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ABSTRACT

Background. Cytoreductive surgery with hyperthermic
intraperitoneal chemotherapy (CRS-HIPEC) has an
emerging role in the treatment of peritoneal malignancies.
The CRS-HIPEC approach has known treatment-related
toxicities. This study sought to determine the predictors of
major postoperative complications after CRS-HIPEC in a
high-volume center.

Methods. From a single-institution database, this study
investigated complications experienced by patients under-
going CRS-HIPEC. Multiple preoperative and operative
factors were analyzed for their ability to predict 60-day
Clavien grade 3 and greater (major) complications by
logistic regression. A predictive model was created from
preoperative factors using multivariate logistic regression.
The model was tested by Akaike’s information criterion,
the Hosmer and Lemeshow Goodness-of-Fit Test, the
receiver operating characteristic, and the Youden Index.
Results. The study evaluated 247 patients undergoing
CRS-HIPEC. The primary tumor site was the appendix in
166 cases (67.2 %), the colorectal area in 51 cases (20.6
%), the peritoneum (mesothelioma) in 22 cases (8.9 %), the
ovary in 5 cases (2 %), and the small bowel in 3 cases
(1.2 %). The median peritoneal cancer index was 14 (range
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0-29), and 235 patients (95.1 %) had a complete (CC-0/1)
cytoreduction. Major complications occurred for 41
patients (16.6 %), classified as grade 3 in 33 cases
(13.4 %), grade 4 in 5 cases (2 %), and grade 5 (deaths) in
3 cases (1.2 %). The factors predictive of major compli-
cations in the multivariate analysis were a Charlson
Comorbidity Index (CCI) score higher than O [odds ratio
(OR), 2.505; p = 0.035], presence of preoperative symp-
toms (OR 1.951; p = 0.064), and prior resection status [no
resection or prior CRS-HIPEC (OR 2.087) vs. prior
resection without CRS-HIPEC (OR 3.209); p = 0.046].
These variables were used to create a tool predictive of
postoperative complications.

Conclusion. Presence of symptoms, CCI, and prior
resection status predict major complications and define a
low-risk population after CRS-HIPEC.

Patients with peritoneal metastases have historically
been considered as having incurable disease. In select
patients, the peritoneum may represent the sole site of
metastatic disease, prompting the use of cytoreductive
surgery (CRS) and regional chemotherapy in the form of
hyperthermic intraperitoneal chemotherapy (HIPEC).
Mounting evidence points to the efficacy of CRS-HIPEC in
the treatment of select patients with peritoneal metastases
from cancers of the appendix, 1=3 ¢olon and rectum,“_6 small
bowel,7’8 ovary,9 and peritoneum (mesothelioma).]0’]1

Whereas the magnitude of the benefit from CRS-HIPEC
for peritoneal metastases is being better defined, treatment-
related toxicities are well-known. Large series in the
modern era have found a major morbidity rate of 24-34 %
and a mortality rate of 24 % after CRS-HIPEC.>>"'*"1
Multiple independent predictors of morbidity and mortality
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have been identified including age, albumin, prior surgery,
gastrectomy, operating time, intraoperative transfusion,
extent of disease, HIPEC center, primary tumor site, grade,
histology, number of anastomoses, presence of ascites, and
HIPEC technique.>>'>'*'® Many of these variables are
not known at the time of preoperative evaluation, when risk
assessment is most valuable to both patient and physician
for selection of the appropriate treatment. Therefore, we
sought to determine the preoperative predictors of major
postoperative complications after CRS-HIPEC in a high-
volume center and to derive a prediction tool from these
preoperative risk factors.

METHODS
Design and Eligibility

This retrospective study investigated predictors of com-
plications after CRS-HIPEC at a single, high-volume HIPEC
center. Eligible patients were those undergoing CRS-HIPEC
at the University of California, San Diego, from 3 August
2007 to 27 June 2014. Candidates for CRS-HIPEC at our
institution are those with peritoneal metastases amenable to
complete cytoreduction (CC-0/1'") from appendix, col-
orectal, peritoneal (mesothelioma), ovarian, and small bowel
cancers without extraperitoneal metastases and with suffi-
cient physiologic reserve for a major operation. Study data
were collected retrospectively from a prospectively main-
tained database using Research Electronic Data Capture
(REDCap) electronic data capture tools.'®

Preoperative Details

The preoperative variables collected included age,
gender, smoking status, pack-year history, body mass index
(BMI), albumin, Charlson Comorbidity Index (CCI,
excluding the index malignancy), American Society of
Anesthesiology classification of physical health (ASA),
primary tumor site, tumor grade, most recent carcinoem-
bryonic antigen (CEA) level, synchronous/metachronous
peritoneal metastases, symptoms (including pain, abdomi-
nal distension, bowel obstruction, gastrointestinal bleeding
or perforation), preoperative imaging evidence of disease
and preoperative (imaging) peritoneal cancer index (PCI),
prior chemotherapy, prior resection and operative status,
and prior surgical score (PSS)."”

