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AIM: Colorectal cancer (CRC) is one of the most prevalent malignancies, which is commonly treated with curative surgical resection,
often leading to intraoperative hypothermia. Therefore, this study aimed to compare and analyze the risk factors for intraoperative
hypothermia associated with laparoscopic and open CRC resections under general anesthesia.
METHODS: This study included 120 CRC patients admitted between January 2023 and January 2024. Data from these patients were
analyzed using logistic regression analysis to investigate the risk factors for hypothermia during CRC surgery. Additionally, surgical
indicators such as, intraoperative bleeding volume, number of lymph nodes dissected, and operation time, and serum inflammatory
markers like Interleukin-6 (IL-6) and Interleukin-8 (IL-8) were assessed and compared between the two surgical groups.
RESULTS: The study group comprised 41 men and 79 women, with a mean age of 52.53 ± 8.90 years and an average body mass
index (BMI) of 23.13 ± 3.32 kg/m2. The American Society of Anesthesiologists (ASA) score was measured as 1 for 62 (51.67%)
patients and 2 for 58 (48.33%). Among them, 50 patients underwent open surgery, whereas 70 patients were treated with laparoscopic
surgery. Gender, laparoscopic surgery, intraoperative fluid infusion volume, prolonged anesthesia, and intraoperative blood transfusion
were determined as the independent risk factors for intraoperative hypothermia during CRC surgery under general anesthesia (p< 0.05).
The intraoperative bleeding volume was significantly reduced (p< 0.01), with significantly longer operation time (p< 0.05) in patients
treated with laparoscopic surgery compared to those with open surgery. However, the two groups had a similar number of lymph nodes
dissected. Additionally, the levels of IL-6 and IL-8 in both laparoscopic and open surgery of patients increased significantly after surgery,
but the extent of increase in the patients of laparoscopic surgery was significantly lower than that in the patients of open surgery (p <

0.05).
CONCLUSIONS: In conclusion, gender, surgical approach, intraoperative fluid infusion volume, prolonged anesthesia, and intraopera-
tive blood transfusion are the potential risk factors for hypothermia during laparoscopic radical CRC surgery under general anesthesia.
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Introduction
Colorectal cancer (CRC), a gastrointestinal malignancy of
the colon or rectum, is characterized by the abnormal pro-
liferation of colonic glandular epithelial cells [1]. Epi-
demiological data suggest that CRC accounts for approxi-
mately 10% of tumor-related mortalities, with projected in-
cidence more than double by 2035 [2,3]. Surgical resection
is the curative intervention used in treating CRC; however,
it is associated with the potential risk of intraoperative hy-
pothermia [4]. Intraoperative hypothermia, characterized
by core body temperature below 36 °C, is a potential im-
pairment associated with surgical interventions; however,
it can be prevented [5]. Intraoperative hypothermia leads
to significant surgical complications, such as increased pe-
rioperative bleeding and transfusion needs, delayed post-
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anesthesia recovery, enhanced risk of surgical site infection,
and prolonged hospital stay [6]. Therefore, investigating
the risk factors of intraoperative hypothermia is crucial for
effective management of surgical interventions. Previous
studies have also pointed out that intraoperative hypother-
mia may be related to factors such as old age (>60 years
old), low weight, malnutrition, intraoperative infusion of
large amounts of unheated solution, and prolonged anes-
thesia time (>2 hours) [7,8]. Although laparoscopic CRC
surgery is less invasive, it still carries the risk of intraopera-
tive hypothermia that can significantly impact the patient’s
postoperative recovery [9]. However, due to its minimally
invasive surgical procedure, laparoscopic surgery for CRC
is widely utilized. It can significantly reduce the risk of pe-
rioperative complications, enable more precise anatomical
dissection, improve cosmetic outcomes, and offer faster re-
covery than open radical CRC resection [10,11]. Therefore,
this retrospective study was conducted to investigate, inter-
pret, and compare intraoperative hypothermia risk factors
associated with these two surgical interventions and pro-
vide a comprehensive report.
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Fig. 1. A flowchart of patients’ screening and selection.

