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Identification of a Subgroup of Patients at Highest Risk for
Complications After Surgical Cytoreduction and Hyperthermic

Intraperitoneal Chemotherapy
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Barbara Laterza, MD, and Marcello Deraco, MD

Objective: To assess the influence of parietal and visceral peritonectomy
procedures on moderate/severe morbidity in patients undergoing surgical cy-
toreducion and hyperthermic intraperitoneal chemotherapy (HIPEC) and to
identify subgroups of patients at highest operative risk.
Background: Cytoreducion with HIPEC is an effective but potentially morbid
treatment option for peritoneal surface malignancies. Although complication
rates have recently decreased with increasing experience, risk-factors for ad-
verse operative outcome are still poorly understood.
Methods: A prospective database of 426 combined procedures was reviewed.
Multivariate analysis tested the correlation between major morbidity and 6
peritonectomies (greater and lesser omentectomy, pelvic, parietal anterior,
left and right diaphragmatic peritonectomy), 14 visceral resections, 5 other
operative factors, and 12 clinical variables. The extent of peritoneal involve-
ment was quantified by peritoneal cancer index (PCI).
Results: Mortality and major morbidity were 2.6% and 28.2%. PCI, number
of visceral resections, poor performance status, and cisplatin dose more than
240 mg independently correlated to morbidity. The type and number of pari-
etal peritonectomies and the type of visceral resections did not correlated to
complications. Major morbidity rate was 65.7% in 35 (8.2%) patients with at
least 2 of the following factors: PCI greater than 30, more than 5 visceral resec-
tions, poor performance status. Morbidity was 100% in 9 patients presenting
all the risk factors.
Conclusions: Acceptable morbidity and low mortality may be achieved in
high-volume centers. Operative outcome is mainly affected by a complex
interplay of tumor, patient, and treatment-related factors. Preoperative and
early intraoperative assessment of operative risk may identify a subset of
patients unlikely to tolerate aggressive management.
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P eritoneal dissemination is a common manifestation of disease
progression in gastrointestinal or gynecological tumors, and rare

primary peritoneal cancers.1 Once regarded as end-stage metastatic
conditions only amenable to palliative options, peritoneal surface
malignancies (PSM) are increasingly recognized as local-regional
disease entities. Better understanding of their natural history, with
symptoms, site of progression, and cause of death, which are com-
monly confined to the abdominal-pelvic cavity, has recently evolved
into a novel treatment approach with curative intent.2 A similar
paradigm shift has occurred in the management of colorectal can-
cer liver metastases.3

From the Department of Surgery, National Cancer Institute, Milan, Italy.
Disclosure: The authors have no financial interests to disclose. This study was

supported in part by grants from the Italian Association for Cancer Research
(AIRC) and the Italian Health Ministry.

Reprints: Marcello Deraco, MD, Fondazione IRCCS Istituto Nazionale Tumori,
Via Venezian, 1 20133 Milano, Italy. E-mail: marcello.deraco@istitutotumouri.
mi.it.

Copyright C© 2012 by Lippincott Williams & Wilkins
ISSN: 0003-4932/12/25602-0334
DOI: 10.1097/SLA.0b013e31825704e3

An innovative strategy aiming at definitive disease eradication
combines aggressive surgical cytoreduction with hyperthermic in-
traperitoneal chemotherapy (HIPEC).2 Peritonectomy procedures and
organ resections are used to remove the macroscopic tumor on parietal
and visceral peritoneal surfaces, and HIPEC to treat the microscopic
residual disease. Observational studies, phase I and II trials, multi-
institutional series, and literature reviews are currently the best evi-
dence that an improved outcome is associated with the combined treat-
ment, as compared to contemporary or historical controls.4–10 Fur-
thermore, 2 randomized and 2 controlled studies have demonstrated
the superiority of cytoreduction and HIPEC over systemic therapy in
the treatment of colorectal and gastric cancer carcinomatosis.11–14

Patients with PSM are often referred with massive tumor load
or after extensive surgical and medical therapies. Their definitive
management involves further demanding surgical procedures, in-
traperitoneal chemotherapy, and hyperthermia. Not surprisingly, ear-
lier trials reported high morbidity and mortality rates.15 Although
impressive reductions in complications have more recently occurred
in high-volume centers with increasing experience, many unanswered
questions remain, such as the predictive factors for morbidity and rel-
ative contribution to operative risk of the different components of
the combined treatment.16 In addition, remarkable differences among
centers, with regard to clinical indications, cytoreductive surgical pro-
cedures, and intraperitoneal chemotherapy techniques, still hamper
any meaningful conclusion about the optimal surgical and compre-
hensive management of PSM.17

To date, many peritoneal malignancy treatment centers have
been established in the United States, Japan, Australia, and Europe.
Furthermore, new randomized trials are presently ongoing or being
planned to define the role of cytoreduction and HIPEC in colorectal,
gastric, and ovarian cancer carcinomatosis.18–20 This scenario
reinforces the need to optimize both short- and long-term outcomes
through a more knowledgeable selection of patient for treatment and
safer operative procedures. In our institution, previous morbidity
analyses have contributed to standardize HIPEC administration, as
cisplatin dose more than 240 mg was demonstrated to increase both
surgical morbidity and systemic toxicity.21,22 In the present study,
we critically reviewed our institutional prospective database of 426
combined procedures, in an attempt to define the impact of the
extent and quality of the surgical cytoreduction on major operative
complications.