Operative Details

All the patients underwent CRS followed immediately
by HIPEC per the standardized technique performed at our
institution.”” The extent of peritoneal disease was assessed
at the time of surgery, measured according to the PCL?!

The completeness of cytoreduction (CC) score was used
after CC to assess residual, unresected disease.!” Patients
with appendiceal, colorectal, and small bowel primary
tumors were given 10 mg/L perfusate of intraperitoneal
mitomycin C. Patients with mesothelioma and ovarian
cancer were dosed with 50 mg/m? of cisplatin and 15 mg/
m? of doxorubicin. All HIPEC doses were administered
during a 90-min perfusion with 42 °C hyperthermia. Two
thirds of the total dose were given initially, and the final
one third was administered after 45 min, followed by
gastrointestinal reconstruction and definitive closure.

The operative variables collected included PCI, opera-
tive time, estimated blood loss (EBL), number of visceral
resections, number of anastomoses, and CC score. Visceral
resection was defined as colon resection, small bowel
resection, appendectomy, anatomic hepatic resection
(segmentectomy or lobectomy), pancreatectomy, chole-
cystectomy, hysterectomy and/or oophorectomy, partial or
total gastrectomy, or splenectomy.

Postoperative Details

The postoperative variables collected included hospital
length of stay (LOS) and complications. Complications
were collected up to 60 days after CRS-HIPEC. All com-
plication data were collected from inpatient medical
records, outpatient medical records, outside medical
records, or direct correspondence with referring physicians.
Complications were graded per the Clavien classification.**
The patients with more than one complication had their
worst 60-day complication recorded. Major complications
were defined as Clavien grade 3 or greater.

Specific complications of interest after CRS-HIPEC also
were recorded including enteric leak/fistula defined as
anastomotic or bowel leak at the time of reoperation,
enterocutaneous fistula, enteric contents from operative or
postoperative drains or evidence of enteric contrast leak on
imaging, ileus or delayed gastric emptying defined as no
bowel function or inability to tolerate oral intake longer
than 7 days after surgery, intraabdominal abscess defined
as intraabdominal fluid collections with documented or
highly suspected infection in those not amenable to sam-
pling or drainage, deep venous thrombosis (DVT) or
pulmonary embolus (PE) defined as any new DVT/PE
documented by imaging (ultrasound or computed tomog-
raphy), and blood product transfusion defined as any
postoperative transfusion of packed red blood cells, fresh
frozen plasma, or platelets.

Statistical Analysis

Univariate logistic regression was performed using
preoperative and operative variables to identify predictors
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of 60-day major complications. Multivariate logistic
regression was used to identify preoperative and operative
variables with a p value of 0.20 or lower in univariate
analysis, which independently predicted 60-day major
complications. Multiple multivariate models were analyzed
including use of all preoperative variables meeting uni-
variate entry criteria, a reverse stepwise approach with
removal of individual variables one by one starting with the
highest p value until all variables had a p value lower than
0.10, and age and albumin variables forced into an all-
inclusive or stepwise model.

The final model that minimized Akaike’s information
criterion (AIC) was selected. Variables in the final model
were tested for interaction by examination of interaction
terms in the multivariate analysis. The Hosmer and
Lemeshow Goodness-of-Fit Test was used to measure the
fit of the final multivariate model.

The preoperative predictors from the final multivariate
model were used to create individual risk groups com-
prising every possible combination of the predictors. A
receiver operating characteristic (ROC) curve was created
from these risk groups to evaluate the overall model by
measuring the area under the curve (AUC) compared with
an AUC of 0.5. A cutoff between low- and high-risk groups
then was selected based on the distribution of the predicted
probabilities of major complications, with the Youden
Index used to maximize the J statistic.”> A predictive
model for 60-day major complications then was created
using this low- versus high-risk cutoff, with points assigned
to each risk factor corresponding to the rounded odds ratio
from the multivariate analysis. Comparison of means
between subgroups was performed using Student’s # test for
comparison of two groups or analysis of variance
(ANOVA) (with Tukey’s post hoc comparison) for com-
parison of more than two groups.

