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ABSTRACT

Introduction: The hyperthermic intraperitoneal chemotherapy (HIPEC) has been widely applied in clinical
practice for peritoneal carcinomatosis (PC). The temperature is one of the important elements affecting
the efficacy of HIPEC, and it can become fluctuant by several factors. This study is aimed to explore the role
of a stable perfusion temperature in promoting bowel recovery of PC patients due to gastrointestinal
malignancies.

Methods: Between January 2012 and July 2013, 59 PC patients undergoing cytoreductive surgery and
three-cycle HIPEC were included. Patients having stable perfusion temperature for all cycles were assigned
into the study group, with the rest having unstable temperature into the control group. Time of flatus and
defecation passage and initiation time of enteral nutrition were compared between both groups to detect
the significance in bowel function recovery, with visual analogue scale (VAS) pain intensity and overall
survival (OS) compared meanwhile.

Results: In sum, 33 (55.9%) patients obtained stable temperature during HIPEC, and the rest of 26 (44.1%)
developed fluctuant perfusion temperature. Average time of flatus (2.3 + 1.2 vs 3.9 + 2.2 days, P =.002),
defecation passage (5.2 + 2.1 vs 7.1 + 2.9 days, P =.004) and enteral nutrition initiation (4.3 + 1.5 vs
6.7 + 2.3 days, P <.001) were much shorter in the study group than the control group. Additionally, the VAS
score (4.5+2.3vs 6.3 £ 1.3, P <.001) and 5-year OS rate (17.8% vs 11.1%, P=.135) were both improved, with
significance observed in postoperative pain control.

Conclusions: During HIPEC, a precise temperature control could promise an early recovery of bowel
function and reduce postoperative pain, without survival significance found based on the current cohort.
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Introduction
HIPEC is well accepted.” Up to the present, only the coli-

Digestive malignancies, especially gastric and colorectal can-
cers, remain leading causes of death worldwide. Once perito-
neal carcinomatosis (PC) occurs from advanced
gastrointestinal cancers, a poor prognosis must be predicted,
often followed by progressive abdominal distension, pain, early
satiety, and finally profound cachexia.' According to previous
EVOCAPE I study, the median survival of patients with PC was
3.1 months and 5.2 months for advanced gastric cancer and
colorectal cancer, respectively.” Over the last decades, numer-
ous techniques, such as parietal peritonectomy and intraper-
itoneal chemotherapy, have been applied to clinical practice.”*
Recently, several clinical studies have suggested that cytore-
ductive surgery (CRS) and hyperthermic intraperitoneal che-
motherapy (HIPEC) would be a potential strategy to manage
PC from digestive cancers.”

Eligible drugs, optimal intraperitoneal perfusion tem-
perature, and sufficient duration constitute the core techni-
que of HIPEC therapy. Although there is no consensus on
the optimal temperature, a recognized condition to obtain
a thermal homogeneity in the whole abdomen during

seum technique with a continuous stirring of the viscera by
water pump could provide a relatively stable temperature in
the in- and out-drains both.'® Nevertheless, such
a technique is limited to practice in the theater only with
an open abdomen actually. To our knowledge, it is difficult
to keep a stable hyperthermia for at least 60 mins, even
though such a stirring method has been applied. Several
factors, such as body mass index (BMI), numbers of perfu-
sion tubes, flow rate of solutions, and metabolism status,
could affect the regional temperature of intraperitoneal
chemotherapy. However, few studies have noticed the ther-
mic feature and its associated effects on outcomes.

Uncontrolled hyperthermia may cause some local and sys-
temic side effects to PC patients. However, whether a precise
control of perfusion temperature to obtain thermal homoge-
neity would promise improved outcomes for those patients
remains obscured. The aim of the current study is to investigate
the effect of stable hyperthermia during HIPEC on postopera-
tive recovery of PC patients from gastrointestinal cancers, with
some long-term outcomes also explored meanwhile.
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Patients and methods
Patients

This was a single-center, retrospective study on consecutive
patients with a confirmed diagnosis of PC due to advanced
gastrointestinal cancers. From January 2012 to July 2013,
a total of 59 patients had undergone CRS and HIPEC at our
center. This study was approved by the Institutional Ethics
Committee of our hospital. All included patients provided
written informed consents.