PATIENTS AND METHODS
All the patients included in the present study were treated

according to a protocol approved by our institutional ethics committee
and signed an informed consent form. Data for the present analysis
were collected from a prospective database. Additional information
was retrieved from medical charts.

Eligibility requirements included the following: diagnosis of
PSM made or confirmed in our Pathology Department, age 75 years
or younger, performance status 2 or less according to Eastern Coop-
erative Oncology Group (ECOG),23 no significant comorbidities, no
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extra-abdominal or hepatic metastases, and preoperative computed
tomographic (CT) scan showing peritoneal disease amenable to po-
tentially complete surgical cytoreduction.

Operative Treatment
Patients were admitted 1 day before surgery. On admission,

subcutaneous calcium heparin (5000 units twice daily) or nadroparin
(3800 units once daily) were administered. Mechanical bowel prepa-
ration was given. Cefotaxime 1000 mg and metronidazole 500 mg
were administered 30 minutes before skin incision and repeated every
6 hours during surgery.

The peritoneal cancer index (PCI) was used to score the ex-
tent of peritoneal involvement at surgical exploration.24 PCI com-
bines tumor implant size and distribution in 13 abdominal-pelvic
regions, resulting in a numeric score (PCI 0–39). Cytoreductive
surgery was based on the technique described by Sugarbaker,2 with
some modifications.25 Briefly, the goal of the cytoreduction was to
remove all visible tumor by means of 1 to 6 of the following proce-
dures: right diaphragmatic peritonectomy; left diaphragmatic peri-
tonectomy; pelvic peritonectomy; parietal anterior peritonectomy;
greater omentectomy; and lesser omentectomy. Small and scattered
localizations on visceral surfaces were resected by local excision or
electrocoagulation. In case of massive involvement, visceral resec-
tions were performed. Bowel anastomosis techniques were described
previously.26,27 Anastomoses were performed at the completion of
the cytoreduction and before HIPEC because both in the literature
and our experience there was no evidence of increased risk for anas-
tomotic complications or isolated disease recurrence on suture lines,
which represent the theoretical drawbacks of such time setting for
their construction. Protective ostomies were performed only in high-
risk patients after HIPEC, to prevent perfusate leak from ostomy tracts
through the abdominal wall.

HIPEC was performed according to the closed-abdomen tech-
nique, at temperature of 42.5◦C, with cisplatin (45 mg/L) plus dox-
orubicin (15 mg/L) for 90 minutes, or cisplatin (25 mg/m2/L) plus
mitomycin-C (3.3 mg/m2/L) for 60 minutes.17,28 Perfusate volume
was 4 to 6 L; average flow was 700 mL/min. The Performer LRT
[RAND, Medolla (MO), Italy] extracorporeal circulation device was
used. After 2007, upper limit for cisplatin total dose was set at 240
mg, as a result of our previous morbidity analyses.21,22 A 30% dose
reduction was applied to patients older than 70 years, with previous
chemotherapy and/or extensive surgical cytoreduction.

The completeness of cytoreduction (CCR) was classified at
the end of the surgical phase, as macroscopically complete (CCR-0);
nearly complete: residual disease 2.5 mm or less in any re-
gion (CCR-1); or suboptimal: residual disease more than 2.5 mm
(CCR-2).24

Postoperative Management
Following surgery, patients were admitted to the intensive care

unit (ICU) for continuous monitoring. Laboratory and instrumental
examinations were performed daily. Patients were then discharged
to the surgical ward for recovery. Doppler ultrasound was ordered
if deep venous thrombosis was suspected. Patients developing res-
piratory signs suggestive of pulmonary embolus, underwent venti-
lation/perfusion scan, or CT pulmonary angiogram. Oral contrast-
enhanced abdomen CT scan was performed in patients with a clinical
suspicion of intra-abdominal abscess. Parenteral and/or enteral nutri-
tion was administered to patients with prolonged inadequate caloric
intake.

Study Design and Statistical Analysis
Adverse events within 30 days of surgery or during the same

hospital admission were graded according to the National Cancer In-

stitute Common Terminology Criteria for Adverse Events version 3.0
(http://ctep.cancer.gov/protocolDevelopment/electronic_applications/
docs/ctcaev3.pdf). Surgical complications were rated as minor, when
no or only medical treatment was required for resolution (grade
1/2); major complications included those requiring interventional
endoscopy or CT-scan/ultrasound-guided procedures (grade 3),
return to the operating room or ICU (grade 4), and operative death
(grade 5).

