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Abstract
AIM
To study the early postoperative intensive care unit 
(ICU) management and complications in the first 2 wk 
of patients undergoing cytoreductive surgery (CRS) and 
hyperthermic intraperitoneal chemotherapy (HIPEC).

METHODS
Our study is a retrospective, observational study per
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formed at Icahn School of Medicine at Mount Sinai, 
quaternary care hospital in New York City. All adult 
patients who underwent CRS and HIPEC between January 
1, 2007 and December 31, 2012 and admitted to ICU 
postoperatively were studied. Fifty-one patients came to 
the ICU postoperatively out of 170 who underwent CRS 
and HIPEC therapy during the study period. Data analysis 
was performed using descriptive statistics.

RESULTS
Of the 170 patients who underwent CRS and HIPEC 
therapy, 51 (30%) came to the ICU postoperatively. 
Mean ICU length of stay was 4 d (range 1-60 d) and 
mean APACHE Ⅱ score was 15 (range 7-23). Thirty-
one/fifty-one (62%) patients developed postoperative 
complications. Aggressive intraoperative and postoperative 
fluid resuscitation is required in most patients. Hypo
volemia was seen in all patients and median amount 
of fluids required in the first 48 h was 6 L (range 1-14 
L). Thirteen patients (25%) developed postoperative 
hypotension with seven requiring vasopressor support. 
The major cause of sepsis was intraabdominal, with 
8 (15%) developing anastomotic leaks and 5 (10%) 
developing intraabdominal abscess. The median survival 
was 14 mo with 30 d mortality of 4% (2/51) and 90 d 
mortality of 16% (8/51). One year survival was 56.4% 
(28/51). Preoperative medical co morbidities, extent of 
surgical debulking, intraoperative blood losses, amount of 
intra op blood products required and total operative time 
are the factors to be considered while deciding ICU vs non 
ICU admission.

CONCLUSION
Overall, ICU outcomes of this study population are ex
cellent. Triage of these patients should consider preo
perative and intraoperative factors. Intensivists should 
be vigilant to aggressive postop fluid resuscitation, pain 
control and early detection and management of surgical 
complications.

Key words: Hyperthermic; Abdominal sepsis; Cytoreduction; 
Carcinomatosis; Respiratory failure; Vasopressors

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Our retrospective study highlights the intensive 
care unit (ICU) management, complications and outcomes 
of patients undergoing complicated hyperthermic intra
peritoneal chemotherapy procedure for peritoneal car
cinomatosis. Intensivists need to monitor for physiologic 
derangements post procedure and assess fluid status, 
provide adequate pain control and have high degree of 
suspicion for complications like abdominal sepsis. Not all 
patients need ICU admission post procedure. Our study 
enlists the factors to be considered for ICU admission vs 
the floor.

