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actually correct: the function of 

 

BRCA1

 

 was abrogat-
ed, but by a mechanism that was not revealed by the
sequence of the 

 

BRCA1

 

 gene.
The study by Hedenfalk et al. illustrates the po-

tential of genome-wide views to influence the diag-
nosis of cancer. Complex patterns of gene expression
can serve as proxies for abnormalities in entire molec-
ular pathways, without the need to identify the par-
ticular gene that causes the disturbance. It is likely that
in the future, the integrity of functionally important
pathways in tumors will be evaluated by transcription-
al profiling rather than by the sequencing of individ-
ual genes within the pathway, most of which are still
unknown. The study by Hedenfalk et al. also illustrates
the way in which the difficulty of sequencing large
genes like 

 

BRCA1

 

 can be partially overcome through
the use of transcriptional profiling based on DNA mi-
croarrays.

There are other important implications of this in-
vestigation and others like it. First, we can now have
sufficient confidence in genomic techniques to begin
incorporating them into the design of clinical trials.
Evaluations of the efficacy of investigational drugs
will be greatly facilitated by analyses involving the en-
tire genome. In patients with lymphoma, for example,
transcriptional profiling of tumor-biopsy specimens
obtained at diagnosis can be used to predict the re-
sponse to chemotherapy.

 

5

 

What barriers could impede the routine clinical im-
plementation of DNA-microarray–based diagnosis of
cancer? Issues such as the high cost and the com-
plexity of the techniques are easily surmountable even
in cases in which the entire genome, rather than a
fraction of it, is screened. Rather, the main roadblock
is the time that will be required to perform the req-
uisite carefully controlled, large-scale studies to con-
firm these findings. In addition, the probable shift to-
ward gene-based diagnosis makes the education of
patients imperative. The successful implementation
of personalized gene-based medicine will require in-
formed physicians who can critically evaluate this new
type of clinical trial and who are prepared to counsel
their patients when these methods become routinely
available.

 

T

 

ODD

 

 R. G

 

OLUB

 

, M.D.

 

Harvard Medical School
Boston, MA 02115

 

REFERENCES

 

1.

 

Hedenfalk I, Duggan D, Chen Y, et al. Gene-expression profiles in he-
reditary breast cancer. N Engl J Med 2001;344:539-48.

 

2.

 

International Human Genome Sequencing Consortium. Initial se-
quencing and analysis of the human genome. Nature 2001;409:860-
921.

 

3.

 

Venter JC, et al. The sequence of the human genome. Science 2001;
291:1304-51.

 

4.

 

Golub TR, Slonim DK, Tamayo P, et al. Molecular classification of can-
cer: class discovery and class prediction by gene expression monitoring. Sci-
ence 1999;286:531-7.

 

5.

 

Alizadeh AA, Eisen MB, Davis RE, et al. Distinct types of diffuse large 

B-cell lymphoma identified by gene expression profiling. Nature 2000;403:
503-11.

 

6.

 

Bittner M, Meltzer P, Chen Y, et al. Molecular classification of cutaneous 
malignant melanoma by gene expression profiling. Nature 2000;406:536-40.

 

7.

 

Perou CM, Sorlie T, Eisen MB, et al. Molecular portraits of human 
breast tumours. Nature 2000;406:747-52.

Copyright © 2001 Massachusetts Medical Society.

 

H

 

YPOTHERMIA

 

 

 

FOR

 

 T

 

RAUMATIC

 

 
B

 

RAIN

 

 I

 

NJURY

 

 — A G

 

OOD

 

 I

 

DEA

 

 
P

 

ROVED

 

 I

 

NEFFECTIVE

 

RAUMATIC brain injury is an important cause
of death and disability in both civilians and mil-

itary personnel.
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 In areas with organized trauma care
systems and adequate critical care, the mortality from
severe traumatic brain injury appears to have been
lowered from approximately 50 percent in the 1970s
to 30 percent more recently. More important, this
reduction in mortality has been associated with an
increase in the proportion of survivors with relatively
normal cerebral function. However, this remarkable
achievement is not widely recognized. These improve-
ments can be ascribed to the more rapid transporta-
tion of patients to emergency departments, the avoid-
ance of hypotension and hypoxia, more effective
methods of resuscitation, early brain imaging, prompt
surgical intervention, and fastidious intensive care,
including the monitoring and control of intracranial
pressure.

Some of the neurologic injury that occurs at the
moment of traumatic impact is probably irreversible.
However, the injury then sets in motion a series of
biochemical processes that worsen the ultimate out-
come. To inhibit or reverse these processes has been
the goal of neuroscientists for many years. To date,
there have been about a dozen clinical trials of drugs
such as free-radical scavengers, glutamate antagonists,
and calcium-channel blockers that might reduce the
injury to the brain in patients with head trauma. Al-
though much has been learned about the pathophys-
iology of traumatic brain injury and the factors that
affect outcome, none of these drugs have proved to be
effective. Nonpharmacologic approaches to the treat-
ment of patients with traumatic brain injury have fo-
cused largely on preventing intracranial hypertension
and maintaining adequate cerebral perfusion.

