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ABSTRACT

Objectives To examine the association between body
temperature (BT) on hospital arrival and in-hospital
mortality among paediatric trauma patients.

Design A retrospective cohort study.

Setting Japan Trauma Data Bank (JTDB, which is a
nationwide, prospective, observational trauma registry
with data from 235 hospitals).

Participants Paediatric trauma patients <16 years old
who were transferred directly from the scene of injury to
the hospital and registered in the JTDB from January 2004
to December 2017 were included. We excluded patients
>16 years old and those who developed cardiac arrest
before or on hospital arrival.

Primary outcome The association between BT on
hospital arrival and in-hospital mortality. We conducted
multivariate logistic regression analyses to calculate

the adjusted ORs, with their 95% Cls, of the association
between BT and in-hospital mortality.

Results A total of 9012 patients were included (median
age: 9 years (IQR, 6.0-13.0 years), mortality: 2.5%
(mortality number was 226 in total 9012 patients)). In the
multivariate logistic regression analysis, the corresponding
adjusted ORs of BT <36.0°C and BT >37.0°C, relative to
a BT of 36°C-36.9°C, for in-hospital mortality were 2.83
(95% Cl: 1.85 to 4.33) and 0.93 (95% Cl: 0.53 t0 1.63),
respectively.

Conclusions In paediatric patients with hypothermia
(BT <36.0°C) on hospital arrival, a clear association with
in-hospital mortality was observed; no such association
was observed between higher BT values (>37.0°C) and
outcomes.

INTRODUCTION

Trauma is a leading cause of death and
disability across various age groups world-
wide.! Appropriate evaluation and care in
prehospital settings are essential to improve
trauma-related outcomes.” The manage-
ment of body temperature (BT) for hypo-
thermia prevention is among the most
important components of prehospital care.
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Strengths and limitations of this study

» This study is the first to evaluate the association
between body temperature on hospital arrival and
in-hospital mortality in paediatric trauma patients
listed in a Japanese nationwide database.

» We were able to adequately adjust for potential con-
founding using a nationwide multi-institutional data-
base with a larger sample size than that included in
previous research.

» The exclusion of patients with missing values may
have led to selection bias.

» The accuracy of body temperature measurements
may be associated with measurement bias.

» Regional differences in the environment and pre-
hospital care provided might be an unmeasured
confounding.

Hypothermia develops in prehospital settings
or the emergency room and may influence
circulatory dynamics, provoke coagulopathy
and increase metabolic demands.’ Further,
in adult trauma patients, hypothermia
results in worse outcomes.”  In trauma cases
involving paediatrics, this condition requires
more specialised attention, since children
have relatively larger body surface area than
adults and tend to lose heat by emission.”
Hypothermia led to increased mortality in
children with sepsis in a paediatric inten-
sive care unit (PICU).7 Moreover, in those
undergoing congenital heart surgery, hypo-
thermia reportedly increases the need for
inotropic and respiratory support, and results
in extended PICU stays and more perioper-
ative transfusion requirements.” However,
little is known about the influence of BT on
mortality in trauma cases involving paedi-
atrics; therefore, it is necessary to study this
association to improve the quality of trauma
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care being provided. This study aimed to identify the
association between BT on admission and in-hospital
mortality among paediatric trauma patients.

METHODS

Our study was conducted in compliance with the
Strengthening the Reporting of Observational Studies
in Epidemiology statement.” The need for informed
consent for registration in the JTDB, retrospective anal-
ysis of the anonymised data, and publication of the results
was waived as approved by the ethics committee of the
Japanese Association for the Surgery of Trauma and that
of each institution; this was based on the Ethical Guide-
lines for Medical and Health Research Involving Human
Subjects published by the Ministry of Health, Labor and
Welfare of ]apan.w The approval documents from the
Japanese Association for the Surgery of Trauma and the
representative institution (National Defense Medical
College Research Institute) are available on the JTDB
website  (https://www.jtcrjatec.org/traumabank/data-
room/ethics2.htm) (the approval ID No 2548).

