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Abstract

BACKGROUND

Hypothermia during laparoscopic surgery in patients with multiple trauma is a
significant concern owing to its potential complications. Machine learning models
offer a promising approach to predict the occurrence of intraoperative hypother-
mia.

AIM
To investigate the value of machine learning model to predict hypothermia
during laparoscopic surgery in patients with multiple trauma.

METHODS

This retrospective study enrolled 220 patients who were admitted with multiple
injuries between June 2018 and December 2023. Of these, 154 patients were
allocated to a training set and the remaining 66 were allocated to a validation set
in a 7:3 ratio. In the training set, 53 cases experienced intraoperative hypothermia
and 101 did not. Logistic regression analysis was used to construct a predictive
model of intraoperative hypothermia in patients with polytrauma undergoing
laparoscopic surgery. The area under the curve (AUC), sensitivity, and specificity
were calculated.

RESULTS
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Comparison of the hypothermia and non-hypothermia groups found significant differences in sex, age, baseline
temperature, intraoperative temperature, duration of anesthesia, duration of surgery, intraoperative fluid infusion,
crystalloid infusion, colloid infusion, and pneumoperitoneum volume (P < 0.05). Differences between other charac-
teristics were not significant (P > 0.05). The results of the logistic regression analysis showed that age, baseline
temperature, intraoperative temperature, duration of anesthesia, and duration of surgery were independent
influencing factors for intraoperative hypothermia during laparoscopic surgery (P < 0.05). Calibration curve
analysis showed good consistency between the predicted occurrence of intraoperative hypothermia and the actual
occurrence (P > 0.05). The predictive model had AUCs of 0.850 and 0.829 for the training and validation sets,
respectively.

CONCLUSION
Machine learning effectively predicted intraoperative hypothermia in polytrauma patients undergoing laparo-
scopic surgery, which improved surgical safety and patient recovery.

Key Words: Polytrauma; Laparoscopic surgery; Hypothermia; Related factor; Risk prediction

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Intraoperative hypothermia is a significant concern during laparoscopic surgery in patients with multiple trauma.
This study investigated the value of a machine learning model in predicting hypothermia in this patient population. The
results showed that machine learning effectively predicted intraoperative hypothermia, providing a valuable tool to improve
surgical safety and patient recovery. Age, baseline temperature, intraoperative temperature, duration of anesthesia, and
duration of surgery were identified as independent factors influencing hypothermia. The predictive model had good accuracy
and consistency in both the training and validation sets.

Citation: Zhu K, Zhang ZX, Zhang M. Application value of machine learning models in predicting intraoperative hypothermia in
laparoscopic surgery for polytrauma patients. World J Clin Cases 2024; 12(24): 5513-5522

URL: https://www.wjgnet.com/2307-8960/full/v12/i24/5513.htm

DOI: https://dx.doi.org/10.12998/wjcc.v12.i24.5513

INTRODUCTION

Polytrauma refers to a condition where a patient suffers multiple injuries simultaneously, which can lead to severe illness,
difficulty in treatment, and high surgical risks[1]. Laparoscopic surgery has become an important means of treating
patients with polytrauma. However, laparoscopic surgery poses significant risks for such patients. Intraoperative
hypothermia often occurs in patients with polytrauma, which can pose a significant risk to the patient's surgical safety
and postoperative recovery[2]. Hypothermia is defined as a body temperature that falls below the normal range of 36.5 °C
to 37.5 °C in adults. A temperature below that range is considered hypothermic. Intraoperative hypothermia refers to a
situation where a patient's body temperature drops below normal levels during surgery. Although intraoperative hypo-
thermia is not life threatening, it increases the risk of complications. According to research, intraoperative hypothermia
can lead to a series of adverse consequences such as postoperative infection, delayed wound healing, prolonged recovery
time, and even death[3,4]. The incidence of intraoperative hypothermia in patients with polytrauma is more than 70%[5],
and it increases gradually with the increase in surgical time. Therefore, how to effectively prevent intraoperative hypo-
thermia in patients with polytrauma during laparoscopic surgery has become an urgent problem to be solved. Machine
learning models are increasingly used in the field of medicine. Through machine learning models, large amounts of me-
dical data can be analyzed and processed to provide accurate predictions and diagnostic results for clinical practitioners.
Therefore, this study aimed to use machine learning models to predict intraoperative hypothermia in polytrauma patients
undergoing laparoscopic surgery and to explore its benefits