RESULTS
Patient Baseline and Operative Details

The analysis included 247 CRS-HIPEC procedures
performed for 231 patients. The baseline and operative
details are listed in Table 1. The ASA class was determined
from the clinical record by the anesthesiologist, and the
majority of patients were class 3 or higher due to having
metastatic (peritoneal) disease.

Complications

Figure 1 illustrates 60-day postoperative complications
by Clavien grade (Fig. 1a) and 60-day major complications
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TABLE 1 Baseline and operative details
Variable n (%)
Baseline variables
Median age: years (range) 53 (20-86)
Gender

Male 117 (47.4)

Female 130 (52.6)
Current smoker 8(3.2)
Median smoking pack-year history: years (range) 0 (0-50)
Median BMI: kg/m2 (range) 26.4 (18.6-48.0)
Median albumin: g/dL (range) 4.3 (2.4-5.2)
CCI: median (range) 0 (0-8)
ASA

2 25 (10.1)

3 126 (51.0)

4 3(1.2)

NA 93 (37.7)
Primary site

Appendix 166 (67.2)

Colorectal 51 (20.6)

Mesothelioma 22 (8.9)

Ovarian 5(2.0)

Small bowel 3(1.2)
Median CEA (ng/ml) 4.0 (0.2-144.0)
Symptomatic 99 (40.0)
Imaging evidence of disease 212 (85.8)
Median preoperative PCI 6 (0-38)
Prior chemotherapy 111 (44.9)
Prior resection

None 62 (25.1)

Yes without prior CRS-HIPEC 166 (67.2)

Yes with prior CRS-HIPEC 19 (7.7)
Operative variables
PCI: median (range) 14 (0-29)

Median operative time: min (range)
Median EBL: mL (range)

403.5 (196-799)
250 (10-4000)

No. of visceral resections: median (range) 2 (0-10)
No. of anastomoses: median (range) 1 (0-6)
CC score
0 199 (80.6)
1 36 (14.6)
2 11 (4.5)
3 1 (0.04)
Median LOS: days (range) 10 (4-45)

BMI Body mass index, CCI Charlson comorbidity index, ASA
American Society of Anesthesiology classification of physical health,
NA not available, CEA carcinoembryonic antigen, PCI peritoneal
cancer index, CRS-HIPEC cytoreductive surgery with hyperthermic
intraperitoneal chemotherapy, EBL estimated blood loss, CC com-
pleteness of cytoreduction, LOS hospital length of stay
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A 60 Day Complications by Clavien Grade

Grade 1, 8%

Grade 0, 40%

Grade 5, 1%
Grade 4, 2%

Grade 3, 13%

Grade 2, 35%

B 60 Day Major Complications by Type

Gastrointestinal, 18%

Renal, 4%

Hematologic, 9%

Pulmonary, 16%

Cardiac, 4%

Other, 5%

Infectious, 44%

FIG. 1 Complications. a The 60-day complications by Clavien grade among all the patients (n = 247). b The 60-day major complications by

type among all the major (Clavien grade >3) complications (n = 55)

by complication type (Fig. 1b). Of the 247 patients, 99
(40.1 %) had no 60-day complications. Of the 148 patients
(59.9 %) who had 60-day complications, 134 (90.5 % of all
the patients with a complication) experienced complica-
tions during their inpatient stay after CRS-HIPEC, and 14
(9.5 %) experienced complications after discharge (28
patients also had a complication after discharge that was
less severe than their inpatient complication).

Among the 20 patients (8.1 %) with grade 1 complica-
tions, the most common complication was superficial
wound infection for 5 patients and mildly increased crea-
tinine for 3 patients. For the 87 patients (35.2 %) with

grade 2 complications, the most common complication was
postoperative blood product transfusion (29 patients) and
prolonged ileus/delayed gastric emptying requiring intra-
venous nutrition (19 patients, in addition to 5 patients with
both complications). A total of 55 major complications
were experienced by 41 patients (16.6 %) including grade 3
complications by 33 patients (13.4 %), grade 4 complica-
tions by 5 patients (2 %), and grade 5 complications (death)
by 3 patients (1.2 %).