The multicenter clinical trial of hypothermia in
patients with severe traumatic brain injury reported by
Clifton et al. in this issue of the 

 

Journal,

 

2

 

 although
disappointing, represents a landmark achievement. In
1938, Temple Fay, a neurosurgeon at Temple Uni-
versity School of Medicine, pioneered the clinical use
of hypothermia that was induced with the use of
bathtubs filled with ice water and open windows in
winter.

 

3,4

 

 Since then, laboratory studies and small tri-
als have suggested that hypothermia is effective. In

T
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the absence of any proven drug therapies for the dev-
astating problem of brain injury, several centers be-
gan to cool patients with severe head injuries almost
routinely, despite the potential risks and the sub-
stantial effort required.

The study by Clifton et al. was begun in 1994 in
the hope of obtaining definitive evidence of the ef-
ficacy of hypothermia in patients with head injuries.
However, in May 1998, the study was halted by the
patient safety and monitoring board, after the enroll-
ment of 392 of the planned 500 patients, because the
treatment was not effective. In short, cooling patients
to a target bladder temperature of 33°C within 8 hours
after injury and maintaining hypothermia for 48 hours
was not effective in improving the clinical outcome at
six months.

 

2

 

 In fact, patients older than 45 years of
age in the hypothermia group had a higher incidence
of poor outcomes (severe disability, a vegetative state,
or death) and significantly more days with complica-
tions while in the hospital than did normothermic
patients in this age group. Hypothermia did have a
beneficial effect on the proportion of patients with
high intracranial pressure, suggesting that it may be
a useful therapy when intracranial pressure has failed
to respond to simpler measures. This possibility was
also suggested by two other recently published stud-
ies.
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 Parenthetically, the finding that the outcome
did not improve despite a reduction in intracranial
pressure supports the view that surrogate markers of
efficacy (such as intracranial pressure) are not reliable
substitutes for actual clinical outcomes in determin-
ing the value of therapy.

It is unclear why so much laboratory and early
clinical data struck an optimistic note in favor of hy-
pothermia, whereas this study reveals the treatment
to have no benefit.
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 Nevertheless, four important les-
sons can be derived from this study. First, older pa-
tients not only do not benefit from hypothermia, they
also do worse than patients in whom a normal body
temperature is maintained. Second, if patients are hy-
pothermic on arrival in the emergency department,
as were 28 percent of the patients in this study, it
does not seem advisable to warm them to normo-
thermic levels. In fact, the authors suggest that the
better results for hypothermia in a smaller study in
Pittsburgh
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 may in fact have been due to a worsen-
ing of the outcomes in the control group caused by
the aggressive rewarming of initially cold patients,
rather than to better outcomes caused by induced
hypothermia. Third, patients who are hypothermic on
arrival in the emergency department appear to have
more severe injuries. Hence, an imbalance between
the proportions of patients with spontaneous hypo-
thermia in the two treatment groups of a study could
introduce a bias. Fourth, the timing of cooling may
be an important variable. In studies in animals, cool-
ing is usually effective in minimizing injury if it is

begun within 90 minutes after the injury occurs. In
this trial, the mean time from injury to randomiza-
tion was approximately four hours, and the mean time
from injury to the achievement of the target temper-
ature was eight hours. Achieving systemic hypother-
mia any more rapidly than this would require much
more invasive extracorporeal cooling of the blood
and is not likely to be practical in most hospitals. It
remains possible that hypothermia was not effective
because it was begun too late — a problem that may
also have limited the clinical efficacy of several drugs
that had proved effective in studies in animals.

This study would never have been completed with-
out the provision that waived the requirement to ob-
tain consent for the enrollment of 38 percent of the
patients. This option is important for studies of con-
ditions such as traumatic brain injury and cardiopul-
monary arrest, in which the patient obviously cannot
give consent and the family is often not available. The
period during which an intervention is likely to be
effective is short, and by the time consent is obtained
by traditional means the treatment may be futile.

The investigators involved in this study and the
National Institutes of Health are to be congratulated
on completing a high-quality trial involving patients
with a very complex disorder. As we continue in our
efforts to find better treatments for patients with
traumatic brain injury, we should not underestimate
the value of the many mundane and unglamorous
measures that are already available
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 and that have al-
ready helped to reduce mortality and morbidity from
severe traumatic brain injury.
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BSTRACT

 

Background

 

Induction of hypothermia in patients
with brain injury was shown to improve outcomes in
small clinical studies, but the results were not defin-
itive. To study this issue, we conducted a multicenter
trial comparing the effects of hypothermia with those
of normothermia in patients with acute brain injury.

