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Abstract

Hyperthermia may accentuate the detrimental consequences of brain injury and worsen the outcome of patients
with acute head trauma, especially severe traumatic brain injury (TBI). We explored the effect of different mag-
nitudes and durations of hyperthermia in the first 3 days after injury on the outcome of 7145 patients with acute
head trauma, including 1626 with severe TBI. The differences in mortality and unfavorable outcome between the
normothermia group, mild fever group, moderate fever group, and high fever group were statistically significant
( p < 0.001). The mortality and unfavorable outcome of severe TBI patients in the groups also differed significantly
( p < 0.001). The mortality and unfavorable outcome of patients with 1 day, 2 days, and 3 days of high fever were
significantly increased ( p < 0.01). Our data strongly indicate that both degree and duration of early post-trauma
hyperthermia are closely correlated with the outcome of acute TBI patients, especially severely injured ones, which
indicates that hyperthermia may play a detrimental role in the delayed mechanisms of damage after acute TBI.
Prevention of early hyperthermia after acute head trauma is therefore essential to the management of TBI patients.
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Introduction

A number of factors may influence the outcome of
head trauma patients, including age, gender, Glasgow

Coma Scale (GCS) score, intracranial pressure (ICP), pupillary
size and response, hypoxia, and computed tomographic (CT)
findings (Braakman et al., 1980; Narayan et al., 1981; Young
et al., 1981; Colohan at al., 1989; Muizelaar et al., 1991; Phuen-
pathom et al., 1993; Fearnside et al., 1993; Jiang et al.,2002; Low
et al., 2009). Several studies have reported that hyperthermia
may accentuate the detrimental consequences of brain injury
and worsen the outcome of patients with stroke and severe
traumatic brain injury (TBI) (Dietrich, 1992; Chatzipanteli et al.,
2000; Jiang et al., 2002). However, hyperthermia may be not
associated with increased risk of death in patients with severe
TBI (Childs et al., 2006). In the present study, we used the
Chinese Head Trauma Data Bank (CHTDB) to assess the effect
of different degrees and different durations of hyperthermia
over the first 3 days after head trauma on the outcome of 7145
acute head trauma patients, including 1626 cases of severe TBI.

Methods

Clinical characteristics of the patients

From December 1, 2008 through August 20, 2009, a total of
7145 patients with acute head trauma (GCS score 3–15) were

admitted to 47 hospitals, enrolled in the CHTDB, and analyzed.
Among this population, 5427 (75.96%) were males. The three
most common causes of head trauma were motor vehicle cra-
shes (3836/7145, 53.69%), falls (2381/7145, 29.13%), and vio-
lence (804/7145, 11.25%). The age ranged from 1–92 years, and
most were adults (ages X–92) (5381/7145, 75.31%). GCS was
assessed in all patients within 48 h after injury: 1626 cases had
GCS scores of 3–8, 1222 had GCS scores of 9–12, and 4297 had
GCS scores of 13–15. CT scanning was routinely performed in
all 7145 patients. Intracranial hematomas were found in 2738
cases (38.32%), including epidural hematomas in 1076, subdural
hematomas in 873, intracerebral hematomas in 425, and multi-
ple hematomas in 364 cases. Cerebral contusion was found in
3691 cases (51.63%), and traumatic subarachnoid hemorrhage
(tSAH) was found in 3566 cases (49.89%). A craniotomy for
removal of intracranial hematomas or/and decompression
was performed in 2589 cases (36.24%); the other 4556 (63.76%)
received conservative treatment. The patients were treated
according to the principles described in the guidelines for the
management of severe head injury (Bullock et al., 2000).

The measurement of temperature
and the definition of fever

All patient axilla temperatures were measured every hour
over the first 3 days after trauma in neurosurgical intensive
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care units. Clinical temperature classification was as follows:
normothermia 36.3–37.2�C, mild fever 37.3–38.0�C, moderate
fever 38.1–39.0�C, and high fever >39.0�C. Patients were
classified in these categories based on the highest temperature
occurring over two consecutive hours each day.

