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Abstract: Background and objective: Fever is a common symptom in patients with traumatic brain
injury (TBI). However, the effect of fever on the clinical outcomes of patients with TBI is not well
characterized. Our study aims to determine the impact of fever on the clinical outcomes of patients
with TBI and test the interaction effect of fever on study outcomes according to age group. Materials
and methods: Our retrospective study included adult patients with TBI who were transported to a
level 1 trauma center by the emergency medical services (EMS) team. The main exposure is fever,
defined as a body temperature of 38 ◦C or above, in the emergency department (ED). The primary
outcome was mortality at hospital discharge. We conducted a multivariable logistic regression
analysis to estimate the effect sizes of fever on study outcomes. We also conducted an interaction
analysis between fever and age group on study outcomes. Results: In multivariable logistic regression
analysis, patients with TBI who had fever showed no significant difference in mortality at hospital
discharge (aOR, 95% CIs: 1.24 (0.57–3.02)). Fever significantly increased the mortality of elderly
patients (>65 years) with TBI (1.39 (1.13–1.50)), whereas there was no significant effect on mortality
in younger patients (18–64 years) (0.85 (0.51–1.54)). Conclusions: Fever was associated with mortality
only in elderly patients with TBI.

Keywords: traumatic brain injury; fever; outcome

1. Introduction

Traumatic brain injury (TBI) is a global burden and is the leading cause of death and
disability worldwide [1]. The global incidence rate of TBI is estimated at more than 200
per 100,000 people each year. The general case fatality rate ranges from 0.9 to 7.6 per
100 patients with TBI worldwide [2].

The prediction of clinical outcomes of patients with TBI is difficult, to date. It has been
reported that patients’ characteristics including age, Glasgow coma scale (GCS), pupil reflex,
serum glucose level, computed tomographic (CT) classification, and serum or cerebrospinal
fluid biomarker level may predict the clinical outcomes of patients with TBI [3,4].

Fever is a common symptom in TBI, which may occur in 20–50% of patients with
TBI, and fever may occur due to various causes other than infection [5]. Previous studies
have demonstrated that brain injury causes fever in the long term; however, few studies
have investigated the effect of fever at the time of TBI on clinical outcomes. Although the
relationship between fever at the time of TBI and the clinical outcomes of TBI is complex,
fever has consistently been shown to be associated with an increased length of intensive
care unit (ICU) and hospital stay and a higher mortality rate in previous studies. Every 1 ◦C
increase in temperature has been associated with an increased risk of adverse outcomes by
2.2-fold. Further, a 0.5 ◦C rise in temperature can lead to a series of secondary injuries and
neuron death [6]. These findings are consistent with those of the meta-analysis [7].

Poor outcomes may be due to elevated levels of excitatory amino acids including
dopamine and glutamate, pyruvate, lactic acids, and free radicals; impaired enzymatic
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function; and blood–brain barrier breakdown on a local level, which may lead to cerebral
edema, potentially decreasing cerebral perfusion pressure (CPP) [7,8].

Older adults are exposed to a higher incidence of TBI because of anatomical changes
to the dura and more frequently receive aspirin and anticoagulant therapies than younger
individuals [9]. Further, older age has been recognized as an independent predictor of
poor outcomes of TBI [10]. Although the definite mechanism by which this occurs remains
unknown, cerebral edema formation in brain-injured mice is reported to increase faster and
become more severe with increasing age [11].

Based on the results of previous studies reporting that fever at the time of TBI causes
cerebral edema to decrease CPP and that cerebral edema occurs more rapidly with in-
creasing age [12–14], we hypothesized that fever burden is a predictor of poor outcome in
patients with TBI, and this effect differs across age groups.

Our study aims to determine the impact of fever on the clinical outcomes of patients
with TBI and test the interaction effect of fever on study outcomes according to age group.

2. Materials and Methods
2.1. Study Design, Setting, and Data Sources

The present investigation was a retrospective study of patients with TBI who were
transported to Chonnam National University Hospital (CNUH) level 1 trauma center in
South Korea by EMS. In Korea, the scoop-and-run system is used when encountering
injured patients; after the measurement of vital signs, physical examination, and the
provision of essential treatment such as a neck brace, simple dressing, or splint, the patient is
transported to a hospital or a trauma center. If massive bleeding is suspected or hypotension
is observed, fluid treatment is performed under the medical supervision of the emergency
physician. If major trauma is suspected based on a comprehensive assessment of vital signs,
mental state, and mechanism of injury, the patient is transported to a level 1 trauma center;
if it is difficult to assess, the patient is provided medical control [15].

