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Purpose: The optimal strategy for body temperature management during cytoreductive surgery (CRS) with hyperthermic intraper-
itoneal chemotherapy (HIPEC) remains controversial. This study aimed to assess whether intentionally cooling the core body
temperature (CBT) to hypothermia (<35°C) before the HIPEC phase improves postoperative outcomes.

Patients and Methods: In this retrospective cohort study, we analyzed 73 patients who underwent CRS plus HIPEC, grouped by
CBT immediately before HIPEC: CBT > 35°C (n=51) and CBT < 35°C (n=22). Primary outcomes including time to extubation and
Clavien-Dindo classification. Secondary outcomes including length of stay (LOS), ICU stay, postoperative acute kidney injury (AKI)
and reintubation event. Intraoperative parameters such as hemodynamic status, blood loss, transfusion requirements, and intravenous
(IV) fluid amount were also compared.

Results: Compared to the normothermia group, patients in the hypothermia group had significantly longer time to extubation (median
11.5 vs 8.0 hours, p = 0.0314), greater blood loss (median 350 vs 150 mL, p = 0.0045), higher leukocyte-poor red blood cells
transfusion units (p = 0.0016) and increased total IV fluid amount (p = 0.0049). Delayed extubation, defined as occurring more than
12 hours after surgery, appeared to be independently associated with hypothermia (odds ratio [OR] 6.31, 95% confidence interval [CI]
1.11-35.70, P = 0.037) and total IV fluid administration (per 100 mL; OR 1.05, 95% CI 1.00-1.10, P = 0.042) in multivariate analysis.
Conclusion: Actively inducing hypothermia before the HIPEC phase did not demonstrate improved postoperative outcomes and may
be associated with delayed extubation, greater blood loss, higher transfusion requirements, and increased IV fluid administration.
Keywords: body temperature, cytoreduction surgical procedures, perioperative care, airway extubation

Introduction
Peritoneal surface malignancies (PSMs) include primary peritoneal tumors, such as peritoneal mesothelioma, primary
peritoneal cancer, and peritoneal metastases. These metastases typically arise from gastrointestinal cancers, including
malignancies of the colon, stomach, small intestine, and appendix. Additionally, they may originate from gynecological
cancers or sarcomas, with rare occurrences at non-peritoneal sites.' > Peritoneal disease is characterized by rapid
progression, poor prognosis, and significantly shortened survival, with systemic chemotherapy offering limited effec-
tiveness in certain cases. As a result, locoregional therapies have emerged, combining aggressive surgical interventions
such as cytoreductive surgery (CRS) with peritonectomy and intraperitoneal chemotherapy (IPC).* When integrated with
modern multidisciplinary strategies, these approaches have substantially improved outcomes for selected patients with
peritoneal surface malignancies, even presenting the possibility of cure.’

The key prognostic determinants in successful management include the completeness of CRS and the burden of
peritoneal disease, which can be quantified by the Peritoneal Cancer Index (PCI).”” Numerous studies have suggested
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that CRS, especially when combined with intraperitoneal chemotherapy such as hyperthermic intraperitoneal chemother-
apy (HIPEC), can transform the treatment of peritoneal metastases, markedly enhance survival rates and even achieve
curative results in some cases.”®° ' As systemic chemotherapy is often associated with severe dose-limiting toxicity in
many such patients, CRS with the addition of HIPEC has become a treatment standard for various subsets of peritoneal
surface malignancies including primary peritoneal carcinomatosis, or peritoneal metastasis from gynecological or
gastrointestinal cancer."'?'* It offers an opportunity for the eradication of macroscopic disease and treatment of
microscopic disease, with a benefit of a decreased risk of systemic toxicity and prolongation of survival.">'” The
procedure typically involves multiple organ resections, peritonectomies, and the instillation of heated chemotherapy into
the abdominal cavity. Numerous mechanisms by which HIPEC affects tumor cells and enhances cytotoxicity have been
proposed, such as 1) hyperthermia-induced increased permeability of chemotherapeutic agents into tumor cells, 2)
increased drug-induced DNA damage, 3) inhibition of the repair of drug-induced DNA damage, 4) and the expression
of heat shock proteins by tumor cells, which ultimately potentiates the effect of Natural Killer cells (antitumor
response).'>'® 2 Thus, the goal of HIPEC is to target any residual microscopic cancer cells and to prevent recurrence.