Study design and setting

We obtained the included data from the 2018 Japan
Trauma Data Bank (JTDB) dataset, which contains data
from 235 hospitals across Japan, from January 2004 to
December 2017.!"! The JTDB is a nationwide, multicentre,
prospective, observational trauma registry established in
2003 by the Trauma Registry Committee of the Japanese
Association for the Surgery of Trauma and the Committee
for Clinical Care Evaluation of the Japanese Association
for Acute Care Medicine''; this registry is managed by
the Japan Trauma Care and Research (JTCR), which is
a non-profit organisation for trauma research.'' This
registry was developed to improve the quality of trauma
care, through the collection of prehospital information,
clinical information during hospital stays, data on trauma
diagnoses according to the Abbreviated Injury Scale (AIS)
and Injury Severity Score (ISS), and data on mortality-
related outcomes.'” These data are compiled by admin-
istrators based on in-hospital charts and prehospital
records, which are routinely submitted by paramedics to
the hospitals.”” '* Nearly all the institutions participating
in the JTDB are government-certified tertiary emergency
and critical care centres.'' '*'° Details on the JTDB have
been published previously."" '* " Anonymised data from
the JTDB are available to institutional members of the
JTCR for research, and we obtained these data from the
JTCR.1P 1

Study participants

We included trauma patients <16 years old who were
transferred directly from the scene of injury to the
hospital and registered in the JTDB from January 2004 to
December 2017. We excluded patients >16 years old and
those who developed cardiac arrest before or on hospital
arrival. We also excluded those for whom the primary

mechanism of injury was a burn or unknown because
they are not regarded as part of the general trauma popu-
lation. Furthermore, those who were not transferred
directly from the injury scene by an ambulance with
paramedics (such as those transferred by a helicopter or
an ambulance staffed with doctors, and referrals from
other hospitals) were also excluded because they might
have received some medical interventions before hospital
arrival; we aimed to target patients who were explicitly
general trauma patients managed by paramedics. Addi-
tionally, we excluded patients with missing information
on BT and in-hospital mortality.

Data collection, variables and potential bias

We collected and described the following clinical infor-
mation from the JTDB: sex, age, date of injury, type of
injury (blunt or penetrating), mechanism of injury (eg,
bicycle, pedestrian, fall) and the transit time from the
scene to the hospital. Regarding in-hospital measure-
ments, we collected data on patients’ vital signs on
hospital arrival (respiratory rate (RR), heart rate (HR),
Glasgow Coma Scales (GCS) and BT), AIS score, ISS
and in-hospital mortality. We stratified patients by age
into the following groups: <2 years, 2-5 years, 6-11 years
and 12-15 years, as previously described.'® To avoid the
assumption of a linear relationship between variables
and outcome,'” patients were further categorised based
on their vital signs according to Japan Triage and Acuity
Scale reference values for each age as developed by the
Japanese Society for Emergency Medicine'™ ' as follows:
RR (bradypnoea, normal range, tachypnoea) and HR
(bradycardia, normal range, tachycardia). We selected
HR and not systolic blood pressure as a measure of circu-
lation following the Japan Triage and Acuity Scale recom-
mendations.'® ' We additionally categorised patients by
their level of consciousness as follows: mild (GCS 13-15
points), moderate (GCS 9-12 points) and severe (GCS
lower than 9 points). Those with missing data on covari-
ates were classified as ‘Unknown’. The AIS is an anatom-
ically based, consensus-derived and globally accepted
severity scoring system used to classify individual inju-
ries by body region (eg, region 1: head, 2: face, 3: neck,
4: thorax), and subsequently by relative severity on a
6-point scale (1, minor to 6, maximal).'® 1420 2! Gener-
ally, an AIS score 23 is considered to indicate a serious
or more severe injury.% The ISS is a globally accepted
trauma severity scale associated with mortality, with a
score 216 generally considered to indicate major trauma
or polytrauma.”

The primary exposure of this study was BT on hospital
arrival. We classified BT into three groups to clarify the
trend of the association between BT and outcomes based
on clinical significance and the number of patients. BT
on hospital arrival was classified as follows: BT (<36.0°C,
36.0°C-36.9°C and >37.0°C). We defined hypothermia
as a BT <36.0°C.>** The study outcome was in-hospital
mortality, as registered in the JTDB.
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Patient and public involvement
As the study was conducted based on secondary data,
patients and the public were not involved.