Since the CNUH established a trauma center in 2010, it has been operating with a
team of specialists from diverse departments. If a patient is suspected of having sustained
a TBI, it is reported to the hospital by paramedics at the scene or during transport, and,
after arriving at the hospital, computed tomography (CT) of the brain is performed after an
emergency medical physician administers emergency treatment. Neurosurgeons affiliated
with the trauma center for brain hemorrhages and other concomitant injuries are notified
simultaneously with general, thoracic, and orthopedic surgeons; if necessary, surgery
is performed immediately. If blood transfusion or the use of drugs such as mannitol
is required in the emergency department (ED), it is performed under the judgment of
the emergency physicians. If fever is observed in the patient, fluids and antipyretics are
administered. These protocols are maintained 24 h per day throughout the year.

The present study was approved by the Institutional Review Board of CNUH. Owing
to the retrospective nature of the study and the use of anonymized patient data, the
requirement for informed consent was waived.

2.2. Study Population

This study was conducted on patients with TBI over 18 years of age who visited
a level 1 trauma center using emergency medical services (EMS) between January 2015
and December 2020. Patients with TBI before 24 h of hospital arrival and patients with
pre-existing neurological disorders were excluded from the study.

2.3. Main Outcomes

The primary outcome measure was mortality at hospital discharge. The secondary
outcomes were degrees of disability and quality of life, assessed at hospital discharge, mea-
sured using the modified Rankin Scale (mRs) [16,17]. Poor functional recovery was defined
by mRs scores of 4 (moderately severe disability), 5 (severe disability), and 6 (death).
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2.4. Variables and Measurements

The primary exposure of this study was whether fever at the time of injury, defined
as a body temperature of 38 ◦C or higher, was present at the scene, or at the ED if the
fever measured at the scene after brain injury was unknown. Body temperature was
measured within 5 min after ED admission, and the patient with fever at the time of initial
measurement was defined as the fever group. Blood and urine cultures were collected for
the investigation of the cause of the fever, and the results of the blood culture were first
reflected and classified into bacterial and viral diseases.

Patient characteristics were obtained from chart review by the emergency physician.
Patient demographics included age (18–64 vs. 65–), sex, and comorbidities (e.g., hyper-
tension, diabetes mellitus, etc.). Prehospital and hospital information surveyed included
mechanism and place of injury; injury severity, defined as an abbreviated injury scale (AIS)
and new injury severity score (NISS); mental status; type of brain hemorrhage; electrolyte
levels; osmolality; and clinical outcomes on discharge from the ED. Additionally, an AIS
score of TBI of 3 or more was defined as severe TBI.

2.5. Statistical Analysis

Patient demographics, injury demographics, prehospital treatment, hospital treatment,
and clinical outcomes according to fever occurrence after TBI were compared using the
Wilcoxon rank-sum test for continuous variables and the chi-squared test for categorical
variables. Univariable and multivariable logistic regression analyses were performed to
estimate the effect sizes of fever on mortality at hospital discharge and functional disability.
The adjusted potential confounders identified in directed acyclic graph (DAG) models
included age, gender, seasonality, comorbidities including hypertension and diabetes
mellitus, mechanism of injury, place of injury, and severity of TBI.

Crude and adjusted odds ratios (ORs) with corresponding 95% confidence intervals
(CIs) were calculated. Finally, interaction analysis was performed between fever occurrence
and age group on study outcomes to find out whether the association between the incidence
of fever and the study outcomes of TBI varies with age (fever occurrence × age group).
All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA).

3. Results

After excluding patients with unknown information regarding fever and/or study
outcome, a total of 690 patients were enrolled in our registry for the final analysis (Figure 1).
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Figure 1. Study populations.

The demographics of the study population according to the fever are shown in Table 1.
Fever was observed in 18.70% (129/690) of the study population. The proportion of



Medicina 2022, 58, 1860 4 of 11

mortality at hospital discharge was 10.5% (14/129) in the fever group and 9.7% (54/561) in
the non-fever group (p-value = 0.55).

Table 1. Characteristics and clinical outcomes between traumatic brain injury patients with and
without fever.

