Risk Factor And Predictive Score of the Intraoperative Hypothermia in

Pediatric Patients

Worachet Saezhang

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Science in Health Sciences and Clinical Research
Prince of Songkla University
2024
Copyright of Prince of Songkla University



il

Risk Factor and Predictive Score of the Intraoperative Hypothermia in Pediatric

Patients

Worachet Saezhang

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Science in Health Sciences and Clinical Research
Prince of Songkla University
2024
Copyright of Prince of Songkla University



il
Thesis Title Risk factor and predictive score of the intraoperative
hypothermia in pediatric patients

Author Mister Worachet Saezhang

Major Program  Health Sciences And Clinical Research

Major Advisor Examining Committee :
i Al @ Tarsgorg Pipanmclaporr: | Chairperson
(Assoc. Prof. Dr. Maliwan Oofuvong ) ( Assoc. Prof. Dr. Tanyong Pipanmekaporn )

.......................................................................... Committee

Digitally signed : 2024.12.18 17:02:42 +07:00

(Asst. Prof. Dr. Thammasin Ingviya )

.............................................. e COmmittee

Digitally signed : 2024.12.04 10:29:22 +07:00

( Assoc. Prof. Dr. Maliwan Oofuvong)

The Graduate School, Prince of Songkla University, has approved this Thesis
as Partial Fulfillment of the requirements for the Master of Science in Health Sciences
and Clinical Research

Digitally signed : 2024.12.20 8:44:55 +07:00

(Prof. Dr. Mitchai Chongcheawchamnan)
Dean of Graduate School



v

This is to certify that the work here submitted is the result of the candidate’s own

investigations. Due acknowledgement has been made of any assistance received

......................................................................... Signature
Digitally signed : 2024.12.04 10:29:23 +07:00

( Assoc. Prof. Dr. Maliwan Oofuvong)

Major Advisor

Mister Worachet Saezhang
Candidate



I hereby certify that this work has not been accepted in substance for any degree, and

is not being currently submitted in candidature for any degree.

Mister Worachet Saezhang
Candidate



Vi

Thesis Title Risk factor and predictive score of the intraoperative
hypothermia in pediatric patients

Author Mister Worachet Saezhang

Major Program Health Sciences And Clinical Research

Academic Year 2023

ABSTRACT
Background: Inadvertent intraoperative hypothermia, defined as a decrease in core
temperature of 35°C, is a common problem in patients undergoing anesthesia which
can result in adverse consequences. Therefore, maintaining normothermia, especially
in pediatric patients is a primary concern. This study aims to identify the incidence of
intraoperative hypothermia and its risk factors for developing a risk prediction score.
Methods: A retrospective cohort study of 940 children under the age of 12 years
underwent anesthesia in 2020 at Songklanagarind Hospital, Thailand, with one episode
of body temperature <35°C indicated a mild and 35.1-35.9°C indicated a very mild
hypothermia . Data, including patient demographics, clinical information, and
perioperative data, were extracted from the hospital information system and were
analyzed to identify the potential risk factors. The variables associated with
intraoperative hypothermia at a p-value <0.2 then were included in the multivariate
logistic regression analysis to establish a prediction model.
Results: Among 940 patients, 34 (3.62%) patients experienced intraoperative
hypothermia. After multivariate logistic regression analysis, a final model
demonstrated that intraoperative hypothermia with a body temperature of less than or
equal to 35 °C was associated with ASA physical status > III (Adj OR 15.41 (7.13,
33.27), p<0.001), Preoperative body temperature > 37.2°C (Adj OR3.31 (1.47, 7.44),
p=0.006), anesthetic time > 2 hours (Adj OR 3.14 (1.34, 7.37), p=0.006), and no active
warming (Adj OR 9.25 (2.87, 29.82), p<0.001)
The risk prediction score with a cut-off point of 1 was chosen with sensitivity and
specificity of 85.9% and 52.53% respectively. The final model showed good
discrimination with an AUC of 0.775.
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Conclusions: The risk prediction score for predicting intraoperative hypothermia with
a cut-off point of 1, especially in patients who had a score more than 2.75 can help
clinical physicians in early detection of intraoperative hypothermia and prevent adverse
consequences caused by intraoperative hypothermia.

Keywords: Hypothermia; Pediatrics; Temperature; Perioperative; Risk factor; Score
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Chapter 1 Introduction

Inadvertent intraoperative hypothermia is a common problem in patients
undergoing anesthesia. However, there is a controversy about the definition of
intraoperative hypothermia found in various literatures. Several literatures defined
intraoperative hypothermia as a core temperature below 36.0°C! while a few studies
identified it as <35°C2.

In adults, this incidence broadly occurs, ranging from four' to almost eighty
percent®. Most of the anesthetic agents cause vasodilatation leading to a decrease in
core body temperature, subsequent redistribution of temperature, and a decrease in
shivering threshold*. In addition, The operative room environment influences body
temperature as extremely ambient operative room temperature can lead to perioperative
hypothermia from evaporation, convection, conduction, and radiation, especially in
children®,

There are many adverse consequences associated with perioperative
hypothermia. Activating sympathetic activity in response to hypothermia with
increasing norepinephrine levels leads to increased oxygen consumption, especially in
the newborns®.

The pediatric population is prone to developing hypothermia intraoperatively’.
Physiologic change, as the immature thermoregulatory capacity, plays a major role in
poor temperature control. In addition, A high surface area causes more heat loss
affected by the operating room environment than in adults.

A literature review showed that there are few studies on pediatric perioperative
hypothermia with limited risk factors and outcomes®. A study by Pearce B et al.” found
that invasive procedures, older age, longer duration of anesthesia, greater blood loss,
and blood transfusion are associated with intraoperative hypothermia. However, the
population of the previous study consisted of wide ranges of ages from infants to young
adolescents.

Additionally, in the previous cost-of-illness study, perioperative hypothermia is
associated with a high burden on the healthcare welfare system with a cost of more than

one thousand million Australian dollars a year!’.