Materials and Methods
Patients’ Information

This study included 120 CRC patients admitted between
January 2023 and January 2024 after careful screening fol-
lowing predetermined inclusion and exclusion criteria. The
complete process of screening patients was shown in Fig. 1.
The inclusion criteria for patients were as follows: (1) Pa-
tients diagnosed with primary CRC (without distant metas-
tasis) [12] using colonoscopy, biopsy, and postoperative
pathology; (2) Patients fulfilling the American Society of
Anesthesiologists (ASA) classification requirements [13];
(3) Patients with clear surgical indications; (4) Patients ex-
hibited tolerance to surgery and anesthesia; (5) Patients
whose complete medical records were available.
Exclusion criteria included: (1) Patients with distant tu-
mor metastasis; (2) Tumor diameter greater than 8 cm;
(3) Tumor perforation complicated by peritonitis; (4) Con-
traindications for surgery; (5) Presence of chronic inflam-
mation or acute infection; (6) Patients undergoing palliative
surgery; (7) Patients receiving preoperative radiotherapy or
chemotherapy; (8) Those with abdominal or diaphragmatic
hernias; and (9) severe obesity.
The study design adhered to the guidelines in the Declara-
tion of Helsinki and was approved by the Ethics Committee
of Zhongnan Hospital of Wuhan University with Approval
Number 2023-043. After understanding the purpose of the
study, all patients provided written informed consent. The
two experimental groups were clinically comparable, with
no significant differences in baseline data (p > 0.05).

Treatment Methods
All the surgical procedures were performed under general
anesthesia. The surgical procedure for individual patients
was adapted based on the doctor’s advice or the patient’s
choice. The 4-port method was used, with the observation
port placed 10 mm from the umbilicus and the operation
ports placed according to the patient’s anatomy. An artifi-
cial pneumoperitoneum was created. Additionally, an ab-
dominal laparoscopic was performed to assess the presence
of adhesions and ascites, evaluate the tumor and its inter-
action with surrounding tissues, and investigate any metas-
tases. In case of difficult intraoperative positioning of the
lesion, a colonoscopy could be used to determine the lesion
location.
Furthermore, the mesentery was dissected laparoscopically,
carefully managing the blood vessels and removing the
lymph nodes. Subsequently, the damaged intestinal seg-
ment was removed through a small incision in the abdomen
and was excised and anastomosed in vitro. En bloc resec-
tion principle and no-touch isolation technique were em-
ployed to minimize the risk of intraoperative traumas. All
patients received standard fluid support postoperatively.

Detection Indicators
Baseline data: The baseline data, such as gender, age range,
mean age, body mass index (BMI), and ASA classification
grade, were collected from all the study participants for a
comparative analysis.
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Table 1. The baseline characteristics of patients.
Characteristic All patients (n = 120) Hypothermia

group (n = 20)
Normal temperature
group (n = 100)

Age, years (n, %)
<55 58 (48.33%) 5 (25.00%) 53 (53.00%)
≥55 62 (51.67%) 15 (75.00%) 47 (47.00%)

Average age, years 52.53 ± 8.90 58.85 ± 8.53 51.27 ± 8.58
Sex (n, %)

Male 41 (34.17%) 11 (55.00%) 30 (30.00%)
Female 79 (65.83%) 9 (45.00%) 70 (70.00%)

BMI, kg/m2 23.13 ± 3.32 24.15 ± 3.54 22.93 ± 3.25
ASA score (n, %)

1 62 (51.67%) 9 (45.00%) 53 (53.00%)
2 58 (48.33%) 11 (55.00%) 47 (47.00%)

Surgical approach, (n, %)
Open surgery 50 (41.67%) 3 (15.00%) 47 (47.00%)
Laparoscopic surgery 70 (58.33%) 17 (85.00%) 53 (53.00%)