MATERIALS AND METHODS

Subject selection

This retrospective study analyzed the clinical data of 220 patients with multiple injuries who were admitted to our
hospital between June 2018 and December 2023. Of these, 154 were allocated to a training set and 66 to a validation set in
a 7:3 ratio. In the training set, 53 cases experienced intraoperative hypothermia and 101 did not.
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Inclusion criteria
Patients who were 18-80 years of age who underwent elective surgery under general anesthesia and had clear
consciousness and the ability to communicate normally were included.

Exclusion criteria

Patients younger than 18 or older than 80 years of age; with severe cardiovascular, liver, kidney, and respiratory system
disease; severe bleeding tendency; liver and kidney dysfunction, abnormal routine blood indicators; abdominal tumors or
other malignant disease; preoperative infection or other preoperative complications; not able to communicate normally,
with unclear consciousness, or cognitive impairment were excluded.

Methods

Study variables: Both predictive and outcome variables were included in the analysis: (1) The predictive variables were
patient demographic and clinical data: sex, age, baseline temperature, body mass index (BMI), diabetes, hypertension,
smoking history, alcohol consumption, intraoperative temperature, American society of anesthesiologists classification,
anesthesia method, anesthesia duration, operation duration, intraoperative infusion of fluids, crystalloid infusion, colloid
infusion, pneumoperitoneum flow rate, intraoperative blood loss, hemoglobin, platelet count, blood glucose, alanine
aminotransferase, and aspartate aminotransferase; and (2) The outcome variable was hypothermia, and the core
temperature was measured from the beginning of anesthesia until the end of surgery by an anesthesia monitor[6]. After
the inducing general anesthesia, the temperature-sensitive probe of the monitor was placed in the patient's nasopharynx
with a depth of the distance from the nostril to the mandibular angle on same side. The nasopharyngeal temperature was
recorded every 15 min after the start of anesthesia, at the start of surgery, and until the end of surgery. The operating
room temperature was maintained at 22-24 °C, and a patient temperature of < 36 °C was the diagnosis standard for
intraoperative hypothermia.

Data collection methods: Screening medical records, examination reports, imaging data, and other relevant patient
information using a combination of paper and electronic records ensured the completeness and accuracy of the patient
information that was collected. During collection, attention was paid to protecting patient privacy and complying with
legal regulations and medical ethics norms. After surgery, completed survey forms were given to a dedicated person for
safekeeping, and 10% of the patient data was randomly selected for verification.

Supplementing missing data: For datasets with missing information, modeling and fitting was done to fill in missing
values to ensure the completeness and accuracy of the dataset. By learning the correlation between the data before and
after the model learning, the missing data values were predicted and added.

Building machine learning models: The included data were randomly sampled in a 7:3 ratio, with 70% entering the
training set and 30% entering the validation set. Patients in the training set were further divided into a hypothermia
group and a non-hypothermia depending on whether the they had developed hypothermia during surgery. The training
set queue obtained the optimal hyperparameters through 100 iterations of fivefold cross-validation. The optimal training
mode was obtained by combining all training sets, which was then brought into the corresponding validation group for
verification to evaluate the model's fitting and generalization ability. The validation set selected a logistic regression
classifier to construct a prediction model and used the area under the curve (AUC) to evaluate the model's discrimination.
A large AUC indicated good discrimination ability of the prediction model. The model performance was evaluated by the
AUC, and sensitivity, specificity, accuracy, and recall rates. The prediction model was visualized by a nomogram, and the
scores of the predictive variables in the model were added together to find the corresponding point on the total score
scale and a line was drawn vertically downward. The value on the corresponding probability scale was the probability of
an individual experiencing an outcome event. The model's calibration was evaluated using calibration curves and the
Hosmer-Lemeshow y? test, which reflects the consistency between the predicted risk of intraoperative hypothermia and
the actual risk in different risk-stratification patients.