Variables
All

Fever > 38 ◦C

Yes No p-Value

N (%) N (%) N (%)

All 690 (100.0) 129 (100.0) 561 (100.0)

Age 0.04

18–64 438 (63.5) 88 (68.4) 350 (62.4)

65– 252 (36.5) 41 (31.6) 211 (37.6)

Gender <0.01

Female 218 (31.5) 60 (46.1) 158 (28.2)

Season, summer 174 (25.2) 31 (24.0) 143 (25.5) 0.11

Underlying disease

Hypertension 310 (44.9) 63 (48.7) 247 (43.9) 0.06

Diabetes 193 (28.0) 37 (28.9) 156 (27.9) 0.46

Mechanism of injury 0.25

Traffic 240 (34.7) 46 (35.5) 194 (34.5)

Fall down 313 (45.3) 51 (39.5) 262 (46.7)

Other 137 (20) 32 (25.0) 105 (18.8)

Place of injury 0.02

Home 212 (30.7) 27 (21.1) 185 (33.0)

Street 256 (37.1) 49 (38.1) 207 (37.0)

Other 222 (32.2) 53 (40.8) 169 (30.0)

Time from injury to hospital admission,
hour median (IQR) 2 (1–4) 2 (1–3) 2 (1–4) 0.07

Severity (AIS ≥ 3)

High AIS score of TBI 140 (20.3) 19 (14.5) 121 (21.5) <0.01

High AIS score of other region 70 (10.1) 24 (18.4) 46 (8.2) <0.01

Severity of trauma (NISS) 0.01

1–8 70 (10.1) 24 (18.4) 46 (8.2)

9–15 148 (21.4) 17 (13.2) 131 (23.3)

16–24 199 (28.9) 46 (35.5) 153 (27.3)

25–75 273 (39.6) 43 (32.9) 230 (41.2)

Glasgow coma scale 0.1

15, alert 377 (54.6) 69 (53.5) 308 (54.9)

13–14, drowsy 135 (19.6) 25 (19.4) 110 (21.0)

8–12, stupor 104 (15.1) 19 (14.7) 85 (15.2)

3–7, coma 74 (10.7) 16 (12.4) 58 (8.9)

q-SOFA, (≥2) 158 (22.9) 35 (27.1) 123 (21.9) 0.04
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Table 1. Cont.

Variables
All

Fever > 38 ◦C

Yes No p-Value

N (%) N (%) N (%)

Sodium (mmol/L) 0.09

<135 95 (13.8) 19 (14.5) 77 (13.6)

135–145 595 (86.2) 111 (85.5) 485 (86.4)

Potassium (mmol/L) <0.01

–3.5 148 (21.4) 24 (18.4) 124 (22.1)

3.5–5.0 517 (74.9) 99 (76.3) 418 (74.5)

5.0– 25 (3.7) 7 (5.3) 18 (3.4)

Osmolality (mmol/kg) <0.01

–275 61 (8.9) 8 (6.6) 53 (9.4)

275–295 401 (58.1) 85 (65.8) 316 (56.4)

295– 228 (33.0) 36 (27.6) 192 (34.2)

Prehospital management

Advanced airway 58 (8.4) 11 (8.5) 47 (8.4) 0.38

Fluid resuscitation 71 (10.3) 17 (13.2) 54 (9.7) 0.05

ED management

Surgical intervention 137 (19.9) 27 (20.9) 110 (19.6) 0.14

Blood transfusion 77 (11.2) 15 (11.6) 62 (11.0) 0.54

IV drugs for fever control 77 (11.2) 44 (34.1) 33 (5.9) <0.01

IV drugs for hypertension 148 (21.4) 38 (29.4) 110 (19.6) 0.03

IV drug for hypotension 66 (9.6) 14 (10.8) 52 (9.3) 0.27

Origin of fever (blood or urine culture) <0.01

Bacterial disease 152 (22.1) 78 (60.4) 74 (13.2)

Viral disease 90 (13.0) 38 (29.5) 52 (9.3)

Other or unknown 448 (64.9) 13 (10.1) 435 (77.5)

Outcomes

Poor functional recovery 211 (30.5) 34 (26.3) 177 (31.5) 0.02

Mortality at hospital discharge 68 (9.9) 14 (10.5) 54 (9.7) 0.55
AIS, abbreviated injury scale; TBI, traumatic brain injury; NISS, new injury severity score; ED, emergency
department; IV, intravenous; q-sofa, quick sepsis-related organ failure assessment.

The characteristics of the study population according to the age group are shown in
Table 2. Fever was observed in 20.2% (88/438) of patients in the 18–64-years-old group
(younger age group) and 16.2% (41/252) of patients in the >65-years-old group (elderly
group). The proportion of mortality at hospital discharge was 9.3% (41/438) in the younger
age group and 10.8% (27/252) in the elderly group.