Kapoor S, Bassily-Marcus A, Alba Yunen R, Tabrizian P, Semoin 
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INTRODUCTION
Malignant peritoneal surface disease, commonly known as 
peritoneal carcinomatosis (PC) has been considered to be 
incurable with poor median survival of six months without 
treatment[1,2]. Cytoreductive surgery (CRS) combined with 
perioperative hyperthermic intraperitoneal chemotherapy 
(HIPEC) has been confirmed as a viable treatment option 
for peritoneal based tumors in 1980s. Today, CRS and 
HIPEC therapy is used in select patients for treatment 
of PC from gastric cancer, colorectal cancer, appendiceal 
cancer, ovarian cancer and primary peritoneal malignancies 
like mesotheliomas. Few randomized controlled trials 
have been conducted and demonstrated better survival 
in patients undergoing CRS-HIPEC in the treatment 
of colorectal PC compared to systemic chemotherapy 
alone[3-5]. Multiple nonrandomized single and multicenter 
phase Ⅱ and few phase Ⅲ trials indicate that CRS and 
HIPEC may improve survival rate for selected patients with 
peritoneal metastasis[2,6-8]. There has been an observed 
increase in survival rates with CRS and HIPEC in colorectal 
cancer, advanced ovarian cancer, gastric cancer and 
peritoneal mesothelioma[9-14]. This procedure is technically 
challenging and has the potential for increased morbidity 
and mortality[15]. The morbidity and mortality rates 
reported have ranged from 12%-52% and 0.9%-5.8% 
respectively at large tertiary hospitals with a high volume 
of oncology patients[2]. Recent largest reported single 
center study demonstrated that major prognostic factors 
include primary site, performance status, completeness 
of resection and institutional experience[16]. In a re
cent study, 40% of patients developed at least one 
postoperative in hospital complication[17]. One serious 
complication related to HIPEC is peritoneal inflammation 
and systemic inflammatory response syndrome (SIRS) 
which leads to physiologic changes in different organ 
systems. Effects on the cardiovascular status, oxygen 
consumption and hematopoietic parameters of patients 
have been described in the literature and have been 
observed in practice[18-21]. The complexity of perioperative 
anesthetic management of these patients with particular 
attention to perioperative fluid, pain management and 
the patient’s coagulation status has been reported in the 
anesthesiology literature[22,23]. The extensive peritoneal 
inflammation and the inflammatory response impacts the 
early postoperative intensive care unit (ICU) course of this 
patient population. In the present study, we describe the 
early (first two weeks) postoperative ICU management, 
long-term morbidity and mortality (day 30 and day 90) 
of patients admitted to the ICU after undergoing CRS and 
HIPEC therapy retrospectively over a six years period.
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MATERIALS AND METHODS
Study design
This retrospective descriptive study was conducted 
in a 14-bed surgical intensive care unit (SICU) in a 
large tertiary hospital. With Institutional Review Board 
approval, all adult patients over 18 years of age who 
underwent CRS and HIPEC therapy between January 
1, 2007 and December 31, 2012 were screened for 
enrollment in the study (n = 170). Of this, 51 patients 
were admitted to the SICU postoperatively and were 
included in the study. Data for this retrospective analysis 
were retrieved from medical records, operative reports, 
laboratory and radiologic data. Early (first two weeks) 
postoperative ICU course, ICU management and long-
term surgical morbidity and mortality (day 30 and day 
90) were retrospectively studied. 

CRS and HIPEC surgery was performed with closed 
technique and cisplatin and mitomycin C were the che
motherapy agents administered. Patients were often 
immediately extubated and transferred to the surgical 
floor. Standard criteria for extubation were used by 
anesthesiology team including mental status assessment, 
reversal of muscular paralysis and anesthesia, hemo
dynamic stability and adequate oxygenation and ventilation 
in addition to intraoperative course and complications. If 
they were hemodynamically unstable in OR  with mean 
arterial pressure (MAP) less than 65 mmHg and/or systolic 
blood pressure (SBP) less than 90 mmHg requiring 
intravenous fluids and vasopressor support, remained 
on mechanical ventilation or required higher level of care 
based on intraoperative course, they were admitted to 
SICU. This was determined by the anesthesia, surgical 
and critical care teams. At the initial stages of experience 
with the HIPEC procedure at our center, all patients came 
to SICU post operatively. With our growing experience, 
we became more selective in admitting patients to ICU 

postoperatively.

