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intervention groups. Hypotension and low cerebral perfu-
sion pressure should be anticipated and prevented in future 
trials of hypothermia therapy in patients with traumatic 
brain injury.  Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Hypotension and low cerebral perfusion pressure are 
associated with mortality and morbidity in both adults
 [1, 2]  and children  [2–4]  with traumatic brain injury. 
 Hypothermia therapy is being used in patients with trau-
matic brain injury to control intracranial hypertension 
and as a neuroprotective therapy. However, the use of hy-
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 Abstract 
 Hypotension and low cerebral perfusion pressure are known 
to be associated with unfavorable outcome in children and 
adults with traumatic brain injury. Using the database from 
a previously published, randomized controlled trial of 24 h 
of hypothermia therapy in children with severe traumatic 
brain injury, we compared the number of patients with hy-
potension or low cerebral perfusion pressure between the 
hypothermia therapy and normothermia groups. We also 
determined the association between these physiologic in-
sults and unfavorable outcome using regression analysis. 
There were more patients with episodes of hypotension or 
low cerebral perfusion pressure in the hypothermia therapy 
group than in the normothermia group. These physiologic 
insults were associated with unfavorable outcome in both 
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pothermia therapy is associated with hypotension, as was 
noted in the largest study of hypothermia therapy, in 
adults with severe traumatic brain injury  [5] . This raises 
concerns that hypothermia therapy may lead to second-
ary physiologic insults due to hypotension and low cere-
bral perfusion pressure.

  We recently published a multicenter randomized con-
trolled trial of hypothermia therapy in 225 children with 
severe traumatic brain injury in which hypothermia 
therapy was associated with a nonsignificant trend to-
wards higher mortality  [6] . Hypothermic patients also 
had a higher risk of hypotension and a significant risk of 
rebound intracranial hypertension during rewarming 
 [6] . 

  We hypothesized that hypotension and low cerebral 
perfusion pressure, which occurred during hypothermia 
therapy and rewarming, would be associated with, and 
explain part of, the worse outcome. To evaluate this hy-
pothesis, we conducted a post hoc analysis on data from 
the Hypothermia Pediatric Head Injury Trial to examine 
the relationships between hypotension, low cerebral per-
fusion pressure and poor outcome.

  Methods 

 The Hypothermia Pediatric Head Injury Trial was a random-
ized controlled trial of 24 h of hypothermia therapy in children 
with severe traumatic brain injury  [6] . The trial was conducted at 
17 centers in 3 countries. The eligibility criteria have previously 
been published  [6] . The study was approved by the research ethics 
board of each participating institution. Written informed consent 
was obtained from the parents or guardians; deferred consent was 
obtained when parents or guardians were not available within
8 h after injury  [7] . The patients were randomly assigned to a treat-
ment group with the use of a central telephone-based system. 

  Patients were cooled with the use of surface cooling tech-
niques. Following cooling we aimed to maintain the patients’ 
esophageal temperature between 32 and 33   °   C for 24 h, and to then 
rewarm at a rate of 0.5   °   C every 2 h. After rewarming in the hypo-
thermia group, and beginning immediately in the normothermia 
group, we aimed to keep the patients’ esophageal temperature be-
tween 36.5 and 37.5   °   C until intracranial hypertension resolved. 
Guidelines for the management of intracranial pressure and cere-
bral perfusion pressure were established by consensus of the par-
ticipating investigators after systematic reviews of the relevant 
evidence  [8] . Patients were given 100% maintenance fluids. Pa-
tients who developed hypotension were treated with intravenous 
fluid boluses and inotropes. 

  The primary outcome for the study was the proportion of pa-
tients who had an unfavorable outcome – defined as severe dis-
ability, a persistent vegetative state or death – on the Pediatric 
Cerebral Performance Category scale at 6 months, which was as-
sessed without knowledge of the treatment assignments. A trained 
site psychologist assessed each patient according to the 6-point 

Pediatric Cerebral Performance Category scale (with a score of 1 
representing normal performance, 2 mild disability, 3 moderate 
disability, 4 severe disability, 5 a persistent vegetative state, and 6 
death)  [9, 10] . Blood pressure, intracranial pressure and cerebral 
perfusion pressure were recorded as the value measured closest to 
the 4-hour time point in the case report form every 4 h for the first 
72 h, and then on a daily basis. Cointerventions and the rates of 
adverse events, including hypotension, were also recorded.

  Definitions of Hypotension 
 For the purpose of our analysis, hypotension was defined as a 

systolic blood pressure of less than the fifth percentile according 
to the American Heart Association Pediatric Advanced Life Sup-
port guidelines: less than 90 mm Hg for an age higher than or 
equal to 10 years, or a systolic blood pressure of less than 70 mm 
Hg plus the age (in years) multiplied by 2 for an age of 1–10 years 
 [11] . The same definition of hypotension was used in our primary 
analysis of data in the Hypothermia Pediatric Head Injury Trial 
 [6] . We repeated the analysis using another definition of hypoten-
sion, which was a mean arterial pressure less than the fifth per-
centile: less than 1.5  !  age (in years) + 40 mm Hg  [12] . 

