteric fistula 13 7.6 0.26

Anastomotic leak 12 0.0 0.13

Wound dehiscence 9 11.1 0.03

Cardiac 7 0 0.26

Spontaneous Perforation 5 60.0 0.005 0.05
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only to disease extent, but also to the tumor location in ana-
tomic sites where a conservative approach is technically not
feasible. Thus, it is not always possible to prevent complica-
tions but mortality can be decreased if complications are iden-
tified early and treated in a timelymanner [29, 30]. The benefit
of this approach has been demonstrated at Lyon where after
the introduction of a “clinical pathway” for perioperative care,
FTR reduced from 9.02% of 1.02% (p < 0.001) [14]. All pa-
tients are shifted from the intensive care unit to a step down
unit where continuous cardiorespiratory monitoring is per-
formed till deemed suitable to be managed in the ward. A
dedicated nurse takes care of counseling of patients and fam-
ilies during the perioperative period, facilitating communica-
tion between patients and physicians. Some of the centers
contributing to this study have developed such protocols [14].

The importance of using the appropriate classification for
complications is demonstrated. In the Clavien-Dindo classifi-
cation, systemic toxicity is not reported which is common in
patients undergoing HIPEC and can lead to underreporting of
complications by nearly 50% as shown in one study [31]. The
National Cancer Institute’s Common Terminology Criteria for
Adverse Events (NCI-CTCAE) classification includes both
surgical and medical morbidity and is preferred by most ex-
perts to report the morbidity of CRS and HIPEC [32].
Secondly, in many patients, complications do not resolve
within 30 days and new complications develop after 30 days.
In our experience, nearly 20% complications did not resolve
within 30 days and 20% deaths occurred after 30 days. Thus,
as proposed by Alyami et al., the 90-day morbidity using the
NCI-CTCAE classification should be used to report the mor-
bidity of CRS and HIPEC [33]. This means that perioperative
care should also continue after discharge from hospital.
Patients should be aware that complications can arise after
discharge, the warning signs of expected complications and
should report to a suitable medical facility for proper diagnosis
and management.

There are several limitations to this study. First, this was a
retrospective study utilizing data from a registry. The indica-
tions, experience of surgeons, and perioperative management
strategies are not uniform at centers. We made a comparison
between outcomes at different centers (public and private
both) in nearly the same patient population in a prior publica-
tion and found no difference in morbidity and mortality [8].
Secondly, we failed to capture the causative organisms for
sepsis. This is one limitation of our method of data
capturing—it is not possible to capture many details and we
are dependent on surgeons and hospital records for providing
the information when a particular study is performed.

The morbidity and mortality from CRS and HIPEC can be
high even at centers that have crossed the peak of the learning
curve [34]. Though the FTR rate reflects the performance of the
multidisciplinary team, yet, the responsibility of the surgeon/
surgical team is not undermined but is increased. The surgeon

can falter in patient selection, improper preparation for surgery,
embarking on surgery without a proper surgical plan, misinter-
pretation of imaging findings, intraoperative injuries, failure to
identify the complication early, improper management of com-
plications, and improper communication with other members
of the multidisciplinary team. Hence, surgeons need to put in a
lot more effort and take a lead in developing multi-disciplinary
expertise at their respective centers. A pulmonologist should
be part of such a team. A comparison with results obtained at
themost experienced center in the worldmay not be considered
ideal since this is a multi-centric retrospective study
representing the learning phase of centers in a country where
patients are bearing the cost of the procedure often leading to
financial limitations and patients are genetically different. Yet,
this comparison shows us what best can be achieved and whilst
we are formulating treatment guidelines based on western re-
sults, we must also aim to achieve their treatment results. It is
an eye-opener for developing common protocols specific to
countries to improve outcomes.

As the popularity of this procedure and the number of cen-
ters offering it increases, the number of surgeons evaluating
their results not just in terms of morbidity and FTR but also
other factors like rates of complete cytoreduction and onco-
logical outcomes (early recurrence) should increase.

Conclusions

Nearly one-fifth of the patients who developed complications
following CRS with/without HIPEC succumbed to them.
Systemic sepsis, spontaneous bowel perforations, and pulmo-
nary complications were independently predictors of increased
rate of FTR and multidisciplinary teams should develop pro-
tocols to prevent, identify and effectively treat such complica-
tions. All surgeons pursuing this specialty should perform a
regular audit of their results, irrespective of their experience.
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