3.1. Main Results

In the multivariable logistic regression analysis, compared with patients without fever,
patients with fever had no significant difference in mortality at hospital discharge (aOR,
95% CIs: 1.24 (0.57–3.02)) and poor neurological recovery (0.84 (0.44–1.54)) after the full
adjustment of potential confounders (Table 3).
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Table 2. Characteristics and clinical outcomes between traumatic brain injury patients according to age.

Variables
All

Age

18–64 65- p-Value

N (%) N (%) N (%)

All 690 (100.0) 438 (100.0) 252 (100.0)

Fever > 38 ◦C 0.04

Yes 129 (18.7) 88 (20.2) 41 (16.2)

Gender 0.34

Female 218 (31.5) 123 (28.1) 95 (37.8)

Season, summer 174 (25.2) 105 (24.0) 69 (27.4) 0.11

Underlying disease

Hypertension 310 (44.9) 136 (31.1) 173 (68.9) 0.06

Diabetes 193 (28.0) 95 (21.7) 98 (39.0) 0.46

Mechanism of injury 0.25

Traffic 240 (34.7) 165 (37.6) 75 (29.8)

Fall down 313 (45.3) 194 (44.2) 119 (47.4)

Other 137 (20.0) 80 (18.2) 57 (22.8)

Place of injury 0.2

Home 212 (30.7) 110 (25.1) 102 (40.5)

Street 256 (37.1) 172 (39.2) 84 (33.4)

Other 222 (32.2) 156 (35.7) 66 (26.1)

Time from injury to hospital admission,
hour median (IQR) 2 (1–4) 2 (1–4) 2 (1–4) 0.43

Severity (AIS ≥ 3)

High AIS score of TBI 140 (20.3) 92 (21.0) 48 (18.9) 0.11

High AIS score of other region 70 (10.1) 43 (9.7) 27 (10.8) <0.01

Severity of trauma (NISS) 0.01

1–8 70 (10.1) 43 (9.7) 27 (10.8)

9–15 148 (21.4) 85 (19.4) 63 (25.0)

16–24 199 (28.9) 143 (32.6) 56 (22.3)

25–75 273 (39.6) 167 (38.3) 106 (41.9)

Glasgow coma scale <0.01

15, alert 377 (54.6) 254 (58.0) 123 (48.8)

13–14, drowsy 135 (19.6) 91 (20.8) 44 (17.5)

8–12, stupor 104 (15.1) 62 (14.2) 42 (16.7)

3–7, coma 74 (10.7) 31 (7.1) 43 (17.1)

q-SOFA, (≥2) 158 (22.9) 100 (22.8) 58 (23.0) 0.48

Sodium (mmol/L) 0.09

<135 95 (13.8) 36 (8.2) 59 (23.4)

135–145 595 (86.2) 403 (92.0) 192 (76.4)
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Table 2. Cont.

Variables
All

Age

18–64 65- p-Value

N (%) N (%) N (%)

Potassium (mmol/L) <0.01

–3.5 148 (21.4) 94 (21.3) 54 (21.6)

3.5–5.0 517 (74.9) 333 (76.1) 184 (73.0)

5.0– 25 (3.7) 12 (2.7) 14 (5.6)

Osmolality (mmol/kg) <0.01

–275 61 (8.9) 8 (6.6) 32 (12.8)

275–295 401 (58.1) 264 (60.2) 138 (54.7)

295– 228 (33.0) 146 (33.4) 82 (32.4)

Prehospital management 0.38

Advanced airway 58 (8.4) 35 (8.0) 23 (9.1)

Fluid resuscitation 71 (10.3) 43 (9.7) 29 (11.5) 0.35

ED management

Surgical intervention 137 (19.9) 96 (21.9) 41 (16.3) 0.04

Blood transfusion 77 (11.2) 57 (13.0) 20 (7.9) <0.01

IV drugs for fever control 77 (11.2) 44 (10.0) 33 (13.1)

IV drugs for hypertension 148 (21.4) 65 (14.8) 83 (33.0)

IV drug for hypotension 66 (9.6) 34 (7.8) 32 (12.7)

Origin of fever (blood or urine culture) 0.17

Bacterial disease 152 (22.1) 96 (21.9) 56 (22.2)

Viral disease 90 (13.0) 57 (13.0) 33 (13.1)

Other or unknown 448 (64.9) 285 (65.1) 163 (64.7)

Outcomes

Poor functional recovery 211 (30.5) 128 (29.1) 83 (33.1)

Mortality at hospital discharge 68 (9.9) 41 (9.3) 27 (10.8) 0.55
AIS, abbreviated injury scale; TBI, traumatic brain injury; NISS, new injury severity score; ED, emergency
department; IV, intravenous; q-sofa, quick sepsis-related organ failure assessment.