Statistical methods

We described the patients’ characteristics and distribu-
tion of patients in each BT group. We set the BT groups
as the explanatory variable and the outcomes as objective
variables. We conducted logistic regression analyses to
generate crude ORs of the BT groups with their 95% Cls.
For potential confounders, we designated the covariates
of sex, categorised age, type of injury, categorised RR and
HR, GCS, transit time and ISS, and conducted multivari-
able logistic regression analyses to calculate the adjusted
ORs of the BT groups with their 95% CIs. We chose ISS
as the only covariate in severity of injury. Furthermore, we
used the restricted cubic spline to assess the possible non-
linear or dose-response relationship between BT and
the estimated adjusted OR of in-hospital mortality (the
detailed method is described in the online supplemental
file). Additionally, we performed a subgroup analysis to
identify whether the association between temperature
and in-hospital mortality differed with respect to the
following subgroups: severe head injury (head AIS >3
or not), severe chest injury (chest AIS >3 or not), severe
abdominal injury (abdominal AIS >3 or not), severe
multiple trauma (ISS >16 or not) and seasons (warm
or cold season). We categorised seasons by months into
the following groups: warm season (spring and summer
defined as March, April, May, June, July and August) and
cold season (autumn and winter defined as September,
October, November, December, January and February),
based on the Japan Meteorological Agency definition.
Moreover, we performed multiple imputations as a sensi-
tive analysis to assess the robustness of the primary anal-
ysis, based on the ‘missing at random’ assumption (the
detailed method is described in the online supplemental
file). Statistical results were calculated as point estimates
with their 95% ClIs. Statistical significance was defined as
the absence of overlap of a 95% CI with the null effect
value (OR=1). All statistical analyses were performed
using JMP Pro V.14 software (SAA Institute, Cary, North
Carolina, USA) and R studio with ‘rms’ and ‘mice’
package.***

RESULTS

Patient characteristics

Of the 294 274 patients in the JTDB, we excluded 275
434 non-paediatric patients (aged =16 years or age
unknown), 445 patients who developed cardiac arrest
at the scene or on hospital arrival, 827 patients with a
burn injury or an injury of an unknown mechanism, and
5717 patients who were not directly transferred from the
scene by an ambulance. We also excluded 1661 patients
with missing BT data and 1573 with missing mortality
data. Finally, 9012 patients were included in the analysis:
1323 (14.7%) in the BT <36.0°C group, 4860 (53.9%) in

Patients registered in JTDB

(N=294,274)
216 years or age unknown
(N=275,434)
<16 years
(N=18,840)
+ Cardiac arrest on arrival or

cardiac arrest at the time
scene of injury (N=445)

+ Burns, mechanism of injury
unknown (N=827)

+ Not direct transportation
(N=5,717)

<16 years and direct
transportation
(N=12,246)

+ BT unknown(N=1,661)
+ Mortality unknown(N=1,573)

Patients included for

analysis
(N=9,012)
BT <36.0°C BT=36.0-36.9°C 37.0°C=BT
(N=1,323) (N=4,860) (N=2,829)

Figure 1 Flow chart of patient selection. BT, body
temperature; JTDB, Japan Trauma Data Bank.

the 36.0°C-36.9°C group and 2829 (31.4%) in the BT
>37.0°C group (figure 1).

The patients’ characteristics are described in table 1.
More than half of the patients were men (70.0%), and
the median age was 9 years (IQR, 6.0-13.0 years). In most
cases, the injury type was blunt trauma (98.1%). The
median ISS of the patients was 9 (IQR, 5.0-17.0).

Outcomes

The overall in-hospital mortality was 2.5% (n=226). The
distribution of outcomes in each BT group is described in
table 2. Univariate logistic regression analyses of the asso-
ciation of BT with in-hospital mortality yielded crude ORs
of 7.50 (95% CI: 5.56 to 10.12) and 0.69 (95% CI: 0.45 to
1.08) for BT <36.0°C and 237.0°C, respectively, relative
to a BT of 36.0°C-36.9°C (reference). In the multivariate
logistic regression analysis, the corresponding adjusted
ORs were 2.83 (95% CI: 1.85 to 4.33) and 0.93 (95%
CI: 0.53 to 1.63), respectively (table 3). The crude and
adjusted ORs of other covariates were described in the
online supplemental file 1. Furthermore, the restricted
cubic spline between BT and the estimated adjusted OR
of in-hospital mortality is shown in figure 2, which indi-
cates the dose-response relationship between BT and
in-hospital mortality in the patients with BT <36.0°C.
The OR was shown to increase as BT dropped below BT
<36.0°C.
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Table 1 Characteristics of the study participants