Intraoperative fluid infusion volume, mL, (n, %)
<1500 81 (67.50%) 6 (30.00%) 75 (70.00%)
≥1500 39 (32.50%) 14 (70.00%) 25 (30.00%)

Intraoperative bleeding volume, mL, (n, %)
<150 77 (64.17%) 10 (50.00%) 67 (67.00%)
≥150 43 (35.83%) 10 (50.00%) 33 (33.00%)

Intraoperative blood transfusion (n, %)
With 46 (38.33%) 15 (75.00%) 31 (31.00%)
Without 74 (61.67%) 5 (25.00%) 69 (69.00%)

Anesthesia duration, min, (n, %)
<150 95 (79.17%) 8 (40.00%) 87 (87.00%)
≥150 25 (20.83%) 12 (60.00%) 13 (13.00%)

ASA, American Society of Anesthesiologists; BMI, body mass index.

Perioperative indicators: The intraoperative blood loss, the
number of lymph nodes dissected, and operation time (OT)
were observed and recorded.
Serum inflammatory markers: Fasting venous blood sam-
ples (3 mL) were collected from the elbow of each pa-
tient before and after the surgery. Following centrifuga-
tion, the resultant serumwas analyzed for Interleukin-6 (IL-
6) and Interleukin-8 (IL-8) levels using enzyme-linked im-
munosorbent assay (ELISA).

Statistical Analysis
The quantitative data were expressed as mean ± standard
deviation (x̄ ± s). The inter-group comparisons were con-
ducted using an independent sample t-test, whereas the
intra-group comparisons were performed using a paired t-
test. The discrete quantitative data were expressed as per-
centages (%) and analyzed using the χ2 tests. Multivari-
ate logistic regression was used to analyze the factors lead-
ing to intraoperative hypothermia during laparoscopic CRC
surgery. All the statistical analyses were performed us-
ing SPSS 21.0 software (SPSS Statistics Inc., Chicago, IL,
USA), with p < 0.05 indicating statistically significant dif-
ferences.

Results
Baseline Data

The study group comprised 41 men and 79 women with a
mean age of 52.53 ± 8.90 years. The average body mass
index was 23.13 ± 3.32 kg/m2. The American Society of
Anesthesiologists score for 62 (51.67%) patients was 1, and
for 58 (48.33%) patients, it was 2. Among them, 50 patients
underwent open surgery, and 70 patients received laparo-
scopic surgery. The characteristics of the study participants
are summarized in Table 1.

Univariate and Multivariate Analysis of Hypothermia
during Radical CRC Surgery under General Anesthesia

The univariate analysis indicated that factors such as
gender, age, surgical approach, intraoperative fluid infu-
sion volume, anesthesia duration, and intraoperative blood
transfusion were significantly associated with the incidence
of hypothermia during radical CRC surgery under general
anesthesia (p < 0.05). These factors with significant dif-
ferences were considered dependent variables in the uni-
variate analysis. In contrast, the incidence of hypothermia
during radical CRC surgery under general anesthesia was
taken as a dependent variable formultivariate analysis using
the Logistic regression model. The results suggested gen-



111 Ann. Ital. Chir., 96, 1, 2025

Di Zhang, et al.

Table 2. Analysis of risk factors for hypothermia.

Variables
Overall complication

Univariate Multivariate

OR (95% CI) p-value OR (95% CI) p-value

Sex
Male Ref
Female 2.852 (1.071–7.593) 0.036 7.177 (1.296–39.760) 0.024

Age (years)
<55 Ref
≥55 0.296 (0.100–0.875) 0.028 4.059 (0.861–19.124) 0.077

ASA grade
I Ref
II 0.726 (0.277–1.903) 0.514

BMI
<24 Ref
≥24 0.503 (0.189–1.338) 0.169

Surgical approach, (n, %)
Open surgery Ref Ref
Laparoscopic surgery 4.636 (1.227–16.827) 0.020 8.018 (1.162–55.335) 0.035