3.2. Interaction Analysis

In interaction analysis, assessing whether study outcomes by fever vary according
to age, the ORs for mortality at hospital discharge of the fever group differed from that
of the non-fever group depending on the age of patients with TBI (p for interaction < 0.01)
(Table 4). In younger patients, the incidence of fever had no significant effect on the
mortality at discharge (aOR (95% CIs): 0.85 (0.51–1.54)), whereas the incidence of fever
significantly increased mortality in the elderly group (1.39 (1.13–1.50)).
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Table 3. Multivariable logistic regression model for study outcomes.

Study Outcomes Total Outcome Model 1 Model 2 Model 3

N N % aOR (95% CI) aOR (95% CI) aOR (95% CI)

Poor neurological recovery

Fever > 38 ◦C No 561 177 31.5 1.00 1.00 1.00

Yes 129 34 26.3 0.88 (0.50–1.56) 0.90 (0.50–1.60) 0.84 (0.44–1.54)

Age 18–64 438 128 29.1 1.00 1.00 1.00

65- 252 83 33.1 1.57 (0.96–2.55) 1.65 (1.01–2.71) 1.67 (1.11–2.76)

Mortality at hospital discharge

Fever > 38 ◦C No 561 54 9.7 1.00 1.00 1.00

Yes 129 14 10.5 1.37 (0.58–3.19) 1.30 (0.55–3.08) 1.24 (0.57–3.02)

Age 18–64 438 41 9.3 1.00 1.00 1.00

65- 252 27 10.8 1.56 (1.15–2.01) 1.49 (1.19–3.02) 1.50 (1.20–1.75)

aOR, adjusted odds ratio; CI, confidence interval. Model 1: adjusted age, gender, hypertension, and diabetes
mellitus. Model 2: adjusted variables of model 1 + mechanism of injury, and place of injury. Model 3: adjusted
variables of model 2 + advanced airway, fluid resuscitation, seasonality, and severity of TBI.

Table 4. Interaction analysis between fever and age group.

Fever > 38 ◦C

No Yes p-for Interaction

Poor neurological recovery aOR 95% CI

Age 0.60

18–64 ref. 0.68 0.32 1.41

65– ref. 1.39 0.52 3.70

Mortality at discharge

Age <0.01

18–64 ref. 0.85 0.51 1.54

65– ref. 1.39 1.13 1.50
aOR, adjusted odds ratio; CI, confidence interval. Adjusted for age, gender, seasonality, hypertension, diabetes
mellitus, mechanism of injury, place of injury, advanced airway, fluid resuscitation, and severity of TBI.

4. Discussion

We investigated the impact of fever on the clinical outcomes of patients with TBI and
tested the interaction effect of fever on study outcomes according to age group. In our
study, fever was not associated with mortality and poor functional recovery in patients with
TBI. However, the interaction analysis showed that fever significantly increased mortality
in the elderly group of patients with TBI.

Fever is a common condition in patients with brain injuries, observed in 20–50% of
patients with TBI, and nearly 90% of patients have at least one episode within seven days
of hospitalization [18].

In previous studies, fever was associated with worse outcomes regardless of the etiol-
ogy of the brain injury. In ischemic stroke, fever on hospital admission is associated with
higher mortality than normothermia and is independently associated with the severity of
the stroke, infarction size, and clinical outcomes [19]. In a study of spontaneous brain hem-
orrhages such as subarachnoid hemorrhage and intracranial hemorrhage, fever contributed
to worse survival and neurological outcomes [20,21]. In patients with TBI, fever in the
early stage of injury is an independent prognostic predictor for TBI and is associated with
lowering functional recovery, and the burden of fever affecting the prognosis was more
significant than that of age [22]. The meta-analysis for neurologic injuries such as hemor-
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rhagic stroke, ischemic stroke, and TBI indicated that fever was significantly associated
with worse outcomes, as indicated by higher mortality rates, worse functional outcomes,
greater severity, more significant disability, more dependence, and more extended stays in
the hospital and ICU [7].

