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Abstract

Background:: Early hyperthermia following traumatic brain injury 
(TBI) is associated with worsened neurologic outcomes; however, 
eliminating fever has not been adequately studied. We sought to ex-
plore the safety and feasibility of induced normothermia using ad-
vanced fever control (AFC) in severe TBI patients.

Methods:: Eight patients underwent AFC with a surface cooling 
device for 96 hours, and four patients underwent conventional fever 
control (CFC). Average daily fever burden (FB) was calculated as the 
time and extent (°C × hours) above 37 °C. Shivering was evaluated 
hourly by the bedside shivering assessment scale (BSAS, 0 - 3) and 
BSAS > 0 was treated using a stepwise protocol.

Results:: FB was lower for the AFC vs. CFC group: 4.0 vs. 7.0 (P = 
0.2) for day 1, 4.3 vs. 7.7 (P = 0.1) for day 2, 3.6 vs. 5.3 (P = 0.5) for 
day 3, 4.2 vs. 4.8 (P = 0.7) for day 4 respectively. BSAS > 0 devel-
oped more often in the AFC group (130 times) than the CFC group 
(two times).

Conclusion:: Induced normothermia was associated with less FB and 
more interventions to treat shivering compared to CFC in severe TBI 
patients. A large prospective randomized outcome trial of AFC vs. 
CFC is warranted.
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Introduction

Traumatic brain injury (TBI) is a major source of death and 
severe disability worldwide. In the USA alone, this type of in-

jury causes 290,000 hospital admissions, 51,000 deaths, and 
80,000 permanently disabled survivors [1, 2].

Fever (> 38 °C) occurs in up to 67 % of patients with TBI 
in the first 72 h [3]. As in ischemia-reperfusion injuries, the 
acute post-injury period in TBI is characterized by several 
pathophysiologic processes that start in the minutes to hours 
following injury and may last for hours to days. These result 
in further neuronal injury and are termed the secondary injury. 
Cellular mechanisms of secondary injury include all of the fol-
lowing: apoptosis, mitochondrial dysfunction, excitotoxicity, 
disruption in ATP metabolism, disruption in calcium homeo-
stasis, increase in inflammatory mediators and cells, free radi-
cal formation, DNA damage, blood-brain barrier disruption, 
brain glucose utilization disruption, microcirculatory dysfunc-
tion and microvascular thrombosis [4]. All of these processes 
are temperature dependent; they are all aggravated by fever 
[4]. Hyperthermia following TBI is associated with a longer 
ICU length of stay and worsened neurologic outcomes [5-10]. 
In addition, brain temperatures are reported to be 1.5 - 2 °C 
higher than core temperature (measured by rectal probe) [11, 
12]. Thus, brain could be febrile when core temperature is con-
sidered normal.

This is a prospective observational pilot study to evaluate 
the feasibility and safety of a protocol where advanced sur-
face cooling is used in patients with severe TBI (GCS < 9) 
on admission to the NeuroTrauma ICU (NTICU) to evaluate 
induced normothermia (prophylactic maintenance of bladder 
temperature between 36 and 36.5 °C) as compared to conven-
tional fever control (CFC).

Materials and Methods

We prospectively randomized consecutive patients with severe 
TBI admitted to our NTICU between June 2012 and Decem-
ber 2013. Our 16 bed NTICU is staffed by intensivists (board 
certified by the American Board of Internal Medicine in Inter-
nal Medicine and Critical Care Medicine and certified by the 
United Council of Neurologic Subspecialties in Neurocritical 
Care) 24 h/day.

We excluded patients less than 18 years of age, pregnant, 
with bleeding disorders, hepatic encephalopathy, spinal cord 
injury, temperature > 38 °C prior to randomization, blood al-
cohol level (BAL) > 250 mg/dL, participating in other research 
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trials, inability/unwilling to obtain informed consent, terminal 
illness (not expected to survive 3 - 6 months), or not expected 
to survive 24 h. We excluded 10 patients (six with temperature 
> 38 °C prior to randomization, two with BAL > 250 mg/dL, 
and two on whom consent was not obtained). We randomized 
a total of 12 patients (four patients to the CFC group and eight 
patients to the advanced fever control (AFC) group). The study 
and consent form were approved by our Institutional Review 
Board. Consent was obtained from power of attorney or next 
of kin.

All CFC and AFC patients underwent randomization prior 
to the development of fever (temperature ≥ 38.0 °C). In the 
CFC group, fever was treated with acetaminophen, 650 mg 
every 4 - 6 h orally, with or without the use of a water-circu-
lating cooling blanket. In the AFC group, an advanced surface 
cooling device (Arctic Sun; Medivance, Inc., Louisville, CO, 
USA) was applied after randomization with target temperature 
of 36.5 °C (with the aim to prevent development of fever) for 
96 h. Temperature was recorded hourly using a bladder tem-
perature probe.

All patients underwent a prospective collection of baseline 
clinical, laboratory, and demographic characteristics (Table 1). 
Data collected over the initial 96-h period included blood sug-
ars, blood pressures, hypoxia episodes, vasopressor require-
ments, sedatives, interventions for shivering, and hourly tem-
peratures. Shivering was assessed every 60 min (every 30 min 
in case of documented shivering) using the bedside shivering 
assessment scale (BSAS) (Fig. 1) that has been previously 
validated [13]. BSAS score can be 0, 1, 2, or 3. BSAS > 0 was 
treated using a protocolized stepwise approach (Fig. 2).

Fever burden (FB, °C × h) was calculated hourly by sub-

tracting each patient’s recorded temperature from 37.0 °C. 
Mean (± standard deviation (SD)) hourly FBs were calculated 
for each day for 4 days and analyzed for any difference be-
tween AFC and CFC patients.