Intraoperative fluid infusion volume, mL, (n, %)
<1500 Ref Ref
≥1500 7.000 (2.430–20.166) <0.001 39.686 (5.407–291.305) <0.001

Intraoperative bleeding volume, mL, (n, %)
<150 Ref
≥150 2.030 (0.769–5.359) 0.153

Intraoperative blood transfusion (n, %)
With Ref
Without 0.150 (0.050–0.449) 0.001 0.077 (0.013–0.444) 0.004

Anesthesia duration, min, (n, %)
<150 Ref
≥150 10.038 (3.451–29.198) <0.001 9.071 (1.827–45.038) 0.007

OR, odds ratio; CI, confidence interval; BMI, body mass index.

der, laparoscopic surgical procedure, intraoperative fluid
infusion volume, prolonged anesthesia, and intraoperative
blood transfusion as the independent risk factors associated
with intraoperative hypothermia under general anesthesia
(p < 0.05). The univariate and multivariate analyses are
shown in Tables 2,3.

Surgical Indicators and Serum Inflammatory Markers for
Open and Laparoscopic Surgery

In the previous part of the study, laparoscopic surgery was
found to be an independent risk factor, so we compared
the surgical indexes and serum inflammatory indexes of la-
paroscopic and open surgery. Surgical indicators, such as
intraoperative blood loss, the number of lymph nodes dis-
sected, and the OT were assessed and compared between
the two groups. The results revealed reduced intraopera-
tive bleeding (p < 0.01), similar lymph node dissecting (p
> 0.05), and longer OT in the patients undergoing laparo-
scopic surgery compared to those treated with open surgery
(Fig. 2, p < 0.05).
Furthermore, the impacts of these two surgical procedures
on inflammatory markers such as IL-6 and IL-8 were an-

alyzed by measuring them using ELISA. The findings re-
vealed a significant increase in blood inflammatory mark-
ers after both surgical procedures (laparoscopic surgery: p <
0.01; open surgery: p < 0.05). However, the postoperative
levels of these inflammatory markers were significantly el-
evated in patients treated with open CRC surgery compared
to those with laparoscopic surgery (Fig. 3, p < 0.05).

Discussion
Intraoperative hypothermia is the most common compli-
cation, with an incidence of approximately 80% in CRC
patients undergoing surgical interventions [14]. Explor-
ing the risk factors leading to intraoperative hypothermia
and optimizing the management of CRC resections are crit-
ical for improving the therapeutic efficacy of CRC radi-
cal surgeries and minimizing the incidence of intraopera-
tive hypothermia-induced impairments such as coagulation,
transfusion, drug metabolism, and surgical site infection
[15,16]. For this reason, the current retrospective analysis
was performed to investigate and compare the risk factors
for intraoperative hypothermia associated with open and la-
paroscopic CRC surgeries under usual anesthesia.
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Table 3. Values of risk factors for hypothermia analysis.
Analysis Variable Β SE Wald χ2 OR (95% CI) p-value

Univariate

Female 1.048 0.500 4.399 2.852 (1.071–7.593) 0.036
Age (years) ≥55 –1.219 0.554 4.841 0.296 (0.100–0.875) 0.028
ASA grade II –0.321 0.492 0.425 0.726 (0.277–1.903) 0.514
BMI ≥24 –0.687 0.499 1.896 0.503 (0.189–1.338) 0.169

Laparoscopic surgery 1.534 0.658 5.440 4.636 (1.227–16.827) 0.020
Intraoperative fluid infusion volume (mL) 1.946 0.540 12.993 7.000 (2.430–20.166) <0.001
Intraoperative bleeding volume (mL) 0.708 0.495 2.045 2.030 (0.769–5.359) 0.153
Intraoperative blood transfusion –1.899 0.560 11.503 0.150 (0.050–0.449) 0.001