 

Methods

 

The study subjects were 392 patients 16 to
65 years of age with coma after sustaining closed head
injuries who were randomly assigned to be treated
with hypothermia (body temperature, 33°C), which
was initiated within 6 hours after injury and main-
tained for 48 hours by means of surface cooling, or
normothermia. All patients otherwise received stand-
ard treatment. The primary outcome measure was
functional status six months after the injury.

 

Results

 

The mean age of the patients and the type
and severity of injury in the two treatment groups were
similar. The mean (±SD) time from injury to random-
ization was 4.3±1.1 hours in the hypothermia group
and 4.1±1.2 hours in the normothermia group, and the
mean time from injury to the achievement of the target
temperature of 33°C in the hypothermia group was
8.4±3.0 hours. The outcome was poor (defined as se-
vere disability, a vegetative state, or death) in 57 per-
cent of the patients in both groups. Mortality was 28
percent in the hypothermia group and 27 percent in
the normothermia group (P=0.79). The patients in the
hypothermia group had more hospital days with com-
plications than the patients in the normothermia
group. Fewer patients in the hypothermia group had
high intracranial pressure than in the normothermia
group.

 

Conclusions

 

Treatment with hypothermia, with the
body temperature reaching 33°C within eight hours
after injury, is not effective in improving outcomes in
patients with severe brain injury. (N Engl J Med 2001;
344:556-63.)
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REATMENT with moderate, systemic hy-
pothermia reduces the rates of cerebral ede-
ma and death after injury to the cerebral cor-
tex in laboratory animals.

 

1-4

 

 The results of
early studies of hypothermia in humans with brain in-
jury were inconclusive.

 

5-9

 

 Subsequent testing estab-
lished 32°C as the safe limit for hypothermia in hu-
mans with brain injury.

 

10

 

 In two 1993 reports of trials
in patients with brain injury, moderate hypothermia
maintained for 48

 

11

 

 and 24

 

12

 

 hours resulted in a 15

T

 

percent and an 18 percent increase (i.e., difference be-
tween the hypothermia and normothermia groups),
respectively, in the percentage of patients who had a fa-
vorable outcome. On the basis of these data, we initi-
ated a larger trial of moderate hypothermia in patients
with severe brain injury in October 1994 through May
1998 and report the results here.

 

METHODS

 

Study Subjects

 

The National Acute Brain Injury Study: Hypothermia was a pro-
spective, multicenter, randomized trial with a planned sample size of
500 patients. The protocol and consent procedures were approved
by the institutional review board of each participating center. In the
second year of the trial, a waiver of consent, implemented in com-
pliance with federal regulations,

 

13,14

 

 was approved for use if the fam-
ily of a patient with brain injury could not be located. Written in-
formed consent was obtained from legally authorized representatives
for 62 percent of the patients, and consent was waived for 38 per-
cent of the patients. A patient safety and monitoring board reviewed
data on complications and mortality each month and evaluated the
data every six months against preset rules for stopping the trial.

A total of 392 patients were enrolled, with 193 patients randomly
assigned to standard treatment and 199 to standard treatment plus
hypothermia. Eighty-eight percent of the patients were enrolled
at 5 of the 11 centers participating in the trial: the University of Tex-
as–Houston Health Science Center, St. Louis University, the Uni-
versity of California at Davis, the University of Pittsburgh, and In-
diana University at Indianapolis. Enrollment was stopped in May
1998 by the patient safety and monitoring board on the basis of
an interim analysis showing that the probability of detecting a treat-
ment effect was less than 0.01 if the trial expanded to include 500
patients.

The criteria for inclusion in the trial were an age of 16 to 65 years,
a nonpenetrating head injury, and a score on the Glasgow Coma
Scale of 3 to 8 after resuscitation. A score on the Glasgow Coma
Scale of 15 signifies normal mental status, and a score of 8 or less
signifies coma. A score of 5 to 8 denotes flexor withdrawal or pur-
poseful response to pain, 4 denotes extensor posturing, and 3 de-
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notes no motor response. Patients were excluded if they had a score
of 3 with unreactive pupils, a life-threatening injury to an organ oth-
er than the brain, a systolic blood pressure of less than 90 mm Hg
after resuscitation, oxygen saturation of less than 94 percent after re-
suscitation, bleeding, pregnancy, or known preexisting medical con-
ditions (e.g., severe heart disease) or if the examiners were unable
to initiate cooling within six hours after injury. Enrolled patients
were stratified at randomization according to study center and initial
score on the Glasgow Coma Scale.