However, the risk factors of pediatric hypothermia at temperature <36 °C were
not well defined as well as the consequences after hypothermia. There was also no
meta-analysis of intraoperative hypothermia in children. A recent meta-analysis in
adults found that the cut-off point of 36°C was overestimated and not sensitive enough
to distinguish associated adverse outcomes of intraoperative hypothermia!l-'2,
Furthermore, body temperature of less than or equal to 35°C was correlated with a risk
of bradycardia, low platelet count, and coagulopathy compared to 36°C cut-off'’.
Therefore, in our study, 35°C was used as a cut-off point for intraoperative hypothermia
regarding the associated adverse outcomes of intraoperative hypothermia.

As a result, maintaining normothermia, especially in pediatric patients is a
priority concern. This study thus aims to develop a risk prediction score to predict
intraoperative hypothermia targeting the early detection of high-risk patients who might

be confronted with adverse consequences associated with intraoperative hypothermia.



Chapter 2 Review of Literature/Methodology

Intraoperative hypothermia in pediatric patients

Intraoperative hypothermia is defined as a core body temperature less
than 36°C!. In adults, this incidence broadly occurs, ranging from four! to almost
eighty percent’. However, there are only a few studies in pediatric population. The
pediatric population is prone to developing hypothermia intraoperatively 7.
Physiologic change, as the immature thermoregulatory capacity, plays a major role in
poor temperature control especially in newborn. A high surface area is a main cause
of intraoperative hypothermia in pediatric differently from adults.

Table 1 : Risk factor of intraoperative hypothermia in pediatrics

of
intraoperative
hypothermia in

First Design Title Subjects Total Results
author patients

Pearce, et | Prospective | Perioperative | Pediatric | 530 Invasive procedures,

al 2010° cohort study | Hypothermia | patient < | patients older age, longer
in the Pediatric | 18 years duration of anesthesia,
Population: old greater blood loss and
Prevalence, blood transfusion
Risk Factors were associated with
and Outcomes hypothermia

Okamura, | Retrospective | Incidence of 10-19 103 Lower BMI, and

et al cohort study | Unintentional | years old | patients lower initial core

20211 Intraoperative | Scoliosis body temperature
Hypothermia | patient were independent risk
in Pediatric factors associated
Scoliosis with intraoperative
Surgery and hypothermia
Associated
Preoperative
Risk Factors

Lee,etal | Prospective | Perioperative | Pediatric | 869 Active force air

20201 cohort study | Temperature patient < | patients warming is protective
Management 16 years factor for
in Children: old postoperative
What Matters? hypothermia

Zhao J, et | Retrospective | Risk factors younger age, lower

all 2023'® | cohort study | and outcomes weight, longer surgery

time, received more
fluid, and no
prewarming




neonatal and
infant patients
undergoing
general
anesthesia and

surgery

management were the
common risk factors
of intraoperative
hypothermia




Chapter 3 Research Methodology

Study design

A single-center retrospective cohort study in children under the age of 12 years
underwent anesthesia in 2020 at Songklanagarind Hospital, Thailand, were selected.
The data from the cohort study included patient demographics, clinical information,
and perioperative data extracted from the hospital information system. Furthermore,
anesthetic records were collected and analyzed to identify the outcomes.

This retrospective observational study was approved by the institutional Ethics
Committee of the Faculty of Medicine, Prince of Songkla University (REC 65-003-8-
4)

Inclusion and Exclusion criteria

The inclusion criteria consists of children less than 12 years of age who
underwent any surgical procedure under anesthesia from 1 January to 31 December
2020 with ASA classification of 1 to 4.

The exclusion criteria were intraoperative hyperthermia, defined as a rise in core
temperature of 37.8°C at least one episode, as well as children who underwent
cardiopulmonary bypass with deliberate intraoperative hypothermia, and cases where

no temperature monitoring were being recorded.

Data collection

All the information including patient baseline characteristics and perioperative
profiles were obtained from the hospital information system (HIS) and anesthetic
record.
The outcome of the study

Intraoperative temperature > 36°C was considered as normothermia.
Intraoperative temperature between 35.1- 359 °C was considered as very mild

hypothermia, while at least one episode of core temperature < 35°C indicated mild

hypothermia. The severity of intraoperative hypothermia was classified as mild



hypothermia (35-32 °C), moderate hypothermia (32-28 °C), and severe hypothermia
(28-20 °C)*.

The explanatory variables
The following clinical variables that might be predictors associated with
intraoperative hypothermia were recorded. Patient-related predictors included gender,

age, body weight (kg), body height(cm), body surface area (BSA) calculated by using

Weight(kg)xHeight(cm)
3600

the Mosteller equation ( )7, Weight-to-BSA ratio defined as a

ratio of weight (kg) to a BSA, ASA physical status classification and baseline
preoperative body temperature defined as the last temperature recorded at the ward
before the operation.

Surgery-related risk factors included site of surgery, type of surgery (open and
endoscopic surgery), and magnitude of surgery classified as major operation (surgery
in which body cavities or major vessels are exposed to an ambient temperature such as
major abdominal, thoracic, major vascular, thoracic spine surgery with instrumentation)
medium (surgery in which body cavities are exposed to a lesser degree such as
appendectomy, herniotomy), and minor surgery (superficial surgery)'®.

Anesthesia-related risk factors included anesthetic drugs, duration of operation,
anesthetic time, estimated blood loss, blood transfusion, method of temperature monitor
(i.e. nasopharyngeal, esophageal, rectal, or skin sensors), and active forced-air warming
use.

The duration of the operation was defined as the duration between surgical
wound incision and surgical wound closure. The duration of anesthesia was defined as
the duration between an anesthetic drug given and extubation. The duration of
anesthesia preparation was defined as the duration between induction drugs given and
surgical wound incisions.

Temperatures were measured by nurse anesthetists with various routes and
recorded in the anesthetic chart every 30 minutes. The temperature measured in the ear
and skin (axillary route) is less accurate compared to the rectum monitor with a value
of less than 0.5 °C'%, therefore, we added 0.5 °C to account for the error of the

measurement.