RESULTS
In the present study, 51 out of 170 patients came to 
the ICU postoperatively. The primary diagnosis was PC 
secondary to metastatic colon, appendiceal, gastric, 
mesothelial and ovarian tumors. Median ICU length of 
stay (LOS) was 4 d (range 1-60 d) and median APACHE 
Ⅱ scores was 15 (range 7-23) (Table 1). Twenty-two 
patients (43%) received postop epidural analgesia by the 
anesthesia team. Of the patients admitted to the ICU, 
31 (62%) had observed post-operative complications. 
Twenty-nine patients (57%) needed up to 10 L of 
fluids intraoperatively for hemodynamic instability and 
fluid/blood losses. All patients were hypovolemic posto
peratively in the ICU and required intravenous fluids. 
Median amount of intravenous fluids required in the first 
48 h was 6 L (range 1-14 L). Assessment of hypovolemia 
was done by clinical exam, hemodynamic monitoring 
with pulse contour analysis and using standard bedside 
ultrasonography by assessing cardiac chambers and 
inferior vena cava. Post-operative complications are listed 
in Table 2. Postoperative hypotension developed in 13 
patients (25%), out of which, 7 (13%) developed septic 
shock requiring vasopressor support. Acute respiratory 
failure, defined as requirement of mechanical ventilation 
for more than 48 h was seen in 18 patients (33%). Five 
patients (10%) developed acute renal failure but none 
required renal replacement therapy during their ICU 
course. Seventeen (25%) patients developed abdominal 
sepsis including anastomotic leak in eight patients 
(15%), intra abdominal abscess in five patients (10%) 
and deep wound infection in four (8%) (Figure 1). There 
were no Central line-associated bloodstream infections 
(CLABSIs). Total parenteral nutrition (TPN) was initiated 
in 9 (18%) patients. Median survival was 14 mo. Thirty-
day mortality was 4% (2 patients) and 90 d mortality 
was 16% (8 patients). One year survival was 56.4% 
(28/51). We also performed sub group analysis of patients 
admitted to ICU and those admitted to the surgical floor 
postoperatively (Table 3). Variables like preoperative co 
morbidities (high ASA scores), extent of surgical debulking 
(number of organs resected), amount of blood products 
required intraoperatively, estimated blood loss, total OR 
time showed statistically significant difference between 
ICU and non ICU patients. ICU patients had increased 
postoperative morbidity and hospital LOS compared to 
non ICU patients. There was no statistically significant 
difference in 30 and 90 d mortality between these two sub 
group of patients.

DISCUSSION
ICU course and complications
There has been a renewed interest in the field of 
peritoneal surface malignancies over the last 15-20 years, 

Table 1  Patient characteristics

Variable n  = 51

Age (yr)   56 (18-82)
Gender
  Female 27 (53%)
APACHE II 15 (7-23)
ICU LOS (d)   4 (1-60)
Operative time (min)  413 (65-815)
Primary site
  Colon 19
  Appendix 12
  Gastric 6
  Ovarian 3
  Pseudomyxoma peritoneii 6
  Mesothelial 3
  Others 2
EBL (mL)   1125 (50-6500)
Peritoneal cancer index (intraop) 13 (3-35)

Data are reported as median and range or n (%). ICU: Intensive care unit; 
LOS: Length of stay.

Kapoor S et al . Critical care management of HIPEC patients
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mainly due to the better understanding of the biology 
of these tumors with intraperitoneal spread and without 
systemic metastasis. CRS and HIPEC has evolved into a 
novel treatment approach in patients with PC secondary 
to colorectal, appendiceal, ovarian, gastric and primary 
peritoneal malignancies. The purpose of CRS is the 
performance of complete or near complete cytoreduction. 
The purpose of HIPEC administration is the eradication 
of the microscopic residual tumor. HIPEC is effective 
in eradicating cancer emboli less than 3 mm in their 
largest diameter. Hyperthermia leads to direct cytotoxic 
effects and also increases the depth of penetration of 
chemotherapy agents[24]. Intraperitoneal loco-regional 
chemotherapy achieves high local concentration of 
cytotoxic agents due to the peritoneal-plasma barrier[24]. 
Completeness of cytoreduction is the most important 
determinant of outcome after surgery[4,6,25-27].

The procedure is lengthy and involves extensive sur
gical debulking. Aggressive resuscitation with fluids and 
blood transfusions are usually required intraoperatively 
due to blood losses and fluid shifts[22,23]. The current study 
found approximately 60% of patients required up to 10 L 
of fluid replacement and up to 5 units of PRBC transfusion 
intraoperatively. These findings corroborate previous 
research that found aggressive intraoperative and postop 
fluid resuscitation in this patient population[22,23,27]. 