 

Patient Care

 

Intracranial pressure was monitored in all patients. All patients
received 5 to 10 mg of intravenous morphine each hour for at least
72 hours. Intravenous vecuronium was administered to patients in
the normothermia group as needed for respiratory management and
for 72 hours to all patients in the hypothermia group to prevent
shivering. Patients who had hypothermia on admission were not ac-
tively rewarmed. Increased intracranial pressure (a level of more than
20 mm Hg) was treated sequentially with intravenous vecuronium,
ventricular drainage, hyperventilation with the arterial pressure of
carbon dioxide maintained at more than 30 mm Hg, and mannitol
until serum osmolality reached 315 mOsm per kilogram. Barbitu-
rate coma was induced according to a published protocol

 

15

 

 in pa-
tients whose intracranial pressure remained high. Cerebral perfusion
pressure (the difference between mean arterial pressure and intracra-
nial pressure) was maintained at or above 70 mm Hg by intracrani-
al-pressure control and the administration of intravenous fluids and
vasopressors to increase blood pressure. Dehydration was avoided;
the use of arterial and Foley catheters was specified, and central lines
were optional. Temperature was measured continuously in the uri-
nary bladder through the use of Foley catheters with thermistors.
Overall treatment was consistent with the recommendations of Bul-
lock et al.
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 A loading dose of 18 mg of intravenous phenytoin per
kilogram of body weight was followed by 300 mg of phenytoin ad-
ministered once a day for seven days. Potassium was given as needed
to maintain normal serum concentrations during the period of hy-
pothermia. Fluids containing glucose were used only for parenteral
nutrition. Nutritional support by either the enteral or the parenteral
route was started 48 hours after injury in the normothermia group
and 72 hours after injury in the hypothermia group.

For the patients in the hypothermia group, cooling began imme-
diately after randomization; the goal was to achieve a target bladder
temperature of 33°C within eight hours after injury. Cooling pro-
cedures included the application of ice, gastric lavage with iced flu-
ids, and the use of room-temperature air in the ventilator circuit. Af-
ter the target temperature was reached, temperature-control pads
incorporated into a kinetic treatment table (Roto-Rest, Kinetic Con-
cepts, San Antonio, Tex.) were used to maintain a temperature of
32.5°C to 34.0°C for 48 hours. A rate of rewarming no faster than
0.5°C per two-hour period was used. The body temperatures of the
patients in the normothermia group were maintained at 37.0°C.

 

Study Outcome

 

The primary outcome measure was the assessment of patients ac-
cording to the five-category Glasgow Outcome Scale,

 

17

 

 which was
conducted six months after the injury by examiners who were un-
aware of the patients’ treatment-group assignments. Good recovery
and moderate disability were designated as favorable outcomes; se-
vere disability, a vegetative state, and death were designated as poor
outcomes. Good recovery according to the Glasgow Outcome Scale
is defined as functional independence with minor disability, and
moderate disability is defined as functional independence with more
substantial disability. Severe disability is defined as functional de-
pendence. Patients in a vegetative state are awake but noncommu-
nicative. The results of nine neurobehavioral and neuropsycholog-
ical tests recommended for brain-injury trials (the Neurobehavioral
Rating Scale–Revised, the Disability Rating Scale, the Galveston
Orientation and Amnesia Test, the Selective Reminding Test, the
Rey-Osterrieth Complex Figure Test, the Symbol Digit Modalities
Test, Trail Making Test B, the Controlled Oral Word Association

Test, and the Grooved Pegboard Test) were also determined six
months after the injury.
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Data Collection

 

Temperature, heart rate, mean arterial pressure, intracranial pres-
sure, cerebral perfusion pressure, urine output, volumes and types of
intravenous fluid administered, laboratory values, and doses of se-
lected medications were recorded for 96 hours after admission. All
patients were evaluated daily, and 67 complications were recorded.
The results of the Therapeutic Intervention Scoring System,
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 which
quantifies the number and intensity of interventions in patients in
intensive care units, were recorded daily so that any bias in the clin-
ical management could be detected.

 

Statistical Analysis

 

The primary outcomes were analyzed by the intention-to-treat
method. Data on acute care and outcomes were transmitted to the
Biostatistics Center at the Medical College of Virginia. Only the
study biostatistician was aware of each patient’s treatment-group
assignment, but the patient safety and monitoring board had access
to data grouped according to treatment.

Post-randomization variables were analyzed for differences be-
tween the hypothermia and normothermia groups with the use of
multivariate analysis with adjustment for age, and Glasgow coma
scores on admission when appropriate. Some simple categorical data
were analyzed by two-sided chi-square or Fisher’s exact tests. Com-
parisons for some simple continuous variables were performed with
two-sided t-tests. All data are expressed as means ±SD.

 

RESULTS

 

The characteristics of the patients in the hypother-
mia and normothermia groups were similar at the time
of enrollment (Table 1).