Primary study endpoint was the correlation between major
adverse events (grade 3–5) and 20 cytoreductive surgical proce-
dures. Each of the 6 peritonectomies (lesser and greater omentec-
tomy, pelvic, parietal anterior, right and left diaphragmatic peritonec-
tomy), and the following surgical procedures were analyzed as di-
chotomous variables (done vs not done): splenectomy, liver capsulec-
tomy, cholecystectomy, total gastrectomy, any gastrectomy, appen-
dectomy, sigmoid, right, transverse and total colectomy, small bowel
resection, total abdominal hysterectomy (TAH) ± bilateral salpingo-
oophorectomy (BSO), diaphragm resection, protective ostomy. Pa-
tients who had infracolic omentectomy previously and underwent
gastrocolic ligament resection at the time of combined treatment
were considered as having greater omentectomy. The number of peri-
tonectomies and visceral resections performed in each patient was
also analyzed as continuous variables, with possible values of 0 to 6
and 0 to 8, respectively.

In addition, the following operative and clinical factors were
analyzed as control variables: HIPEC regimen (cisplatin and dox-
orubicin vs cisplatin and mitomycin-C), cisplatin total dosage (≤240
mg vs >240 mg), transfused blood red cell units, transfused frozen
plasma units, number of anastomoses, age, sex, ECOG performance
score (0 vs 1–2), serum albumin (≤3.2 vs >3.2 g/dL), lymphocytes
(>800 vs ≤800), histology (nongastrointestinal vs gastrointestinal
origin), previous systemic chemotherapy, previous surgery (≤1 vs
>1 abdominal-pelvic region dissected), primary versus repeated com-
bined treatment, treatment period (after vs. before 12/31/2002), and
CCR (0 vs 1 vs 2). Four PCI subgroups were arbitrarily created for
the analysis: 1–6, 7–12, 13–18, and >18.

Categorical variables were described in terms of frequencies
and percentages, and continuous variables in terms of mean, stan-
dard error, median, and first and third quartiles. The influence of
patient, disease, and treatment-related factors was related to the risk
of postoperative complications using univariate and multivariate lo-
gistic regression models. Continuous variables were categorized into
2 classes using their median value as cutoff. Variables deemed sta-
tistically significant by univariate analysis were included in the mul-
tivariate analysis; both number and type of visceral resections and
peritonectomy procedures were included in the model regardless of
the statistical significance. PCI was entered in the multivariate analy-
sis as continuous variable due to its linear relationship with the risk of
adverse events. P < 0.05 were considered significant. All statistical
analyses were conducted by using SPSS software version 8.0.0 (SPSS
Inc, Chicago, IL).

RESULTS
Between February 1995 and March 2011, 426 consecutive

combined procedures were performed in 420 patients by the same
surgical team (see Table 1). Six patients underwent the procedure
twice due to disease recurrence. Some of these patients were included
in previous morbidity analyses.21,22,26,27

Mortality and Morbidity
Mortality rate was 11/426 (2.6%). The cause of death was sep-

sis and multiorgan failure in 9 patients, due to bowel complications (n
= 8) or abdominal abscess (n = 1). The remaining two patients died
of myocardial infarction (n = 1) and respiratory failure (n = 1). In
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TABLE 1. Clinical Characteristics of 426 Patients With Peritoneal Surface Malignancies

Variables Categories No. Patients Percentage of Patients

Sex Male 157 36.9
Female 269 63.1

Age, yrs Mean (SD), median (IQ range) 53.4 (12.7) 54 (44–64)
PSM Pseudomyxoma peritonei 159 37.3

Peritoneal mesothelioma 132 31.0
Ovarian cancer carcinomatosis 53 12.5
Colorectal cancer carcinomatosis 21 4.9
Gastric cancer carcinomatosis 12 2.8
Papillary serous carcinoma 6 1.4
Abdominal sarcomatosis 37 8.7
Other 6 1.4

ECOG score 0 350 82.2
1 67 15.5
2 10 2.3

Previous surgery Only biopsy 151 35.5
1 abdominal region dissected 90 21.1
2–5 abdominal regions dissected 176 41.3
>5 abdominal regions dissected 9 2.1

Previous systemic chemotherapy Done 189 44.4
Not done 237 55.6

PCI Mean (SD), median (IQ range) 18.7 (10.8) 17 (10–26)
Completeness of cytoreduction No visible residual tumor 257 57.6