While infection is the most common cause of fever, fever in patients with TBI may
have multiple causes, not only from infection; more importantly, fever may be due to the
disruption of the hypothalamic set point by endogenous pyrogen released from injured
neurons [7]. Furthermore, fever may affect the patient through several mechanisms, in-
cluding electrolyte disturbance, the inhibition of protein kinases, cytoskeletal proteolysis,
free radical production, excite-toxicity, and blood–brain barrier breakdown, leading to
cerebral edema, potentially decreasing CPP [7,8]. Another possible mechanism is that fever
increases the cerebral metabolic rate for oxygen and glucose, and this rate’s increase leads to
an increase in cerebral blood flow in a compromised brain that has impaired autoregulation
and hence to an increase in cerebral blood volume and intracerebral pressure [13].

Although the mechanism is not clear, aging is known to be a factor that worsens the
clinical outcomes of patients with TBI. In one study that presented mortality according
to age in patients with TBI, 30-day mortality in the age groups 15–54 years, 55–64 years,
65–74 years, 75–84 years, and ≥85 years was 6%, 11%, 11%, 23%, and 24%, respectively [23].
Elderly patients over 65 years of age showed poorer functional recovery and increased
mortality at hospital discharge, as in previous studies.

In the interaction analysis for total patients with TBI, fever increased mortality only in
elderly patients over 65 years of age. There are no studies on the effect of fever as a poor
prognostic factor in elderly TBI patients. However, a possible explanation for the observed
higher morbidity and mortality rates among elderly patients includes low physiological
reserves due to the biological changes that accompany aging and the frequent presence
of comorbid illnesses [24]. Another possible explanation is that cerebral edema formation
in TBI increases faster and more severely with increasing age, as demonstrated in a mice
study. In the study, the development of cerebral edema was accelerated when an elderly
TBI mouse had a fever [11].

In our study, fever in elderly patients with TBI was associated with mortality at
hospital discharge. In addition to GCS and brain CT, which are the traditional prognostic
factors of TBI, the fever occurrence should be carefully observed, especially in elderly
patients, since fever in elderly patients can be an early prognostic sign of poor prognosis. To
reduce the burden of TBI, further studies are needed to determine the prognosis of patients
with TBI rapidly and to develop strategies to improve mortality after injury, especially in
elderly TBI populations.

This study has several limitations. First, previous studies suggested various criteria
for fever, the primary factor of our study. In our study, fever was defined as a body
temperature above 38 ◦C. Due to this setting, it is possible that the occurrence of fever was
under- or overestimated. Second, other serum parameters related to infection, such as white
blood cells or C-reactive protein, could not be investigated and there were many missing
values for the cause of fever. Third, the body temperature measured immediately after
ED arrival was defined as the body temperature at the time of brain injury, and changes
in the body temperature during transport were not considered. Fourth, it was assumed
that the clinical outcomes would differ depending on whether the fever was controlled
or not. However, interaction analysis could not be performed owing to the small number
of patients with fever control, and it was not possible to adjust because it was not shown
to be a confounder on the directed acyclic graph. Fifth, though the ratio of antipyretic
use for patients with fever was presented, there were no specific data on the type, time
of use, or dosage of antipyretic drugs. The use of antipyretics may have influenced the
results of this study. Sixth, the Glasgow Outcome Scale-Extended (GOSE) has become
one of the most widely used outcome instruments to assess global disability and recovery
after TBI. However, GOSE could not be collected in our registry and, therefore, there were
limitations in presenting patients’ clinical outcomes with various indicators. Finally, as
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the study design was not a randomized controlled trial, there may be significant potential
biases that were not controlled.

5. Conclusions

In our study, fever was associated with mortality in elderly patients with TBI. Although
further investigation is needed on the causal association, rapid workup about fever origin
and fever control is needed to reduce the burden of TBI.

Author Contributions: D.L. and E.J. had full access to all of the data in the study and take respon-
sibility for the integrity of the data as well as the accuracy of the data analysis. Study concept and
design: D.L. and H.R. Acquisition, analysis, or interpretation of data: E.J. Drafting of the manuscript:
D.L. and E.J. Critical revision of the manuscript for important intellectual content: D.L. Statistical
analysis: D.L. and E.J. Obtained funding: H.R. Administrative, technical or material support: D.L.
and E.J. Study supervision: E.J. and H.R. Manuscript approval: D.L., H.R. and E.J. All authors have
read and agreed to the published version of the manuscript.

Funding: This study was supported by a grant (BCRI-21070) from Chonnam National University
Hospital Biomedical Research Institute.

Institutional Review Board Statement: The study protocol was reviewed and approved by the Institu-
tional Review Board of Chonnam National University Hospital (CNUH-2018-297) on 21 December 2018
and informed consent was waived.