The most common single major complication was
infected or potentially infected intraabdominal or
intrathoracic fluid collection requiring percutaneous
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TABLE 2 The 60-day specific complications among all the patients
(n = 247)

60-Day specific complications n (%)
Enteric leak/fistula 4 (1.6)
Ileus or DGE >7 days 31 (12.6)
Intraabdominal abscess 24 (9.7)
Wound infection 17 (6.9)
DVT/PE 8 (3.2)
Blood product transfusion 47 (19.0)

DGE Delayed gastric emptying, DVT/PE deep venous thrombosis/
pulmonary embolism

drainage, experienced by 26 patients (6 of whom had
additional major complications). The three postoperative
deaths, all due to pneumonia, were caused by respiratory
failure and sepsis (n = 1), sudden death from PE after
discharge of a patient with an inferior vena cava filter (n =
1), and sepsis from an intraabdominal abscess (n = 1).
Seven patients (2.8 %) returned to the operating room
during their postoperative admission. Table 2 shows the
60-day specific complications of any grade.

Predictors of Major Complications

Uni- and multivariate analyses were performed to
identify factors predictive of 60-day major complications
(Table 3). Univariate analysis identified CCI higher than 0,
symptomatic disease, prior resection status (previous
resection with CRS-HIPEC or no history of resections),
greater number of visceral resections, and greater EBL to
be significant predictors of major complications. Age,
BMI, albumin, and preoperative PCI also were tested as
categorical variables and not found to be significant pre-
dictors of major complications.

Additional variables analyzed for their ability to predict
major complication in the univariate analysis included tumor
grade/differentiation, synchronous versus metachronous
peritoneal metastases, number of preoperative chemotherapy
cycles, preoperative chemotherapy treatment response,
number of prior tumor resections, number of prior abdom-
inal surgeries, and PSS. None of these variables were
significant predictors of major complications.

Multivariate logistic regression was performed using
preoperative and operative variables separately. Of the
operative factors predictive of major complications in the
univariate analysis, only the number of visceral resections
was significant in the multivariate analysis [hazard ratio
(HR) 1.434; p = 0.002]. Subgroup analysis of individual
visceral resections and the associated risk of major com-
plications was performed using Pearson’s Chi square test.
Pancreatectomy, splenectomy, cholecystectomy, partial
and total colectomy, appendectomy, partial gastrectomy,

small bowel resection, and hysterectomy and/or
oophorectomy were not significantly associated with a
higher risk for major complications. However, anatomic
hepatic resections were significantly associated with major
complications (40.0 vs. 18.5 % major complications with
anatomic hepatic resection versus nonanatomic Or no
hepatic resection, respectively; p = 0.042). Very few
patients (n = 10) had ostomies created as part of their CRS-
HIPEC, and although none of these patients had major
complications, this rate did not differ significantly from
those without ostomy creation (17.3 % major complication
rate in those without ostomies; p = 0.150).

The most predictive multivariate model using preopera-
tive variables (AIC = 51.66) identified CCI higher than 0,
symptoms, and prior resection status (no resection or
resection with prior CRS-HIPEC) as independent predictors
of major complications. There were no significant interac-
tions among these variables. The Hosmer and Lemeshow
Test was not significant (p = 0.117), indicating that the
model was adequately fit. From all possible combinations of
these three variables (CCI, symptoms, and prior resection
status), there were 12 possible risk groups from which pre-
dicted and observed rates of major complications were
derived (Supplementary Fig. 1). An ROC curve was created
from these risk groups (Supplementary Fig. 2), which had an
AUC >0.5 (p < 0.001). A high-risk cutoff (>10 % predicted
probability of a 60-day major complication) was established
as any patient with the presence of any risk factor (CCI > 0
and/or any symptom and/or no prior resection or prior
resection with CRS-HIPEC). This allowed the risk groups to
be divided into low- and high-risk groups with 0-10 and 10—
60 % risk of 60-day major complications, respectively. A
tool predictive of major complications was created from this
model (Table 4).

We further investigated subgroups based on the pre-
dictive preoperative variables. The patients with a CCI
higher than 0 did not differ significantly in number of
anastomoses or resections or EBL from those with a CCI of
0. The patients with symptoms had greater numbers of
anastomoses (1.0 vs. 0.77; p = 0.054), a greater number of
visceral resections (2.07 vs. 1.64; p = 0.017), and greater
EBL (538 vs. 301 mL; p = 0.001) than those without
symptoms. Those with no prior resections had a greater
number of anastomoses (1.08 vs. 0.73; p = 0.0038), a
greater EBL (543 vs. 346 mL; p = 0.017), and a trend of
more visceral resections (2.13 vs. 1.72; p = 0.113) than
those with prior resections (without CRS-HIPEC).