Patient selection criteria, as previously published,"" would
include all the following: 1) age 20-78 years; 2) Karnofsky
performance status (KPS) score >50; 3) life expec-
tancy>3 months; 4) peripheral white blood cell count >3,500/
mm> and platelet count >80,000/mm?>; 5) acceptable liver,
renal, cardiovascular, pulmonary, coagulation function, and
other major organ functions to endure a major operation; 6)
with confirmed histological diagnosis. Of note, the study did
not restrict patients with respect to treatment history, tumor
TNM staging, or chemotherapy agents.

Cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy

After an open abdomen, PC was confirmed and assessed with
peritoneal cancer index (PCI) as previously mentioned.'”
Afterward, a cytoreductive surgical procedure was performed
mainly based on the value of PCI, which ranged from 1 to 39.
The level of CRS for gastrointestinal cancer was recorded with
the completeness of cancer resection (CCR) score, as pre-
viously described."? Specifically, small nodules on small bowel
or mesentery surface were destroyed with beam coagulator.
Generally, cisplatin-based hyperthermic therapy was applied
to patients with CCR-1 and above, with hyperthermic therapy
alone to CCR-0 resected patients.

Catheters, including inflow and outflow tubes, were crossly
placed into the abdominal cavity prior to primary abdominal
closure. Hence, in our study, a closed technique was utilized to
protect the surgical incision and to reduce heat loss during
HIPEC. Generally, HIPEC treatment was commonly started at
Postoperative day (POD) 1 or 2, with three cycles performed in
total within three consecutive days. Note that gut decompres-
sion with nasogastric tube or enema was only applied for
patient suspicious bowel obstruction. HIPEC was admini-
strated with an automatic hyperthermia perfusion device (BR-
TRG-1, Baorui Medical Technology Company, P.R. China), as
previously described.”> An enclosed hyperthermia circuit
between the device and the abdominal cavity was established
with 2-4 perfusion tubes, with 3000 ml 43°C solutions flowing
in the loop. The abdominal temperature was checked in real-
time with two thermometers placed aside to in- and out-tube,
respectively, with 45°C above not allowed. HIPEC lasted for 60
or 90 min each time, with three cycles suggested by default. The
duration of 60 and 90 min was applied to patients with CRS-0/
1 and CRS-2, respectively. During HIPEC, patients were not
sedated but were closely monitored. They were supplied with
intravenous non-opioid analgesics, such as acetaminophen and
flurbiprofen, to relieve pain. The supine position was used to
start the procedure, without any restriction or agitation to the
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abdomen throughout the perfusion. Thereafter, all tubes were
removed gradually in the next 2-3 days.

In this study, a stable perfusion temperature was defined as
a change of temperature in outflow drain to 43°C not exceeding
0.5°C (43 + 0.5°C) during the whole process of HIPEC (Figure
1). Patients with stable perfusion temperature in all three-cycle
HIPEC were divided into study group, with the rest into con-
trol group.

Primary and secondary outcomes

After HIPEC, all patients were closely monitored for the fol-
lowing parameters: unpleasant complaints, vital signs, bowel
sound, flatus passage, drainage, and any adverse events. The
complete blood count and chemistry panel were routinely
examined on the second day after the treatment, with repeat
tests performed every 3 days. The primary outcome was the
time of bowel function recovery after HIPEC, which was
mainly evaluated by a definitive flatus description from the
patient. The secondary outcomes included defecation time,
postoperative pain (via visual analogue scale, VAS) score,
length of postoperative stay, hospital expenditure, incidence
of postoperative complications, and three-year overall survi-
val (OS).

Once a flatus passage recorded, an oral feeding was
attempted from a trial liquid diet, gradually changed to semi-
liquid and soft diet. Chemotherapy was routinely started
within 3 weeks after CRS and HIPEC, with a specific regimen
selected based on primary histological report. All patients were
routinely followed up every 3 months for the first year, every 6
months for the second year and twice a year thereafter. The
routine exams in each visit were similar as to our previously
published.'* The OS time ranged from the confirmed diagnosis
of PC until the last contact after CRC and HIPEC or the date of
an informed death.

Statistical analysis

Data were expressed as mean+SD if not indicated otherwise.
Clinical parameters between the two groups were compared by
chi-square test or Fisher’s exact test for categorized variables,
with Student’s ¢-test or Mann-Whitney U test performed for
continuous variables. The Kaplan-Meier method was utilized
to explore OS rate and potential prognostic factors, with log-
rank test. All data analyses were performed by IBM SPSS soft-
ware (Ver. 23.0; Chicago, IL) and GraphPad (Ver. 7.0;
GraphPad Software Inc, San Diego, California, USA), with
a P value of <0.05 considered statistically significant.