Total BT <36.0°C BT=36.0°C-36.9°C BT >37.0°C
Parameters N=9012 N=1323 N=4860 N=2829
Sex (boy), n (%) 6308 (70.0) 876 (66.2) 3408 (70.1) 2024 (71.5)
Age (years), median (IQR) 9 (6.0-13.0) 9 (6.0-13.0) 9 (6.0-12.0) 9 (6.0-13.0)
<2 years, n (%) 572 (6.3) 95 (7.2) 294 (6.0) 183 (6.5)
2-5 1453 (16.1) 216 (16.3) 778 (16.0) 459 (16.2)
6-11 4056 (45) 580 (43.8) 2291 (47.1) 1185 (41.9)
12-15 2931 (32.5) 432 (32.7) 1497 (30.8) 1002 (35.4)
Type of injury, n (%)
Blunt 8840 (98.1) 1295 (97.9) 4766 (98.1) 2779 (98.2)
Penetrating 172 (1.9) 28 (2.1) 94 (1.9) 50 (1.8)
Mechanism, n (%)
Bicycle 2166 (24) 314 (23.7) 1175 (24.2) 677 (23.9)
Pedestrian 2045 (22.7) 310 (23.4) 1134 (23.3) 601 (21.2)
Free fall 1175 (13) 228 (17.2) 599 (12.3) 348 (12.3)
Fall 924 (10.3) 103 (7.8) 545 (11.2) 276 (9.8)
Motor vehicle 635 (7.0) 108 (8.2) 290 (6.0) 237 (8.4)
Slip 630 (7.0) 70 (5.3) 378 (7.8) 182 (6.4)
Sports 578 (6.4) 50 (3.8) 295 (6.1) 233 (8.2)
Motor bike 212 (2.4) 33 (2.5) 103 (2.1) 76 (2.7)
Penetrating 139 (1.5) 21 (1.6) 73 (1.5) 45 (1.6)
Other 508 (5.6) 86 (6.5) 268 (5.5) 154 (5.4)
Seasons, n (%)
Warm season 5123 (56.8) 670 (50.6) 2749 (56.6) 1704 (60.2)
Cold season 3856 (42.8) 652 (49.3) 2088 (43.0) 1116 (39.4)
Unknown 33 (0.4) 1(0.1) 23 (0.5) 9(0.3)

BT, body temperature.

Subgroup analysis

The results of the subgroup analysis for in-hospital
mortality are described in figure 3. Furthermore, we also
described the distribution of the subgroups among the
patients who died to gain a better understanding of the
subgroup analysis. In summary, most of the patients who
died had multiple trauma with a severe head injury. Hypo-
thermia with severe head injury or multiple injuries was
associated with in-hospital mortality, while hypothermia
without these injuries was not. Moreover, in the cold
season, hypothermia more strongly influenced outcomes
than in the warm season. BT >37.0°C was not associated
with mortality in any of the subgroups.

Sensitivity analysis

We used the dataset without excluding any patient due to
missing BT or mortality (N=12 246). The adjusted ORs of
the association of BT with in-hospital mortality were 1.62
(95% CI: 1.11 t0 2.37) and 1.19 (95% CI: 0.78 to 1.82) for
BT <36.0°C and BT >37.0°C, respectively, relative to a BT
of 36.0°C-36.9°C (reference). This results also showed

that the patients with BT <36.0°C were associated with
increased mortality, but those with BT 237.0°C were not.

DISCUSSION

Key observations

To the best of our knowledge, this study is the first to
evaluate the association between BT on hospital arrival
and in-hospital mortality among paediatric trauma
patients in a Japanese nationwide database. In patients
with hypothermia (BT <36.0°C) on hospital arrival, clear
associations with in-hospital mortality were observed; no
association was noted between higher BT values (237.0°C)
and outcomes.

Previous literature and strength

Compared with previous studies, our study has several
strengths. First, our study included an adequate sample
size for the adjustment of potential confounders and
generalisability. A previous observational study of paedi-
atric trauma patients (n=226) found that hypothermia
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Total BT <36.0°C BT=36.0°C-36.9°C BT >37.0°C
Parameters N=9012 N=1323 N=4860 N=2829

Bradypnoea 678 (7.5) 166 (12.5) 325 (6.7) 187 (6.6)

Tachypnoea 2978 (33.0) 473 (35.8) 1609 (33.1) 896 (31.7)

Heart rate, n (%)

Normal range 6468 (71.8) 846 (63.9) 3652 (75.1) 1970 (69.6)