Residual tumor ≤2.5 mm 132 29.6
Residual tumor >2.5 mm 37 8.7

Peritonectomy procedures Mean (SD), median (IQ range) 4.41(2.27) 6 (2–6)
Visceral resections Mean (SD), median (IQ range) 2.71 (1.99) 2 (1–4)
HIPEC drug schedule cisplatin + mitomycin-C 245 57.5

cisplatin + doxorubicin 181 42.5
Cisplatin dose Mean, mg (SD), median (IQ range) 189.6 (45.8) 200 (150–240)
Mitomycin-C dose Mean, mg (SD), median (IQ range) 28.0 (7.2) 28 (25–30)
Doxorubicin dose Mean, mg (SD), median (IQ range) 64.4 (13.5) 60 (60–75)
Operative time Mean, min. (SD), median (IQ range) 562.7 (155.9) 540 (480–660)
Blood loss Mean, unit (SD), median (IQ range) 2.763 (3.59) 2.0 (0–4)
Frozen plasma Mean, unit (SD), median (IQ range) 5.93 (5.17) 4 (3–8)
Hospital stay Mean, days (SD), median (IQ range) 23.1 (15.1) 18 (14–28)

IQ indicates interquartile; SD, standard deviation.

addition, 134 patients (31.5%) had an uneventful recovery, 102 pa-
tients (23.9%) had grade 1, 71 patients (16.6%) had grade 2, 50 pa-
tients (11.7%) had grade 3, and 58 patients (13.6%) had grade 4 post-
operative complications. Overall, 172 major complications (grade 3–
5) occurred in 120 procedures (28.2%). Reoperation rate was 10.7%.

Postoperative adverse events are summarized in Table 2. The
most common surgical morbidities were bowel complications, ei-
ther in the form of anastomotic dehiscence or bowel perforation
away from anastomotic suture lines. Forty-seven bowel complica-
tions occurred in 44 procedures (10.3%). Hemorrhage occurred in
3.3% of procedures and respiratory tract complications in 3.5%. Re-
nal and hematologic systemic toxicity rates were 5.4% and 5.9%,
respectively.

Risk Factors for Grade 3–5 Postoperative
Complications

Figures 1 and 2 are forest plots showing the impact on ma-
jor morbidity of the type and number of peritonectomy procedures
and visceral resection, respectively, adjusted by control variables, as
assessed by the multivariate logistic model. The number of organ
resections performed in each patient significantly increased the risk
for major complications (P = 0.004), whereas the number of parietal
peritonectomies did not (P = 0.776). Regarding the type of surgi-
cal procedures, no statistically significant association was detected

between operative morbidity and any visceral resection or parietal
peritonectomy.

The results of the univariate analysis of factors associated with
a poor operative outcome are shown in Figure 3. The final model
of Cox multivariate analysis is shown in Table 3. Four independent
predictors of grade 3–5 morbidity were identified: ECOG score higher
than 0 (P = 0.017), PCI (P = 0.044), number of visceral resections
(P = 0.004), and cisplatin total dose more than 240 mg (P = 0.001).
Each single point increase on PCI increased the risk for complications
by 3.5%.

Identification of High-Risk Groups
Three independent risk factors retained by the multivariate

analysis (ECOG score, PCI, and number of visceral resections) were
retrospectively combined to identify patients at higher risk for op-
erative morbidity. Cisplatin dose was excluded because of no value
in the preoperative/early intraoperative risk-assessment process. For
each variable, different cutoffs were analyzed: PCI greater than 30,
more than 5 visceral resections, ECOG score higher than 0 was the
combination that better correlated to operative risk. Figure 4 shows
the major morbidity pattern according to the number of the previously
described predictive factors present in the single patients. Grade 3–5
morbidity and mortality were 65.7% and 16.6%, respectively, in 35
patients with at least 2 risk factors. This high-risk group accounted for
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TABLE 2. Postoperative Adverse Events According to NCICTCAE
Severity Score

Adverse Events n Grade 3 Grade 4 Grade 5

Abdominal abscesses 7 6 1
Anastomosis dehiscence 22 1 16 5
Bowel perforation 25 22 3
Hemorrhage 15 6 9
Biliary leakage 1 1
Pancreatic leakage 5 3 2
Pancreatitis 2 2
Ureteral leakage 4 2 2
Abdominal wall dehiscence 1 1
Gastric volvulus 1 1
Pulmonitis 9 6 3
Pleural collection 4 4
Respiratory failure 3 2 1
Pulmonary embolism 3 1 2
Sepsis (unrelated to abdominal complications) 9 9
Lower limb acute ischemia 2 2
Acute myocardial infarction 1 1
Diarrhea 1 1
Abdominal fluid collection 1 1
Central line infection 3 3
Neurological complications 2 2
Cardiac arrest 1 1
Lower limb compartmental syndrome 2 2
Renal toxicity 23 18 5
Hematological toxicity 25 20 5
Total 172 84 77 11

NCICTCAE indicates National Cancer Institute Common Terminology Criteria for Adverse Events
version 3.0.

FIGURE 1. Forest plot showing the impact of the type of and number of visceral resections on grade 3–5 morbidity. For each
visceral resection, the number of patients who had the procedure, odds ratios of presence versus absence of morbidity, estimated
by binary logistic models, and adjusted P value are shown. The horizontal bars represent 95% confidence intervals (CIs); when the
number of patients undergoing a particular organ resection is low, the corresponding 95% CI is wide, denoting high imprecision
of odds ratio estimate.
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FIGURE 2. Forest plot showing the impact of the type and number of parietal peritonectomies on grade 3–5 morbidity. For each
peritonectomy, the number of patients who had the procedure, odds ratios of presence versus absence of morbidity, estimated
by binary logistic models, and adjusted P value are shown. The horizontal bars represent 95% CIs.