Results
Baseline data and surgical intervention

Within the study period, a total of 59 consecutive patients who
had undergone CRS and HIPEC treatments were included for
the final analysis. Among this cohort, 33 (55.9%) patients had
precise control of perfusion temperature during all three cycles
of HIPEC, with the rest of 26 (44.1%) patients suffered at least
once from unstable hyperthermia. Of note, 29 (49.1%) patients
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Figure 1. The demonstration of a thermal homogeneity during HIPEC. A. A typical stable perfusion temperature was obtained. The actual temperature in outflow drain
(blue curve) almost equals with the setting temperature in inflow drain (red curve). The blue triangle indicates a stable perfusion temperature; B. A typical unstable
perfusion temperature was observed by real-time monitoring out-drain temperature. Those blue arrows indicate extensive fluctuations beyond 1°C to default 43°C.

received simplex continuous hyperthermic intraperitoneal per-
fusion, whereas the rest underwent standard HIPEC with
60 mg/m” cisplatin. The demographic and surgical character-
istics between the two groups are summarized in Table 1.
Simply, age, gender, body mass index (BMI), ASA score, num-
ber of drains, and PCI and CCR scores were similar in both
treatment groups (P > .05); however, a stable perfusion tem-
perature was more frequently achieved in PC patients from
gastric cancer than those from colorectal cancer (81.8% vs
40.5%, P = .003).

Bowel function recovery and early outcomes

As mentioned above, the bowel function recovery after CRS
and HIPEC was evaluated mainly by time of flatus, time of
defecation, and time to initiate enteral nutrition. In this cohort,
the median time of flatus was 3 (range, 2-7) days. It was
markedly shortened in the study group compared with the
control group (2.3 * 1.2 vs 3.9 + 2.2 days, P = .002).
Similarly, the median time of defecation and initiation of
enteral nutrition were 4 (range, 2-10) days and 3 (range, 2-9)
days, respectively. Compared with the control group, both time
intervals were significantly shortened (Table 2). Besides,

surgical drains were removed earlier in the study group than
in the control group. The length of postoperative stay was
significantly shorter for patients with stable perfusion tempera-
ture than for patients with unstable perfusion temperature
(10.6 £ 3.2 vs 14.6 £ 5.0 days, P = .002). Although the average
expenditure in the study group was lower than in the control
group, no significant difference was observed (P = .581). In
addition, a logistic regression analysis indicated that demo-
graphic characters except tumor location were not associated
with the thermal homogeneity during HIPEC.

Postoperative complications

After HIPEC, postoperative abdominal pain and low fever
were commonly observed, with 76.3% and 64.4% of 59
patients recorded, respectively. Our data showed that most
of abdominal pain or pyrexia complaints occurred at
postoperative day (POD) 2 or 3 after HIPEC and then van-
ished almost within 3 days. The daily incidence of pain or
pyrexia complaints was relatively lower in the study group
than that in the control group either (Figure 2). The VAC
score at POD 3 in the study group was obviously lower than
that in the control group (4.5 £ 2.3 vs 6.3 + 1.3, P < .001).



Table 1. Baseline and demographic features of patients with peritoneal
carcinomatosis.