Unknown 174 (1.9) 25(1.9) 86 (1.8) 63 (2.2)

Minor (GCS 15-13) 6721 (74.6) 764 (57.7) 3679 (75.7) 2278 (80.5)

Severe (<8) 897 (10.0) 302 (22.8) 414 (8.5) 181 (6.4)

BT (°C), median (IQR) 36.7 (36.2-37.0) 35.6 (35.2-35.8) 36.5 (36.3-36.7) 37.2 (37.1-37.5)

Axillary, n (%) 6749 (74.9) 837 (63.3) 3706 (76.3) 2206 (78)

Rectal 21(0.2) 7(0.5) 6(0.1) 8(0.3)

Unknown 1138 (12.6) 179 (13.5) 612 (12.6) 347 (12.3)

Severe head injury (hAIS >3), n (%)

Yes 3178 (35.3) 649 (49.1) 1750 (36) 779 (27.5)

No 7528 (83.5) 1028 (77.7) 4119 (84.8) 2381 (84.2)

Severe abdominal injury (@AIS >3), n (%)

Yes 452 (5.0) 86 (6.5) 228 (4.7) 138 (4.9)

Multiple trauma (ISS >16), n (%)

Yes 2944 (32.7) 629 (47.5) 1549 (31.9) 766 (27.1)

In-hospital mortality 226 (2.5%) 129 (9.8%) 69 (1.4%) 28 (1.0%)

AIS, Abbreviated Injury Scale; BT, body temperature; GCS, Glasgow Coma Scale; ISS, Injury Severity Score.

on hospital arrival was associated with mortality (OR, results; however, those studies have limitations in terms
8.7 (95% CI: 3.1 to 24.6)),”® while another observational ~ of generalisability due to their single-centre design.
study in a rural trauma centre (n=1629) found that hypo-  Further, in these studies, the sample sizes and number

thermia (BT lower than 36.0°C) was associated with of outcomes were relatively small; thus, the covariates
increased mortality (adjusted OR, 2.41 (95% CI: 1.12 to  adjusted by the logistic model were limited. On the other
5.22)).% These previous results are consistent with our ~ hand, we could adjust for potential confounding using a

(3]

Okada A, et al. BMJ Open 2020;10:6033822. doi:10.1136/bmjopen-2019-033822


http://bmjopen.bmj.com/

I

Open access

Table 3 Analysis of the association between BT and outcomes

Variables n/N (%) Crude OR 95% CI Adjusted OR 95% CI

BT <36.0°C 129/1323 (9.8) 7.50 5.56 to 10.12 2.83 1.851t0 4.33
BT=36.0°C-36.9°C 69/4860 (1.4) Reference

BT >37.0°C 28/2829 (1) 0.69 0.45to 1.08 0.93 0.53 to 1.63

Adjusted by sex, categorised age, BT, type of injury (blunt or penetrating), categorised respiratory rate, heart rate, Glasgow Coma Scale, time

of transportation and Injury Severity Score.
n/N: number of patients with mortality/total patients.
BT, body temperature.

nationwide multi-institutional database with larger sample
size. Although there is some risk of residual unmea-
sured confounding, we believe that our study results may
be more generalisable than those of previous studies.
Second, our results are consistent with those obtained
in a previous large study performed in another setting.
An observational study using propensity score matching
among trauma cohorts involving paediatrics indicated
that hypothermia (BT lower than 36.0°C) was associ-
ated with mortality (mortality in the matched cohort of
head injury with multiple trauma: <36.0°C, 176/2345
vs 236.0°C, 99/2345, calculated OR: 1.84 (95% CI: 1.43
to 2.37)).* Although the setting in that study differed
from ours, our results are consistent with its findings,
supporting the validity of the association between hypo-
thermia and poor outcomes among paediatric trauma
patients.