Statistical analysis

Data were entered with Epidata (version 3.1) and analyzed in program R version
4.2.1. All categorical variables were presented with frequency and percentage. While
continuous variables were presented with mean and standard deviation. The chi-square
test or Fisher’s exact test was used to compare categorical variables. The unpaired
student t-test was used to compare parametric categorical variables, while the Wilcoxon
rank sum test was used to analyze non-parametric categorical variables.

The variables associated with intraoperative hypothermia at a p-value <0.2 were
included in the multinomial logistic regression analysis to identify the dose-response
relation between 2 outcomes (Body temperature 35.1-35.9°C and < 35°C) with
backward stepwise selection. The final model had the lowest AIC. The continuous
variables were converted into binary variables for a feasible final model. Predictors in
the final multinomial logistic model would be included in multivariate logistic
regression to find the association presented as an odd ratio (OR) and 95% confidence
interval (CI). An ROC analysis was used to define an optimal cut-point using the closest
top-left method.

Score derivation and validation

The risk prediction score system was developed using the predictors derived
from the multivariate logistic regression model. Based on the regression-coefficient
model, the score of each predictor was derived from beta-coefficient and rounded to the
nearest integer to make a maximum score of 10.

In the final model, each predictor score was summarized for predicting
intraoperative hypothermia. Youden’s index was used to evaluate the maximum
specificity and sensitivity cutoff values of the prediction score. The performance of the
final model was reported as an area under the receiver operating characteristic curve
(AUC). An AUC value of more than 80 indicated a very good performance of the
model. A Hosmer-Lemeshow test was used to assess the goodness-of-fit and calibration

of the final risk prediction model.

Sample size calculation

1.20

We used the criteria as suggested by Riley et al.*” and the package pmsampsize

in program R to calculate a minimum sample size estimation required for developing a



risk prediction model. Based on Riley et al. criteria, we used a parameter as a binary

outcome to calculate sample size estimation.

The absolute margin of error (6) = 1.96 X —q)(ln_d))

Sample size estimation (n) = (%)Z(T)(l - )

When ¢ = overall outcome proportion

Sample size estimation in our study is based on the result from Hu Y’s study
about risk factors of intraoperative hyperthermia (defined as body temperature <
36°C)?!. They reported an incidence of intraoperative hypothermia at 17.8% with an
AUC of 0.758. In response, we expected 10 predictors in our risk prediction model,
therefore the minimum sample size required for new model development, based on the
Hu Y’s study, was 689 patients with 118 events (assuming an outcome prevalence was

0.18 and an event per predictor was 11.71)



Chapter 4 Result

From January to December 2020, a total of 1,262 patients met the inclusion

criteria, of these, 322 patients were excluded as the intraoperative temperature of 241

patients was not monitored, while 46 patients had intraoperative hyperthermia and 35

patients were on cardiopulmonary bypass with deliberate hypothermia intraoperatively.

As aresult, valid data from 940 patients were analyzed, as shown in Figure 1.

Among 940 patients, 34 patients (3.62%) experienced intraoperative

hypothermia (Figure 1). The resulting sample of 940 patients and their baseline

characteristics are presented in Table 1.

Figure 1: Flow diagram

N=1,262
Total eligible case

Exclude = 322
No temperature record = 241

Hyperthermia= 46
On cardiopulmonary bypass = 35

N =940
Pediatric patients under anesthesia

N =740 (78.72%)
body temperature
>36°C

N =166 (17.66 %)
body temperature
35.9-35.1°C

N =34 (3.62%)
body temperature
<35°C




10

Patients baseline characteristics

In Table 1, the characteristics of 940 patients are presented. The median age of
the normothermia group was 4.4 years (IQR 1.75-7.7) while the mild hypothermia
group had a median age of 3.7 years (IQR 0.83, 7.7) and the very mild hypothermia
group had a median age of 3.9 years (IQR 0.40, 10.3) . The median body weight in the
normothermia group was 15.5 kilograms (IQR 10.0-22.6), 13.1 kilograms (IQR 8.00-
21.7) in the very mild hypothermia group, and 16.6 kilograms (IQR 5-25). Most of the
patients in the normothermia and very mild hypothermia groups were male (64.9% and
66.9% respectively) whereas the female gender was predominant (65.9%) in the mild

hypothermia group.

Most of the patients in the normothermia group had an ASA physical status
classification II (50.9%), but mild hypothermia patients, on average, had a higher ASA
physical status (41.2% of which in Classification III and 38.2% in Classification I'V).
Baseline preoperative body temperature was a slightly higher in mild hypothermia

group (37.2 [IQR36.6-37.9).

Surgery-related risk factor

Considering the magnitude of the surgery, most of the patients in all groups
underwent an intermediate operation. In the mild hypothermia group, 8 patients
(23.5%) underwent a major operation compared to 55 patients (7.4%) in the
normothermia group. The magnitude of the surgery and the site of the operation were

shown in Table 2.



Table 2: Patient baseline characteristic
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Characteristic = Normothermia Very mild Mild p-value
(N=740) hypothermia hypothermia
(N=166) (N=34)
Male 480 (64.9%) 111(66.9%) 15 (44.1%) 0.037
Age (year) 0.10
median (IQR) 4.411.75,7.7] 3.710.83,7.7]  3.9[0.40, 10.3]
Body weight 0.019
(kg)
median (IQR) 15.510.00, 13.1 [8.00, 21.7] 16.6 [5.05,
22.6] 25.0]
Body height 0.035
(cm)
median (IQR) 102.0 [80.00, 94.0 [70.00, 101.5[58.12,
122.0] 120.0] 145.0]
Body surface 0.015
area
median (IQR) 0.710.47, 0.9] 0.6[0.38,0.8] 0.7 [0.34, 1.0]
Weight to BSA 0.018
ratio
median (IQR) 23.4[21.0,26.5] 22.9[19.27,25.6]  24.1 [16.58,
25.0]
ASA <0.001
classification
I 158 (21.4%) 34 (20.5%) 5(14.7%)
II 377 (50.9%) 65 (39.2%) 2 (5.9%)
I 188 (25.3%) 49 (30.1%) 14 (41.2%)
v 17 (2.3%) 18 (10.8%) 13 (38.2%)
Emergency 108 (14.6%) 30 (18.1%) 11 (32.4%) 0.015
surgery
Preoperative 0.010
BT (C)
median (IQR) 36.8 [36.60, 36.8[36.6-37] 37.2 [36.60,
37.0] 37.9]