Anesthesia duration (min) 2.306 0.545 17.926 10.038 (3.451–29.198) <0.001

Multivariate

Female 1.971 0.873 5.091 7.177 (1.296–39.760) 0.024
Age (years) ≥55 1.401 0.791 3.137 4.059 (0.861–19.124) 0.077

Laparoscopic surgery 2.082 0.986 4.461 8.018 (1.162–55.335) 0.035
Intraoperative fluid infusion volume (mL) 3.681 1.017 13.099 39.686 (5.407–291.305) <0.001

Intraoperative blood transfusion –2.558 0.891 8.236 0.077 (0.013–0.444) 0.004
Anesthesia duration (min) 2.205 0.818 7.273 9.071 (1.827–45.038) 0.007

SE, standard error.

Fig. 2. Comparison of surgical indices associated with laparoscopic and open colorectal cancer (CRC) surgeries. (A) Intraoperative
bleeding volume. (B) Number of lymph nodes dissected. (C) Operation time. Note: a indicates p< 0.05 and b denotes p< 0.01 compared
to the open surgery group.

Fig. 3. Comparison of serum inflammatory markers in patients undergoing laparoscopic and open CRC surgery. (A) Comparison
of Interleukin-6 (IL-6) pre- and post-operation. (B) Comparison of Interleukin-8 (IL-8) pre- and post-operation. Note: ap < 0.01, the
laparoscopic surgery group postoperatively versus the laparoscopic surgery group preoperatively; bp < 0.05, the laparoscopic surgery
group postoperatively versus the open surgery group postoperatively; cp< 0.05, the open surgery group postoperatively versus the open
surgery group preoperatively.

In the current study, the univariate analysis revealed that
gender, age, surgical approach, intraoperative fluid infu-
sion volume, anesthesia duration, and intraoperative blood

transfusion are significantly associated with intraoperative
hypothermia in radical CRC surgery under general anes-
thesia. Additionally, the multivariate analysis identified



113 Ann. Ital. Chir., 96, 1, 2025

Di Zhang, et al.

gender, surgical approach, intraoperative fluid infusion vol-
ume, prolonged anesthesia, and intraoperative blood trans-
fusion as the independent risk factors for hypothermia dur-
ing radical CRC surgery under general anesthesia. These
findings highlight the need to standardize the operating
room, improve the professional skills of anesthesiologists
with regular professional training, shorten the duration of
anesthesia, and enhance the cooperation between doctors
and nurses during the surgery. Furthermore, managing in-
traoperative blood transfusion and thermal regulation is im-
perative, with special care for detecting and promptly man-
aging potential transfusion complications. If required, ther-
mal intervention or hypothermia prophylaxis can be utilized
for intraoperative thermal regulation. For example, the liq-
uids to be infused during operation can be properly heated,
and the respiratory tract can be warmed if necessary, so as
to avoid hypothermia related to slow venous return caused
by wrapping the lower limbs with surgical towels and circu-
lating booster pumps during operation. Recently, study has
investigated and analyzed the risk factors associated with
perioperative hypothermia. In a study involving 1091 new-
borns or 1-year-old infants who underwent surgery under
general anesthesia, younger age, low body weight, longer
surgical duration, large amounts of intraoperative fluid in-
fusion, and lack of pre-warming management were identi-
fied as risk factors for intraoperative hypothermia in such
patients [17]. These findings were similar to those sug-
gested by the current study. Hu Z et al. [18] revealed
lower BMI, lower baseline core temperature, thoracic and
morning surgeries, and prolonged OT as the significant risk
factors for intraoperative hypothermia in patients undergo-
ing robotic surgery. Additional study identified that ASA
physical status III/IV and preoperative hypothermia are sig-
nificantly associated with postoperative hypothermia in pa-
tients with head, neck, breast, general, urological, and vas-
cular surgeries [19].
The current study found no significant difference in the
number of lymph nodes dissected between the two sur-
gical intervention groups. However, laparoscopic CRC
surgery was found to reduce intraoperative blood loss and
longer OT compared to open CRC surgery. Huang Z et al.
[20] found that laparoscopic CRC radical surgery is asso-
ciated with longer OT, reduced intraoperative blood loss,
and shorter time to the first postoperative bowel movement,
flatulence, and liquid diet initiation compared to open rad-
ical resection, which is similar to the findings of our study.
These findings suggest that the laparoscopic and open CRC
surgeries pose similar clinical impacts regarding the num-
ber of lymph nodes dissected with no clinical advantage in
operation time. However, laparoscopic CRC resection ex-
hibits a significant clinical advantage in reducing intraop-
erative blood loss.
According to the data of serum inflammatory indicators,
the research group also showed elevated IL-6 and IL-8 af-
ter surgery like the control group, but the increase was not
great, with lower postoperative IL-6 and IL-8 levels. It in-