However, temperature imbalance remains a major challenge for anesthesiologists during this type of surgery. During
the HIPEC phase, heated chemotherapy agent instillation often causes body temperature elevation and may induce
hyperdynamic circulation, increased oxygen demand, heart rate, end-tidal CO2 levels, and metabolic acidosis/increased
lactate values.”’>° As shown in Figure 1, some studies demonstrated that elevated core body temperature (CBT) may
cause complications including cardiac arrhythmias, intravascular depletion, cardiovascular collapse, acute lung injury,
immunosuppression, poor neurologic outcomes, renal failure, coagulopathies, seizures, and an increased risk of severe
30-day postoperative complications.®' ¢

Many experts have debated how to overcome such deals. Some centers intentionally cooled patients by using forced
air blankets (Bair Hugger ®), cooled intravenous fluid, ice packs in the axillae of patients, or reducing ambient
temperature settings to a lower degree before starting HIPEC to prevent the following hyperthermia.*®>®* However, no
consensus has been reached regarding whether cooling CBT to a lower degree before HIPEC can improve postoperative
outcomes. Perioperative hypothermia may induce several catastrophic adverse events, including myocardial ischemia,
coagulopathy, wound infection and poor healing. Prevention of hypothermia is also recommended by Guidelines for
Perioperative Care in Cytoreductive Surgery with or without Hyperthermic Intraperitoneal Chemotherapy and Enhanced
Recovery After Surgery (ERAS®) in gynecologic oncology.

Current evidences still have debates on whether to cool CBT before HIPEC phase. This study aimed to investigate
whether active cooling CBT below 35°C before the HIPEC phase during CRS is associated with differences in
intraoperative parameters, postoperative mortality and morbidity rates, and postoperative outcomes. We hypothesize
that induced cooling before the HIPEC phase may be associated with better outcomes.

Materials and Methods

We retrospectively enrolled 90 patients who underwent CRS plus HIPEC at the Kaohsiung Chang Gung Memorial
Hospital between 2018 and 2023. Eligible patients were adults aged > 18 years with an American Society of
Anesthesiologists (ASA) score of < 3. Eight patients were excluded due to incomplete data. An additional nine patients
were excluded because HIPEC was not performed after CRS was decided by the surgeon due to unexpected disease
progression. A flowchart of patient selection is shown in Figure 2. This study was approved by the Institutional Review
Board of the Chang Gung Memorial Hospital, Kaohsiung, Taiwan (IRB No0.202100987B0D001). The requirement for
individual patient consent was waived because of the retrospective design, minimal risk to participants, and use of de-
identified data. Patient confidentiality was strictly protected, and the study was conducted in accordance with the
principles of the Declaration of Helsinki.

A core body temperature of 35°C is commonly considered the lower threshold of normal.***° Therefore, patients
were divided into two groups based on their CBT immediately before the initiation of HIPEC: those with CBT > 35°C
and those with CBT < 35°C. A total of 51 patients were classified into the CBT > 35°C group and 22 into the CBT <
35°C group.
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Figure | Multisystem complications associated with intraoperative hyperthermia. Hyperthermia during cytoreductive surgery with hyperthermic intraperitoneal che-
motherapy (HIPEC) can lead to systemic complications, including cognitive dysfunction and seizures, acute lung and renal injury, cardiovascular collapse, intestinal wall edema
and perforation, and coagulopathy with disseminated intravascular coagulation (DIC).

The primary outcomes of this study were the time to extubation following surgery and the Clavien-Dindo classifica-
tion. The secondary outcomes included length of stay (LOS), intensive care unit (ICU) stay time, incidence of post-
operative acute kidney injury (AKI) according to the AKIN classification, reintubation events, and intraoperative
parameters such as intraoperative intravenous fluid volume, intraoperative blood loss, leukocyte-poor red blood cells
(LPR), fresh frozen plasma (FFP) transfusion unit, and albumin supplement amount.

The electronic medical records of the enrolled patients were reviewed to obtain clinical data. Preoperative character-
istics included age, sex, body weight (BW), body mass index (BMI), history of hypertension (HTN), diabetes mellitus
(DM), coronary artery disease (CAD), congestive heart failure (CHF), lung disease, cerebrovascular accident (CVA),
chronic kidney disease (CKD), peripheral arterial occlusive disease (PAOD), ASA classification, prior chemotherapy or
surgery, cancer type, creatinine (Cr), albumin, platelet count, international normalized ratio (INR), and activated partial
thromboplastin time (APTT). Intraoperative variables included duration of surgery, peritoneal cancer index (PCI) score,
completeness of cytoreduction (CC) score, intraoperative vital signs, central venous pressure (CVP), stroke volume (SV),
systemic vascular resistance (SVR), stroke volume variation (SVV), intraoperative CBT, total volume of intravenous
fluids administered, albumin supplementation amount, estimated blood loss, and blood product requirements. HIPEC-

related data, such as perfusate temperature, duration of intraperitoneal chemotherapy, and the chemotherapeutic agents
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Figure 2 Patient enrollment flow chart. A total of 90 patients who underwent cytoreductive surgery (CRS) with planned hyperthermic intraperitoneal chemotherapy
(HIPEC) were assessed for eligibility. Seventeen patients were excluded: 8 due to missing data and 9 because HIPEC was not performed. The remaining 73 patients were
divided into two groups based on core body temperature (CBT) immediately prior to the HIPEC phase: the normothermia group (CBT 2 35°C, n = 51) and the hypothermia
group (CBT < 35°C, n = 22).

used, were also collected. Postoperative data, including LOS, ICU stay time, incidence of postoperative AKI according to
the AKIN classification, time to extubation following surgery, reintubation event, and Clavien-Dindo classification, were
also acquired. We have followed up on patient medical records to track delayed postoperative outcomes and complica-
tions until discharge or expiration.