DISCUSSION
This study found that 60-day major complications after

CRS-HIPEC from a high-volume HIPEC center occurred
for 16.6 % of the patients and that CCI, the presence of
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TABLE 3 Predictors of major complications

TABLE 3 continued

Variable (n) Major Univariate =~ Multivariate Variable (1) Major Univariate =~ Multivariate
complications  analysis analysis complications  analysis analysis
(%) (%)
OR »p OR »p OR p OR p
value value value value

Preoperative variables No. of anastomoses 1.349 0.067

Overall (247) 16.6 EBL 1.001 0.030

Age 1.007 0.613 PCI 1.011 0.702

Gender 0.378 CC score 0.966
Male (117) 18.8 0 (199) 16.1 Ref
Female (130) 14.6 0.739 1 (36) 19.4 1.260 0.618

Current smoker 0.533 2 (11) 18.2 1.160 0.854
No (236) 16.5 0.594 3() 0.00 0.000 1.000
Yes _(8) 250 OR 0Odds ratio, BMI body mass index, CCI Charlson Comorbidity

Smgkmg pack-year 1.010 0.613 Index, ASA American Society of Anesthesiology classification of

history physical health, CEA carcinoembryonic antigen, PCI peritoneal can-

BMI 1.016 0.612 cer index, CRS-HIPEC cytoreductive surgery with hyperthermic

Albumin 0.851 0.653 intraperitoneal chemotherapy, EBL estimated blood loss, CC com-

' ' pleteness of cytoreduction

CCI 0.044
CCI 0 (212) 14.6
CCI >0 (35) 28.6 2.335 2.505 0.035

ASA 0.819 TABLE 4 Final predictive model of major complications with two
2(25) 0.0 0.000 0.998 risk groups
3.(126) 16.7 0.400 0.463 Preoperative factor Points
403 333 Ref

Primary 0521 cc1
Appendix (166) 14.5 Ref 0
Colorectal (51) 19.6 1.443 0.378 >0 3
Peritoneum (22) 18.2 1.315 0.646 Symptoms
Ovary (5) 40.0 3.944 0.144 No
Small bowel (3) 333 2,958 0383 Yes 2

CEA 1.009 0251 Prior resection

Symptoms 0.024 Yes without CRS-HIPEC 0
No (148) 122 None 2
Yes (99) 232 2.186 1951 0.064 Yes with CRS-HIPEC 3

Imaging evidence of 0.188 Total 8 (max)

disease Group Risk of major complication
No (32) 25.0 1.808
Yes (212) 15.6 Low risk (0-10 %)

Preoperative PCI 1.014 0.505 -8 High risk (10-60 %)

Prior chemotherapy 0.221 CCI Charlson Comorbidity Index, CRS-HIPEC cytoreductive surgery
No (136) 14.0 0.657 with hyperthermic intraperitoneal chemotherapy, max maximum
Yes (111) 19.8

Prior resections 0.021 0.046 . . .

symptoms, and prior resection status were independent
None (62) 24.2 2.330 0.026 2.087 0.063 . . . ..

) ) preoperative predictors of major complications. From these
Rg;%iﬁ%gg?‘l’gg) 120 Ref Ref variables, we identified a group of patients with no high-
Resection with CRS- 316 3369 0.027 3209 0.036 risk factors (39 % in this study) who were at a lower than
HIPEC (19) ' ' ' ' ' average risk for major complications after CRS-HIPEC.

Operative variables Although intraoperative variables also were predictive of

No. of visceral 1434 0.002 major complications in the univariate analysis (number of

resections

visceral resections and EBL), using only variables known
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at the time of preoperative evaluation has the most utility in
risk assessment.