Statistical analysis

The collected data were analyzed using R software (4.3.1). Normally distributed metric data were reported as means + SD
and compared by t-tests. Counting data were reported as numbers and percentage (%) and compared by j* tests. P values
< 0.05 indicated a significant difference. The predictive model was constructed using logistic regression, and the
Hosmer-Lemeshow test was used to verify the model's goodness of fit, with a large P value indicating a good fit. The
model's predictive ability was indicated by the AUC of the receiver operating characteristic (ROC) curve analysis.
Sensitivity, specificity, and accuracy were used to verify the model's actual application efficiency.

RESULTS

Comparison of clinical data between the training set and validation set
We found no statistically significant differences of the clinical data in the training and validation sets (P > 0.05) as shown
in Table 1).
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Table 1 Comparison of clinical data

Parameter Training (n = 154) Validation (n = 66) Statistical value Pvalue
Sex ¥ =0.383 0.536
Male 84 (54.55) 33 (50.00)

Female 70 (45.45) 33 (50.00)

Age in years 54.34 +11.58 55.87 +10.79 t=0.916 0.361
Basal body temperature in °C 34.05 £ 0.22 34.01 +£0.29 t=1.119 0.264
BMI in kg/m? 23.27+2.82 23.65+2.75 £=10.923 0.357
Diabetes ¥*=2013 0.156
Yes 19 (12.34) 13 (19.70)

No 135 (87.66) 53 (80.30)

Hypertension Y+ =2.685 0.101
Yes 31 (20.13) 20 (30.30)

No 123 (79.87) 46 (69.70)

Smoking ¥»=2013 0.156
Yes 19 (12.34) 13 (19.70)

No 135 (87.66) 53 (80.30)

Drinking ¥*=2127 0.145
Yes 15 (9.74) 11 (16.67)

No 139 (90.26) 55 (83.33)

Operating room temperature in °C 21.65+4.16 21.52+4.12 t=0.213 0.832
ASA ¥>=5.034 0.169
I 16 (10.39) 10 (15.15)

II 116 (75.32) 41 (62.12)

juit 21 (13.64) 13 (19.70)

v 1 (0.65) 2(3.03)

Mode of anesthesia > =0542 0.462
General anesthesia 71 (46.10) 34 (51.52)

General anesthesia joint board anesthesia 83 (53.90) 32 (48.48)

Duration of anesthesia in min 150.48 +76.21 139.39 +75.97 t=0.990 0.323
Operation duration in min 127.61+78.16 124.65 +75.77 t=0.260 0.795
Intraoperative fluid infusion in mL 1067.84 + 616.12 1073.92 + 610.11 t=0.067 0.946
Infusion of crystal solution in mL 1050.13 + 567.08 1041.37 + 600.42 t=0.103 0.918
Infusion of colloidal solution in mL 92.68 +15.22 91.15+15.14 t=0.684 0.495
Pneumoperitoneum flow in L/min 261.22+16.13 258.09 + 15.96 t=1.323 0.187
Intraoperative blood loss in mL 98.27 +35.82 94.18 £ 35.61 t=0.777 0.438
Hemoglobin in g/L 115.65 +18.15 113.74 £17.05 t=0.728 0.467
Platelet as x 10°/L 180.88 £ 56.32 176.87 £ 56.76 t=0.483 0.630
Glu in mmol/L 4.15+0.87 4.25+0.86 t=0.784 0.434
ALTinU/L 2558 +10.19 27.02+10.12 t=0.962 0.337
ASTinU/L 20.27 £8.82 19.18 £8.75 t=0.842 0.401

Data are mean * standard deviation or #n (%). ALT: Alanine aminotransferase; ASA: American society of anesthesiologists; AST: Aspartate
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aminotransferase; BMI: Body mass index; Glu: Glucose.

Comparison of clinical data in the hypothermia and non-hypothermia groups of the training set

Statistically significant differences (P < 0.05) of sex, age, baseline temperature, intraoperative temperature, anesthesia
duration, operation duration, intraoperative infusion of fluids, crystalloid infusion, colloid infusion, and pneumoperi-
toneum flow rate were observed between the hypothermia group and the non-hypothermia group. Differences were
observed in other characteristics were not significant (P > 0.05), as shown in Table 2.

