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Clinical trial of an air-circulating
cooling blanket for fever control in
critically ill neurologic patients

S.A. Mayer, MD; C. Commichau, MD; N. Scarmeas, MD; M. Presciutti, RN; J. Bates, BS;
and D. Copeland, MPH

Article abstract—Objective: To evaluate the efficacy of an air-circulating cooling blanket for reducing body temperature
in febrile neuro-ICU patients treated with acetaminophen. Methods: Two-hundred twenty consecutively admitted neuro-
ICU patients whose tympanic membrane temperature reached or exceeded 101 °F (38.3 °C) were randomly assigned to
receive acetaminophen (650 mg every 4 hours) alone (n = 107) or acetaminophen plus air blanket therapy (n = 113). After
24 hours of treatment, the authors compared the proportion of subjects who attained treatment success (T = 99 °F) or
treatment failure (T = 101 °F for 2 consecutive hours) using the x? test and the time to reach these endpoints using
Kaplan-Meier survival analysis. Main Results: Air blanket therapy resulted in a small increase in the proportion of
subjects with treatment success (44% versus 36%, x> p = 0.19, log rank p = 0.10) and a similar small reduction in the
proportion of patients with treatment failure (42% versus 53%, x% p = 0.11, log-rank p = 0.21), compared with treatment
with acetaminophen alone. Approximately one third of patients in both groups remained febrile after randomization and
“failed” after the first 2 hours of treatment. Twelve percent of patients assigned to air blanket therapy refused or were
unable to tolerate treatment, compared with 2% of patients treated with acetaminophen alone (p = 0.005). Conclusions:
Treatment with an air-circulating cooling blanket did not effectively reduce body temperature in febrile neuro-ICU
patients treated with acetaminophen. More effective interventions are needed to maintain normothermia in patients at
risk for fever-related brain damage.
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Fever affects a large proportion of critically ill neuro-
logic patients and may adversely affect outcome.! In

recently been shown to improve outcome in patients
with severe TBI'® and has been tested as a treatment

patients with stroke, temperature elevation on ad-
mission is associated with increased morbidity and
mortality, an effect that is independent of other es-
tablished measures of clinical stroke severity.?¢ This
clinical observation is consistent with experimental
studies indicating that ischemic neuronal injury may
be substantially increased with temperature eleva-
tions as small as 1 °C to 2 °C above normal.”® Al-
though the influence of elevated body temperature
on outcome after traumatic brain injury (TBI), status
epilepticus, or other types of acute brain injury is
less clear, experimental evidence for temperature-
related brain damage in these conditions exists,*!?
and it is widely accepted that fever should generally
be treated in neurologic patients. As an extension of
this philosophy, induced moderate hypothermia has

for massive cerebral infarction.'*

Despite increasing recognition of the importance
of treating fever in patients with stroke'® or other
forms of acute brain injury, little is known about the
optimal method for combating fever in critically ill
neurologic patients. In most intensive care units, fe-
ver is initially treated with acetaminophen, and pa-
tients with refractory temperature elevations are
treated with water-circulating cooling blankets.168
Although acetaminophen is well-established as an
antipyretic in children,' its efficacy in critically ill
adult patients has never been carefully evaluated. In
this study, we compared two first-line approaches for
treating fever in critically ill neurologic patients:
acetaminophen alone or acetaminophen combined
with an air-circulating cooling blanket. We tested
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the hypothesis that over a 24-hour observation pe-
riod, convective air blanket therapy would lead to an
absolute increase of at least 20% in the proportion of
patients who attained normothermia, avoided persis-
tent fevers, or both.