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gabriel, E.J.; Ghajar, J.; Jagoda, A.; Pons, P.T.; Scalea, T.; Walters, B.C. Guidelines for Prehospital Management of Traumatic Brain

Injury. J. Neurotrauma 2002, 19, 111–174. [CrossRef] [PubMed]
2. Hyder, A.A.; Wunderlich, C.A.; Puvanachandra, P.; Gururaj, G.; Kobusingye, O.C. The impact of traumatic brain injuries: A

global perspective. NeuroRehabilitation 2007, 22, 341–353. [CrossRef] [PubMed]
3. Roozenbeek, B.; Chiu, Y.-L.; Lingsma, H.F.; Gerber, L.M.; Steyerberg, E.W.; Ghajar, J.; Maas, A.I. Predicting 14-Day Mortality after

Severe Traumatic Brain Injury: Application of the IMPACT Models in the Brain Trauma Foundation TBI-trac® New York State
Database. J. Neurotrauma 2012, 29, 1306–1312. [CrossRef] [PubMed]

4. Czeiter, E.; Mondello, S.; Kovacs, N.; Sandor, J.; Gabrielli, A.; Schmid, K.; Tortella, F.; Wang, K.K.; Hayes, R.L.; Barzo, P.; et al. Brain
Injury Biomarkers May Improve the Predictive Power of the IMPACT Outcome Calculator. J. Neurotrauma 2012, 29, 1770–1778.
[CrossRef] [PubMed]

5. Bengualid, V.; Talari, G.; Rubin, D.; Albaeni, A.; Ciubotaru, R.L.; Berger, J. Fever in Trauma Patients: Evaluation of Risk Factors,
Including Traumatic Brain Injury. Am. J. Crit. Care 2015, 24, e1–e5. [CrossRef]

6. Puccio, A.M.; Fischer, M.R.; Jankowitz, B.T.; Yonas, H.; Darby, J.M.; Okonkwo, D.O. Induced Normothermia Attenuates
Intracranial Hypertension and Reduces Fever Burden after Severe Traumatic Brain Injury. Neurocrit. Care 2009, 11, 82–87.
[CrossRef]

7. Greer, D.M.; Funk, S.E.; Reaven, N.L.; Ouzounelli, M.; Uman, G.C. Impact of Fever on Outcome in Patients With Stroke and
Neurologic Injury: A comprehensive meta-analysis. Stroke 2008, 39, 3029–3035. [CrossRef]

8. Stocchetti, N.; Protti, A.; Lattuada, M.; Magnoni, S.; Longhi, L.; Ghisoni, L.; Egidi, M.; Zanier, E. Impact of pyrexia on neurochem-
istry and cerebral oxygenation after acute brain injury. J. Neurol. Neurosurg. Psychiatry 2005, 76, 1135–1139. [CrossRef]

9. Thompson, H.J.; McCormick, W.C.; Kagan, S.H. Traumatic Brain Injury in Older Adults: Epidemiology, Outcomes, and Future
Implications. J. Am. Geriatr. Soc. 2006, 54, 1590–1595. [CrossRef]

10. Coronado, V.G.; Thomas, K.E.; Sattin, R.W.; Johnson, R.L. The CDC Traumatic Brain Injury Surveillance System: Characteristics of
persons aged 65 years and older hospitalized with a TBI. J. Head Trauma Rehabil. 2005, 20, 215–228. [CrossRef]

11. Timaru-Kast, R.; Luh, C.; Gotthardt, P.; Huang, C.; Schäfer, M.K.; Engelhard, K.; Thal, S.C. Influence of Age on Brain Edema
Formation, Secondary Brain Damage and Inflammatory Response after Brain Trauma in Mice. PLoS ONE 2012, 7, e43829.
[CrossRef]

12. Childers, M.K.; Rupright, J.; Smith, D.W. Post-traumatic hyperthermia in acute brain injury rehabilitation. Brain Inj. 1994, 8,
335–343. [CrossRef]

13. Cairns, C.J.; Andrews, P.J. Management of hyperthermia in traumatic brain injury. Curr. Opin. Crit. Care 2002, 8, 106–110.
[CrossRef]

http://doi.org/10.1089/089771502753460286
http://www.ncbi.nlm.nih.gov/pubmed/11852974
http://doi.org/10.3233/NRE-2007-22502
http://www.ncbi.nlm.nih.gov/pubmed/18162698
http://doi.org/10.1089/neu.2011.1988
http://www.ncbi.nlm.nih.gov/pubmed/22150207
http://doi.org/10.1089/neu.2011.2127
http://www.ncbi.nlm.nih.gov/pubmed/22435839
http://doi.org/10.4037/ajcc2015856
http://doi.org/10.1007/s12028-009-9213-0
http://doi.org/10.1161/STROKEAHA.108.521583
http://doi.org/10.1136/jnnp.2004.041269
http://doi.org/10.1111/j.1532-5415.2006.00894.x
http://doi.org/10.1097/00001199-200505000-00005
http://doi.org/10.1371/journal.pone.0043829
http://doi.org/10.3109/02699059409150984
http://doi.org/10.1097/00075198-200204000-00003