In our study, 31% (51/170) of patients who under
went HIPEC were admitted to the ICU for postoperative 
management, requirement for mechanical ventilation 
and overall morbid condition. Previous studies reported 

a higher percentage (67%-100%) of patients admitted 
to the ICU postoperatively[22,28,29]. The mean ICU LOS in 
this patient population was also similar to the previous 
studies (≤ 5 d)[6,29]. Less than 50% of our patients 
(22/51) received postoperative epidural analgesia 
which is significantly less than what is reported in the 
current literature[6,25]. Hypovolemia is very common in 
the postoperative period which is exacerbated by fluid 
losses from peritoneal surface. All of our patients required 
aggressive postop fluid resuscitation, range 1-14 L, median 
6 L. Patients develop systemic vasodilation due to intense 
SIRS response, leading to hypotension, tachycardia and 
needing vasopressor support. Standard recommended 
doses of vasopressors were used, norepinephrine (0-35 
mcg/min), vasopressin (0.04 units/min, nontitratable), 
epinephrine (0-35 mcg/min) and phenylephrine (0-300 
mcg/min). Norepinephrine was the vasopressor of choice. 
Cooksley et al[27] reported 26% patients requiring vaso
pressors in postoperative period. Most uncomplicated 
cases are usually extubated within 24 h of the procedure. 
Up to 33% of patients in our series required postop 
mechanical ventilation for more than 48 h. The major 
reasons for respiratory failure in the postsurgical period 
included acute lung injury or noncardiogenic pulmonary 
edema due to systemic inflammatory response, fluid 
overload, aspiration, pneumonia, pulmonary embolism 
and atelectasis. Our findings are different  from previous 
studies which reported all patients were extubated prior to 
ICU arrival (Cooksley et al[27]) and a majority of patients 
were extubated within 3 h of ICU arrival (Schmidt et 
al[22,23]). The extended mechanical ventilation in the current 
study can be explained by the level of critical illness in this 
patient population.

Coagulopathy is commonly seen due to the effects 
of massive fluid resuscitation, blood transfusion or 
chemotherapy induced myelosuppression[29]. In our study, 
55% patients had coagulopathy defined by INR > 1.5 
and or platelet count less than 100000 and 35% required 
postoperative blood transfusion. This is consistent with 
previous studies[22,27].

These patients are predisposed to develop perioperative 
venous thromboembolism. Reported incidence for ven

Table 2  Postoperative complications n  (%)

Complication n  = 51

Acute respiratory failure 18 (33)
Postoperative hypovolemia   51 (100)
Postoperative hypotension 13 (25)
Septic shock   7 (13)
Reintubation   6 (12)
Acute blood loss anemia 18 (33)
Pulmonary embolism 4 (8)
Acute renal failure   5 (10)
Tracheostomy 4 (8)
Dilutional coagulopathy 28 (55)
Hypoalbuminemia   51 (100)
Arrythmias 2 (3)
CLABSI 0 (0)
ICU delirium 3 (6)
Surgical complications
  Anastomotic leaks   8 (15) 
  Anastomotic leaks requiring OR 5
  Intra abdominal abscess   5 (10)
  Intra abdominal abscess requiring IR drainage 4
  Surgical bleeding 4 (8)
  Deep wound infection 4 (8)
  Abdominal sepsis: Anastomotic leak, abscess, deep 
wound infection 

17 (33)

Bacteremia 2 (3)
Postoperative parenteral nutrition   9 (18)

Data are reported as n (%). CLABSI: Central line associated bloodstream 
infection; ICU: Intensive care unit.

Bacteremia 
10%

Intraabdominal sepsis: Abscess 
24%

Figure 1  Source of sepsis. 
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UTI 
5%

Pneumonia 
5%

Major wound infection 
19%

Intraabdominal sepsis: Anastomotic leak 
38%
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ous thromboembolism varies between 5%-10% in liter
ature[30-32]. We report 4 cases of postoperative pulmonary 
embolism in patients admitted to ICU in our series despite 
being on DVT prophylaxis. Postoperative hypoalbuminemia 
is a common finding and is not indicative of nutritional 
status, rather dilutional effect as well as suppression 
of synthesis due to cytokine release being one of the 
negative acute phase reactant[33]. Other ICU complications 
like acute renal failure, bacteremia, arrhythmias and 
reintubation were seen in this patient population. Of the 
patients who developed acute renal failure, none required 
renal replacement therapy. Nobody developed catheter 
associated bloodstream infection[27-30]. These findings are 
similar to other studies reported in literature.

Reported morbidity and mortality in the literature is 
12%-52% and 0.9%-5.8% respectively at high volume 
centers[6,15,34-39]. Septic shock and multisystem organ failure 
is the leading cause of mortality in patients undergoing CRS 
and HIPEC[2,40]. This is likely attributable to the extensive 
nature of this procedure, immunosuppression due to 
previous chemotherapy and the development of surgical 
complications.  