FIGURE 3. Forest plot showing the results of univariate logistic models assessing the influence of each patient, disease, and
treatment-related factor on operative risk. For each variable, odds ratios and univariate P value are shown. The horizontal bars
represent 95% CIs.
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TABLE 3. Multivariate Analysis of Factors Influencing Major Morbidity

Odds Ratio (95% CI) Multivariate P

PCI (0–39) 1.035 1.001–1.071 0.044∗
Visceral resections (0–8) 1.458 1.129–1.883 0.004∗
Cisplatin dose (≤240 mg vs >240 mg) 4.288 2.159–8.520 0.001∗
ECOG score (0 vs 1–2) 2.028 1.137–3.621 0.017∗
CCR (0 vs 1 vs 2) 1.249 0.848–1.838 0.234
Number of anastomosis (0–4) 1.001 0.695–1.442 0.784
Red blood cell units (≤2 vs >2) 0.826 0.454–1.505 0.749
Fresh frozen plasma units (≤4 vs >4) 1.342 0.777–2.319 0.392

∗Statistically significant.

FIGURE 4. Major morbidity pattern according to the num-
ber of independent risk factors in the single patients. Patients
are categorized according to the number of the following fac-
tors they present: PCI >30, more than 5 visceral resections,
ECOG > 0. Operative complications are scored according to
National Cancer Institute Common Terminology Criteria for
Adverse Events, version 3.0.

8.2% of the overall series. In 9 patients presenting all 3 risk factors,
morbidity and mortality were 100% and 22.2%.

DISCUSSION
The fundamental purpose of cancer therapy is to maximize

both survival and quality of life. As the treatment of peritoneal surface
malignancies is evolving from a minimalist approach to aggressive
management, critical assessment of operative morbidity is essential
to allow the transition from experimental therapy to standard of care.
One of the unique findings of the present study is the identification of
a subset of patients in whom higher operative risk may be expected
and need to be carefully weighed against the potential benefit of an
aggressive approach of surgical cytoreduction and HIPEC.

Complication rates of the present series were comparable to
those of the literature.29–35 A recent review has reported morbid-
ity of 12% to 52% and mortality of 0.9% to 5.8% in 10 international
high-volume centers (including our institution), selected to avoid pos-
sible biases deriving from small sample size and less experienced
teams. These figures, although not negligible, are similar to those
of major gastrointestinal operations, such as duodenopancreatectomy
and esophagectomy.15 Interestingly, the present series is comparable
to retroperitoneal sarcomas treated in our institution by aggressive
surgery with extensive organ resections, regarding major morbid-
ity (28.2% vs 18%), mortality (2.6% vs 3%), and reoperation rates
(10.7% vs 12%).36

Peritoneal tumor load (PCI > 30), more than 5 visceral resec-
tions, and poor performance status (ECOG > 0), combined together,
were the most powerful predictors of morbidity. Patients presenting at
least 2 independent risk factors were exceedingly prone to experience
major adverse effects. The risk associated with the number prevailed

over the risk associated with the type of resected organs, presumably
because the number better reflected an extensive cytoreduction.

Clearly, widespread peritoneal involvement entails extensive
cytoreduction, but the results of the multivariate model suggest that
both PCI and number of visceral resections affected morbidity inde-
pendently from each other. This may be explained by the fact that
the number of resected organs is related not only to tumor volume,
but also to other disease features, such as tumor location in anatomic
sites where a conservative approach is technically difficult, and an
infiltrative growth pattern. Analogously, health status is related to pa-
tients’ ability to withstand demanding operations, but also to tumor
load and biological aggressiveness.

The present study highlights the value of imaging studies and
initial laparoscopic or surgical exploration suggestive of extensive
disease and extensive cytoreduction, along with patient clinical con-
ditions, to assess the operative risk. More knowledgeable risk strat-
ification allows surgical oncologists and patients to make informed
decisions regarding treatment planning, thus avoiding unnecessary
morbidity and economic costs of care. Despite the current limitations
in quantifying accurately the amount of peritoneal disease, CT-scan
appears to depict massive tumor involvement.37 Furthermore, CT-
scan has been demonstrated to foresee severe complications and poor
survival in patients with pseudomyxoma peritonei.38 Future studies
are needed to explore the adjunctive value of positron emission and
magnetic resonance imaging, and the ability of radiological tools to
predict the type and number of visceral resections.