Third, our results suggest that a higher BT (237.0°C)
has no adverse effects on outcomes. As higher BTs can
potentially cause harm, we assumed that they were asso-
ciated with poor outcomes, especially in patients with
head trauma. This is because some previous studies
have reported that hyperthermia is associated with poor

0Odds Ratios (95%Cl)

34.0 345 35.0 355 36.0 36.5 37.0 375 38.0 385 39.0
BT

Figure 2 The relationship between BT and the adjusted OR
of in-hospital mortality. The restricted cubic spline indicated
dose-response relationship between BT and the adjusted OR
of in-hospital mortality. The reference is set on 36.5°C. BT,
body temperature.

outcomes. A prospective cohort study in a level 1 single
centre (n=268) found that the presence of fever in
trauma patients in ICU settings was associated with in-hos-
pital mortality and extended ICU stays.”® A retrospective
matched cohort study that included adult patients with
acute ischaemic stroke, intracerebral haemorrhage and
traumatic brain injury also reported that the develop-
ment of hyperthermia (BT 237.5) within 24 hours of
ICU admission was associated with mortality compared
with normothermia.” Moreover, a retrospective study
(n=7145) using data from the Chinese Head Trauma
Data Bank, which included children and adult head
trauma patients, showed that the development of fever
within 72 hours in the ICU was associated with mortality.”’
However, our result found that higher BTs (237.0°C)
on hospital arrival were not associated with in-hospital
mortality across all subgroups, including head trauma
patients. Although our study setting and target popula-
tion differ from those of previous studies, and the statis-
tical power to differentiate between these settings is weak
due to the limited number of mortalities, our result about
higher BTs (237.0°C) may be novel.

Interpretation

In our hypothesis, the potential mechanism behind our
primary finding is that hypothermia may worsen the
degree of coagulopathy in paediatrics with a severe head
injury, which may, in turn, lead to fatal secondary brain
injuries and poor outcomes. Generally, hypothermia
in trauma patients causes some degree of physiological
impairment, especially in terms of coagulopathy due to
delays in thrombin generation.”" A previous study using a
validated computational model found that hypothermia
(BT between 31°C and 36°C) progressively decreased
the rate of thrombin generation,” whereas no coagulop-
athy was observed at 37°C.**** Previous studies have also
indicated that hypothermia worsens the degree of coagu-
lopathy in patients with a severe head injury and is associ-
ated with mortality.23 e Furthermore, a multi-institutional
randomised controlled trial reported that hypothermic
management (32°C-35°C) for adult patients with a
severe head injury worsened their functional outcome.™
Accordingly, we hypothesise that hypothermia in cases of
a severe head injury might cause coagulopathy and lead
to mortality. In our study, most of the patients who died
had a severe head injury (table 4). Additionally, subgroup
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A.
Subgroups AOR 95%CI
Severe Head Injury(hAlIS23)
No 146[030- 722 ] +H+=e i
Yes 288183 - 452 ] ————
Severe Chest Injury(cAlS23)
No 214120 - 3.80 ] —e—
Yes 391[205- 749 ] ' |
Severe Abdominal Injury(aAlS23)
No 266[1.69 - 417 ] ——
Yes 4.84[1.02 - 2291]
Multiple Injury(1SS216)
No 3.14[0.36 - 27.38] + .
Yes 286[ 1.85- 442 ] ——
Seasons
Warm season’ 245[1.36 - 4.42 ] ——————
Cold season™ 3.89[199 - 7.61 ] ' i
Overall 283[1.85- 433 ] ———
0o 1 5 10
B.
Subgroups AOR 95%CI
Severe Head Injury(hAlIS23)
No 0.05[0.00- 114 ] +—H
Yes 1.05[ 0.58 - 1.89 ] He—
Severe Chest Injury(cAlS23)
No 088[041- 187 ] H+He—
Yes 090[038- 215] H+H—e—d
Severe Abdominal Injury(aAlS23)
No 0.93[ 0.51 - 1.67 ] ——
Yes 0.15[ 001 - 185 ] —e—Wd
Multiple Injury(1SS216)
No N/A™
Yes 1.03[0.59 - 1.83 ] —e—i
Seasons
Warm season’’ 074[035- 158 ] e
Cold season™ 154 0.63 - 3.75 ] H——
Overall 0.93[ 053 - 1.63 ] e—1
o 1 5 10

Figure 3 Forest plot of the subgroup analyses of the association between in-hospital mortality and BT on hospital arrival. (A)

Subgroup analysis by BT <36.0°C versus BT=36.0°C-36.9°C.

(B) Subgroup analysis by BT >37.0°C versus BT=36.0°C-36.9°C.