Standard intraoperative monitoring, including heart rate, SpO2, and blood pressure, was recorded every 5 min.
Esophageal temperature was measured using a temperature probe throughout the surgery and data were recorded every
15 min. We also monitored advanced hemodynamic data via the arterial line, central venous catheter, and the Flotrac
system. The bispectral index (BIS) was used to monitor the depth of anesthesia. Arterial blood gas levels were
periodically monitored throughout the procedure. Urine output was monitored hourly by using a Foley catheter.
General anesthesia was administered to all patients using propofol, sevoflurane, and opioids in combination with muscle
relaxants (cisatracurium). Sevoflurane was used to maintain anesthesia depth between BIS values of 40 and 60
throughout the surgery. Cisatracurium 2—4 mg was administered every 30 min to prevent undesired patient movement
during the operation. Fluid therapy, including continuous infusion of crystalloids, was heated to 40°C before adminis-
tration. Natural colloids (albumin) were infused as volume replacements. Intraoperative goal directed fluid therapy was
guided by Flotrac system to keep SVV lower than 13. Blood products were transfused to maintain a hemoglobin
concentration > 8 g/dL and heated to 37°C before transfusion.

Intraoperative body temperature was controlled using underbody mattresses, forced air underbody blankets (Bair
Hugger *), intravenous fluid, ice packs in the axillae of the patients, and ice pillows. Whether to actively cool patients to
a low CBT level before HIPEC initiation was decided by the attending surgeons and anesthesiologists after discussion.
The cooling protocol was initiated 1 h before HIPEC was initiated by targeting CBT 34-35°C, including 1) turning
underbody mattresses to 4°C, 2) turning forced air blankets to 32°C, 3) cold intravenous lactate ringer (LR) adminis-

tration at 4 °C via a 16-gauge peripheral IV line, and 4) using ice packs in the axillae and ice pillow. Ten minutes before
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HIPEC ended, targeted CBT returned to normothermia. The underbody mattresses and forced air blankets were reset to
36°C. Intravenous fluids were changed back to warm or ambient-temperature crystalloids depending on the patient’s
CBT. Ice packs and pillows were removed. Otherwise, CBT was maintained by underbody mattresses, forced air
blankets, and warm or ambient-temperature crystalloids throughout surgery with a targeting level of 35-38°C if attending
surgeons and anesthesiologists decided not to actively cool patients to a low CBT level before HIPEC.

CRS was performed on the basis of the clinical judgement of the attending surgeon. Following CRS, intraoperative
HIPEC was performed using the closed abdomen technique. Hyperthermic perfusion was performed using the Performer
HT system (RanD S.r.l.; Medolla, Italy), a CE-certified device specifically designed for intraoperative chemotherapy
delivery. The system features dual high-flow roller pumps (up to 2 L/min each), precise temperature control (28—46°C)
via integrated plate warmers, and multiple safety components including pressure sensors, temperature probes, and
automated alarms. The machine was controlled by attending surgeons, and all perfusion parameters were continuously
monitored and recorded digitally throughout the procedure. Chemotherapeutics included cisplatin, taxotere, oxaliplatin,
mitomycin C, and gemcitabine, which were heated to 42°C and instilled in the abdominal cavity.

After surgery, the patients were routinely sent to ICU for further monitoring and care. If vital signs were stable after
the operation, extubation was performed in the operating room, depending on the discussion between surgeons and
anesthesiologists. Neostigmine (50 mcg/kg plus atropine 1 mg) was used to reverse muscle relaxation. Otherwise,
extubation would be performed in the ICU depending on the patient’s condition and ICU physician’s judgement.
Delayed extubation was defined as postoperative mechanical ventilation lasting more than 12 hours in this research.

The Kolmogorov—Smirnov test was used to analyze the distribution of continuous variables. In the bivariate analysis,
variables with normal distribution were analyzed using Student’s t-test, including age, BW, BMI, preoperative albumin
level, preoperative Cr level, preoperative platelet count, operation time, intraoperative fluid administration (mL/kg/min),
and postoperative Cr between the two groups of patients (CBT > 35°C and < 35°C). Variables without a normal
distribution were analyzed using the Mann—Whitney U-test. These included preoperative INR, PCI score,
postoperative day 1 and day 2 Cr, intraoperative blood loss, intraoperative transfusion volumes of LPR and FFP,
intraoperative albumin supplementation, postoperative time before extubation (h), postoperative ICU time, and length
of hospital stay between the two groups of patients (CBT > 35°C and < 35°C). Categorical variables such as sex, history
of HTN, DM, CAD, CHF, CVA, asthma, chronic obstructive pulmonary disease (COPD), CKD, PAOD, ASA score,
Clavien-Dindo complication grades, postoperative AKI, and reintubation events were compared using the chi-square or
Fisher’s exact test. To evaluate the association between perioperative factors and delayed extubation (>12 hours), binary
logistic regression analyses were performed. Odds ratios with 95% confidence intervals were calculated. Statistical
significance was defined as a p-value < 0.05. All statistical analyses were performed using Statistical Package for the
Social Sciences (SPSS) version 26 for Windows (SPSS Inc., Chicago, IL, USA).