In the present series, the morbidity pattern was thoroughly as-
sessed according to the number and type of both peritonectomies and
organ resections performed in the single patient. Although the mag-
nitude of surgery has been repeatedly associated to operative compli-
cations, far fewer data are available on the relationship between the
quality of the surgical cytoreduction and morbidity. Several nonstan-
dardized surrogate markers of surgical complexity have been incon-
sistently used in previous studies, including operative time and num-
ber of anastomoses, organ resections, parietal peritonectomies, or the
mixed parietal-visceral cytoreductive procedures originally described
by Sugarbaker.29–35 Furthermore, only few authors have reported on
the safety of specific resections as part of combined treatment,39,40

and, finally, multivisceral resections were not associated to an in-
creased risk for complications in a recent study of the Pittsburgh
University.34

This study provided additional information that may impact
the surgical decision making. First, imaging studies suggestive of
high PCI or early intraoperative determination can be used for better
patient selection and adverse event prevention. PCI has been demon-
strated to affect prognosis in peritoneal carcinomatosis from col-
orectal and gastric cancer.7,10 Our results may question the value of
cytoreduction and HIPEC for massive disease even in those PSM, for
whom high PCI is a less defined contraindication, such as peritoneal
mesothelioma and pseudomyxoma peritonei.41,42 A systematic
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second-look approach has been proposed to treat colorectal cancer
carcinomatosis at an early asymptomatic stage. The evidence that
limited peritoneal involvement can minimize the risk for complica-
tions is a further strong argument to support such a policy.19 In our
institution, patients with massive disease and poor clinical conditions
are currently excluded from combined treatment, regardless of tumor
histology.

Second, no single visceral resection significantly affected mor-
bidity at multivariate analysis. The accomplishment of macroscopi-
cally complete surgery remains an absolute requirement for success-
ful treatment. Consequently, the concern about operative risk is no
longer an acceptable justification for avoiding even the most techni-
cally demanding single visceral resections, such as total gastrectomy
or proctocolectomy, if necessary to remove macroscopic disease. On
the contrary, caution is needed whenever approaching widespread
peritoneal disease and restrictions have to be made on the number of
organ resections.

Third, in contrast to organ resections, the number of parietal
peritonectomies did not increase the risk for major complications.
This finding might be specific of our series. Most centers perform
both parietal peritonectomies and organ resections only when mas-
sive involvement makes superficial excision ineffectual, to preserve
sufficient postoperative function.29–35 In contrast, we developed over
the year a more liberal approach to parietal peritonectomy, comprising
formal peritonectomies of surfaces harboring relatively little disease.
Furthermore, some patients were included in an ongoing trial assess-
ing systematic complete versus selective parietal peritonectomy.25

Our results would confirm the hypothesis that removing minimally
affected parietal peritoneum (rather than performing multiple limited
excisions of small scattered nodules) might add a negligible risk for
complication, being a relatively simple and safe procedure.

To our knowledge, this is the largest study on operative out-
comes of cytoreduction and HIPEC. Two series of 510 and 1290 pro-
cedures have been reported, but these studies did not focus on compli-
cations as primary endpoints.10,33 Nevertheless, our study might lack
statistical power to detect weaker associations with morbidity. Other
HIPEC-related variables, namely exposure techniques, duration, and
temperature, could affect operative outcome, but our standardized
protocol made possible only to determine the association of cisplatin
dose with morbidity. An additional criticism may involve the retro-
spective nature of the study, leading to a likely underestimation of
complication rates. This potential drawback, however, was partially
overcome by taking advantage of our prospective and exhaustive
clinical database and limiting our analysis to complications requiring
invasive therapeutic procedures.

Although other groups report decreased complications in most
recent updates, thus suggesting the existence of a learning curve,31,35

lower morbidity (12%) and mortality (0.9%) were observed in the
first 209 combined procedures performed in our center.21 This may
be partly explained by the adoption of a more accurate adverse
event classification. Furthermore, in recent years, we started a rare
PSM treatment program. Because high PCI in pseudomyxoma and
mesothelioma is not necessarily associated with worse prognosis, the
increased proportion of patients at higher risk for moderate/severe
morbidity, because of extensive disease, may have masked any im-
provement in surgical management. The issue of the learning curve
was assessed in a parallel study using more sophisticated statistical
analyses.

In conclusion, combined treatment is associated with low
mortality and acceptable morbidity, when performed in a high-
volume center. Operative outcome is mainly affected by a complex
interplay of tumor, patient, and treatment-related factors. Careful
analysis identified a subset of patients unlikely to tolerate aggressive
management.

REFERENCES
1. Sugarbaker PH. Evolution of cytoreductive surgery and perioperative intraperi-

toneal chemotherapy for peritoneal carcinomatosis: are there treatment alter-
natives? Am J Surg. 2011;201:157–159.

2. Sugarbaker PH. Peritonectomy procedures. Ann Surg. 1995;221:29–42.
3. Shen P, Thai K, Stewart JH, et al. Peritoneal surface disease from colorectal

cancer: comparison with the hepatic metastases surgical paradigm in optimally
resected patients. Ann Surg Oncol. 2008;15:3422–3432.