  Definition of Low Cerebral Perfusion Pressure 
 A low cerebral perfusion pressure was defined as less than 50 

mm Hg for patients more than or equal to 10 years of age, and less 
than 40 mm Hg for patients less than 10 years of age. This conser-
vative definition of low cerebral perfusion pressure was modified 
from the published guidelines for the management of severe trau-
matic brain injury in infants, children and adolescents. In these 
guidelines, a threshold of 40 mm Hg was considered a treatment 
guideline for children, and a cerebral perfusion pressure between 
40 and 65 mm Hg was considered a treatment option as an age-
related continuum  [13] .

  Statistical Analysis 
 The numbers of patients with 1 or more episodes of hypoten-

sion or low cerebral perfusion pressure were compared between 
groups from 0 to 24 h and 25 to 72 h using a  �  2  test. These were 
the time intervals used for analysis of physiologic variables in the 
primary publication from the Hypothermia Pediatric Head In-
jury Trial  [6] . Blood pressure and cerebral perfusion pressure were 
compared between the hypothermia therapy and normothermia 
groups over time, using a general linear model with multiple com-
parisons using Tukey’s test. The relationship between physiologic 
insults (episodes of hypotension or low cerebral perfusion pres-
sure) and unfavorable outcome (Pediatric Cerebral Performance 
Category score of 4–6 at 6 months after injury), over the first 3 
days (0–72 h), from 0 to 24 h and from 25 to 72 h, was determined 
using a binary regression analysis model with the Fisher scoring 
optimization technique. 

  Results 

 In all, 225 patients with severe traumatic brain injury 
were enrolled in the trial. Of these, 108 patients were ran-
domized to hypothermia therapy and 117 patients were 
randomized to normothermia. The baseline characteris-
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tics, injury severities and cointerventions in the hypo-
thermia therapy and normothermia groups are presented 
in tables 1 and 2 of the primary publication of the Hypo-
thermia Pediatric Head Injury Trial  [6] . Twenty of the 225 
patients (9%) were lost to follow-up at 6 months – 6 of 108 
patients (6%) in the hypothermia group, and 14 of 117 
(12%) in the normothermia group.

  The hypothermia therapy group had a lower systolic 
blood pressure from 4 to 72 h ( fig. 1 ) and a lower mean 
arterial pressure from 24 to 72 h ( fig. 2 ), and there were 
more patients with 1 or more episodes of hypotension 
(low systolic pressure) in the hypothermia therapy group 
than in the normothermia group ( table 1 ). There was no 
significant difference in the number of patients with 1 or 
more episodes of low mean arterial pressure in the hypo-
thermia therapy group compared to the normothermia 
group ( table 1 ). The hypothermia therapy group had a sig-
nificantly higher cerebral perfusion pressure at 8 and
12 h, and a significantly lower cerebral perfusion pressure 
from 32 to 60 h after injury, compared to the normother-
mia group ( fig.  3 ). There were more patients with 1 or 
more episodes of low cerebral perfusion pressure in the 
hypothermia therapy group than in the normothermia 
group from 25 to 72 h but not from 0 to 24 h ( table 1 ). 

  The results of the logistic regression analysis of the re-
lationship between patients with 1 or more episodes of 
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  Fig. 1.  Systolic blood pressure (sysBP) by groups. The figure shows 
sysBP as mean – SD in the hypothermia therapy group, and as 
mean + SD in the normothermia group. sysBP was compared be-
tween groups using a general linear model (see Methods section 
for the details).  *  p  !  0.05. 
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  Fig. 2.  Mean arterial pressure (MAP) by groups. The figure shows 
MAP as mean – SD in the hypothermia therapy group, and as 
mean + SD in the normothermia group. MAP was compared be-
tween groups using a general linear model (see Methods section 
for the details).  *  p  !  0.05. 
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  Fig. 3.  Cerebral perfusion pressure (CPP) by groups. The figure 
shows CPP as mean – SD in the hypothermia therapy group, and 
as mean + SD in the normothermia group. CPP was compared 
between groups using a general linear model (see Methods section 
for the details).  *  p  !  0.05. 
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hypotension or low cerebral perfusion pressure and un-
favorable outcome are shown in  table 2 . For patients in 
the hypothermia therapy group there was a significant 
association between 1 or more episodes of hypotension 
(low systolic pressure) and unfavorable outcome from 25 
to 72 h (p = 0.04), but not from 0 to 24 h after injury (p = 
0.24). There was no significant association between low 
mean arterial pressure and unfavorable outcome in the 
hypothermia therapy group. There was a significant as-
sociation between 1 or more episodes of low cerebral per-

fusion pressure and unfavorable outcome from 25 to 72 h 
(p = 0.03) but not from 0 to 24 h (p = 0.57). For patients 
in the normothermia group there was a significant asso-
ciation of both hypotension (low systolic pressure) and 
low cerebral perfusion pressure with unfavorable out-
come during both time intervals (0–24 h and 25–72 h). 
There was a significant association between low mean ar-
terial pressure and unfavorable outcome from 0 to 24 h 
(p = 0.003) but not from 25 to 72 h (p = 0.10) in the nor-
mothermia group.