The pooled  Study group  Control group
Variable (n =59) (n=33) (n=26) P value
Age, years 464 £ 11.9 455+ 123 476+ 116 0.504
(25-75) (25-72) (33-75)
Gender, n (male: 38:21 20:13 18:8 0.588
female)
BMI, kg/m? 219+ 96 223+£92 216 £ 103 0.781
(12.2-31.2) (13.3-29.8) (12.2-31.2)
ASA, n (%) 0.736
0-2 49 (83.1) 28 (84.8) 21 (80.8)
3-5 10 (16.9) 5(15.2) 5(19.2)
Histopathological 0.856
type, n (%)
Well/moderately 37 (62.7) 21 (63.6) 16 (61.5)
Ade.
Poorly Ade. 16 (27.1) 9 ( ) 7 (26.9)
Signet ring cell CA 3 (5.1) 2 (6.1) 1(3.8)
Mucous CA 3(5.1) 1(3.0 2(7.7)
ScC 0(0) 0 0
Location of tumor*, 0.003
n (%)
Stomach 22 (37.3) 18 (54.5) 4 (15.4)
Colon/rectum 37 (62.7) 15 (45.5) 22 (84.6)
Catheters, n (%) 0.441
2 tubes 1(1.7) 0 1(3.8)
4 tubes 58 (98.3) 33 (100) 25 (96.2)
PCl score 146 £ 12.4 13.7+114 158 £ 13.6 0.521
(3-26) (3-23) (5-26)
CCR, n (%) 0.422
Score 0 30 (50.8) 17 (51.5) 13 (50.0)
Score 1 25 (42.4) 15 (45.5) 10 (38.5)
Score 2 4 (6.8) 1(3.0 3(11.5)
Operation time, min 234 + 96 224 + 89 248 + 104 0.344
(137-410) (140-350) (137-410)
Estimated blood 137 £123 128 £ 110 149 £ 140 0.521
loss, ml (20-1100) (20-350) (30-1100)
Cisplatin therapy, 29 (49.2) 16(48.5) 13(50.0) 0.558
n (%)

All patients who underwent HIPEC were included for analysis. Data present with
mean=SD (range) or number (percentage of each column). Study group and
control group indicated patients with stable perfusion and fluctuated tempera-
ture, respectively. Abbreviations: BMI, body mass index; ASA, American Society
of Anesthesia; Ade. Adenocarcinoma; CA, carcinoma; SCC squamous cell carci-
noma; PCl, peritoneal cancer index; CCR, completeness of cancer resection. *
A regression analysis by using above-listed variables indicates that only tumor
location is associated with stable temperature during HIPEC. P < 0.05 with t-test
or Fisher’s exact test.

Table 2. Comparison of outcomes in PC patients after CRS and HIPEC treatments.

Control
The pooled  Study group group
Parameter (n=59) (n=33) (n=26) P value
Flatus time, day 30+19 23+1.2 39+22 0.002
(2-7) (2-4) (2-7)
Defecation, day 6.0+ 2.6 52+ 2.1 71+£29 0.004
(2-10) (2-8) (4-10)
EN Initiation, day 54+22 43+ 15 6.7 £23 <0.001
(2-9) (2-6) (4-9)
Time to remove surgical 6.5 + 2.7 58+27 75+24 0.015
drains, day (4-9) (4-8) (5-9)
LOS, day 184+46 172+38 199 +52 0.025
(8-34) (11-32) (8-34)
LOPS, day 124 £ 45 10.6 = 3.2 14.6 £ 5.0 <0.001
(5-29) (6-24) (5-29)
Hospital charges, yuan 83718+24 82166 +28 85688+ 17 0.581
075 347 579
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Pain & Pyrexia after HIPEC
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Figure 2. The frequencies of postoperative pain and pyrexia complaints after CRS
and HIPEC treatments. The evaluation began instantly once all procedures were
completed. Generally, the evaluation performed each day would last for 2 weeks
no matter whether patients have been discharged or not.

Postoperative complications were observed in 10 patients (6
for pneumonia, 5 for surgical site infection, 3 for adhesive
bowel obstruction, and 2 for anastomotic leak). No additional
operation was performed for those patients. There was no
significant difference in postoperative complication incidence
between the two groups (Table 3). Of note, HIPEC associated
kidney injury was observed in 6 (10.2%) patients in the
current study, with 5 cases in the subgroup of cisplatin-
based HIPEC. A subgroup analysis (Table 4) indicated that
cisplatin-based HIPEC did not impact on the thermal

Table 3. Postoperative complication comparisons after CRS and HIPEC treatments.

The Study Control
pooled group group
Complication (n=59) (n=33) (n=26) P value
Postoperative pain, n (%) 45 (76.3) 22 (66.7) 23 (88.5) 0.068
Postoperative pyrexia, n (%) 38 (64.4) 18(54.5) 20 (76.9) 0.102
Pneumonia, n (%) 6(10.2) 2 (6.1) 4 (15.4) 0.390
SSI, n (%) 5(8.5) 3(9.1) 2(7.7) 0.614
Adhesive bowel obstruction, 3 (5.1) 13.0) 2(7.7) 0.578
n (%)
Anastomotic leak, n (%) 2(3.3) 13.0) 1(3.8) 0.691

Data present with mean+SD (range) if not otherwise indicated. Abbreviations:
EN, enteral nutrition; LOS, length of stay; LOPS, length of postoperative stay;
P < 0.05 considered significance between two groups.