4. Sugarbaker PH. New standard of care for appendiceal epithelial neoplasm with
pseudomyxoma peritonei syndrome. Lancet Oncol. 2006;1:69–76.

5. Yan TD, Black D, Sugarbaker PH, et al. A systematic review and meta-
analysis of the randomized controlled trials on adjuvant intraperitoneal
chemotherapy for resectable gastric cancer. Ann Surg Oncol. 2007;14:
2702–2713.

6. Yan TD, Deraco M, Baratti D, et al. Cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy for malignant peritoneal mesothelioma: multi-
institutional experience. J Clin Oncol. 2009;27:6237–6242.

7. Elias D, Gilly F, Boutitie F, et al. Peritoneal colorectal carcinomatosis treated
with surgery and perioperative intraperitoneal chemotherapy: retrospective
analysis of 523 patients from a multicentric French study. J Clin Oncol.
2010;28:63–68.

8. Helm CW, Richard SD, Pan J, et al. Hyperthermic intraperitoneal chemother-
apy in ovarian cancer: first report of the HYPER-O registry. Int J Gynecol
Cancer. 2010;20:61–69.

9. Baratti D, Pennacchioli E, Kusamura S, et al. Peritoneal sarcomatosis: is
there a subset of patients who may benefit from cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy? Ann Surg Oncol. 2010;17:3220–
3228.

10. Glehen O, Gilly FN, Boutitie F, et al. Toward curative treatment of peritoneal
carcinomatosis from nonovarian origin by cytoreductive surgery combined
with perioperative intraperitoneal chemotherapy: a multiinstitutional study of
1290 patients. Cancer. 2010;116:5608–5618.

11. Verwaal VJ, van Ruth S, de Bree E, et al. Randomized trial of cytoreduction
and hyperthermic intraperitoneal chemotherapy versus systemic chemotherapy
and palliative surgery in patients with peritoneal carcinomatosis of colorectal
origin. J Clin Oncol. 2003;21:37–43.

12. Elias D, Lefevre JH, Chevalier J, et al. Complete cytoreductive surgery plus in-
traperitoneal chemohyperthermia with oxaliplatin for peritoneal carcinomato-
sis of colorectal origin. J Clin Oncol. 2009;27:681–685.

13. Franko J, Ibrahim Z, Gusani NJ, et al. Cytoreductive surgery and hyperther-
mic intraperitoneal chemoperfusion versus systemic chemotherapy alone for
colorectal peritoneal carcinomatosis. Cancer. 2010;116:3756–3762.

14. Yang XJ, Huang CQ, Suo T, et al. Cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy improves survival of patients with peritoneal
carcinomatosis from gastric cancer: final results of a phase III randomized
clinical trial. Ann Surg Oncol. 2011;18:1575–1581.

15. Chua TC, Yan TD, Saxena A, et al. Should the treatment of peritoneal carcino-
matosis by cytoreductive surgery and hyperthermic intraperitoneal chemother-
apy still be regarded as a highly morbid procedure? A systematic review of
morbidity and mortality. Ann Surg. 2009;249:900–907.

16. Bartlett DL. HIPEC: the complexities of clinical trials. Ann Surg Oncol.
2008;15:1277–1279.

17. Esquivel J. Technology of hyperthermic chemotherapy in the United States,
Europe, China, Japan, and Korea. Cancer J. 2009;15:249–254.

18. Chua TC, Liauw W, Robertson G, et al. Establishing evidence for change
in ovarian cancer surgery: proposing clinical trials of cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy (HIPEC) in ovarian cancer
peritoneal carcinomatosis. Gynecol Oncol. 2009;115:166–168.

19. Ripley RT, Davis JL, Kemp CD, et al. Prospective randomized trial evaluating
mandatory second look surgery with HIPEC and CRS vs. standard of care
in patients at high risk of developing colorectal peritoneal metastases. Trials.
2010;11:62.

20. Nissan A, Stojadinovic A, Garofalo A, et al. Evidence-based medicine in the
treatment of peritoneal carcinomatosis: past, present, and future. J Surg Oncol.
2009;100:335–344.

21. Kusamura S, Younan R, Baratti D, et al. Cytoreductive surgery followed by
intraperitoneal hyperthermic perfusion: analysis of morbidity and mortality in
209 peritoneal surface malignancies treated with closed abdomen technique.
Cancer. 2006;106:1144–1153.

22. Kusamura S, Baratti D, Younan R, et al. Impact of cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy on systemic toxicity. Ann Surg
Oncol. 2007;14:2550–2558.

23. Oken MM, Creech RH, Tormey DC, et al. Toxicity and response criteria of the
eastern cooperative oncology group. Am J Clin Oncol. 1982;5:649–655.

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

340 | www.annalsofsurgery.com C© 2012 Lippincott Williams & Wilkins



Annals of Surgery � Volume 256, Number 2, August 2012 Cytoreduction and HIPEC Complications

24. Jaquet P, Sugarbaker PH. Current methodologies for clinical assessment of
patients with peritoneal carcinomatosis. J Exp Clin Cancer Res. 1996;15:
49–58.