Continuous variables are presented as mean + standard deviation (SD) for normally distributed data, and as median
with interquartile range (IQR) for non-normally distributed data. Categorical variables are expressed as numbers
(percentages).

Results
Ninety patients scheduled to undergo CRS combined with HIPEC were enrolled. Eight patients were excluded because of
incomplete data, and nine patients were excluded because HIPEC was not performed following CRS based on
intraoperative findings of unexpected disease progression. Thus, 73 patients were included in the final analysis.
Among the 73 patients, 51 (69.8%) had a CBT > 35°C before the initiation of HIPEC and 22 (30.1%) had a CBT <
35°C. The baseline characteristics of the patients are summarized in Table 1. The ASA of Anesthesiologists classification
was significantly different between the two groups (p = 0.039). A higher proportion of ASA class II patients were
observed in the CBT < 35°C group (72.7%), whereas ASA class III patients were more prevalent in the CBT > 35°C
group (56.9%). No significant differences were observed between the groups with respect to age (61.5 [52.0-65.8] vs
59.0 [50.0-66.0] years, p = 0.7406), sex distribution (31.8% vs 51.0% male, p = 0.210), body weight, BMI, preoperative
creatinine level, platelet count, albumin level, and comorbidities, such as hypertension, diabetes mellitus, coronary artery
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Table | Baseline Characteristics of Patients According to Pre-HIPEC Core Body Temperature (CBT)

Variable <35 (N=22) 235 (N=51) p-value

Age, years 61.50 (52.00, 65.75) | 59.00 (50.00, 66.00) | 0.7406

Male sex, n (%) 7 (31.8%) 26 (51.0%) 0.2103

Body weight, kg 60.00 (55.00, 64.50) | 66.00 (57.50, 73.00) | 0.1897

BMI, kg/m? 23.05 (20.77, 25.73) | 23.80 (20.35, 25.75) | 0.6434

Preoperative creatinine, mg/dL 0.77 £ 0.24 0.81 +0.23 0.5007

Platelet count, x10°*/uL 225.68 + 90.41 237.16 + 81.64 06117

Albumin, g/dL 4.28 (4.04, 4.48) 4.22 (3.92, 4.50) 1.0

INR 0.98 (0.96, 1.02) 0.98 (0.96, 1.02) 0.8492

APTT, sec 26.75 (25.82, 28.77) | 26.45 (25.60, 27.88) | 0.5051

Primary cancer 0.679

HCC 0 (0.0%) | (2.0%)

Appendix cancer 0 (0.0%) 4 (7.9%)

Bladder cancer 0 (0.0%) | (2.0%)

Colorectal cancer® 9 (40.9%) 20 (39.2%)

Gastric cancer 3 (13.6%) 8 (15.7%)

Gynecologic cancer® 7 (31.8%) Il (21.6%)

Lung cancer 0 (0.0%) | (2.0%)

Mesothelioma 0 (0.0%) | (2.0%)

Pancreatic cancer 1 (4.5%) 3(5.9%

Peritoneal cancer 1 (4.5%) 0 (0.0%)

Peritoneal mesothelioma 0 (0%) | (2.0%)

Retroperitoneal liposarcoma 1 (4.5%) 0 (0.0%)

PCl score 10.00 (4.50, 15.75) 12.00 (6.00, 24.00) 0.3189

CC score 0.6972

CC score 0, n (%) 21 (95.5%) 46 (90.2%)

CC score |, n (%) | (4.5%) 4 (7.8%)

CC score 2, n (%) 0 (0.0%) | (2.0%)

CC score 3, n (%) 0 (0.0%) 0 (0.0%)

Hypertension, n (%) 6 (27.3%) 17 (33.3%) 0.8135

Diabetes mellitus, n (%) 3 (13.6%) 13 (25.5%) 0.4154

Coronary artery disease (CAD), n (%) 0 (0.0%) | (2.0%) 1.0
(Continued)
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Table 1 (Continued).

Variable <35 (N=22) 235 (N=51) p-value
Congestive heart failure, n (%) 0 (0.0%) 0 (0.0%) 1.0
Lung disease, n (%) 0 (0.0%) 0 (0.0%) 1.0
Cerebrovascular accident (CVA), n (%) 0 (0.0%) 0 (0.0%) 1.0
Chronic kidney disease, n (%) 1 (4.5%) 1 (2.0%) 1.0
Peripheral arterial occlusive disease (PAOD), n (%) 0 (0.0%) 0 (0.0%)

ASA 0.0391
ASA |, n (%) 0 (0.0%) 0 (0.0%)

ASA I, n (%) 16 (72.7%) 22 (43.1%)

ASA I, n (%) 6 (27.3%) 29 (56.9%)