Noted: BSA, body surface area; C, degree Celsius; SD, standard deviation; IQR,

interquartile range; BT, body temperature



Table 3: Univariate regression analysis of surgery-related risk factors
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Predictors Normothermia  Very mild Mild p-value
(N=740) hypothermia  hypothermia
(N=166) (N=34)

Magnitude of <0.001
Surgery
major 55 (7.4%) 36 (21.7%) 8 (23.5%)
intermediate 521 (70.4%) 113 (68.1%) 25 (73.5%)
minor 164 (22.2%) 17 (10.2%) 1 (2.9%)
Laparoscopic 73 (9.9%) 13 (7.8%) 1 (2.9%) 0.4
and
Endoscopic
surgery
Site of surgery <0.001
superficial 120 (16.2%) 18 (11.0%) 4 (11.8%)
eye, ENT 318 (43.0%) 47 (28.3%) 4 (11.8%)
abdomen 127 (17.2%) 36 (21.7%) 4 (11.8%)
extremities 136 (18.4%) 40 (24.1%) 13 (38.2%)
intracranial 18 (2.4%) 9 (5.4%) 5(14.7%)
intrathoracic 22 (2.8%) 16 (9.6%) 4 (11.8%)

Anesthesia-related risk factors

In Table 3, the anesthetic technique and intraoperative profiles of 940 patients
were presented including anesthetic choice, airway management, regional anesthesia
technique, anesthetic drugs, peripheral nerve block, anesthetic time, operation time, and
time from induction to the starting of operation. Most of the patients underwent general
anesthesia using endotracheal intubation (86.4%, 83.7% and 91.2% in the
normothermia, very mild hypothermia, and mild hypothermia group, respectively). A
longer duration of anesthetic time was found in the mild hypothermia group (a median
of 157.5 minutes IQR 120-193.8) compared to the normothermia group (a median of
105 minutes IQR 80-146.2) and the very mild hypothermia group (a median of 140
minutes IQR 96.25-185). Likewise, the median operation time was longer in the mild

hypothermia group as well.

The Forced-air warming system was routinely used in most cases (98% in both
the normothermia and very mild hypothermia group and 73.5% in the mild hypothermia
group). Intraoperative blood loss was higher in the mild hypothermia group, which also

statistically significant required more blood transfusions.



The hypothermia group’s characteristic
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The intraoperative characteristics of 34 mild hypothermia and 166 very mild

hypothermia patients were presented in Table 4. No patients experienced moderate and

severe hypothermia. The median time of a hypothermic episode was 82.5 minutes (IQR

60-115) in the mild hypothermia group compared to 55 minutes (IQR 30-67.5) in the

very mild hypothermia group.

Table 4: Univariate regression analysis of anesthesia-related risk factors

Predictors Normothermia Very mild Mild p-value
(N=740) hypothermia hypothermia
(N=166) (N=34)
Regional anesthesia 80 (10.8%) 24 (14.4%) 3 (8.8%) 0.4
Peripheral nerve block 52 (7.0%) 17 (10.2%) 1 (2.9%) 0.2
General anesthesia 0.5
Endotracheal tube 639 (86.4%) 139 (83.7%) 31 (91.2%)
Laryngeal mask airway 101 (13.6%) 27 (16.3%) 3 (8.8%)
Anesthetic time (minute) <0.001
median (IQR) 105.0 [80.00,  140.0[96.25,185.0]  157.5[120.00,
146.2] 193.8]
Operation time (minute) <0.001
median (IQR) 70.0 [50.00,  100.0[60.00,135.0] 115.0 [86.25,
110.0] 140.0]
Anesthesia preparation 0.019
time (minute)
median (IQR) 25.0 [20.00, 30.0 [20.00,45.0] 30.0[20.00, 55.0]
35.0]
TIVA 26 (3.5%) 1 (0.6%) 2 (5.9%) 0.042

Noted: SD, standard deviation; IQR, interquartile range; TIVA, total

intravenous anesthesia
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Table 4: Univariate regression analysis of anesthesia-related risk factors

(Continue)
Predictors Normothermia Very mild Mild p-value
(N=740) hypothermia hypothermia
(N=166) (N=34)
Route of 0.01
temperature
monitor
rectal 72 (9.7%) 15 (9.1%) 3 (9.1%)
nasal 163 (22.1%) 42 (25.5%) 9 (27.3%)
oral 257 (34.8%) 56 (33.9%) 15 (45.5%)
skin/axillary 246 (33.3%) 52 (31.5%) 6 (18.2%)
Crystalloid 0.6
(mL)
median (IQR) 170.0 [100.00, 150.0 [60.25- 205.0 [73.00,
300.0] 307.5] 492.5]
Colloid 7 (0.9%) 4 (2.5%) 0 (0%) 0.2
Blood loss <0.001
(mL)
median (IQR) 5.0 [1.00, 15.0] 5.0 [2.00, 20.0] 35.0 [5.00,
137.5]

Blood 40 (5.4%) 27 (16.3%) 14 (41.2%) <0.001
transfusion
Active 725 (98.0%) 163 (98.2%) 25 (73.5%) <0.001
warming

Noted: SD, standard deviation; IQR, interquartile range

Table S: The hypothermia group’s characteristic

Very mild hypothermia Mild hypothermia

body temperature
35.1-35.9°C (N=166)

body temperature
< 35°C (N=34)

Nadir temperature

median (IQR)

Duration of
hypothermia
median (IQR)

Severity of hypothermia

mild

35.6 [35.50-35.8]

55.0 [30-67.5]

163 (100%)

34.9 [34.52, 35.0]

82.5[60.00, 115.0]

34 (100%)

Noted: SD, standard deviation; IQR, interquartile range
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Multinomial logistic regression analysis of risk factors associated with
intraoperative hypothermia

A cut-off point of 36°C was shown to be overestimated in adults!!. Therefore,
Predictors associated with intraoperative hypothermia were compared between a cut-
off point of >36°C, 35.9-35.1 °C and <35°C using multinomial logistic regression

analysis.