The causes and management of fever

We concluded that the most common cause of fever was
due to damage to the thermoregulatory centers (‘‘central fe-
ver’’), because hyperthermia occurred within the first 3 days
after head trauma, a time frame less likely for hyperthermia to
be attributable to infectious causes. In order to determine
whether patients suffered from pneumonia, chest x-rays and
white blood cell counts (WBC) were routinely assessed in all
head trauma patients with fever. Furthermore, comatose head
trauma patients with high fever were also routinely examined
with chest CT scans. The results confirmed that pneumonia
was absent in fever patients within 3 days after head trauma.

All patients with hyperthermia were routinely treated if
fever was >38�C with routine medical management, includ-
ing ice packs or cooling blankets, and oral or intramuscular
injection of drugs (paracetamol, aspirin, and metamizole).
Procedures to treat fever such as intravascular devices, infu-
sion of cold IV fluids, lavage of cold fluids into nasogastric
tubes, or bladder instillation of cold fluids were not used in
these patients.

Assessment of neurological outcome

Patient neurological outcome was determined at dis-
charge from the hospital (31 – 5.1 days). Patient neurological
outcome was scored according to the Glasgow Outcome
Scale (GOS; Teasdale and Jennet, 1974) as follows: 1, death; 2,
vegetative state, unable to interact with the environment;
3, severe disability, unable to live independently but able to
follow commands; 4, moderate disability, capable of living
independently but unable to return to work or school; and
5, mild or no disability, able to return to work or school.
Good recovery and moderate disability were designated as
favorable outcomes; severe disability, a vegetative state, and
death were designated as unfavorable outcomes (Marshall,
1991; Jiang, 2002).

Statistical analysis

The data were analyzed with SPSS 11.0. Patient outcomes
in the different temperature groups were compared with the
use of chi-square tests, Fisher’s exact tests, or Student’s t-test,
as appropriate. A p value < 0.05 was considered significant.

Results

Effects of hyperthermia on the outcome
of 7145 patients with acute head trauma

The mortality of patients with acute head trauma in the
normothermia (36.3–37.2�C), and mild fever combined group
(37.3–38�C), the moderate fever group (38–39�C), and the high
fever group ( > 39�C), were 6.0% (374/1229), 13.6% (106/781),
and 37.0% (50/135), respectively. Differences between the
three groups were statistically significant ( p < 0.001; Fig. 1).

Percentages of patients with unfavorable outcomes in the
normothermia and mild fever combined group, the moderate

fever group, and the high fever group, were 12.6% (786/6229),
37.6% (294/781), and 64.4% (87/135), respectively. The dif-
ferences between the three groups were statistically signifi-
cant ( p < 0.001; Fig. 2).

Effects of hyperthermia on the outcome of 1626
patients with severe head trauma

Mortality rates of patients with severe head trauma in the
normothermia and mild fever combined group, the moderate
fever group, and the high fever group, were 17.5% (193/1100),
20.0% (85/425), and 45.5% (46/101), respectively. The
mortality of patients in the normothermia and mild fever
combined group was significantly lower than that of the
moderate fever group ( p < 0.05) and the high fever group
( p < 0.001; Fig. 3).

Unfavorable outcomes in patients with severe head trauma
in the normothermia and mild fever combined group, the
moderate fever group, and the high fever group, were 41.6%
(458/1100), 56.2% (239/425), and 73.3% (74/101), respec-
tively. The differences between the three groups were statis-
tically significant ( p < 0.001; Fig. 4).

Effects of duration of high fever for 3 days after head
trauma on the outcomes of 101 patients with severe
head trauma

Mortality rates of patients with severe head trauma with 1
day, 2 days, and 3 days of high fever were 33.3% (18/54),
38.7% (12/31), and 53.5% (8/15), respectively. The mortality
rates of patients with 3 days of high fever were significantly
higher than those of the other two groups ( p < 0.05; Fig. 5).

FIG. 1. Effects of hyperthermia on the mortality of 7145
patients with acute head trauma.

FIG. 2. Effects of hyperthermia on the unfavorable out-
comes of 7145 patients with acute head trauma.
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Percentages of unfavorable outcomes in patients with se-
vere head trauma with 1 day, 2 days, and 3 days of high fever
were 66.7% (36/54), 74.2% (23/31), and 93.3% (14/15), re-
spectively. The differences between the three groups were
statistically significant ( p < 0.01; Fig. 6).