ASA IV, n (%) 0 (0.0%) 0 (0.0%)

Prior chemotherapy, n (%) 20 (90.9%) 34 (66.7%) 0.0607
Prior surgery, n (%) 14 (63.6%) 37 (72.5%) 0.6287

Notes: Values are presented as mean * standard deviation (SD), median [interquartile range (IQR)], or number (%), as
appropriate. P-values were calculated using Student’s t-test for normally distributed continuous variables, Mann—Whitney U-test
for non-normally distributed continuous variables, and Chi-square test or Fisher’s exact test for categorical variables. *Colorectal
cancer includes cecal, colon, rectal, rectosigmoid, and pancreatic and colon cancers. ®Gynecologic cancers include ovarian,
endometrial, and fallopian tube cancer.

Abbreviations: HIPEC, hyperthermic intraperitoneal chemotherapy; CBT, core body temperature; BMI, body mass index; INR,
international normalized ratio; APTT, activated partial thromboplastin time; HCC, hepatocellular carcinoma; PSI, peritoneal cancer
index; CC, completeness of cytoreduction; PAOD, peripheral arterial occlusive disease; ASA, American Society of
Anesthesiologists.

disease, congestive heart failure, lung disease, cerebrovascular accident, chronic kidney disease, and peripheral arterial

occlusive disease (all p > 0.05).

The intraoperative parameters are listed in Table 2. The CBT < 35°C group had a significantly greater total
intraoperative fluid volume (7,600 [6,125-9,225] mL vs 5,600 [4,187.5-6,975] mL; p = 0.0049) and fluid administration

Table 2 Intraoperative Parameters During CRS and HIPEC According to Pre-HIPEC Core

Body Temperature (CBT)

<35 (N=22)

235 (N=51) p-value

Operation time, min

744.00 (628.50, 854.00)

727.00 (663.00, 912.00) 0.9521

HIPEC time, min

60.00 (60.00, 60.00)

60.00 (60.00, 60.00) 0.6807

Total IV fluid, mL

7600.00 (6125.00, 9225.00) | 5600.00 (4187.50, 6975.00) | 0.0049

IV fluid/kg/min

0.17 (0.14, 0.20)

0.11 (0.10, 0.14) 0.0001

Blood loss, mL

350.00 (200.00, 600.00)

150.00 (100.00, 300.00) 0.0045

LPR transfusion, units 1.00 (0.00, 3.50) 0.00 (0.00, 0.00) 0.0016
FFP transfusion, units 0.00 (0.00, 1.50) 0.00 (0.00, 0.00) 0.1542
Albumin supplementation, g 60.00 (38.12, 60.00) 40.00 (30.00, 60.00) 0.1492

(Continued)
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Table 2 (Continued).

<35 (N=22) >35 (N=51) p-value
Pre-HIPEC CVP, mmHg 7.80 + 2.68 6.53 £ 2.19 0.0659
HIPEC CVP, mmHg 12.60 + 4.71 1031 £ 4.16 0.0641
Post-HIPEC CVP, mmHg 9.10 (8.00, 11.00) 8.10 (6.15, 9.65) 0.0844
Pre-HIPEC HR, bpm 81.33 £ 10.93 80.17 £ 7.67 0.6622
HIPEC HR, bpm 87.86 + 13.20 89.98 + 11.63 0.5299
Post-HIPEC HR, bpm 85.00 (82.00, 93.00) 89.00 (82.00, 94.00) 0.4731
Pre-HIPEC SV, mL 60.00 (51.50, 75.50) 67.00 (60.00, 83.00) 0.0672
HIPEC SV, mL 69.68 + 18.23 7298 £ 17.36 0.5078
Post-HIPEC SV, mL 72.16 + 22.67 7625+ 17.18 0.4871
Pre-HIPEC SVR, dyn s/cm® 1258.14 + 313.19 1147.64 + 256.09 0.1655
HIPEC SVR, dyn s/cm® 905.00 (727.00, 1000.00) 856.00 (690.50, 1008.00) 0.5681
Post-HIPEC SVR, dyn s/cm® 886.00 (812.00, 1202.00) 877.00 (728.00, 1071.00) 0.1979
Pre-HIPEC SVV, % I11.71 + 3.58 11.02 + 3.05 0.4483
HIPEC SVYV, % 8.10 (6.00, 12.10) 8.40 (5.95, I1.75) 0.7753
Post-HIPEC SVV, % 9.00 (6.40, 12.40) 7.90 (6.00, 10.50) 0.3162

Notes: Values are presented as median [IQR] or mean * standard deviation (SD), as appropriate. P-values were
calculated using Student’s t-test for normally distributed continuous variables, Mann—-Whitney U-test for non-normally
distributed continuous variables, and Chi-square test or Fisher’s exact test for categorical variables.