Patient-related predictors (gender, weight to body surface ratio [BSA] ratio,
ASA physical status, baseline preoperative body temperature), surgery-related
predictors (emergency surgery, magnitude of surgery, site of the operation, operation
time), and anesthetic-related predictors (ASA classification, anesthetic duration,
duration between induction to the starting of the operation, blood loss, blood
transfusion) with a p-value less than 0.2 were initially included in the multivariate
model.

The continuous variable predictors were modified into binary variables for a
feasible final model. An ROC analysis was used to define an optimal cut-point
using the highest Youden index. The optimal cut-points for preoperative body
temperature, weight-to-BSA ratio, duration of surgery, duration of anesthesia,
anesthetic time, and duration between induction to start the operation were 37.2°C, 24,
80 minutes, 130 minutes, , 120 minutes and 50 minutes respectively. Dose-response

relationship between risk factors and the outcome were shown in Table 5.

Table 6: Multinomial logistic regression analysis of risk factors associated with
intraoperative hypothermia (N=940)

BT 35.1-35.9°C BT < 35°C
Predictors Beta RRR (95%CTI) Beta RRR(95%CTI) LR
coefficien coefficien p-
t t value
ASA 1.73 5.62(2.51,12.56 2.71 15.09(5.37,42.45 <0.00
classificatio ) ) 1

n>3

Preop BT > -0.54 0.58(0.32,1.04) 2.69 2.69(1.17,6.17)  0.05
37.2°C

Major 0.67 1.96(1.17,3.26) 0.59 1.8(0.67,4.82)  0.033
operation
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Anesthetic 0.99 2.68(1.85,3.88) 1.4 4.04(1.7,9.6) <0.00
time > 2 1
hours

TIVA -2.18 0.11(0.01,1.04) 0.14 1.15(0.17,7.86)  0.02
No active 0.12 1.13(0.3,4.26) 2.32 (2.98,34.6) 0.002
warming

Noted: BT, Body temperature; RRR, Risk reduction ratio; TIVA, total

intravenous anesthesia; CI, confidence interval

Multivariate logistic regression analysis of risk factors associated with
intraoperative hypothermia

After multinomial logistic regression analysis, predictors in the final model
were included in a multivariate logistic regression model to identify the association.
Mild hypothermia was associated with ASA physical status > III (AdjOR
15.41(7.13,33.27), p<0.001), preoperative body temperature > 37.2°C (AdjOR3.31
(1.47,7.44),p=0.006), anesthetic time > 2 hours (AdjOR 3.14 (1.34,7.37),p=0.006), and
no active warming (AdjOR 9.25 (2.87,29.82), p<0.001).

Table 7: Multivariate logistic regression analysis of risk factors associated with
mild hypothermia compared to normal and very mild hypothermia (N=940)

Predictors Crude OR Adjusted OR p-value
(95%CI) (95%CI)
ASA Classification > 15.41 8.01 (3.13,20.46) <0.001
111 (7.13,33.27)
Ref: ASA classification
<III
Preoperative body 6.57 (3.25,13.26) 3.31(1.47,7.44) 0.006

temperature > 37.2 °C

Ref: Preoperative body

temperature < 37.2 °C

Anesthetic time > 120 3.54 (1.67,7.49) 3.14 (1.34,7.37) 0.006
minutes

Ref: operative time <

120 minutes

Major operation 2.76 (1.21,6.27) 1.4 (0.53,3.73) 0.003
TIVA 2.03 (0.46,8.93) 1.7 (0.32,8.98) 0.552
No active warming 17.76 (7.27,43.4) 9.25 (2.87,29.82) <0.001

Noted: OR, odd ratio; SD, standard deviation; IQR, interquartile range;

TIV A,total intravenous anesthesia
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Figure 2: Receiver operating characteristic (ROC) curves based on the risk
factors associated with intraoperative hypothermia and respective areas under
the ROC curves (AUCs).
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Development of risk prediction score for predicting intraoperative mild
hypothermia

Predictors derived from the multivariate logistic analysis model were included
in the regression coefficient-based model.

Table 7 presents the final model of risk prediction score comprised of the ASA
physical status classification > III, preoperative body temperature > 37.2 °C, anesthetic
time > 120 minutes, major operation, TIVA, and No active force-air warming used
during the operation.

Table 8: Risk prediction score using the regression coefficient-based model

Predictors Regression coefficient Score
ASA Classification > 111 2.0806 3
Preoperative body 1.1965 1.5
temperature > 37.2 °C
Anesthetic time > 120 1.1445 1.5
minutes
Major operation 0.3374 0.5
TIVA 0.5286 0.5

No active warming 2.2246 3
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The risk prediction score value ranged from 0-6. The final risk prediction model
showed a good discriminative ability to distinguish patients with intraoperative
hypothermia, with an AUC of 0.775.

A cut-off point of 1 was chosen, which was closest to the top-left part of the
ROC analysis. The sensitivity, specificity, accuracy, positive predictive value (PPV),
and negative predictive value (NPV) of the prediction score were 85.29, 52.53, 80.57,
11.67, and 98.47%, respectively. (Figure 3)

The degree of risk of intraoperative mild hypothermia was classified into high-
risk patients who had a risk score of more than 2.75 (sensitivity 35.29% and specificity
91.95%), intermediate risk patients who had a risk score of 0.25-2.75, and low-risk
patients who had a risk score of less than 0.25 (sensitivity 91.18% and specificity
48.89%) as shown in Figure 3. The chi-square value of the Hosmer-Lemeshow test was

1.5742 (p = 0.455), corresponding to good model calibration.