Materials and methods. Subjects. All patients admit-
ted to the 12-bed Columbia-Presbyterian Medical Center
Neurologic Intensive Care Unit (NICU) between February
1, 1999 and January 31, 2000 were eligible for enrollment.
In our NICU, temperature is routinely measured hourly by
using an infrared tympanic thermometer (Genius 3000A,
Sherwood Medical, St. Louis, MO). Criteria for inclusion in
the study was the first recorded temperature equal to or
exceeding 101 °F (38.3 °C) during each patient’s stay in the
NICU. This cutoff was chosen because it conforms with
published practice guidelines?® and is our standard criteria
for initiating antipyretic therapy with acetaminophen and
for initiating a diagnostic evaluation for infection. Patients
could be enrolled only once during a single NICU stay but
could be enrolled again if they were readmitted at a later
time. To evaluate whether all eligible subjects were en-
rolled, we reviewed nursing charge reports (which list each
patient’s maximum temperature per 12-hour shift) on a
daily basis and compared it with the study entry log.

The study protocol was approved by the Columbia-
Presbyterian Institutional Review Board. The need for
written informed consent was waived because the study
was thought to pose no significant risk to its participants.
Patients were excluded if they or their surrogate declined
to participate after the study was explained to them.

Data collection. Demographic, clinical, and laboratory
data pertaining to each subject was recorded by concurrent
chart review. Temperature on enrollment was dichoto-
mized as 101.0 to 101.4 °F and =101.5 °F, and level of
consciousness was assessed by using the Glasgow Coma
Scale. CT scan reports were reviewed to determine
whether intracranial blood was present at the time of en-
rollment. At the time of NICU discharge, patients were
assigned to 1 of the following 12 principle diagnostic cate-
gories: 1) intracerebral hemorrhage; 2) subarachnoid hem-
orrhage; 3) cerebral infarction; 4) traumatic brain or spine
injury; 5) CNS neoplasm; 6) seizures; 7) respiratory fail-
ure; 8) unruptured aneurysm; 9) carotid endarterectomy;
10) interventional neuro-radiology (INR) procedure; 11)
medical complication; and 12) other neurosurgical
procedure.

The cause of fever was determined independently by
two investigators, who reviewed the medical record and
the following diagnostic studies if obtained within 48 hours
of enrollment: chest radiography (CXR), sinus CT scans,
blood cultures, sputum and nasal cultures, urine analysis
and cultures, CSF cultures, stool Clostridium difficile
toxin assays, and lower extremity Doppler studies. Cause
of fever was classified as follows: 1) explained, infectious—
bacteremia (two positive blood cultures); pneumonia (posi-
tive sputum culture with infiltrate on chest radiograph);
bronchitis (positive sputum culture without infiltrate on
chest radiograph); sinusitis (positive nasal culture with
sinus opacification on CT); urinary tract infection (pyuria
and positive urine culture with >100K colonies); cellulitis/
wound infection (erythema, tenderness, or purulence with
positive cultures); C difficile enteritis (positive toxin as-

say), meningitis/ventriculitis (CSF pleocytosis with posi-
tive culture); 2) explained, noninfectious—deep vein
thrombosis (positive lower extremity Doppler), atelectasis
(characteristic findings in two or more lung segments on
chest radiograph), drug fever (resolution of fever after drug
discontinuation); 3) unexplained (none of the above criteria
identified); 4) incomplete diagnostic evaluation (lack of
chest radiograph or blood, urine, or sputum culture). When
the two reviewers initially disagreed on the diagnostic cat-
egory, the data were reexamined until a consensus was
reached. We also noted whether patients were receiving
antibiotics at the time of enrollment.

Study interventions. The NICU nursing staff identi-
fied eligible study subjects, performed the randomization,
administered the study intervention, and recorded the
hourly temperature measurements and secondary outcome
measures; they were not blinded to treatment assignment.
Eligible subjects were assigned a study identification num-
ber and randomly assigned to one of two treatment arms,
determined by opening a numbered sealed envelope: Group
1 was treated with acetaminophen 650 mg PO/PR (per
rectum) every 4 hours; Group 2 was treated continuously
with the Polar Air™ Model 600 Air Cooling System (Au-
gustine Medical, Minneapolis, MN) in addition to acet-
aminophen 650 mg PO/PR every 4 hours. The Polar Air™
system consists of a disposable paper blanket that is circu-
lated with forced cooled air (10 °C; air output 30 CFM, 850
L/m). The blanket is placed over the patient, and the
cooled air circulates around the patient through a series of
pores on the underside of the blanket.