 

20-24

 

Temperature

 

Cooling was begun in the hypothermia group im-
mediately after randomization. The mean time from
injury to randomization was 4.3±1.1 hours in the hy-
pothermia group and 4.1±1.2 hours in the normo-
thermia group. The mean time from injury to the
achievement of the target body temperature of 33°C
in the hypothermia group was 8.4±3.0 hours, and the
mean temperature in this group during the first 48
hours was 33.2±1.0°C. Hypothermia was maintained
for 47.2±3.0 hours, and the rewarming period was
18.1±7.0 hours. Nine patients assigned to the hypo-
thermia group did not receive hypothermia, in viola-
tion of the protocol. The mean body temperature after
96 hours in the normothermia group was 37.2±0.8°C;
35 percent of the patients in this group had a temper-
ature of 35.0°C or less at some time during the first
16 hours after injury.

There was no significant relation between the time
to reach the target temperature and the outcome. The
effect on outcome of the length of time required to
reach the target temperature was examined according
to quartiles. In the first (lowest) quartile, the mean
time to reach the target temperature was 5.3±1.2
hours, and the proportion of patients with poor out-
comes was 64 percent. Later initiation of cooling was
not associated with a higher proportion of poor out-
comes (second quartile, 7.1±0.3 hours and 62 percent;
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third quartile, 8.9±0.7 hours and 51 percent; fourth
quartile, 12.7±2.5 hours and 47 percent; P=0.28).

 

Medical Treatment

 

The doses of study medications, cumulative fluid
balance, nutritional support, Therapeutic Intervention
scores, and percentage of days with complications are
shown in Table 2. The hypothermia group had a high-
er cumulative fluid balance, a greater use of vasopres-
sors, a lower dose of vecuronium, and a higher percent-
age of days with complications than the normothermia
group. Also, in the hypothermia group, mean arterial
pressure was lower on days 3 and 4 during and after
rewarming, the number of patients with a mean ar-
terial pressure of less than 70 mm Hg was higher on
day 4, mean cerebral perfusion pressure was higher on
day 1 and lower on days 3 and 4, and the proportion
of patients with a cerebral perfusion pressure of less
than 50 mm Hg was lower on day 1 and higher on
day 4 than in the normothermia group (Table 3).

Mean intracranial pressure did not differ signifi-
cantly between the two treatment groups on any day.

Throughout the first 96 hours, the percentage of pa-
tients with an intracranial pressure of more than 30
mm Hg was lower in the hypothermia group (P=
0.02). The percentage of patients with very high intra-
cranial pressures (more than 30 mm Hg) was lower on
day 2 (P=0.002) and day 3 (P=0.03) in the hypother-
mia group, but this difference did not persist through
day 4. The Therapy Intensity Level,

 

25

 

 which measures
the intensity of therapy for high intracranial pressure,
was slightly but significantly higher in the hypother-
mia group than in the normothermia group on day 3
during rewarming (Table 3).

 

Laboratory Data

 

There were small but statistically significant differ-
ences in the mean values for certain laboratory tests
during the first 96 hours after randomization. Patients
assigned to hypothermia had higher arterial blood pH
values, hemoglobin concentrations, and hematocrit
values. There was also a slight prolongation of pro-
thrombin and partial-thromboplastin times and lower
platelet counts in the hypothermia group. The patients

 

*Plus–minus values are means ±SD.
†The Glasgow Coma Scale is a descriptive numerical system for classify-

ing the degree of responsiveness of patients with impaired consciousness.
The scoring system for brain injury classifies scores of 13 to 15 as mild, 9 to
12 as moderate, and 8 or less as severe. Patients with scores of 3 to 4 have
the most severe injuries, with no motor response or extensor posturing.
Those with scores of 5 to 8 withdraw or localize purposefully to pain (i.e.,
physically identify the location of the painful stimulus).

‡Hypoxemia was detected by arterial blood gas measurements or pulse
oximetry.

§The Injury Severity Score provides an overall score for patients with
multiple injuries. Each injury is assigned a score on the Abbreviated Injury
Scale, on which injury is ranked from 1 to 6, with 1 being minor and 6 fatal.
To calculate the Injury Severity Score, the scores of the three most severe
injuries are squared and summed. Values range from 0 to 75 and correlate
with mortality, morbidity, and length of hospital stay.
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(N=199) P V
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Age — yr 32±13 31±12 0.36
Score on Glasgow Coma Scale† 5.8±1.3 5.6±1.3 0.26
Glasgow coma score of 5–8 

— no. (%)
145 (75) 142 (71) 0.81

Glasgow coma score of 3–4
— no. (%)

38 (20) 50 (25) 0.17

Unreactive pupil or pupils 
— no. (%)

50 (26) 48 (24) 0.76

Surgical lesion on admission 
— no. (%)

69 (36) 68 (34) 0.75

Prehospital hypoxemia 
— no. (%)‡

67 (35) 57 (29) 0.08

Prehospital hypotension 
— no. (%)

24 (12) 32 (16) 0.42

Injury Severity Score§ 28±8 28±9 0.56

*Plus–minus values are means ±SD.
†Values are mean hourly doses during the first 96 hours after injury.
‡Values are hours of vasopressor treatment during the first 96 hours after

injury.
§TISS denotes Therapeutic Intervention Scoring System, and ICU in-

tensive care unit. This system permits quantitative comparison of the num-
ber and intensity of interventions in patients receiving intensive care. Forty-
nine interventions are scored with a range of 1 to 4 points per intervention,
with higher scores indicating a greater number and intensity of interven-
tions. A typical score for a general intensive care unit is 27 to 30.