25. Deraco M, Baratti D, Kusamura S, et al. Surgical technique of parietal and
visceral peritonectomy for peritoneal surface malignancies. J Surg Oncol.
2009;100:321–328.

26. Younan R, Kusamura S, Baratti D, et al. Bowel complications in 203
cases of peritoneal surface malignancies treated with peritonectomy and
closed-technique intraperitoneal hyperthermic perfusion. Ann Surg Oncol.
2005;12:910–918.

27. Kusamura S, Baratti D, Antonucci A, et al. Incidence of postopera-
tive pancreatic fistula and hyperamylasemia after cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy. Ann Surg Oncol. 2007;14:
3443–3452.

28. Rossi CR, Foletto M, Mocellin S, et al. Hyperthermic intraoperative intraperi-
toneal chemotherapy with cisplatin and doxorubicin in patients who undergo
cytoreductive surgery for peritoneal carcinomatosis and sarcomatosis: phase I
study. Cancer. 2002;94:492–499.

29. Glehen O, Osinsky D, Cotte E, et al. Intraperitoneal chemohyperthermia using
a closed abdominal procedure and cytoreductive surgery for the treatment of
peritoneal carcinomatosis: morbidity and mortality analysis of 216 consecutive
procedures. Ann Surg Oncol. 2003;10:863–869.

30. Sugarbaker PH, Alderman R, Edwards G, et al. Prospective morbidity and mor-
tality assessment of cytoreductive surgery plus perioperative intraperitoneal
chemotherapy to treat peritoneal dissemination of appendiceal mucinous ma-
lignancy. Ann Surg Oncol. 2006;13:635–644.

31. Smeenk RM, Verwaal VJ, Zoetmulder FAN. Learning curve of combined
modality treatment in peritoneal surface disease. Br J Surg. 2007;94:1408–
1414.

32. Elias D, Goere D, Blot F, et al. Optimization of hyperthermic intraperitoneal
chemotherapy with oxaliplatin plus irinotecan at 43 degrees C after compete
cytoreductive surgery: mortality and morbidity in 106 consecutive patients.
Ann Surg Oncol. 2007;14:1818–1824.

33. Levine EA, Stewart JH, Russell GB, et al. Cytoreductive surgery and in-
traperitoneal hyperthermic chemotherapy for peritoneal surface malignancy:
experience with 501 procedures. J Am Coll Surg. 2007;204:943–953.

34. Franko J, Gusani NJ, Holtzman MP, et al. Multivisceral resection does not
affect morbidity and survival after cytoreductive surgery and chemoperfusion
for carcinomatosis from colorectal cancer. Ann Surg Oncol. 2008;15:3065–
3072.

35. Chua TC, Saxena A, Schellekens JF, et al. Morbidity and mortality outcomes
of cytoreductive surgery and perioperative intraperitoneal chemotherapy at a
single tertiary institution: towards a new perspective of this treatment. Ann
Surg. 2010;251:101–106.

36. Bonvalot S, Miceli R, Berselli M, et al. Aggressive surgery in retroperitoneal
soft tissue sarcoma carried out at high-volume centers is safe and is associated
with improved local control. Ann Surg Oncol. 2010;17:1507–1514.

37. Esquivel J, Chua TC, Stojadinovic A, et al. Accuracy and clinical relevance
of computed tomography scan interpretation of peritoneal cancer index in
colorectal cancer peritoneal carcinomatosis: a multi-institutional study. J Surg
Oncol. 2010;102:565–570.

38. Chua TC, Al-Zahrani A, Saxena A, et al. Determining the association between
preoperative computed tomography findings and postoperative outcomes af-
ter cytoreductive surgery and perioperative intraperitoneal chemotherapy for
pseudomyxoma peritonei. Ann Surg Oncol. 2011;18:1582–1589.

39. Sugarbaker PH. Cytoreduction including total gastrectomy for pseudomyxoma
peritonei. Br J Surg. 2002;89:208–212.

40. Glockzin G, Renner P, Popp FC, et al. Hepatobiliary procedures in patients
undergoing cytoreductive surgery and hyperthermic intraperitoneal chemother-
apy. Ann Surg Oncol. 2011;18:1052–1059.

41. Yan TD, Deraco M, Elias D, et al. A novel tumor-node-metastasis (TNM)
staging system of diffuse malignant peritoneal mesothelioma using outcome
analysis of a multi-institutional database. Cancer. 2011;117:1855–1863.

42. Elias D, Gilly F, Quenet F, et al. Pseudomyxoma peritonei: a French multicen-
tric study of 301 patients treated with cytoreductive surgery and intraperitoneal
chemotherapy. Eur J Surg Oncol. 2010;36:456–462.

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

C© 2012 Lippincott Williams & Wilkins www.annalsofsurgery.com | 341