Main outcome measures. After enrollment and ran-
domization, tympanic membrane temperature was re-
corded hourly, and the study intervention was continued
for 24 hours, or until the patient met one of two predefined
endpoint criteria. Treatment success was defined as the
first measured temperature = 99 °F (37.2 °C). When this
criterion was met, the study protocol was stopped, and
further antipyretic therapy was given according to the
preferences of the nurse or physician caring for the pa-
tient. Treatment failure was defined as two consecutive
temperatures = 101 °F (38.3 °C). When this criterion was
met, the study protocol was stopped, and subjects were
switched to treatment with a water-circulating cooling
blanket in addition to continued therapy with acetamino-
phen. This is the current standard of care in our NICU for
patients who are persistently febrile (>2 hours) after
treatment with acetaminophen. A single tympanic mem-
brane thermometer was used to serially record tempera-
ture in each subject, and these devices were maintained
and calibrated according to the manufacturer’s guidelines.

After completing the study, each subject’s hourly tem-
perature record was reviewed by an investigator blinded to
treatment status, who assigned one of four main outcome
categories: 1) treatment success; 2) treatment failure; 3)
neither (patient was treated for 24 hours without meeting
criteria for success or failure); and 4) censored (hourly
recording of temperature ceased before meeting one of the
endpoint criteria). Patients in the latter category were usu-
ally transferred out of the NICU to the floor or for a proce-
dure. For patients with treatment success or failure, or
who were censored, the time to attain this endpoint was
recorded. Secondary outcome measures recorded by the
nurse caring for the patient included 1) shivering, 2) re-
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fusal of or inability to tolerate the treatment intervention,
and 3) dermatologic reactions (i.e., skin breakdown) caused
by the study intervention.

Protocol violations. Protocol violations were identified
based on review of the medical record and the hourly tem-
perature measurements after subjects completed the
study. When randomization or treatment did not conform
with the study protocol, the reasons were classified as fol-
lows: 1) patient had been febrile at some point before en-
rollment; 2) acetaminophen dose missed or not given on
schedule; 3) air blanket therapy interrupted or stopped
inappropriately; 4) patient transferred out of NICU before
study endpoint; 5) patient improperly enrolled (T <101
°F); 6) air blanket not available; 7) patient refused or was
not able to tolerate assigned treatment; 8) air blanket not
used properly; 9) temperature not recorded every hour; 10)
same thermometer not used consistently; 11) NICU ambi-
ent temperature elevated (because of hospital power
failure).

Statistical analysis. In an intention-to-treat analysis,
we compared the relative efficacy of the two study inter-
ventions in four ways. Using the x? test, after 24 hours we
compared the proportion of all randomized subjects with
treatment success and the proportion with treatment fail-
ure. After analyzing a pilot series of 30 patients evaluated
before the start of the trial, we estimated a 25% frequency
of treatment success and 60% frequency of treatment fail-
ure in the control group. Assuming an alpha level of 0.05
(two-tailed) and power of 0.80, we calculated that enroll-
ment of 109 patients in each group would allow us to
detect an absolute difference of 20% in these main outcome
measures (i.e., a >20% increase in the frequency of suc-
cess, or >20% reduction in the frequency of failure in the
intervention group). We also compared time to treatment
success or treatment failure between the two groups by
using Kaplan-Meier survival plots and the Mantel-Cox log-
rank test, to account for the possibility that the study
intervention might speed the interval to treatment success
or delay the interval to treatment failure. Assuming 109
patients in each group, our study had sufficient power to
detect a = 1.49 increase in the hazard ratio for treatment
success, or a = 0.67 reduction in the hazard ratio for treat-
ment failure, assuming an alpha level of 0.05 (two-tailed)
and power of 0.80.