Logistic regression analysis

Assignment of the independent variables and the dependent variable is shown in Table 3. The results of logistic
regression analysis indicated that age, baseline temperature, intraoperative temperature, anesthesia duration, and
operation duration were independent influencing factors for intraoperative hypothermia during laparoscopic surgery (P
< 0.05), as shown in Table 4.

Model construction and evaluation

A predictive model was established using the logistic regression analysis results. Calibration curve analysis demonstrated
good consistency between the predicted and actual occurrence of intraoperative hypothermia (P > 0.05), as shown in
Figure 1. The ROC curve analysis results indicated that the model had AUC values of 0.850 and 0.829 for predicting the

occurrence of hypothermia in the training and validation set patients, respectively, as shown in Table 5 and Figures 2
and 3.

DISCUSSION

Currently, the hazards of intraoperative hypothermia are recognized by most medical staff, and the benefits of periop-
erative thermal insulation are recognized and recommended by many international guidelines. Relevant research in
China has also begun to focus on its importance[7]. Laparoscopic techniques have become the preferred approach for
most surgical procedures, yet there is a relative lack of research and data on intraoperative hypothermia in laparoscopic
surgery patients. This study found that age, baseline temperature, intraoperative temperature, anesthesia duration, and
operation duration were independent influencing factors for intraoperative hypothermia during laparoscopic surgery (P
<0.05).

Age is an important factor influencing the risk of intraoperative hypothermia in patients with multiple trauma
undergoing laparoscopic surgery. With increasing age, the body's tolerance decreases, and its self-regulation functions
are impaired, leading to an increased risk of intraoperative hypothermia in patients with multiple trauma. As age
increases, the basal metabolic rate decreases, particularly due to an increase in fat tissue mass and a decrease in muscle
tissue mass, which reduces the ability to produce heat and maintain body temperature[8]. Increasing age can also lead to
a decline in temperature regulation, narrowing of the range of temperature regulation, delay of the response to change in
external temperature and increase of the risk of intraoperative hypothermia[9]. Furthermore, as age increases,
sympathetic nervous regulation decreases and the ability to withstand cold is reduced, resulting in weakened vascular
constriction, reduced heat loss during surgery, and increased risk of intraoperative hypothermia[10].

During laparoscopic surgery, the use of surgical trauma and anesthesia drugs may further reduce heat generation.
Therefore, patients with multiple trauma and low baseline temperatures are highly likely to experience insufficient heat
and increased heat loss during laparoscopic surgery, thereby increasing the risk of intraoperative hypothermia[11].
Furthermore, baseline temperature may reflect the body's temperature regulation function. Body temperature is
regulated by multiple physiological systems, including the central nervous system, sympathetic nervous system, and skin
vascular system[12]. Patients with multiple trauma and low baseline temperatures may have abnormal or impaired
temperature regulation because of weakened sympathetic nervous system activity and reduced skin blood flow that can
lead to reduced heat loss during surgery and result in an increased risk of intraoperative hypothermia[13].

Regarding intraoperative temperature, the body is constantly exchanging heat with the external environment. Body
temperature is closely related to environmental temperature, and heat is lost to the surrounding environment by
radiation, convection, conduction, and evaporation. If more heat is lost than is generated, body temperature decreases. A
low temperature can cause a decrease in body temperature, vascular constriction, and the metabolic rate of various
organs. Factors affecting the metabolic rate of organs include an increase in cell membrane osmotic pressure (due to
temperature reduction), which limits the exchange of substances inside and outside the cell, and reduced adenosine
triphosphate (ATP) synthesis. As the metabolism is a thermodynamic process, so the energy of synthesizing ATP by the
body at low temperatures decreases[14]; and enzyme catalytic activity is inhibited, which reduces the rate of chemical
reactions. Thermoregulation is mainly controlled by the nervous and endocrine systems, including mechanisms such as
vasodilation and constriction, sweating, and skin-surface heat loss[15]. At low temperatures, responses like shivering,
capillary constriction, decreased blood flow, and increased metabolic rate occur, but cannot be maintained for a long time.
The result is a decrease in body temperature[16]. One of the common side effects of anesthesia drugs is inhibition of the
thermoregulation center and loop, resulting in a decrease in body temperature. At the same time, anesthesia drugs can
increase muscle relaxation and slow respiration, thereby reducing the flow of deoxygenated blood and lowering the
body's metabolic rate[17].
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Table 2 Comparison of clinical data of patients with and without hypothermia in the training set group