Abbreviations: CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; CBT, core body
temperature; |V, intravenous; CVP, central venous pressure; HR, heart rate; SV, stroke volume; SVR, systemic vascular
resistance; SVV, stroke volume variation; LPR, leukocyte-poor red blood cells; FFP, fresh frozen plasma.

rate normalized by body weight and operation time (0.17 [0.14-0.20] vs 0.11 [0.10-0.14] mL/kg/min; p < 0.0001)
compared with the CBT > 35°C group. Blood loss was significantly greater in the CBT < 35°C group (350 mL
[200-600 mL]) than in the CBT > 35°C group (150 mL [100-300 mL]; P = 0.0045). The number of LPR units
transfused was also significantly higher in the CBT < 35°C group (1.00 [0.00-3.50] units) compared with the CBT >
35°C group (0.00 [0.00-0.00] units; p = 0.0016). No significant differences were observed between the groups in
operation time (p = 0.9521), HIPEC duration (p = 0.6807), FFP transfusion (p = 0.1542), albumin supplementation (p =
0.1492), or hemodynamic parameters including CVP, heart rate (HR), SV, SVR, and SVV before, during, and after
HIPEC (all p > 0.05).

The postoperative outcomes are summarized in Table 3. The CBT < 35°C group had a significantly longer time from
the end of surgery to extubation than the CBT > 35°C group (median [IQR]: 11.50 [7.50-14.75] min vs 8.00
[3.00-11.50] min; p = 0.0314, Mann—Whitney U-test). Postoperative creatinine was significantly lower in the CBT <
35°C group (0.67 £ 0.20 mg/dL) than in the CBT > 35°C group (0.82 £ 0.24 mg/dL; p = 0.0113, Student’s #-test).
Similarly, postoperative day (POD)1 creatinine was lower in the CBT < 35°C group (0.55 [0.48—0.78] mg/dL) compared
to the CBT > 35°C group (0.76 [0.54-0.99] mg/dL; p = 0.0446). No significant differences were observed between the
two groups in terms of the POD2 creatinine level (p = 0.2111), length of hospital stay (p = 0.1038), ICU stay duration (p
= 0.243), incidence of postoperative AKI (p = 1), reintubation events (p = 0.6629), or Clavien-Dindo complication grade
(p = 0.157).

Delayed extubation in this study was defined as extubation occurring more than 12 hours after the completion of
surgery. In the univariate logistic regression analysis (Table 4), older age (odds ratio [OR] 1.08, 95% confidence interval
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Table 3 Postoperative Outcomes

Temperature (CBT)

According to Pre-HIPEC Core Body

<35 (N=22) 235 (N=51) p-value
Postoperative creatinine, mg/dL 0.67 £ 0.20 0.82 £ 0.24 0.0113
PODI creatinine, mg/dL 0.55 (0.48, 0.78) 0.76 (0.54, 0.99) 0.0446
POD?2 creatinine, mg/dL 0.56 (0.46, 0.79) 0.63 (0.52, 0.90) 0.2111
Hospital LOS, days 19.50 (15.50, 25.00) | 17.00 (14.00, 22.00) | 0.1038
ICU stay, hours 39.50 (35.25, 57.25) | 36.00 (16.00, 56.00) 0.243
AKI, n (%) 2 (9.1%) 5 (9.8%) 1.0
Time to extubation, hour 11.50 (7.50, 14.75) 8.00 (3.00, 11.50) 0.0314
Reintubation event, n (%) | (4.5%) 0 (0%) 0.6629
Clavien-Dindo grade (%) 0.157
Clavien-Dindo grade 1, n (%) 0 (0.0%) 3 (5.9%)
Clavien-Dindo grade 2, n (%) 16 (72.7%) 41 (80.4%)
Clavien-Dindo grade 3a, n (%) 2 (9.1%) 5 (9.8%)
Clavien-Dindo grade 3b, n (%) 3 (13.6%) 1 (2.0%)
Clavien-Dindo grade 4a, n (%) 0 (0.0%) 1 (2.0%)
Clavien-Dindo grade 4b, n (%) | (4.5%) 0 (0.0%)
Clavien-Dindo grade 5, n (%) 0 (0.0%) 0 (0.0%)

Notes: Values are presented as median [IQR] or number (%) as appropriate. P-values were calculated using
Student’s t-test for normally distributed continuous variables, Mann—Whitney U-test for non-normally
distributed continuous variables, and Chi-square test or Fisher’s exact test for categorical variables.

Abbreviations: HIPEC, hyperthermic intraperitoneal chemotherapy; CBT, core body temperature; ICU,
intensive care unit; LOS, length of hospital stay; AKI, acute kidney injury.

Table 4 Univariate and Multivariate Logistic Regression Analyses for Factors Associated with Delayed

Extubation
Outcome: Univariate Logistic Regression | Multivariate Logistic Regression
Delayed Extubation
OR 95% CI p-value OR 95% CI p-value

Age 1.08 1.0I-1.16 0.021 1.09 0.99-1.92 0.093
ASA

1+ 1.00 (reference) 1.00 (reference)

ni+v 1.12 0.39-3.24 0.841 0.95 0.19—4.81 0.951
Pre-HIPEC core body temperature

235 1.00 (reference) 1.00 (reference)

<35 6.29 1.98-19.96 0.002 6.31 I.11-35.70 0.037
Total IV fluid, 100mL 1.02 1.01-1.04 0.01 1.05 1.00-1.10 0.042
IV fluid/kg/hr 1.27 1.05-1.52 0.013 1.00 0.73-1.36 0.991

(Continued)
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Table 4 (Continued).