*1: spring and summer, *2: autumn and winter, *3: not applicable to calculate AOR and 95% CI due to too small number of
events. aAlS: Abdominal Abbreviated Injury Scale; BT, body temperature; cAlS: Chest Abbreviated Injury Scale; hAIS: Head

Abbreviated Injury Scale; ISS: Injury Severity Score.

analyses indicated that there is an association between
hypothermia and mortality in patients with a severe
head injury, but no apparent association was observed
in patients without a head injury. Thus, our hypothesis
may be reasonable. However, hypothermia might cause
the fluid and electrolyte shifts, impact on metabolism,
changes in haemodynamics and dysrhythmias other than
coagulopathy.g5 Therefore, there are some other poten-
tial mechanisms to explain this result. Further research
should be warranted to understand the mechanism
completely.

Clinical implications
Our findings have the potential to be used as evidence
in the management of BT in paediatric trauma patients.

Even in widely accepted reference or trauma manuals,
descriptions of BT management in paediatric trauma
cases are weak.”® Therefore, we believe that our findings
may serve as evidence in educating emergency service
providers on the importance of temperature manage-
ment and encouraging the maintenance of a BT higher
than 36.0°C on hospital arrival. Specifically, according
to the subgroup analysis, we suggest that hypothermia
development be prevented more aggressively in the
cold season or among patients with severe head inju-
ries. Furthermore, according to the results on higher
BT values (237.0), aggressive warming among paediatric
trauma patients in pre-hospital settings may be allowed
and preferable to hypothermia, even if the presence of
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Table 4 Number and percentage of patients with mortality

Total BT <36.0°C BT=36.0°C-36.9°C BT >37.0°C

Parameters (N=226) (N=129) (N=69) (N=28)
Severe head injury (hAIS >3), n (%)

No 46 (20.4) 32 (24.8) 10 (14.5) 4 (14.3)

Yes 180 (79.6) 97 (75.2) 59 (85.5) 24 (85.7)
Severe chest injury (CAIS >3), n (%)

No 118 (52.2) 62 (48.1) 40 (58.0) 16 (57.1)

Yes 108 (47.8) 67 (51.9) 29 (42.0) 12 (42.9)
Severe abdominal Injury (@AIS >3), n (%)

No 198 (87.6) 114 (88.4) 58 (84.1) 26 (92.9)

Yes 28 (12.4) 15 (11.6) 11 (15.9 2(7.1)
Multiple trauma (ISS >16), n (%)

No 29 (12.8) 18 (14) 8 (11.6) 3(10.7)

Yes 197 (87.2) 111 (86.0) 61 (88.4) 25 (89.3)
Severe head injury with multiple trauma, n (%) 170 (75.2) 92 (71.3) 55 (79.7) 23 (82.1)
Seasons, n (%)

Warm season 128 (56.6) 69 (53.5) 42 (60.9) 17 (60.7)

Cold season 96 (42.5) 59 (45.7) 26 (37.7) 11 (39.3)

Unknown 2 (0.9) 1(0.8) 1(1.4) 0 (0.0)

AIS, Abbreviated Injury Scale; BT, body temperature; ISS, Injury Severity Score.

severe head trauma is still an assumption. Our results
may have important clinical implications for improving
outcomes among paediatric trauma patients.

Limitations

Our study has several limitations. First, although the
sensitivity analysis showed consistency in the association
between BT and outcomes regardless of missing data,
the exclusion of patients with some missing data might
have introduced selection bias. Second, the JTDB does
not present unified information on the BT measurement
methods used (eg, measuring device used or the measure-
ment timing). Moreover, the accuracy of all the measure-
ments could not be validated. These factors might have
led to measurement bias. Although the results of sensi-
tivity analysis also showed that the hypothermia was asso-
ciated with the mortality as same as primary analysis, the
point estimate was slightly different. Thus, there might
be a little concern about the robustness of main anal-
ysis. Third, regional differences in the environment and
type of prehospital care provided might be an unmea-
sured confounding. Moreover, unmeasured confounding
factors such as an unknown underlying mechanism of
mortality or coagulopathy might have influenced the
results, and hypothermia might just be a proxy for these
unknown factors. Fourth, no association was observed
between higher BTs (237.0°C) and mortality; however,
this may be caused by a lack of statistical power for
detecting differences due to a small number of patients

with a higher BT. Further research is necessary to elimi-
nate the aforementioned potential biases.

CONCLUSION

In our study, we observed a clear association between
hypothermia (BT<36.0°C) on hospital arrival and in-hos-
pital mortality; no such association was observed between
higher BT values (237.0°C) and outcomes. Further
research is necessary to eliminate potential biases associ-
ated with this study and validate the results.
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