The major surgical complications reported are an
astomotic leaks (0%-9%), intraabdominal abscesses 
(0%-37%), intestinal perforation/peritonitis (0%-10%), 
fistulas (0%-23%) and prolonged ileus (0%-86%). 
Intraabdominal bleeding, bile leaks, pancreatitis, major 
wound infections, acalculous cholecystitis, mesenteric 
ischemia, mechanical intestinal obstruction are other 
surgical complications reported[2,4,31,41-43]. The reoperation 
rates following the procedure for various complications 
range from 0%-23%[2]. 

Nutrition is a very important component in the postop 
care of these patients since they are usually malnourished 

before surgery. Enteral route is preferred in order to 
maintain gut integrity and reduce bacterial translocation. 
Postoperative ileus, sepsis, intraabdominal complications 
like anastomotic leaks, obstruction and fistulas may be 
hindrances to enteral nutrition necessitating TPN. We 
started TPN in our patients if they could not be fed for 
more than 2-3 d through gut.

Median survival for colorectal cancer varies from 13 
to 29 mo and 5 year survival rates range from 11% to 
19%[9]. Survival rates for gastric cancer have been 43% 
at 1 year and 11% at 5 years[44]. Median survival from 
ovarian cancer ranges from 22 to 64 mo and 12%-66% 
5 year survival rate[12,13]. In our series, the long-term 
median survival collectively was observed to be 14 mo 
with no ICU mortality, 4% 30 d mortality and 16% 
90 d mortality. One year survival was 56.4% (28/51 
patients). These findings suggest good ICU outcomes for 
these patients due to early aggressive resuscitation and 
vigilance in detection of the anticipated complications 
observed in this population particularly abdominal sepsis.

Need for ICU admission
Should all patients undergoing CRS and HIPEC be 
admitted to ICU postoperatively? This question has been 
addressed in some recent studies[28,45-48]. López-Basave 
et al[28] concluded that 67% of their patients needed ICU 
care postoperatively after CRS and HIPEC procedure. 
They concluded that ICU care should not be a routine 
standard of care and there should be an individualized 
approach based on patient characteristics and extent 
of resection[28]. Another recent study by Mogal et al[45] 
concluded that ICU observation is not routinely required 
for all patients treated with CRS/HIPEC. Their criteria for 
ICU admission used variables like ECOG status (Eastern 
Cooperative Oncology Group), age, EBL, nutritional status 
and extent of surgery[45]. Nadeem et al[46] concluded 
that this procedure can be done safely with no major 
complications with proper selection criteria for patients. 
Need for ICU utilization and shorter hospital LOS is 
seen with more experience with the procedure, thereby 
referral to a high volume center is important[46]. This is 
in accordance with experience with the procedure at 
our center. Malfroy et al[47] studied perioperative risk 
factors for ICU admission and concluded shock (septic 
and hemorrhagic), respiratory failure, postoperative 
acidosis as the reasons for direct ICU admission from 
operating room. Based on our subgroup analysis of ICU 
and non ICU patients, we conclude that preoperative 
co morbidities (ASA score), extent of surgical debulking 
performed, blood losses during surgery, amount of blood 
products required intraoperatively and total OR time are 
the factors to be considered while triaging patients to the 
ICU or the floor in addition to hemodynamic instability 
and need for mechanical ventilation.

Conclusion
Our study addresses postoperative ICU management, 

Table 3  Subgroup analysis of patients admitted to intensive 
care unit postoperatively vs  admitted to the surgical floor

Variable, n  (%) ICU group Non ICU group P  value

n  = 51 n  =119

Age, mean (SD)     56.6 (12.8)      54.5 (10.5)    0.282
 

ASA, mean ( SD)     3.1 (0.6)      2.8 (0.5)    0.009
ASA, > 3 (%)     12 (24)         8 (6.7) < 0.001
Intraop PCI, mean (SD)   21.5 (8.4)    13.7 (8.3) < 0.001
Change in PCI, mean (SD)   16.2 (7.1)    10.7 (6.1) < 0.001
No. of resected organs: Mean 
(SD)