Figure 3: Receiver operating characteristic (ROC) curves based on the risk
prediction score for predicting intraoperative hypothermia, an optimal cut-off
point, and respective areas under the ROC curves (AUCs)
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Chapter 5 Conclusion and Discussion

Body temperature is one of the most important standards used for patient-
monitoring as disruption of body thermoregulation occurs occasionally during either
general or neuraxial anesthesia. In this study, children with the age of <12 years old
were used as a sample in order to reduce the variety of age groups as found in the
previous study on body surface area in the pediatric age group by Boniol et al.?2. The
incidence of intraoperative hypothermia in our setting was only 3.62% since the
definition of mild hypothermia in our study was < 35 °C. Despite a controversy in the
definition of intraoperative hypothermia, the awareness of the adverse consequences of
intraoperative hypothermia has been increasing. Although the cut-off point of 36°C was
broadly accepted in many literatures, a recent meta-analysis of RCTs nevertheless
showed that the cut-off point of 36°C was not an adequately sensitive criterion for
intraoperative hypothermia. The detrimental effects of intraoperative hypothermia were
predisposed to be overestimated!!.

All of the patients in our research experienced only mild hypothermia (defined
as a body temperature of 35-32°C'?) because, at Songklanagarind hospital, the forced-
air warming system is routinely used in most of pediatric surgery, at the rate of up to
98.4% (98% in very mild hypothermia group and 73.5% in mildhypothermia group).
Thus, there was no moderate or severe hypothermia observed in this study.

After multivariate logistic analysis, Potential risk factors associated with
intraoperative hypothermia were ASA physical status classification > III, Preoperative
body temperature > 37.2 °C, Anesthetic time > 120 minutes, and no active air warming
used. Active force air warming was a preventable predictor in our study.

In the adult population, several studies were conducted to determine the risk
factor of hypothermia. A systematic review and meta-analysis of risk factors by Pu
J et al. found that older age, low BMI, ambient operative room temperature,
preoperative heart rate, duration of anesthesia > 2 hours, and intravenous fluid
administration >1,000 mL were associated with intraoperative hypothermia®.
Meanwhile, Wongyingsinn M.’s study revealed that ASA physical status III-IV and

preoperative hypothermia were associated with intraoperative hypothermia as well?*.
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Due to the dissimilarity of the physiology in age groups, Risk factors of
intraoperative hypothermia in adult studies may not be applicable to pediatric patients.
Unfortunately, there are only a few studies about risk factors in the pediatric population.
Our study was the first to date in the study of risk prediction scores for predicting
intraoperative hypothermia in pediatric patients.

ASA Physical status classification

ASA physical status classification was used to categorize the patient based on
the severity of co-existing diseases. Wongyingsinn M. et al.?® demonstrated that ASA
physical status III-IV had a higher incidence of intraoperative hypothermia in adults.
The result was similar to the studies of Belayneh?® and Monzén et al.?°. In the pediatric
population, J Zhao’s et al'® illustrated the association between higher ASA physical
status and intraoperative hypothermia in neonates and infants as well. Patients with a
higher ASA physical status had poor thermoregulatory control and were prone to
develop vasodilatation from co-existing medical diseases resulting in intraoperative
hypothermia.

Pediatric patients who had an ASA physical status classification of more than
IIT would receive a risk prediction score of 3 indicating a high-risk patient. Temperature
monitoring should be vigorously considered along with preoperative active warming
application, and intraoperative warming protocol including active-forced air warming,
and intravenous fluid warming device use.

Preoperative baseline temperature

In our study, preoperative baseline temperature > 37.2 °C was associated with
intraoperative hypothermia. On the contrary, previous studies showed the opposite
result. Research by Yi J, conducted in adults, showed that high baseline core
temperature before anesthesia was a protective factor for intraoperative hypothermia?’.
However, infectious causes of preoperative hyperthermia were excluded in their study.

Moreover, a study by Cho Ck et al.?8

, completed in adults who underwent orthopedic
surgery, revealed that lower baseline core temperature before anesthesia was a
protective factor as well. The median baseline temperature was 36.8 °C [36.6-36.9]
which was lower compared to our study (37.2°C [36.60, 37.9]). Hyperthermia is the
thermoregulatory response to systemic inflammation®. During the perioperative

period, vasodilation from systemic inflammatory response may be exaggerated, and
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thermoregulatory capacity was also suppressed by various anesthetic agents leading to
sub-temperature.

Pediatric patients who had a preoperative high body temperature would be
addressed with a risk prediction score of 1.5 indicating an intermediate-risk patient. A
decrease in preoperative temperature methods such as a tepid sponge, oral paracetamol,
or postponing elective surgery might be considered to minimize the risk of
intraoperative hypothermia.

Duration of the anesthesia

Our results showed that the duration of anesthesia was independently associated
with intraoperative hypothermia. This result is similar to recent research by Yan L’s
who emphasized their study on adults who underwent colorectal surgery indicated that
a longer duration of surgery was associated with intraoperative hypothermia®’. In
addition, a study by J Zhao, in infants and neonates, revealed that the duration of
surgery longer than 60 minutes two times increased the risk of intraoperative
hypothermia'®. Likewise, A systematic review and meta-analysis in Pu J et al’s study
found the duration of anesthesia > 2 hours increasing the risk of intraoperative
hypothermia?® similar to our result. A prolonged duration of anesthesia may lead to
longer exposure to ambient operating room temperature and necessitate the
administration of additional unwarm intravenous fluid as well.

Pediatric patients who had undergone a long duration of operation prediction
would receive a risk score of 1.5 indicating an intermediate-risk patient. A preoperative
active warming protocol might be used. Additionally, the intraoperative hypothermia
prevention methods include warming intravenous fluid, active-forced air warming use,
warm operating room temperature, and warming fluid irrigation to mitigate the risk of
prolonged duration associated with intraoperative hypothermia.

Active forced-air warming

In various studies found in the literature, active forced-air warming was
considered as a strong protective predictor against intraoperative hypothermia. Using
an active convention warming method, active forced-air warming transmits heat by
blowing warm air through a blanket aiming to prevent heat loss during the operation.
Lee SY et al. reported that the use of forced-air warming reduced the incidence of

intraoperative hypothermia in pediatric patients (age less than 16 years old)!°. In
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addition, Su et al. found that forced-air warming was more effective than passive
insulation in preventing adverse consequences regarding intraoperative hypothermia’!.
Corresponding to previous studies, our data showed that if no active forced-air warming
was used, the risk of intraoperative hypothermia increased more than nine times.