Although this is a feasibility and safety and not an out-
come study, outcomes recorded at hospital discharge were CT 
scan progression, mortality, discharge location, Glasgow out-
come scale (GOS), and number of times BSAS > 0. Neuro-
logic outcome was scored according to the five-category GOS 
[14] at hospital discharge for each patient. Good outcome was 
defined as GOS 4 - 5. The two groups were compared by Pear-
son Chi-squared and Fisher’s exact test to analyze statistical 
significance. Mean, SD and P-value were reported for each 
comparison.

Results

FB in hours was lower for the AFC group vs. CFC group: 4.0 
(± 3.2) vs. 7.0 (± 5.2) (P = 0.2) for day 1, 4.3 (± 3.5) vs. 7.7 
(± 2.9) (P = 0.1) for day 2, 3.6 (± 2.9) vs. 5.3 (± 6.0) (P = 0.5) 
for day 3, 4.2 (± 3.3) vs. 4.8 (± 4.6) (P = 0.7) for day 4 respec-
tively (Table 2, Fig. 3). CT showed improvement in the AFC 
group and worsening in the CFC group as read by a blinded 
radiologist. In the AFC group, no patients died, 37.5% were 
discharged to long-term acute care facility (LTAC), 62.5% to 
rehab facility, and 12.5% had good GOS (4 - 5); in the CFC 
group, 25% died, 25% were discharged to LTAC , 50% to re-
hab, and none had good GOS (Fig. 4). BSAS > 0 developed 
more often in the AFC group (130 times) than the CFC group 

Table 1.   Baseline Characteristics of Traumatic Brain Injury Patients

CFC AFC P-value
n 4 8  
Age, years, ± SD 56 (32) 46 (18) 0.5
GCS, ± SD 6.2 (3.7) 5.9 (2.0) 0.8
Gender, male, n, % 3 (75) 6 (75) 1.0
Mechanical ventilation, days, SD 7.8 (1.7) 8.0 (5.0) 1.0
Patients on vasopressors 3 (75) 6 (75) 1.0

Figure 1. Bedside shivering assessment scale (BSAS).
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(two times) (Table 3).

Discussion

Fever after TBI is common. In one study, up to 44% of pa-

tients with TBI had a tympanic temperature of 38.5 °C or more 
within the first 2 days after injury [5]. Up to 73% of patients 
developed a core temperature more than 38.4 °C in another 
study [15]. Temperature more than 38 °C occurred in up to 
67% of patients with TBI in the first 72 h [3], and in up to 78% 
in neurocritical care patients in general during their ICU stay 

Table 2.  Fever Burden Between the Two Study Groups

FB n Day 1 Day 2 Day 3 Day 4
AFC, h, SD 8 4.0 (± 3.2) 4.3 (± 3.5) 3.6 (± 2.9) 4.2 (± 3.3)
CFC, h, SD 4 7.0 (± 5.2) 7.7 (± 2.9) 5.3 (± 6.0) 4.8 (± 4.6)

FB: fever burden; AFC: advanced fever control; CFC: conventional fever control.

Figure 2. Stepwise approach to treatment of shivering (BSAS > 0).

Figure 3. Fever burden between the two study groups (graph).
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[16]. Hyperthermia following TBI is associated with a longer 
ICU length of stay and worsened neurologic outcomes [5-10].

This study demonstrates that fever prophylaxis via induced 
normothermia reduces FB in patients with severe TBI as com-
pared to CFC with acetaminophen and cooling blankets. There 
were no differences in complications between the two groups, 
like arrhythmias, hyperglycemia episodes, hypotension, hy-
poxia, days on mechanical ventilation, need for vasopressors, 
or infectious complications (data not shown). Our study is 
strengthened by the use of the validated BSAS to evaluate for 
shivering. AFC was associated with more shivering episodes 
and thus required more interventions to treat shivering, most of 
which was in the form of sedative medications. Shivering re-
sults in sharp increases in resting energy expenditure and in the 
rate of oxygen consumption. These findings have previously 
been validated with the use of indirect calorimetry [17, 18]. 
Left uncontrolled, shivering can defeat the cooling process and 
eliminate the potential benefits of induced normothermia [19] 
and in extreme cases may be more detrimental than fever itself 
[20]. Thus, the metabolic consequences of shivering may be-
come the limiting step in demonstrating the benefits of induced 
normothermia. The use of more sedatives can also have a neg-
ative impact on length of stays and neurologic outcomes. This 
study is underpowered to evaluate these outcomes. This study 
is limited by the small number of patients. Another limitation 
of the study is the inability to decipher how much the control 
of shivering actually affected FB, since shivering itself can 
lead to heat generation and fever, which could be a confound-

ing factor. The AFC technology used (Arctic Sun; Medivance, 
Inc., Louisville, CO, USA) is a more expensive treatment than 
CFC methodologies, and thus improved outcomes will need 
to be documented before such expensive technologies can be 
adopted as standard of care.

Conclusion

The elimination of the burden of fever in the first 4 days after 
severe TBI is feasible and does not appear to be associated with 
a higher rate of complications. However, AFC was associated 
with more frequent episodes of shivering, and thus sedative 
use. Before adopting AFC as standard care for febrile patients 
with severe TBI, a prospective randomized study comparing 
the impact of a CFC to an AFC approach on clinical outcomes 
is warranted, with an emphasis on the impact of shivering on 
outcome.
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Figure 4. Comparison of outcomes between the two study groups.

Table 3.  Incidence of BSAS > 0 Between the Two Study Groups

BSAS > 0 n Day 1 Day 2 Day 3 Day 4 Total (96 h)
AFC 8 40 40 40 10 130
CFC 4 1 1 0 0 2

BSAS: bedside shivering assessment scale; AFC: advanced fever control; CFC: conventional 
fever control.
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