A simple two-risk-group predictive tool also maximizes
clinical utility. Validation with larger multi-institutional
data sets may allow adequate discrimination of additional
risk groups from the current model, but the current data set
most accurately defines two-risk groups. We believe this
tool may be useful in specifically outlining the risks of
CRS-HIPEC, particularly those in the low-risk group, to
better inform patients, families, or referring physicians who
have understandable concerns about CRS-HIPEC-related
morbidity and mortality. Furthermore, we found that
additional risk factors for complications (e.g. age, albumin,
BMI, preoperative imaging PCI) were not predictive in our
model, suggesting that outside of extremes in these vari-
ables, they can be deemphasized in risk assessment for a
patient. Other postoperative complication risk assessment
tools, such as the National Surgical Quality Improvement
Program (NSQIP) risk calculator,”* are not CRS-HIPEC
specific and allow only one procedure to be risk assessed,
whereas CRS-HIPEC typically includes multiple simulta-
neous procedures.

The rate of major complications for patients after CRS-
HIPEC in the current study was similar to or lower than the
rate in most other large published series.”'*'*!¢ This
major complication rate is lower than that for other large,
open abdominal surgical oncology procedures (17 % after
hepatectomy for colorectal liver metastases,” 27 % after
pancreaticoduodenectomy,”® 28 % after gastrectomy?’). In
addition, two publications from the American College of
Surgeons NSQIP have reported the rate for NSQIP-defined
complications as 31-32.9 % after CRS-HIPEC.'*?®

Some advantages of our series over the aforementioned
reports include ability to determine the severity and etiology
of individual complications and measurement of complica-
tions beyond 30 days. The most common major
complications from other large studies include bleeding,
sepsis, enteric leak, wound infection, and urinary tract
infection.>'%'%?% In our series, abscess was the most com-
mon major morbidity, whereas grade 3 bleeding or greater,
sepsis, enteric leak, wound infection, and urinary tract
infections were relatively uncommon. This heterogeneity
may be explained by differences in the grading and recording
of major complications (Clavien score in our series vs. NCI
Common Terminology Criteria for Adverse Events or
NSQIP definitions in other studies), differences in the
threshold for percutaneous drainage of potentially infected
fluid collections, and differences in patient populations or
operative techniques. The enteric leak rate in our series also
was much lower (1.6 %) than in other studies (4.5-15
%),*>'° which may have resulted in the low mortality rate
also reported (1.2 %) because this complication is a common
cause of postoperative mortality.'?

Given that prior studies have shown a correlation
between the number of anastomoses and increasing major
morbidity and mortality, we tried to limit the number of
bowel resections or excisions (the median number of
anastomoses was 1 in our series) at our center. Patients
with extensive bowel serosal involvement also are often
excluded from consideration for CRS-HIPEC because they
typically are not candidates for complete CC.

Multiple preoperative and operative variables are
reported to predict complications after CRS-
HIPEC.>™'%1%1¢ preoperative variables are known during
operative planning and discussion, and complication pre-
diction models that use only preoperative variables are
more clinically useful and do not significantly degrade the
predictive ability compared with models that include
operative variables.”’ Preoperative variables predictive of
major complications from other large series include PSS,
number of prior operations, age, albumin, and primary
tumor site.”'>'> We did not find these variables to be
predictive of major complications in our series. In this
series, CCI was predictive, which was somewhat expected
because it is a valid risk assessment tool®” that has been
independently validated in cancer’' and surgical®* popu-
lations. Symptoms and prior resection status were
somewhat unexpected predictors of major complications.
Patients with symptoms and no prior resection had higher
numbers of visceral resections and greater EBL than those
with no symptoms or with a prior resection, which may
explain their higher rates of major complications because a
greater number of visceral resections and greater EBL were
operative predictors of major complications. Patients with
no prior resections required at least one visceral resection
of their primary tumor, and those with symptoms required
more extensive CC than those without symptoms.

The limitations of the current study included the nuances
of a single-center series. Our findings also have not been
validated to date in an independent data set. The high-risk
group in our model included patients with both average and
high risk of major complications, limiting the utility of the
high-risk group but preserving the clinical utility of the
low-risk group. Finally, determining the precise etiology of
complications, whether from CRS or HIPEC, was not
possible in this series because all the patients received both
procedures. However, a randomized controlled trial
examining gastric cancer treated by CRS alone versus CRS
with HIPEC found similar major morbidity in both groups,
suggesting that HIPEC may not add significant morbidity
to CRS.”

In conclusion, CRS-HIPEC can be performed with
acceptable morbidity and mortality rates at high-volume
centers, and a low-risk group can be predicted based on
preoperative variables. Use of a predictive tool for major
complications from these preoperative variables may be
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useful for informed consent of patients, particularly by
defining a low-risk group, if independent validation can be
obtained.
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