Item Hypothermia, n = 53 Non-hypothermia, n = 101 Statistical value P value
Sex ¥ =9.210 0.002
Male 20 (37.74) 64 (63.37)

Female 33 (62.26) 37 (36.63)

Age in years 61.11+£12.15 57.23 +8.71 t=2.282 0.024
Basal body temperature in °C 36.15+0.28 36.74 +0.28 t=12.423 <0.001
BMI in kg/m? 23.73+2.71 23.75+3.25 t=0.038 0.970
Diabetes ¥=1715 0.190
Yes 4 (7.55) 15 (14.85)

No 49 (92.45) 86 (85.15)

Hypertension ¥*=0.498 0.480
Yes 9 (16.98) 22 (21.78)

No 44 (83.02) 79 (78.22)

Smoking x> =0.077 0.781
Yes 6 (11.32) 13 (12.87)

No 47 (88.68) 88 (87.13)

Drinking ¥ =0.442 0.506
Yes 4 (7.55) 11 (10.89)

No 49 (92.45) 90 (89.11)

Operating room temperature in °C 21.12 +£4.05 22.84 +5.02 t=2153 0.033
ASA Y =4325 0.228

I 3 (5.66) 13 (12.87)

II 43 (81.13) 73 (72.28)

il 6 (11.32) 15 (14.85)

v 1(1.89) 0

Mode of anesthesia ¥*=0238 0.625
General anesthesia 23 (43.40) 48 (47.52)

General anesthesia joint board anesthesia 30 (56.60) 53 (52.48)

Duration of anesthesia in min 162.52 +75.16 118.63 + 58.35 t=4.006 <0.001
Operation duration in min 141.27 £75.11 99.21 £ 56.22 t=3.916 <0.001
Intraoperative fluid infusion in mL 1157.12 + 615.51 793.15 +422.17 t=4.319 <0.001
Infusion of crystal solution in mL 1046.01 + 560.12 769.34 + 389.25 t=3.585 0.001
Infusion of colloidal solution in mL 103.41 +£15.06 27.79 £7.15 t=42.274 <0.001
Pneumoperitoneum flow in L/min 270.51+17.21 187.29 +11.19 t=36.200 <0.001
Intraoperative blood loss in mL 118.33 + 33.95 112.79 + 35.31 t=0.937 0.350
Hemoglobin in g/L 134.98 +20.85 136.58 +19.69 t=0.469 0.639
Platelet as x 10°/ 208.76 + 62.16 211.41 £ 59.52 t=0.259 0.796
Glu in mmol/L 5.14+0.95 5.21+1.06 t=0.403 0.687
ALTinU/L 26.89 +10.41 25.79 £10.68 t=0.612 0.541
ASTinU/L 21.27 £9.12 20.39 £8.97 t=0.575 0.566

Data are mean * standard deviation or #n (%). ALT: Alanine aminotransferase; ASA: American society of anesthesiologists; AST: Aspartate
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aminotransferase; BMI: Body mass index; Glu: Glucose.

Table 3 Variable assignment

Variable Factor Assignment

Y Hypothermia 1 = hypothermia; 0 = non-hypothermia
X1 Age Continuous variable, original value input
X2 Basal body temperature Continuous variable, original value input
X3 Operating room temperature Continuous variable, original value input
X4 Duration of anesthesia Continuous variable, original value input
X5 Operation duration Continuous variable, original value input
X6 Intraoperative fluid infusion Continuous variable, original value input
X7 Infusion of crystal solution Continuous variable, original value input
X8 Infusion of colloidal solution Continuous variable, original value input
X9 Pneumoperitoneum flow Continuous variable, original value input
X10 Sex 0 = Male; 1 = Female

Table 4 Multivariate logistic regression analysis

Risk factor B SE Wald y? P value OR 95%Cl

Age 0.056 0.017 11.434 0.001 1.058 1.024-1.093
Basal body temperature -1.211 0.365 11.157 0.001 0.286 0.231-0.976
Operating room temperature -0.066 0.041 2.688 0.101 0.936 0.864-1.013
Duration of anesthesia -0.008 0.003 8.458 0.004 0.992 0.986-0.997
Operation duration 0.011 0.003 12.787 <0.001 1.011 1.005-1.018

95%ClI: 95% Confidence interval; OR: Odds ratio; SE: Standard error.