We compared the proportion of patients with one of the
secondary outcome measures using the x? test or Fisher’s
exact test, as appropriate.

To assess the impact of other factors that might affect
treatment response, we compared treatment response
among all patients and within each treatment group ac-
cording to baseline temperature (= versus <101.5 °F),
level of consciousness (GCS =8 versus >8), antibiotics (yes
versus no), age (= versus <54 years), intracranial blood
(yes versus no), principle diagnosis (stroke versus other),
and cause of fever (infectious versus other; unexplained
versus other). These proportions were compared by using
the x? test. For all tests, significance was judged at the p <
0.05 level.

Results. The flow of patients through the clinical trial is
shown in figure 1. Of 241 potentially eligible patients
whose temperature reached or exceeded 101 °F, 220 (91%)
were enrolled and randomized. In four instances, the same
patient was enrolled twice during two different NICU ad-
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Figure 1. Flow of patients screened for the trial.

missions. One hundred seven subjects were assigned to
acetaminophen, and 113 were assigned to acetaminophen
plus air blanket therapy.

Baseline characteristics of the study patients are shown
in table 1. The two groups were well matched with regard
to age, gender, race/ethnicity, medical history, Glasgow
Coma Scale (GCS) score, principle diagnosis, and cause of
fever; however, patients assigned to acetaminophen plus
air blanket therapy were more often postoperative (65%
versus 49%). Among all patients, mean temperature at
randomization was 101.5 °F (range, 100.0° to 104.4 °F).
The most common causes of infectious fever were pneumonia
(n = 74), bronchitis (n = 23), bacteremia (n = 14), urinary
tract infection (n = 11), and C difficile colitis (n = 5).

In an intention-to-treat analysis (table 2), treatment
with the air blanket in addition to acetaminophen resulted
in a modest increase in the proportion of patients with
treatment success, and a similar reduction in the propor-
tion of patients with treatment failure. At the end of the
24-hour study period, treatment success had occurred in
35.5% (38 of 107) of the patients treated with acetamino-
phen, compared with 44.2% (50/113) of patients treated
with acetaminophen plus the air blanket (p = 0.19), an
8.7% increase in the absolute proportion of patients with a
favorable outcome (95% CI +21.6% to —4.0%). Survival
curves comparing time with treatment success are shown
in figure 2, panel A (p = 0.096, log-rank test).

Treatment failure occurred in 53.3% (56/107) of the pa-
tients treated with acetaminophen, compared to 41.6% (47/
113) of patients treated with acetaminophen plus the air
blanket (p = 0.11). Blanket therapy resulted in an 11.7%
reduction in the absolute proportion of patients with an
unfavorable outcome (95% CI-23.9% to +2.4). A large pro-
portion of patients in both groups “failed” treatment after
the first two hours of the study: 37.4% (40/107) in the
acetaminophen group, and 32.7% (37/113) in the acetami-
nophen plus air blanket group. Survival curves comparing
the proportion of subjects free of treatment failure are
shown in figure 2B (p = 0.208, log-rank test).

Protocol violations occurred in 33% of the patients
treated with acetaminophen, and 39% of those treated
with acetaminophen plus air blanket, but most were minor



Table 1 Baseline characteristics of the study patients

Acetaminophen
Acetaminophen, + air blanket,

Characteristic n = 107 n =113
Age, y 53.1 +16.6 55.0 + 15.8
Female 55 (51) 58 (51)
Race/ethnicity

White 53 (50) 52 (46)

African 18 (17) 20 (18)

Hispanic 27 (25) 29 (26)

Other 9(8) 12 (11)
Past medical history

Hypertension 46 (43) 47 (42)

Coronary artery disease 21 (20) 13 (12)

Diabetes mellitus 13 (12) 13 (12)
Diagnostic category

Subarachnoid hemorrhage 39 (36) 33 (29)