¶Values are the means of the percentages of all hospital days on which
any complication was present for each patient.
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Morphine (mg)† 8.2±4.3 8.3±4.8 0.82
Vecuronium (mg)† 6.9±2.8 8.3±3.8 0.003
Mannitol (g) 43.1±27.3 47.3±32.9 0.21
Phenytoin (mg) 273±203 279±175 0.51
Potassium (mmol) 25.0±12.6 28.0±32.5 0.61
Patients receiving vasopressors (%) 80 69 0.01
Hours of vasopressor therapy‡ 48.5±33.9 41.0±37.8 0.05
Patients receiving two or more 

vasopressors (%)
51 39 0.43

Food intake by day 6 (kcal/day) 1569±840 1480±831 0.37
Daily mean TISS score in the 

ICU§
48.4±7.1 46.8±8.3 0.05

TISS score at hospital discharge§ 17.4±12.6 16.1±11.9 0.41
Cumulative fluid balance during 

first 96 hours (ml)
3061±5946 1947±4586 0.04

Hospital days with complications 
per patient (%)¶

78±22 70±29 0.005
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in the normothermia group had higher mean serum
potassium concentrations and white-cell counts. Sig-
nificantly more patients in the hypothermia group had
serum creatinine concentrations of more than 2.5 mg
per deciliter (221 µmol per liter; 8 percent vs. 0.3 per-
cent, P=0.05). There were no differences between
groups for any other laboratory value. All mean values
were within their respective normal ranges.

Complications

Ten percent of the patients in the hypothermia
group and 3 percent of those in the normothermia
group had critical hypotension (a mean arterial pres-
sure of less than 70 mm Hg associated with organ fail-
ure) for two or more consecutive hours (P=0.01).
Bradycardia associated with hypotension for two or
more consecutive hours occurred in 16 percent of the
patients in the hypothermia group and 4 percent of
the patients in the normothermia group (P=0.04).
The percentage of hospital days on which any com-
plication was recorded was 78±22 percent for patients
in the hypothermia group and 70±29 percent for pa-
tients in the normothermia group (P=0.005).

Outcome

Outcome data were obtained for 385 patients (98
percent). However, data on age or Glasgow coma score
were missing or inaccurate for 17 patients, and there-
fore outcome data adjusted for age and Glasgow coma
score were analyzed for 368 patients. There were no

differences between the hypothermia and normother-
mia groups in the primary outcome measure; 57 per-
cent of the patients in both groups had a poor out-
come (severe disability, vegetative state, or death)
(Table 4). Mortality was 28 percent in the hypother-
mia group and 27 percent in the normothermia group.
The outcome data unadjusted for age and Glasgow
coma score in 385 patients were no different from the
outcome data adjusted for age and Glasgow coma
score in 368 patients. There were no significant differ-
ences between the two groups in the results of the
neurobehavioral and neuropsychological tests at six
months (data not shown).

The effects of hypothermia were evaluated in sub-
groups of patients for all independent variables present
on admission and known to influence outcome (older
age, low Glasgow coma score, compressed cisterns on
computed tomographic scans, and surgical hemato-
ma).20-24 For patients in the two treatment groups with
Glasgow coma scores of 3 or 4 and 5 to 8, there were
no differences in rates of poor outcome or death. In
both treatment groups, the outcome was more often
poor in patients over 45 years of age than in those who
were 45 or younger (P=0.001). There were more
poor outcomes in patients over 45 years of age in the
hypothermia group than in patients over 45 in the
normothermia group (88 percent in the hypothermia
group vs. 69 percent in the normothermia group,
P=0.08), but mortality was not higher (Table 4). The
patients over 45 years of age in the hypothermia group
also had more days with complications while they

*Poor outcome was defined as severe disability, vegetative state, or death and was adjusted for age and Glasgow coma
score on admission.

†Values indicate the relative risk in the hypothermia group as compared with the normothermia group. CI denotes
confidence interval.

‡Data are presented for 368 patients because outcome data were missing for 7 patients and Glasgow coma score on
admission, age, or both were missing for 17 patients.

TABLE 4. RATES OF POOR OUTCOME AND DEATH SIX MONTHS AFTER SEVERE BRAIN INJURY IN PATIENTS 
TREATED WITH INDUCTION OF HYPOTHERMIA OR NORMOTHERMIA.

TREATMENT GROUP
TOTAL 
NO.