Discussion

Both the degree and duration of early post-trauma hyper-
thermia were strongly related with the outcomes of patients
with acute TBI. This indicates that hyperthermia may play a
detrimental role in delayed mechanisms of damage after TBI.
Our findings are consistent with those of previous reports
(Dietrich, 1992; Chatzipanteli et al., 2000; Jiang et al., 2002).

Fever in the neurocritical care setting is common and is
often associated with a negative impact on outcome of many
disease types (Clifton, 1991; Dietrich, 1992; Dietrich et al.,
1996). Meta-analyses have demonstrated that fever at onset
and in the acute setting after ischemic brain injury, intrace-
rebral hemorrhage, and cardiac arrest has a negative impact
on morbidity and mortality (Badjatia, 2009). Data support the
theory that the impact of fever is sustained for longer duration
after subarachnoid hemorrhage and TBI. Recent advances in
aggressive patient management have made eliminating fever
and maintaining normothermia feasible (Badjatia, 2009).

The epidemiologic evidence from this study suggests that
the vast majority of patients admitted to an ICU environment
with TBI will develop fever. The development of fever is
clearly associated with a worse prognosis. There is now a
better understanding of the possible mechanism of harm be-
hind fever (Cairns and Andrews, 2002). It has recently been

reported that hyperthermia may accentuate the detrimental
consequences of brain injury and worsen the outcome of pa-
tients with stroke and severe TBI (Dietrich, 1992; Chatzi-
panteli et al., 2000; Jiang et al., 2002). Previous studies have
also demonstrated that hyperthermia may result in worse
neurobehavioral outcomes following experimental fluid per-
cussion brain injury in rats (Clifton et al., 1991; Dietrich et al.,
1996). Dietrich and colleagues found that hyperthermia causes
significant blood–brain barrier disruption and brain edema
after experimental brain injury (Dietrich et al., 1990). Either of
these consequences is likely to have detrimental effects on
patient outcomes.

The morphological consequences of delayed post-traumatic
brain hyperthermia (39�C) after fluid percussion brain injury
were previously assessed in experimental studies in rats
(Dietrich et al., 1996). At 4 days after TBI, delayed post-trau-
matic hyperthermia significantly increased both mortality
and contusion volume compared to normothermia. Three
hours of hyperthermia increased hemorrhage, blood–brain
barrier permeability, axonal swelling, and thinning of myeli-
nation. These experimental animal results strongly suggest
that post-traumatic brain hyperthermia might increase mor-
bidity and mortality in patients with head injury by aggra-
vating axonal and microvascular damage (Dietrich et al.,
1996).

FIG. 3. Effects of hyperthermia on the mortality of 1626
patients with severe head trauma.

FIG. 4. Effects of hyperthermia on the unfavorable out-
comes of 1626 patients with severe head trauma.

FIG. 5. Effects of duration of high fever for 3 days after
head trauma on the mortality of 101 patients with severe
head trauma.

FIG. 6. Effects of duration of high fever for 3 days after
head trauma on the unfavorable outcomes of 101 patients
with severe head trauma.
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Despite a sound physiological argument for controlling
fever in the brain-injured patient, there is presently no direct
evidence that doing so will improve clinical outcome (Cairns
and Andrews, 2002). Furthermore, there is abundant experi-
mental evidence suggesting that hyperthermia leads to, or
exacerbates, neuronal injury in conditions such as cerebral
ischemia and TBI. However, conclusive evidence linking
prevention of hyperthermia with improved outcomes of TBI
patients is lacking (Aiyagari and Diringer, 2007). It has been
difficult to design studies evaluating the impact of hyper-
thermia control on outcome, in part because traditional
methods of hyperthermia control are ineffective. Recently,
several new devices to control temperature have become
available. These devices appear to be more effective than
conventional means, and might allow for the design of studies
that directly address this question. Randomized, controlled
clinical trials are necessary to determine whether or not con-
trol of early hyperthermia after trauma improves the outcome
of acute head trauma patients.

In summary, our study demonstrated that both the degree
and duration of early post-trauma hyperthermia are strongly
related with the outcome of patients with acute TBI. The de-
tection of early post-traumatic hyperthermia may be helpful
for neurosurgeons in predicting the outcome of severe trau-
matic brain-injured patients.
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