Intracerebral hemorrhage 16 (15) 20 (18)

Traumatic brain injury 14 (13) 13 (12)

CNS neoplasm 9(8) 16 (14)

Cerebral infarction 9 (8) 6 (5)

Seizures 6(6) 8(7)
Temperature at enrollment, °F 1015 £ 0.5 101.6 = 0.6
Antibiotic therapy 56/98 (57) 60/97 (62)
Leukocyte count 13.0 = 5.0 13.3 4.9
Postoperative 49/100 (49) 68/105 (65)
Cause of fever

Infectious 60 (56) 61 (54)

Unexplained 25 (23) 29 (26)

Incomplete diagnostic 22 (21) 21 (19)

evaluation

Deep vein thrombosis 0(0) 2(2)
Median GCS score 10 10
Intracranial hemorrhage 69/101 (68) 72/110 (65)

Values are mean = SD or n (%) unless otherwise noted.

GCS = Glasgow Coma Scale.

(table 3). The most common violation was a delay in enroll-
ing patients with fever, which affected 13% of subjects (28
of 220). Twelve percent (13 of 113) of patients assigned to
acetaminophen plus air blanket therapy refused or were
unable to tolerate the treatment, compared with only 2%
(2 of 107) of patients assigned to acetaminophen alone (p =
0.005, x? test). Shivering was observed in no patients
treated with acetaminophen, compared with 7% (8 of 113)
of patients assigned to acetaminophen plus air blanket
therapy (p = 0.007, Fisher’s exact test). However, shiver-
ing was generally mild and well tolerated; in only one
instance was treatment stopped. There were no cases of
rash or skin breakdown related to air blanket therapy.

To identify factors other than treatment assignment
that might affect response to antipyretic therapy, we com-
pared a variety of factors among all subjects and within

each treatment group. We found no effect of age, baseline
temperature, level of consciousness, intracranial blood, di-
agnosis, antibiotic use, or cause of fever on the proportion
of patients who attained treatment success or failure at
the end of 24 hours (data not shown).

Discussion. Although it is generally accepted that
aggressive measures should be taken to combat fever
in patients with acute brain injury, the most effec-
tive method for doing so is unclear. In this study, we
found that treatment with an air-circulating cooling
blanket and acetaminophen provided no additional
benefit when compared with acetaminophen alone.
In our view, however, the most important and sur-
prising finding of this study was the large extent to
which both treatment arms were inadequate for con-
trolling fever. More than one third of patients in
each group remained febrile after randomization and
exited the study as a “treatment failure” after the
first 2 hours of treatment. This finding suggests that
more robust interventions are needed to maintain
normothermia in neurologic patients at risk for
fever-related secondary brain damage.

Two types of interventions can be used to reduce
elevated body temperature: antipyretic agents, and
external cooling. Antipyretic agents, including acet-
aminophen, aspirin, and other nonsteroidal anti-
inflammatory drugs (NSAID), work by lowering the
hypothalamic setpoint, which is increased in fe-
ver.'61921 Endogenous pyrogens such as interleukin-1
and interleukin-6, released by leukocytes in response
to infection, drugs, blood products, or other stimuli,
cause fever by stimulating cerebral prostaglandin-E
synthesis.'®?! Antipyretic agents block this process
by inhibiting cyclooxygenase-mediated prostaglandin
synthesis in the brain. The result is a lowering of the
hypothalamic setpoint, which activates the body’s
two principle mechanisms for heat dissipation: vaso-
dilation and sweating.'%?!