Medicina 2022, 58, 1860 11 of 11

14. Liotta, E.M. Management of cerebral edema, brain compression, and intracranial pressure. CONTINUUM Lifelong Learn. Neurol.
2021, 27, 1172–1200. [CrossRef]

15. Hong, W.P.; Hong, K.J.; Shin, S.D.; Song, K.J.; Kim, T.H.; Park, J.H.; Ro, Y.S.; Lee, S.C.; Kim, C.H.; Jeong, J. Association of Flow
Rate of Prehospital Oxygen Administration and Clinical Outcomes in Severe Traumatic Brain Injury. J. Clin. Med. 2021, 10, 4097.
[CrossRef]

16. Quinn, T.J.; Dawson, J.; Walters, M.R.; Lees, K.R. Reliability of the Modified Rankin Scale: A systematic review. Stroke 2009, 40,
3393–3395. [CrossRef]

17. Wilson, J.L.; Pettigrew, L.E.; Teasdale, G.M. Structured Interviews for the Glasgow Outcome Scale and the Extended Glasgow
Outcome Scale: Guidelines for Their Use. J. Neurotrauma 1998, 15, 573–585. [CrossRef]

18. Marion, D. Controlled normothermia in neurologic intensive care. Crit. Care Med. 2004, 32, S43–S45. [CrossRef]
19. Kammersgaard, L.; Jørgensen, H.; Rungby, J.; Reith, J.; Nakayama, H.; Weber, U.; Houth, J.; Olsen, T. Admission Body Temperature

Predicts Long-Term Mortality After Acute Stroke: The Copenhagen Stroke Study. Stroke 2002, 33, 1759–1762. [CrossRef]
20. Prasad, K.; Krishnan, P.R. Fever is associated with doubling of odds of short-term mortality in ischemic stroke: An updated

meta-analysis. Acta Neurol. Scand. 2010, 122, 404–408. [CrossRef]
21. Schwarz, S.; Häfner, K.; Aschoff, A.; Schwab, S. Incidence and prognostic significance of fever following intracerebral hemorrhage.

Neurology 2000, 54, 354–361. [CrossRef] [PubMed]
22. Bao, L.; Chen, D.; Ding, L.; Ling, W.; Xu, F. Fever Burden Is an Independent Predictor for Prognosis of Traumatic Brain Injury.

PLoS ONE 2014, 9, e90956. [CrossRef] [PubMed]
23. Skaansar, O.; Tverdal, C.; Rønning, P.A.; Skogen, K.; Brommeland, T.; Røise, O.; Aarhus, M.; Andelic, N.; Helseth, E. Traumatic

brain injury—the effects of patient age on treatment intensity and mortality. BMC Neurol. 2020, 20, 376. [CrossRef]
24. Norman, D.C. Fever in the Elderly. Clin. Infect. Dis. 2000, 31, 148–151. [CrossRef] [PubMed]

http://doi.org/10.1212/CON.0000000000000988
http://doi.org/10.3390/jcm10184097
http://doi.org/10.1161/STROKEAHA.109.557256
http://doi.org/10.1089/neu.1998.15.573
http://doi.org/10.1097/01.CCM.0000110731.69637.16
http://doi.org/10.1161/01.STR.0000019910.90280.F1
http://doi.org/10.1111/j.1600-0404.2010.01326.x
http://doi.org/10.1212/WNL.54.2.354
http://www.ncbi.nlm.nih.gov/pubmed/10668696
http://doi.org/10.1371/journal.pone.0090956
http://www.ncbi.nlm.nih.gov/pubmed/24626046
http://doi.org/10.1186/s12883-020-01943-6
http://doi.org/10.1086/313896
http://www.ncbi.nlm.nih.gov/pubmed/10913413

	Introduction 
	Materials and Methods 
	Study Design, Setting, and Data Sources 
	Study Population 
	Main Outcomes 
	Variables and Measurements 
	Statistical Analysis 

	Results 
	Main Results 
	Interaction Analysis 

	Discussion 
	Conclusions 
	References