dicates that laparoscopic radical CRC surgery is more con-
ducive to inhibiting inflammatory responses that are abnor-
mally activated in CRC patients after operation than open
radical CRC surgery, with relatively milder responses of the
body to surgery-induced stress. In the study by He LH et al.
[21], although the levels of L-6 and IL-8 in CRC patients af-
ter laparoscopic CRC radical surgery were significantly in-
creased, they were still significantly lower than those who
underwent open radical resection. In addition, laparoscopic
CRC radical surgery is more conducive to reducing surgi-
cal trauma, inflammation, and operation-related pain stress,
consistent with our research results. The above results may
be attributed to the following clinical advantages of laparo-
scopic radical CRC surgery: (1) The surgery provides the
surgeon with a clearer and more precise surgical field of
view, which is beneficial for the operation and accurate
judgment and can help reduce the accidental damage of
surgery to abdominal organs, intestines, tissues, etc. [22].
(2) The surgical environment is almost enclosed and does
not expose the patient’s abdominal cavity to the air, min-
imizing the potential air pollution and stress caused by an
open environment [23]. (3) As a minimally invasive proce-
dure, the operation has the advantages of less trauma, less
stimulation, and less intraoperative bleeding, which reduces
the traumatic stress caused by the operation [24].
This study focused on the risk factors associated with hy-
pothermia during CRC surgeries under general anesthesia,
aiding potential knowledge in the field. By comprehen-
sively analyzing various factors, including gender, surgical
approach, intraoperative fluid infusion volume, anesthesia
duration, and intraoperative blood transfusion, this study
thoroughly explored the potential risks associated with the
incidence of intraoperative hypothermia. Additionally, by
comparing the effects of laparoscopic and open CRC surg-
eries on patients, this study addressed the complications re-
lated to hypothermia and analyzed the differences in intra-
operative bleeding, lymph node dissection, and serum in-
flammatory indicators, providing amore comprehensive re-
port for clinical treatment.
However, this study has certain limitations. This study is
a single-center study with a relatively small sample size,
which may introduce some bias. Therefore, multi-center
studies with larger sample sizes are highly recommended to
validate the reliability of these results. In this research, only
some common risk factors were considered, and there may
be other potential factors that were not included in the anal-
ysis. More in-depth studies are required to improve the un-
derstanding of the risk factors for hypothermia. Moreover,
this study provides general guidelines regarding the preven-
tion and intervention strategies for hypothermia; therefore,
clinical studies are needed to explore more specific and ef-
fective preventive and treatment interventions.

Conclusions
In conclusion, gender, surgical approach, intraoperative
fluid infusion volume, prolonged anesthesia, and intraop-
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erative blood transfusion are the potential risk factors for
intraoperative hypothermia in treating CRC under general
anesthesia. However, laparoscopic radical CRC surgery
under general anesthesia has certain clinical advantages for
CRC patients, mainly reflected in a smaller intraoperative
bleeding volume, lower levels of IL-6 and IL-8, and milder
surgical trauma-related stimulation. Therefore, close atten-
tion should be paid to such factors during the perioperative
period and targeted preventive measures should be taken to
minimize or prevent the risk of hypothermia and related ad-
verse events.
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