Table 5 Nomogram model for predicting the occurrence of hypothermia during laparoscopic surgery

Index AUC SEN, % SPE, % 95%Cl P value
Training 0.850 94.69 91.47 0.909-0.962 <0.001
Validation 0.829 95.38 90.53 0.850-0.988 <0.001

95%CI: 95% Confidence interval; AUC: Area under the curve; SEN: Sensitivity; SPE: Specificity.

Regarding anesthesia duration, a long duration can damage the temperature regulation center, thereby affecting the
ability to control temperature. Anesthesia drugs can inhibit the activity of the temperature regulation center and reduce
the metabolic rate, leading to a decrease in body temperature. During long surgical procedures, the body-heat conduction
is restricted[18]. During surgery, the patient is exposed on the surgical table, which is a relatively cold surface that causes
increased heat loss from the body surface[19]. In addition, the surgical procedure may expose internal organs, which can
lead to increased heat loss.

Regarding operation duration, patients with multiple trauma undergoing long operations are in a state of dormancy
due to the need for general anesthesia, and their metabolic rate slows, leading to a decrease in body temperature.
Anesthesia drugs can inhibit the metabolic activity of the central nervous system, thereby reducing energy consumption,
slowing the body's heat production and ability to preserve heat, and thus lower body temperature[20]. In laparoscopic
surgery, carbon dioxide is used to inflate the abdomen to expand the surgical space. Given the ability of carbon dioxide to
absorb heat, it absorbs surrounding heat into the abdomen and affects the gas exchange of the alveoli, leading to an
increase in the concentration of carbon dioxide in the body[21]. These factors can cause a decrease in body temperature.
Local tissue damage and bleeding during surgery can also increase energy consumption, leading to a decrease in body
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Figure 2 Predictive value and calibration curve of intraoperative hypothermia in the training set. AUC: Area under the curve; Pr: Probability.

temperature. Research has shown[22] that the incidence of intraoperative hypothermia increases significantly when the
operation time exceeds 2 h, which is consistent with the results of this study.

BMI is an important factor influencing intraoperative hypothermia during laparoscopic surgery[23]. Previous studies
demonstrated[24] that patients with high BMIs have reduced surface heat loss owing to the protective effect of fat, which
results in a small difference between core temperature and surface temperature and a low incidence of hypothermia.
However, this study did not find BMI was a factor that influenced the occurrence of hypothermia during laparoscopic
surgery.

Based on the logistic regression analysis results, age, baseline temperature, intraoperative temperature, anesthesia
duration, and operation duration were included in the predictive model. Calibration curve analysis demonstrated good
consistency between the predicted and actual occurrence of intraoperative hypothermia (P > 0.05). ROC curve analysis
results showed that the model had AUC values of 0.850 and 0.829, respectively, for predicting the occurrence of
hypothermia in the training set and validation set patients. The above results indicate that the model had good predictive
ability and accuracy.
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Figure 3 Verification of the predictive value of intraoperative hypothermia and the calibration curve. AUC: Area under the curve; Pr: Probability.

CONCLUSION

A predictive model of the risk of intraoperative hypothermia in laparoscopic surgery patients was developed using data
from multiple dimensions, including demographic data, surgery, anesthesia, and the environment, using a random forest
algorithm. The random forest algorithm has significant advantages in predicting the risk of intraoperative hypothermia in
laparoscopic surgery patients. It can identify important influencing factors of intraoperative hypothermia from a complex
group of multiple factors by comprehensive evaluation. The result is of great significance for clinical and medical staff to
identify high-risk patients in a timely manner and adopt effective intervention measures. However, the study had
limitations. It included only laparoscopic surgery patients from our hospital, which may have introduced information
bias and patient selection bias in the data collection process. Moreover, the study sample was relatively small. In future
studies, we will collaborate with multiple centers, increase the sample size, include additional variables, and continuously
optimize this predictive model of the risk of intraoperative hypothermia in laparoscopic surgery patients.
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