Outcome: Univariate Logistic Regression | Multivariate Logistic Regression
Delayed Extubation

OR 95% ClI p-value OR 95% ClI p-value
Blood loss, mL 1.00 1.00-1.00 0.867 1.00 0.99-1.00 0.145
LPR transfusion, unit 1.08 0.90-1.31 0.397 1.25 0.67-2.33 0.475

Notes: Odds ratios are presented with 95% confidence intervals. P-values were calculated using logistic regression analysis (univariate
and multivariate) to evaluate associations between perioperative variables and delayed extubation.

Abbreviations: OR, odds ratio; Cl, confidence interval; ASA, American Society of Anesthesiologists physical status; HIPEC,
hyperthermic intraperitoneal chemotherapy; CBT, core body temperature; IV, intravenous; LPR, leukocyte-poor red blood cells.

[CI] 1.01-1.16, p = 0.021), pre-HIPEC CBT < 35 °C (OR 6.29, 95% CI 1.98-19.96, p = 0.002), higher total IV fluid
administration (per 100 mL; OR 1.02, 95% CI 1.01-1.04, p = 0.010), and greater IV fluid per body weight per hour (OR
1.27, 95% CI 1.05-1.52, p = 0.013) were significantly associated with delayed extubation. In the multivariate model,
after adjusting for potential confounders, pre-HIPEC CBT < 35 °C remained independently associated with delayed
extubation (OR 6.31, 95% CI 1.11-35.70, p = 0.037), along with total IV fluid administration (per 100 mL; OR 1.05,
95% CI 1.00-1.10, p = 0.042).

Discussion

The major finding of the present study was that patients who actively cooled to a lower CBT level before HIPEC had
a significantly longer time to extubation after surgery (p = 0.0314). Logistic regression analysis further suggested that
hypothermal group was associated with delayed extubation and appeared to be an independent predictor after adjusting
for potential confounders.

No benefit was observed according to other postoperative outcomes, including postoperative AKI (p = 1), LOS (p =
0.1038), ICU stay time (p = 0.243), reintubation events (p = 0.6629), and Clavien-Dindo classification (p = 0.157).

In major abdominal surgery, delayed extubation or prolonged postoperative mechanical ventilation is strongly
associated with adverse outcomes. Using the ACS-NSQIP database of 165,196 patients, Yang et al demonstrated that
5.8% of patients developed postoperative pulmonary complications (PPCs), including unplanned reintubation (2.8%) and
prolonged ventilation (3.0%).*' These complications were closely linked to higher ASA class, longer operative times,
and were strongly associated with increased rates of reoperation, sepsis, acute renal failure, prolonged ICU and hospital
length of stay, and substantially higher mortality. Importantly, prolonged intubation predisposes patients to ventilator-
associated pneumonia (VAP), with reported mortality rates up to 70%, while unplanned reintubation carries mortality
rates of approximately 40%. Consistent findings have been reported in the field of liver transplantation. Xu et al showed
that immediate postoperative extubation significantly reduced 30-day all-cause mortality, acute kidney injury, and
moderate to severe pulmonary complications compared to ICU extubation, while also shortening both ICU and total
hospital stays.** Taken together, these data highlight that delayed extubation and prolonged intubation in major
abdominal surgery are not merely markers of disease severity, but independent predictors of adverse outcomes.
Promoting early extubation when clinically feasible is therefore an essential component of modern perioperative care
and Enhanced Recovery After Surgery (ERAS) strategies.

Previous abdominal vascular surgery studies have consistently shown that outcomes deteriorate once postoperative
ventilation extends beyond 12 hours. Both Zettervall et al and David et al reported increased complications and longer
hospitalization in patients extubated at or after 12 hours, while Stone et al similarly observed worse trajectories beyond
this cutoff.*** These findings support the use of 12 hours as a clinically meaningful and evidence-based definition of
delayed extubation in our cohort.

Maintaining normothermia during surgery is widely accepted as standard practice to minimize perioperative compli-
cations. Perioperative hypothermia may induce several catastrophic adverse events including myocardial ischemia,
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coagulopathy, wound infection, and poor healing. However, the context of CRS combined with HIPEC is unique, because
hyperthermia during the HIPEC phase may cause a substantial rise in body temperature. To date, no clear evidence has
indicated whether active cooling before the HIPEC phase improves the postoperative outcomes. A study conducted by
Balakrishnan and Survesan revealed that greater delta temperatures were statistically associated with longer ventilation
and ICU stay.*® Prevention of hypothermia was also recommended by the Guidelines for Perioperative Care in
Cytoreductive Surgery with or without Hyperthermic Intraperitoneal Chemotherapy and Enhanced Recovery After
Surgery (ERAS®™) in gynecologic oncology.’” Nevertheless, perioperative thermal management varies considerably
across centers. Edward A. Levine et al shared their experience with 1,000 CRS plus HIPEC patients, they actively
cooled their patients to a CBT of approximately 34°C to 35°C near the completion of CRS.*' Similar article written by
Maria F. Ramirez and colleagues had their own cooling protocol before HIPEC started.>® A case report written by Namita
Saraswat also cooled the patient before HIPEC initiation.”® Thus, the findings of our study may contribute additional
insight for future practice.