Antipyretic drugs lower body temperature in
pyrogen-induced fever, which implies intact thermo-
regulation, but may be ineffective in brain-injured
patients with impaired thermoregulatory mecha-
nisms.?? There appear to be only minor differences in
efficacy between different nonsteroidal antipyretic
agents.'?% Corticosteroids also have antipyretic

Table 2 Twenty-four—hour treatment outcomes

Acetaminophen

Acetaminophen, + air blanket,
Characteristic n = 107 n =113 p Value*
Success (T = 99.0 °F) 38 (36) 50 (44) 0.186
Failure (T = 101.0 °F for 56 (53) 47 (42) 0.111

2 consecutive h)

Neither 3(4) 1(D)
Censored 10 (9) 15 (13)

* p Values refer to chi-square test, comparing the proportion of
patients with treatment success or failure versus all other
outcomes.
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properties but are not used clinically to treat fever
because of their side effects.'¢2!

Whether acetaminophen alone is more effective
than placebo for treating fever in adult ICU patients
is unknown. Our study did not address this question,
and controlled studies of acetaminophen use in fe-
brile adult ICU patients are lacking; almost all stud-
ies comparing acetaminophen with placebo or other
NSAID have involved children.'® Regardless, our re-
sults indicate that acetaminophen at the dose we
gave (6560 mg every 4 hours) is unsatisfactory for
controlling fever in critically ill neurologic patients.
This relative lack of efficacy may be explained by
inadequate dosing (doses of up to 15 mg/kg are used
in children),” by the fact that acetaminophen may
take as long as 3 hours to reach its peak effect, or
because many of our patients may have had central
fever with impaired thermoregulation (the cause of
fever could not be explained by infection in approxi-
mately 25% of subjects).

External cooling reduces body temperature by pro-
moting heat loss, without affecting the hypothalamic
set point. Four modes of heat transfer constitute the
basis of interventions to promote heat loss: 1) evapo-
ration (e.g., water sprays or sponge baths); 2) con-
duction (e.g., ice packs, water-circulating cooling
blankets, immersion); 3) convection (e.g., fans, air-
circulating cooling blankets); and 4) radiation (i.e.,
exposure of skin).??? In patients with temperature
elevations caused by impaired thermoregulation,
such as heat stroke and central fever, antipyretic
agents are ineffective, and temperature reduction
can only be promoted by external cooling.?* By con-
trast, in febrile patients with an elevated set point,
external cooling can result in reflex shivering and
vasoconstriction, as the body attempts to generate
heat and “fight” the cooling process. Shivering, which
increases body temperature and energy expenditure
and is uncomfortable, has been shown to be less
prominent with external cooling when the extremi-
ties are wrapped.?!
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Few controlled studies have evaluated the efficacy
of external cooling interventions for lowering body
temperature in humans. Three experimental studies
have shown that the combination of evaporative and

Table 3 Protocol violations

Acetaminophen
Acetaminophen, + air blanket,
Violation n = 107 n =113
Improper enrollment
Previous temperature =101 °F 12 (11) 16 (14)
Index temperature <101 °F 2(2) 2(2)
Incomplete data
Temperature not recorded 10 (9) 5(4)
every hour
Transferred out of NICU 5(5) 7(6)
Treatment disruption
Patient refused or was 2(2) 13 (12)
unable to tolerate
treatment
Acetaminophen stopped or 9(8) 5(4)
interrupted
Air blanket stopped or 0(0) 6 (5)
interrupted
Air blanket not available 0(0) 5(4)
Air blanket not used properly 0 (0) 1(1)
Miscellaneous
Different thermometer device 1(D 0(0)
used
Extremely elevated ambient 0(0) 1(1)
temperature
Total 35(33) 44 (39)

Values are n (%). Sum of individual items exceeds the total num-
ber of subjects because patients may have had more than one
violation.