NO. (%) WITH 
POOR OUTCOME*

RELATIVE RISK 
(95% CI)† P VALUE

NO. (%) 
WHO DIED

RELATIVE RISK 
(95% CI)† P VALUE

All patients‡
Hypothermia
Normothermia

368
190
178

108 (57)
102 (57)

1.0 (0.8–1.2) 0.99
53 (28)
48 (27)

1.0 (0.7–1.4) 0.79

Patients with Glasgow coma
scores of 3–4 on 
admission

Hypothermia
Normothermia

87

50
37

39 (78)
27 (73)

1.1 (0.8–1.4) 0.64

22 (44)
13 (35)

1.4 (0.4–2.4) 0.35

Patients with Glasgow coma
scores of 5–8 on admission

Hypothermia
Normothermia

281

140
141

69 (49)
75 (53)

0.9 (0.7–1.2) 0.55

30 (21)
32 (23)

1.0 (0.6–1.5) 0.71

Patients >45 years old
Hypothermia
Normothermia

52
26
26

23 (88)
18 (69)

1.3 (1.0–1.7) 0.08
10 (38)
10 (38)

1.0 (0.3–2.0) 1.00
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were hospitalized (82±21 percent of days in the hy-
pothermia group vs. 55±29 percent of days in the
normothermia group, P=0.002).

Effect of Hypothermia at the Time of Hospitalization

Retrospective analysis of body temperature on ad-
mission showed that temperatures of 35.0°C or less
had an adverse effect on outcome; however, temper-
atures above 35.0°C had no effect (Table 5). Factors
that adversely affect outcome in patients with severe
brain injury were more prevalent in the subgroup with
hypothermia on admission than in the subgroup with
normothermia on admission; these factors included
a higher mean age, a higher Injury Severity Score, and
a higher percentage of patients with prehospital hypo-
tension. Other factors not known to affect the out-
come after brain injury that were associated with hy-
pothermia on admission were a positive test for blood
alcohol, a higher volume of fluid administered before
hospitalization, and admission in the winter (Table 5).
The mean length of time from injury to admission was
the same in both groups.

There were differences in the pattern of body tem-

perature between the subgroups with hypothermia on
admission and with normothermia on admission. The
body temperature of patients who had hypothermia on
admission increased slowly and spontaneously. It took
14.4±10.9 hours for the body temperature of pa-
tients who had hypothermia on admission and were
assigned to the normothermia group to reach 37°C,
as compared with 5.8±4.1 hours for patients in the
same group who had normothermia on admission
(P<0.001). Patients who had hypothermia on admis-
sion and were assigned to the hypothermia group did
not reach 33°C sooner than those who had normo-
thermia on admission, because the body temperature
in 39 percent of them spontaneously increased by
1.4±0.7°C before randomization. The mean temper-
ature in the first eight hours after hospitalization was
36.5±0.9°C in the patients who had normothermia
on admission and were assigned to the hypothermia
group and 33.6±1.3°C in the patients who had hy-
pothermia on admission and were assigned to the hy-
pothermia group (P<0.001).

Among the patients who had hypothermia on ad-
mission and were treated with hypothermia, 61 per-
cent had poor outcomes, as compared with 78 percent
of those with hypothermia on admission who were in
the normothermia group (P=0.09) (Table 6). Among
patients 45 years of age or younger who had hypo-
thermia on admission, 52 percent of those assigned to
the hypothermia group had poor outcomes, as com-
pared with 76 percent in the normothermia group
(P=0.02). However, the outcome was poor in 86 per-
cent of patients over 45 years of age in the normo-
thermia group and in 93 percent of patients over 45
in the hypothermia group (Table 6). Among the pa-
tients who had normothermia on admission, the out-
comes were similar in the two treatment groups. The
incidence of intracranial pressure of more than 30
mm Hg was lower in patients assigned to hypothermia
both among patients who had hypothermia on ad-
mission (37 percent in the hypothermia group vs. 55
percent in the normothermia group, P=0.10) and
among patients who had normothermia on admission
(44 percent in the hypothermia group vs. 61 percent
in the normothermia group, P=0.007).

DISCUSSION
Our findings regarding the outcomes of induced

hypothermia for the treatment of severe brain injury
are different from those of two earlier phase 2 trials. In
1993, Clifton et al.11 reported a 15 percent improve-
ment in outcome at six months in 46 patients whose
body temperatures were cooled to 32°C for 48 hours,
beginning within 6 hours after injury. In 1997, Mar-
ion et al.26 reported a statistically significant improve-
ment in outcome by 38 percent in 46 patients with
Glasgow coma scores of 5 to 7 among 82 patients
cooled to 32°C. The differences in results between
these studies and the present one may relate to the dif-

*Plus–minus values are means ±SD.
†The Glasgow Coma Scale is a descriptive numerical system for classify-

ing the degree of responsiveness of patients with impaired consciousness.
The scoring system for brain injury classifies scores of 13 to 15 as mild, 9 to
12 as moderate, and 8 or less as severe. Patients with scores of 3 or 4 have
the most severe injuries, with no motor response or extensor posturing.
Those with scores of 5 to 8 withdraw or localize purposefully to pain.