Postoperative complications were monitored within one-month period after CRS
and HIPEC treatments. Abbreviations: SSI, surgical site infection; P < 0.05
indicates a significant difference between the two groups.
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Table 4. Comparison of results in patients with cisplatin used or not during HIPEC
procedure.

Table 5. Univariate analysis of predictive factors for the overall survival of PC
patients from gastrointestinal cancers.

Cisplatin sub-  Non-cisplatin sub-
group group
Parameter (n=29) (n=30) P value
Stable temp., n (%) 16(55.2) 17(56.7) 0.558
Flatus time, day 21+£13 26+19 0.242
EN Initiation, day 52+36 59+28 0.410
Defecation, day 58+23 54+28 0.556
LOPS, day 122 £37 12,6 £3.6 0.675
Surgical drains remove 6.3 2.1 6.8+23 0.387

duration, day

Data present with mean=SD (range) if not otherwise indicated. Abbreviations:
Temp., temperature during HIPEC; EN, enteral nutrition; LOPS, length of post-
operative stay. P < 0.05 indicates a significant difference between the two sub-
groups.

1.00
1

—— Temp. unstable group
—— Temp. stable group

Cumulative survival (%)
0.50 0.75
1 1

0.25
1

0.00
1

Fellow-up period (months)

Figure 3. The Kaplan-Meier survival analysis of PC patients from gastrointestinal
cancer. Temp. stable group stands for our study group, while Temp. unstable
group for our control group. The comparison of OS is not significantly different
between the two groups (P =.1358).

homogeneity (P = .558), bowel function recovery (P = .242),
and length of postoperative stay (P = .675).

Long-term outcomes

After CRS and HIPEC treatments, disease recurrence was
found in 36 (61.0%) patients after a median period of
8.2 months (mean 6.2 months, range 2 to 41 months).
Among those, 15 patients and 21 patients had gastric can-
cer and colorectal cancer, respectively. The median OS for
59 patients was 38 months (range, 5 to 57 months). By
using Kaplan-Meier log-rank test (Figure 3), the estimated
5-year OS in the study group was slightly improved com-
pared with the control group (17.8% vs 11.1%, P = .135).
Besides, univariate analyses of 3-year OS rates were per-
formed according to age, gender, BMI, ASA, tumor loca-
tion, tumor grade, cisplatin HIPEC, thermal homogeneity,
and adjuvant chemotherapy. It has shown that older age
(P = .014), lower BMI (P = .035), colorectal cancer
(P = .027), and higher grade (P = .041) were associated
poorer outcomes in such cohort (Table 5). However, the
thermal homogeneity in the current study was not
a determining factor of survival significance (HR, 1.594;
95%CI, 0.975-2.437).

95.0% CI HR
Factor B Pvalue HR Lower Upper
Age (60 yr cutoff) 0.681 0.014 1.632 1472 2369
Gender (male:female) 0.056 0.752 1.026 0.895 1.594
BMI (18.0 cutoff) —0.631 0.035 0.592 0.275 0.766
ASA (2 cutoff) 0.036 0.718 1.148 0.593 1.485
Tumor location (gastric:colorectal) -0.238 0.027 0.462 0.283 0.710
Tumor grade (low+undifferentiated) —0.622 0.041 0.580 0.253 0.998
Cisplatin HIPEC 0.115 0366 1.122 0.874 1.441
Thermal homogeneity 0366 0.074 1.594 0975 2437
Adjuvant chemotherapy 0.195 0.629 1.622 0.674 2441

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesia, slope
of the regression; HR, hazard ratio; Cl, confidential interval; Cox regression of
overall survival was used with Enter method for covariate inclusion.

Discussion

In the current study, patients who underwent CRS and
HIPEC treatments were retrospectively reviewed. During
HIPEC, 55.9% of 59 patients had a stable perfusion tem-
perature and considered as the study group. Compared
with those with thermal heterogeneity, postoperative pain
was reduced, and time of flatus, enteral nutrition initia-
tion, and postoperative stay were all shortened signifi-
cantly. Additionally, the OS in the study group was
improved compared with the control group; however,
there was no significant difference. By univariate analyses,
thermal homogeneity was not associated with improved
long-term outcomes.