No use of an active forced-air warming system indicates a high risk of
developing intraoperative hypothermia in pediatric patients. An active forced-air
warming system must be used in all children for both preoperative and intraoperative
periods to diminish adverse consequences regarding intraoperative hypothermia.

This risk prediction score in our study was feasible to use and could be easily
adopted in the perioperative period. In consequence, intraoperative hypothermia is
commonly preventable. Observations of high-risk patients using our risk prediction
scores may help in early detection of intraoperative hypothermia and prevent further
adverse consequences causing by hypothermia. Due to the source-limited country,
additional interventions may not be possible to facilitate in all cases. The most effective
prevention is early recognition and awareness. Several areas for improvement including
pre-warming implementation, and increased vigilance especially in patients with a risk
score of more than 1.

The implication of the study

Since active forced-air warming and high preoperative body temperature > 37.2
°C were modifiable predictors of intraoperative hypothermia in our study, early
warming intervention, will decrease the risk of intraoperative hypothermia. This could
be supplemented by an active force air warming implementation.

An attempt to decrease preoperative body temperature such as a tepid sponge, oral
paracetamol administration, and postponing an elective operation might be considered
to minimize the risk of developing intraoperative hypothermia.

In our study, A risk prediction score value of more than 1 increased the risk of
intraoperative hypothermia in pediatric patients. Therefore, Only one risk factor from
ASA physical status > III, anesthetic time > 2 hours, preoperative body temperature >
37.2 °C, or no active warming use might lead to intraoperative hypothermia. Patients
with a risk score of more than 1 should be vigorously temperature monitored and
maintain a normothermia. Especially in high-risk patients who had a risk score of more

than 2.75.
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Strength and Limitation

There are some limitations in our study. As our study is retrospective cohort,
some data couldn’t be collected such as the precise ambient temperature of an operating
room (approximately 22-24°C), the amount of fluid irrigation, the temperature of the
fluid, and the waiting time before the operation. Moreover, almost 20% of missing
temperature monitoring data was recorded, especially in short-duration operations like
esophagoscopy or colonoscopy. In addition, some data could not be gathered
accurately, for instance, the body temperature was recorded in 30 minute-intervals in
which the temperature change in the record was too rough to observe changes. Further
prospective studies are thus encouraged to evaluate other risk factors.

Due to the small number of patients in the hypothermia group, an odd ratio from
the multivariate model might be overestimated. The implication of this study should be
used with caution. A larger sample size might be required to obtain a precise
association.

Finally, due to the lack of external validation of the prediction scoring system,
further multicenter studies might be performed on this risk prediction score to validate
this model.

Conclusion

Our study found that potential risk factors associated with intraoperative
hypothermia with a body temperature of less than or equal to 35 °C, ASA physical
status classification > III, preoperative body temperature > 37.2 °C, anesthetic time >
120 minutes, and no active warming. Active forced-air warming and preoperative body
temperature> 37.2 °C were preventable predictors in our study. The risk prediction
score with a cut-off point of 1 can help clinical physicians in the early detection of

intraoperative and decrease adverse outcomes regarding intraoperative hypothermia.



Bibliography

1. Burns SM, Piotrowski K, Caraffa G, Wojnakowski M. Incidence of postoperative
hypothermia and the relationship to clinical variables. J Perianesth Nurs. 2010
Oct;25(5):286-9.

2. Billeter AT, Hohmann SF, Druen D, Cannon R, Polk HC Jr. Unintentional
perioperative hypothermia is associated with severe complications and high mortality
in elective operations. Surgery. 2014 Nov;156(5):1245-52.

3. Sari S, Aksoy SM, But A. The incidence of inadvertent perioperative hypothermia
in patients undergoing general anesthesia and an examination of risk factors. Int J Clin
Pract. 2021 Jun;75(6)

4. Bindu B, Bindra A, Rath G. Temperature management under general anesthesia:
Compulsion or option. J Anaesthesiol Clin Pharmacol. 2017 Jul-Sep;33(3):306-16.

5. Sessler DI. Perioperative thermoregulation and heat balance. The Lancet. 2016 Jun
25;387(10038):2655-64.

6. Friedman M and Baumgart S. Avery’s neonatology: pathophysiology &
management of the newborn. 6th ed. Friedman M, Baumgart S, editors. Lippincott
Williams & Wilkins. Philadelphia : Lippincott Williams & Wilkins; 2005\

7. Galante D. Intraoperative hypothermia. Relation between general and regional
anesthesia, upper- and lower-body warming: what strategies in pediatric anesthesia?
Paediatr Anaesth. 2007 Sep;17(9):821-3.

8. Brindle ME, McDiarmid C, Short K, Miller K, MacRobie A, Lam JYK, Brockel M,
Raval MV, Howlett A, Lee KS, Offringa M, Wong K, de Beer D, Wester T, Skarsgard
ED, Wales PW, Fecteau A, Haliburton B, Goobie SM, Nelson G. Consensus Guidelines
for Perioperative Care in Neonatal Intestinal Surgery: Enhanced Recovery After
Surgery (ERAS®) Society Recommendations. World J Surg. 2020 Aug;44(8):2482-92.
9. Pearce B, Christensen R, Voepel-Lewis T. Perioperative hypothermia in the pediatric
population: Prevalence, risk factors and outcomes. J Anesth Clin Res. 2010 Oct;1(1).
10. Ralph N, Gow J, Conway A, Duff J, Edward KL, Alexander K, et al. Costs of
inadvertent perioperative hypothermia in Australia: A cost-of-illness study. Collegian.

2020 Aug 1;27(4):345-51.



11. Xu H, Wang Z, Guan X, Lu Y, Malone DC, Salmon JW, Ma A, Tang W. Safety of
intraoperative hypothermia for patients: meta-analyses of randomized controlled trials
and observational studies. BMC Anesthesiol. 2020 Aug 15;20(1):202.

12. Perlman R, Callum J, Laflamme C, Tien H, Nascimento B, Beckett A, Alam A. A
recommended early goal-directed management guideline for the prevention of
hypothermia-related transfusion, morbidity, and mortality in severely injured trauma
patients. Crit Care. 2016 Apr 20;20(1):107.