‡Hypoxemia was detected by arterial blood gas measurements or pulse
oximetry.

§The Injury Severity Score provides an overall score for patients with
multiple injuries. Each injury is assigned a score on the Abbreviated Injury
Scale, on which injury is ranked from 1 to 6, with 1 being minor and 6 fatal.
To calculate the Injury Severity Score, the scores of the three most severe
injuries are squared and summed. Values range from 0 to 75 and correlate
with mortality, morbidity, and length of hospital stay.

TABLE 5. CHARACTERISTICS AT THE TIME OF HOSPITALIZATION
OF PATIENTS WITH BRAIN INJURY ASSIGNED TO INDUCTION

OF HYPOTHERMIA OR TO NORMOTHERMIA.*

CHARACTERISTIC INITIAL BODY TEMPERATURE P VALUE

«35°C 
(N=102)

>35°C 
(N=264)

Temperature on admission (°C) 33.7±1.2 36.5±0.9 <0.001
Age (yr) 34±12 31±12 0.05
Glasgow coma score of 3–4 (%)† 28 22 0.22
Glasgow coma score of 5–8 (%)† 72 78 0.22
Hematoma requiring surgery (%) 35 28 0.21
Prehospital hypoxemia (%)‡ 37 31 0.27
Prehospital hypotension (%) 22 13 0.05
Injury Severity Score§ 30.7±9.2 27.2±8.2 <0.001
Admission in winter, from 10/1 to 

4/1 (%)
62 50 0.05

Positive test for blood alcohol (%) 49 39 0.03
Prehospital fluid volume (ml) 958±981 705±790 0.02
Hours from injury to admission 1.3±0.9 1.3±0.9 0.83
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ferent percentages of patients who had hypothermia
on admission, differences in the protocols for rewarm-
ing, and possible imbalances in randomization.

In the 1997 study, 66 percent of the patients in the
normothermia group who had Glasgow coma scores
of 5 to 7 had poor outcomes — an unexpectedly
high rate — as compared with 52 percent in the same
group of patients in our trial. The patients with hy-
pothermia on admission who were assigned to the nor-
mothermia group were actively rewarmed in the 1997
study (Marion DW: personal communication), where-
as in our study the body temperature of these patients
rose spontaneously over a period of 24 hours. The dis-
crepancies in results, therefore, could be explained by
the inclusion of a high percentage of patients with hy-
pothermia on admission and by worsened neurologic
outcomes due to rapid rewarming of such patients in
the normothermia group in the 1997 study.

The effect of hypothermia on high intracranial
pressure26-28 is beneficial but probably unrelated to its
effect on outcome. The effect on intracranial pressure
was evident both in patients who had normothermia
on admission and whose outcome did not improve
with induced hypothermia and in patients who had
hypothermia on admission and whose outcome did
improve with continued hypothermia.

One interpretation of the variable effects of treat-
ment in patients with different body temperatures on
admission is that the induction of hypothermia in pa-
tients who have normothermia on admission is not
beneficial, but that rewarming of patients who have
hypothermia on admission is detrimental. Supporting
this argument is the finding that hypothermia on ad-
mission was associated with a greater severity of injury
and worse outcomes than was normothermia on ad-
mission. This finding might suggest that spontaneous
hypothermia is a result of more severe brain injury.

An alternative interpretation is that the very early
cooling in patients who have hypothermia on admis-
sion is crucial to achieving a neuroprotective effect.
In the hypothermia group, the time from the injury to
the achievement of the target temperature was only
slightly less in the patients who had hypothermia on
admission. These patients, however, had significantly
lower temperatures in the first eight hours than the
patients who had normothermia on admission. The
results indicate that brain-injured patients who have
hypothermia on admission should not be rewarmed,
but that induced hypothermia that reaches a target
temperature eight hours after injury did not prevent
a poor outcome in patients with severe head injury.
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TABLE 6. BODY TEMPERATURE ON ADMISSION AND OUTCOME SIX MONTHS AFTER SEVERE BRAIN INJURY 
IN PATIENTS TREATED WITH INDUCTION OF HYPOTHERMIA OR NORMOTHERMIA.

TREATMENT GROUP

NO. WITH BODY 
TEMPERATURE 
«35.0°C ON 
ADMISSION

NO. (%) 
WITH POOR 
OUTCOME*

RELATIVE RISK 
(95% CI)† P VALUE

NO. WITH BODY 
TEMPERATURE 
>35.0°C ON 
ADMISSION

NO. (%) 
WITH POOR 
OUTCOME*

RELATIVE RISK 
(95% CI)† P VALUE

All patients‡
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19

10 (83)
12 (63)

1.3 (0.9–2.0) 0.23
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