NICU = neurologic intensive care unit.



convection cooling, with water sprays or sponging
and forced airflow, is more effective than conduction
cooling or either method alone for reducing tempera-
ture in patients with hyperthermia induced by exer-
cise and heat exposure.?*?¢ Two clinical studies
evaluated the effect of evaporative cooling with wa-
ter sponging in children treated with acetamino-
phen; one found a benefit,?” and the other did not.?®

Water-circulating cooling blankets, a form of con-
ductive cooling, are the most commonly used treat-
ment for acetaminophen-refractory fever in critically
ill adults. Antipyretics'” and cooling blankets!® are
used particularly frequently in neurologic patients,
which is not surprising given the concern that fever
may exacerbate brain injury. However, there are few
data regarding their efficacy. Two small controlled
studies have evaluated external cooling in adult ICU
patients. One study compared the use of acetamino-
phen alone with tepid water sponging, or with a
water-circulating cooling blanket in 21 febrile neuro-
logic patients, and found no difference between the
three treatments; however, this study had important
methodologic problems and inadequate power to de-
tect differences between the three groups.? Another
study of 20 febrile patients under sedation, analgesia,
and mechanical ventilation found that ice-water spong-
ing was superior to two IV NSAID (paracetamol and
metamazol) in a nonrandomized crossover study.’® A
large observational study found no difference in the
mean cooling rate in febrile ICU patients treated with
or without water-circulating cooling blankets.'®

In our study of febrile neuro-ICU patients treated
with acetaminophen, air-blanket cooling had a small
benefit that did not reach statistical significance in
an intention-to-treat analysis. The relative ineffec-
tiveness of convection cooling in our patients may
have several explanations. Protocol violations oc-
curred in a large proportion of both groups: 39% in
the air blanket plus acetaminophen group, and 33%
percent in the acetaminophen only group. This might
be explained in part by the fact that nurses were
responsible for enrolling patients and giving the
study intervention, while juggling clinical demands
in the ICU. Air blanket therapy was stopped or in-
terrupted because the patient refused or was unable
to tolerate treatment in 12%, because of a nursing
error in 5%, and because the device was not avail-
able in 4%. Though it is possible that a significant
treatment effect might have been found had these
interruptions not occurred, they reflect the vagaries
of clinical practice, which are inevitable in the hectic
setting of an ICU.

Shivering occurred in 8 of 113 (7%) patients
treated with an air blanket. Though it led to discon-
tinuation of therapy in only one case, by increasing
heat production, shivering also may have hindered
the efficacy of air blanket therapy in some patients.
Concurrent treatment with an opioid agent such as
meperidine, which suppresses shivering,?> may have
improved the efficacy of air blanket therapy. This
notion is supported by the observation that air blan-

ket cooling can effectively lower body temperature in
stroke patients to less than 33 °C when paralysis
and sedation are used.'

Although we treated patients who failed therapy
in either group with a water-circulating cooling blan-
ket, we did not record temperatures after they
reached this study endpoint. Therefore, we have no
data regarding the relative efficacy of water-blanket
cooling in patients with refractory fever.

Other limitations of our study also deserve men-
tion. We measured tympanic membrane temperature
by using an infrared device. Although these devices
may be less accurate than other devices for measur-
ing core body temperature,*-3? they are the standard
of care in our NICU, primarily because of their ease-
of-use. To minimize variability due to differences in
calibration between devices, we took care to ensure
that the same device was used to trend temperature
in each subject. Of note, tympanic membrane tem-
perature, as well as core temperature (e.g., rectal,
bladder), may underestimate brain temperature in
brain-injured patients.?®> Our study was unblinded,
which may have led to bias on the part of nurses who
treated patients and recorded hourly temperatures.
However, the final designation of treatment outcome
was based on review of the temperature records by
an investigator blinded to treatment assignment. Fi-
nally, we enrolled patients with relatively mild new-
onset fever (mean, 101.5 °F). Air blanket therapy
might be more effective in patients with higher tem-
peratures, a group that might include a higher pro-
portion of patients with central fever.

Given the presumed importance of treating fever
in patients with acute brain injury, it seems clear
that further research is needed to improve on cur-
rent methods for lowering body temperature in neu-
rologic patients. If normothermia can be effectively
maintained in patients with stroke or other types of
acute brain injury, whether this can improve func-
tional outcome remains to be seen.
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