13. Bindu B, Bindra A, Rath G. Temperature management under general anesthesia:
Compulsion or option. J Anaesthesiol Clin Pharmacol. 2017 Jul-Sep;33(3):306-16.

14. Okamura M, Saito W, Miyagi M, et al. Incidence of Unintentional Intraoperative
Hypothermia in Pediatric Scoliosis Surgery and Associated Preoperative Risk Factors.
Spine Surg Relat Res. 2020;5(3):154-159. Published 2020 Nov 20.

15. Lee SY, Wan SYK, Tay CL, Tan ZH, Wong I, Chua M, Allen JC. Perioperative
Temperature Management in Children: What Matters? Pediatr Qual Saf. 2020 Sep
25;5(5):e350.

16. Zhao J,Le Z, Chu L, Gao Y, Zhang M, Fan J, Ma D, Hu Y, Lai D. Risk factors and
outcomes of intraoperative hypothermia in neonatal and infant patients undergoing
general anesthesia and surgery. Front Pediatr. 2023 Mar 15;11

17. El Edelbi R, Lindemalm S, Eksborg S. Estimation of body surface area in various
childhood ages--validation of the Mosteller formula. Acta Paediatr. 2012
May;101(5):540-4.

18. Kongsayreepong S, Chaibundit C, Chadpaibool J, Komoltri C, Suraseranivongse S,
Suwannanonda P, Raksamanee EO, Noocharoen P, Silapadech A, Parakkamodom S,
Pum-In C, Sojeoyya L. Predictor of core hypothermia and the surgical intensive care
unit. Anesth Analg. 2003 Mar;96(3):826-33.

19.Del Bene VE. Temperature. In: Walker HK, Hall WD, Hurst JW, editors. Clinical
Methods: The History, Physical, and Laboratory Examinations. 3rd edition. Boston:
Butterworths; 1990. Chapter 218



20. Riley RD, Ensor J, Snell KIE, Harrell FE Jr, Martin GP, Reitsma JB, Moons KGM,
Collins G, van Smeden M. Calculating the sample size required for developing a
clinical prediction model. BMJ. 2020 Mar 18;368

21. Hu Y, Tian Y, Zhang M, Zhao J, Shu Q. Study of risk factors for intraoperative
hypothermia during pediatric burn surgery. World J Pediatr Surg. 2021 Feb 5;4(1)

22. Boniol M, Verriest JP, Pedeux R, Doré JF. Proportion of skin surface area of
children and young adults from 2 to 18 years old. J Invest Dermatol. 2008
Feb;128(2):461-4.

23. Pu J, Zhao WJ, Xie XF, Huang HP. A Systematic Review and Meta-Analysis of
Risk Factors for Unplanned Intraoperative Hypothermia Among Adult Surgical
Patients. J Perianesth Nurs. 2022 Jun;37(3):333-8.

24. Wongyingsinn M, Pookprayoon V. Incidence and associated factors of
perioperative hypothermia in adult patients at a university-based, tertiary care hospital
in Thailand. BMC Anesthesiol. 2023 Apr 25;23(1):137.

25. Belayneh T, Gebeyehu A, Abdissa Z. Post-operative hypothermia in surgical
patients at University of Gondar Hospital, Ethiopia. J Anesth Clin Res. 2014;5:1-4.
26. Monzén CGC, Arana CAC, Valz HAM, Rodriguez FA, Mejia JJB, Gomez JAA.
Temperature management during the perioperative period and frequency of inadvertent
hypothermia in a general hospital. Rev Colomb Anestesiol. 2013;41:97-103.

27. YilJ, LeiY, Xu S, SiY, Li S, Xia Z, et al. Intraoperative hypothermia and its
clinical outcomes in patients undergoing general anesthesia: National study in China.
PloS one. 2017 Jun 1;12(6).

28. Cho CK, Chang M, Sung TY, Jee YS. Incidence of postoperative hypothermia and
its risk factors in adults undergoing orthopedic surgery under brachial plexus block: A
retrospective cohort study. Int J Med Sci. 2021 Mar 21;18(10):2197-2203.

29. Romanovsky AA, Székely M. Fever and hypothermia: two adaptive
thermoregulatory responses to systemic inflammation. Med Hypotheses. 1998
Mar;50(3):219-26.

30. Yan L, Tan J, Chen H, Xiao H, Zhang Y, Yao Q, Li Y. A Nomogram for Predicting
Unplanned Intraoperative Hypothermia in Patients With Colorectal Cancer Undergoing

Laparoscopic Colorectal Procedures. AORN J. 2023 Jan;117(1):el-el2.



31. Su SF, Nieh HC. Efficacy of forced-air warming for preventing perioperative
hypothermia and related complications in patients undergoing laparoscopic surgery: A

randomized controlled trial. Int J Nurs Pract. 2018 Oct;24(5):el’



VITAE

Name Mister Worachet Saezhang

Student ID 6510320018

Educational Attainment
Degree Name of Institution
Doctor of Medicine Faculty of Medicine
Siriraj Hospital,
Mabhidol University

Scholarship Awards during Enrolment :

Nil

Work — Position and Address :

Year of Graduation

2020

Anesthesiology resident at Department of Anesthesia, Prince of Songkla University,

Hat Yai, Thailand



		2024-12-04T10:29:20+0700
	GSMS
	รศ.ดร.มลิวัลย์ ออฟูวงศ์


		2024-12-04T10:29:22+0700
	GSMS
	รศ.ดร.มลิวัลย์ ออฟูวงศ์


		2024-12-04T10:29:23+0700
	GSMS
	รศ.ดร.มลิวัลย์ ออฟูวงศ์


		2024-12-18T09:36:10+0700
	GSMS
	รองศาสตราจารย์ ดร.พญ.ตันหยง พิพานเมฆาภรณ์


		2024-12-18T17:02:42+0700
	GSMS
	ผู้ช่วยศาสตราจารย์ ดร.ธรรมสินธ์ อิงวิยะ


		2024-12-20T08:44:55+0700
	GSMS
	ศ.ดร.มิตรชัย จงเชี่ยวชำนาญ