    5.9 (2.2)      3.1 (2.1) < 0.001

EBL, mean (SD)     1505 (1408)      423 (519) < 0.001
Intraop transfusion (%)     45 (90)         26 (21.7) < 0.001
OR time, min, mean (SD)     456 (122)      328 (118) < 0.001
Mortality at:  
30 d (%)     2 (4)         2 (1.7)  0.36
90 d (%)       8 (12)      6 (5)    0.104
Hospital stay, mean (range)         18 (5-88)          8.6 (3-101) < 0.001
Survival, mo: Median 
(SE)

     14 (1.8)    33.4 (5.3) < 0.001

Readmission rate to ICU (%) 6/51 (12) 3/119 (2.5)   0.01

ICU: Intensive care unit.
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morbidity and mortality of patients undergoing CRS 
and HIPEC therapy. We also studied the factors to be 
considered during postoperative triage of patients to 
ICU vs the floor. Need for vasopressors and/or mec
hanical ventilation, preoperative medical co morbidities, 
extent of surgical debulking, intraoperative blood 
losses, amount of intra op blood products required 
and total operative time necessitate ICU admission. 
Intensivists should be vigilant to aggressive postop 
resuscitation, need for organ support, monitoring and 
correcting derangements in the coagulation profile, 
fluid and electrolytes, pain control, early detection and 
management of major surgical complications particularly 
abdominal sepsis. Overall, the ICU outcomes for these 
patients are excellent. 

COMMENTS
Background
Peritoneal carcinomatosis (PC) from gastric, colorectal, ovarian, appendiceal 
tumors is associated with poor prognosis. Cytoreductive surgery (CRS) and 
hyperthermic intraperitoneal chemotherapy (HIPEC) has been shown to 
improve survival in these cases. But the procedure is associated with increased 
morbidity and mortality. Extensive surgical resection with hyperthermic 
chemotherapy generates intense inflammatory response in the body, leading to 
physiologic changes in many organ systems. Intensivists taking care of these 
patients in the intensive care unit (ICU) postoperatively need to be aware of 
derangements like fluid and electrolyte abnormalities, hemodynamic instability, 
need for intravenous fluids, coagulation abnormalities and increased risk of 
surgical complications like anastomotic leaks and intra-abdominal abscesses. 
In this study, the authors describe the early postoperative ICU management, 
morbidity and mortality of patients admitted to ICU after CRS and HIPEC 
therapy.

Research frontiers
CRS and HIPEC therapy is a complex procedure associated with increased 
morbidity and mortality. Few prior studies have described the postoperative 
ICU management and complications related to the procedure. The study 
provides knowledge and guidance to the Intensivists and surgeons managing 
these patients in the postoperative period in ICU. It also studies variables to be 
considered while triaging patients to the ICU vs floor postoperatively.

Innovations and breakthroughs
In this study, the authors describe the postoperative ICU management and 
complications after CRS and HIPEC procedure for PC. Overall, the outcomes 
of these patients are excellent. Particular attention should be given to 
postoperative pain management, aggressive fluid resuscitation, electrolyte and 
coagulation abnormalities and increased risk for surgical complications like 
anastomotic leaks, intraabdominal abscesses and wound infections. Factors to 
be weighed in this population during postoperative triage to ICU vs floor include 
preoperative medical co morbidities, extent of surgical debulking, intraoperative 
blood losses, amount of intraoperative blood products transfused and total 
operative time.

Applications
This study provides insight about postoperative ICU management of patients 
undergoing CRS and HIPEC therapy. It also describes the variables to be 
considered while triaging patients to the ICU vs surgical floor in the postoperative 
period.

Terminology
Hyperthermic intraperitoneal chemotherapy (HIPEC): Highly concentrated, 
heated chemotherapy treatment that is delivered directly to the abdomen during 
surgery; Cytoreductive surgery (CRS): Surgical procedure used to remove 

tumors from patients with metastasis or dissemination to the peritoneal cavity.

Peer-review
A very interesting manuscript describing the experience of a center involved in 
cytoreductive surgery and intraperitoneal chemotherapy.
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