Regarding intraoperative data, patients with CBT below 35°C before HIPEC had a significantly greater total blood
loss (p = 0.0045). Several studies have demonstrated that hypothermia is related to excessive surgical blood loss.** !
Increased surgical blood loss is caused by impaired platelet function and disruption of coagulation pathways.
Hypothermia significantly impairs platelet function by inhibiting thromboxane A2 release, upregulating platelet surface
protein GMP-140, and downregulating platelet glycoprotein Ib-IX complex.’’ Prolonged prothrombin and partial
thromboplastin times when assays are conducted at the patient’s actual core temperature rather than at 37°C.*
A study by Gupta et al showed that excessive blood loss was positively correlated with the need for postoperative
ventilation and the length of ICU stay.>

The number of LPR transfusions (p = 0.0016) was significantly higher in the low-CBT group. This result might be
related to the fact that greater total blood loss was observed in the low-CBT group. A study conducted by Schmied et al
demonstrated that blood requirements increased in hypothermic patients undergoing total hip arthroplasty.®’ Another
study conducted by Zhuo Sun et al, involving 58,814 adults undergoing surgeries lasting more than 60 min, showed that
hypothermia was associated with increased transfusion requirement.’® A review article by Rauch et al demonstrated that
even mild hypothermia significantly increases blood loss and transfusion requirement.>”

In the current study, the total amount of intraoperative intravenous fluid was significantly higher in the low-CBT
group (p = 0.0049). The total amount of intraoperative intravenous fluid adjusted for body weight and operation time also
showed a significant difference (p = 0.0001). This result may be related to the greater total blood loss observed in the
low-CBT group. The additional cold fluid for decreasing CBT may also be related to this result. An Australian study
conducted by Shamavonian et al showed that increasing intraoperative IV fluid administration was associated with an
increase in patient morbidity in CRS plus HIPEC.>* Another study by Oliver S Eng al. demonstrated that intraoperative
fluid administration was associated with a significant increase in perioperative morbidity in patients undergoing CRS plus
HIPEC.”” In line with these findings, our multivariate logistic regression analysis further identified total intraoperative IV
fluid volume as an independent risk factor for delayed extubation, reinforcing the evidence that fluid overload adversely
affects postoperative outcomes in CRS plus HIPEC.

Postoperative and PODI1 creatinine were significantly lower in low CBT group (p = 0.0113 and 0.0446 respectively).
The median postoperative and POD1 creatinine level were all within normal range despite the statistical difference. There
was also no significant difference between postoperative AKI of these two groups. We consider the statistical difference
may lack clinical significance.

Overall, the findings of this study suggest that aggressive cooling before HIPEC may increase intraoperative bleeding
and transfusion requirements, potentially leading to delayed post-operative extubation. Future studies are warranted to
further evaluate the optimal thermal management strategies for CRS and HIPEC to improve patient outcomes.

Limitations

There are some limitations of our study. The first one is the relatively small sample size due to limited number of cases at
our center. On the other hand, some physicians believed that active cooling would reduce the adverse effects of
hyperthermia induced by HIPEC initially. However, as time went on, we found no significant benefit to postoperative
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outcomes. Consequently, we gradually abandoned the active cooling protocol. As a result, there are only 22 patients in
the CBT < 35°C group. This retrospective study was conducted to confirm our hypothesis based on these observations.
Second, the patients of the two groups are uneven. The decision to actively cool patients to a low CBT level before
HIPEC was made by the attending surgeons and anesthesiologists after discussion. These personnel were not fixed and
might have different opinion. Third, this is a retrospective study. Further prospective randomized trials are required to
evaluate the optimal thermal management strategies during CRS plus HIPEC procedures. Nevertheless, the significant
findings observed in this study remain robust. To the best of our knowledge, this is the first cohort observation study in
Taiwan to investigate whether actively cooling CBT to a low level before HIPEC in patients received CRS plus HIPEC is
beneficial to postoperative outcomes.

Conclusion

In this study, actively cooling CBT to < 35 °C before the HIPEC phase did not demonstrate improved postoperative
outcomes. On the contrary, hypothermia appeared to be associated with delayed extubation, greater surgical blood loss,
higher transfusion requirements, and increased intraoperative IV fluid administration. These findings should be inter-
preted with caution given the retrospective design. Further large-scale or prospective randomized studies are warranted to
validate these observations and to establish evidence-based thermal management strategies for patients undergoing CRS
with HIPEC.
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