The current combined treatments for PC from gastrointest-
inal cancer involve the cytoreductive surgery to reduce tumor
burden first, followed by intraperitoneal application of che-
motherapy with thermic isotonic solutions for at least
60 min."> The goal of this regional therapy was an eradication
of microscopic residual disease within abdomen and pelvis.
The widespread application of these treatments for gastroin-
testinal peritoneal metastases has been generously recognized
by numerous studies.'® For the last two decades, much more
attentions have been paid to drug selection, optimal tempera-
ture, and duration; however, technical details during each
HIPEC, such as stability of flow rate and perfusion tempera-
ture, heat circulation dynamics, and distribution, are com-
monly neglected, with their roles on treatment outcomes
rarely found. Some interesting studies on heat changes during
HIPEC showed that hyperthermia actually had a limited pene-
tration depth on the abdominal wall, with various temperature
distributions amongst the various abdominal sites
meanwhile.'”'®

As previously reported, malignant cells would be selec-
tively destroyed by continuous hyperthermia in the range
of 41°C to 43°C, and the microcirculation in tumor
niches would attenuate, even complete shutdown, in
response to stable hyperthermia.'”*® Besides, there is
also evidence that uniformed heat might affect cellular
metabolism and change cytotoxic parameters of perfused
drug in HIPEC.*! A recent experiment indicated that
HIPEC therapy might not only kill tumor cells but also
enhance anticancer immune response via exposure of heat
shock protein 90.>



On the other hand, as a “double-edged sword,” some side
effects of HIPEC therapy would occur if intraperitoneal
hyperthermia was not well controlled. These side effects
include: 1) Heat-associated injuries; 2) Edema of the intestinal
wall, which further leads to ileus, bowel obstruction, bowel
perforation, even fistula; 3) abdominal symptoms, such as
persistent abdominal distension, pain, even generalized perito-
nitis; 4) delayed abdominal wound healing, even wound infec-
tion if overheated solutions immersed into the abdominal wall.
In order to reduce its incidence, as always emphasized, a real-
time monitor of vital signs and perfusion parameters should be
seriously implemented in clinical practice. Recent evidence
strongly suggested a sophisticated multidisciplinary team
including experienced surgeons and medical oncologists
should be established for HIPEC to better control hyperther-
mia and drug selection individually.

To our best knowledge, some technical details during
HIPEC should be noticed to detect and correct thermal
homogeneity problem. First, omentum should be excised as
much as possible to reduce the incidence of disease recur-
rence and out-flow drain stuck by floated omentum. Second,
prophylactic pain control should be applied to keep the abdo-
men maximally distended during HIPEC. Besides, to our
knowledge, a hemi-recumbent position should be advocated
during HIPEC to better use of gravity for solution drainage.
Third, the flow rate of perfusion should be high enough to
achieve relatively thermal homogeneity. An animal study
using swine model indicated that higher flow rate could
cause more rapid heating of peritoneum and greater perito-
neal temperature gradients. In the clinical study, it was asso-
ciated with improved peritoneal heating with relatively lower
visceral temperature meanwhile.>” Finally, the catheters used
for perfusion and drainage should be wide enough in dia-
meter and placed cross bi-direction into the abdomen. To our
knowledge, two in- and out-flow drains would be the optimal
numbers in default configuration.

The limitations of this study stemming from its retrospec-
tive design should be addressed. As a single-center study,
a potential selection bias would be unavoidable, and the rela-
tively small sample size would compromise the power of our
findings. Besides, the treatment strategy was quite variable due
to the surgeon’s preference and the patient’s personal choice.
As a result, long-term survival significance based on the cur-
rent categorization may be confounded. Of note, the current
applied three-cycle HIPEC is not widely used compared with
one-cycle fashion. Hence, it would be insufficient to generalize
the findings to a larger HIPEC cohort. Finally, in clinical
practice, unstable perfusion temperature whenever noticed
should be corrected instantly via any ways to protect the
benefits of patients. This reality would produce an ethical
obstacle to start a prospective study. As a result, other similar
studies with the retrospective design either may be integrated
together to perform a meta-analysis if available.

In summary, the findings demonstrate that HIPEC is a safe
regional therapy for PC patients from gastrointestinal malig-
nancies. A stable perfusion temperature during HIPEC could
reduce postoperative pain, and importantly promote the recov-
ery of bowel function for those cohorts.
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