Table 2.  Association between acute physiologic insult and unfavorable outcome in children following severe 
traumatic brain injury

Time after injury H ypothermia therapy Normothermia

odds ratio 95% CI p odds ratio 95% CI p

Hypotension – low systolic pressure
0–24 h 1.25 0.86–1.83 0.24 3.76 1.29–11.01 0.02

25–72 h 1.13 1.00–1.27 0.04 1.69 1.03–2.76 0.04
0–72 h 1.11 1.00–1.23 0.04 1.18 1.02–1.37 0.03

Hypotension – low mean arterial pressure
0–24 h 1.18 0.81–1.74 0.39 2.20 1.32–3.68 0.003

25–72 h 1.10 0.98–1.23 0.12 1.14 0.97–1.33 0.10
0–72 h 1.08 0.98–1.20 0.12 1.18 1.02–1.36 0.02

Low cerebral perfusion pressure
0–24 h 1.08 0.83–1.42 0.57 1.37 1.00–1.86 0.05

25–72 h 1.13 1.02–1.26 0.03 1.16 1.02–1.32 0.03
0–72 h 1.09 1.00–1.19 0.05 1.13 1.02–1.26 0.02

Reg ression analysis was used to determine the association between a physiologic insult (hypotension or low 
cerebral perfusion pressure) in the first 3 days after injury and unfavorable outcome (Pediatric Cerebral Per-
formance Category score of 4–6) at 6 months after injury.

Table 1.  Number of patients with 1 or more episodes of hypotension or low cerebral perfusion pressure

Time after injury Hypothermia
therapy (n = 108)

Normothermia
(n = 117)

p

Hypotension – low systolic blood pressure
0–24 h 26 (24) 15 (13) 0.03

25–72 h 49 (45) 38 (32) 0.047
Hypotension – low mean arterial pressure

0–24 h 23 (21) 30 (26) 0.44
25–72 h 47 (44) 43 (37) 0.30

Low cerebral perfusion pressure
0–24 h 37 (34) 45 (38) 0.51

25–72 h 73 (68) 61 (52) 0.02

D ata are shown as numbers with percentages in parentheses.
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  Discussion 

 We found that there were more episodes of hypoten-
sion and low cerebral perfusion pressure in the hypother-
mia therapy group than in the normothermia group in a 
multicenter randomized controlled trial of 24 h of hypo-
thermia therapy in children with severe traumatic brain 
injury. Hypothermia therapy resulted in more frequent 
hypotension (low systolic blood pressure) during all study 
periods, and in lower cerebral perfusion pressure in the 
25- to 72-hour time period. Low cerebral perfusion pres-
sure was slightly (nonsignificantly) less frequent in the 
hypothermia group in the 0- to 24-hour time period, like-
ly due to a more pronounced effect of hypothermia ther-
apy on intracranial pressure than on mean arterial pres-
sure during that time period. We have additionally dem-
onstrated that hypotension and low cerebral perfusion 
pressure were significantly associated with unfavorable 
outcome in both intervention groups. 

  In previous studies of both adults and children with 
traumatic brain injury, hypotension was associated with 
a higher mortality and worse neurological outcome 
among survivors  [1, 3, 4, 14] . Clifton and colleagues also 
reported significantly more frequent episodes of hypo-
tension during treatment with hypothermia therapy in 
adults with severe traumatic brain injury  [5] . However, 
hypotension was not reported in previous trials of hypo-
thermia therapy in children with severe traumatic brain 
injury  [15, 16] . During rewarming following hypother-
mia therapy, an increase in cerebral blood flow can lead 
to intracranial hypertension and vasodilatation can re-
sult in hypotension. Untreated rises in intracranial pres-
sure, falls in blood pressure, or both will cause a reduc-
tion in cerebral perfusion pressure. Low cerebral perfu-
sion pressure is also associated with unfavorable outcome 
in children with traumatic brain injury  [17, 18] . We hy-
pothesize that the episodes of hypotension and low cere-
bral perfusion pressure led to a higher risk of unfavorable 
outcome in patients treated with hypothermia therapy in 
our trial. Although a statistical association of episodes of 
hypotension and low cerebral perfusion pressure with 
unfavorable outcome does not prove cause and effect, 
there is evidence from animal models that the brain is 
selectively vulnerable to hypotensive insults following 
trauma  [19, 20] . These physiologic insults do not damage 
a healthy brain but can lead to cell death in selectively 
vulnerable neurons following trauma  [21] . We speculate 
that this phenomenon also leads to higher mortality and 
worse neurological outcome in humans with traumatic 
brain injury following hypotensive insults.

  The time window in which the brain remains vulner-
able to hypotensive insults is unknown following trau-
matic brain injury. This window is likely to vary from 
patient to patient and may be related to loss of autoregu-
lation and vulnerability to cerebral ischemia following 
trauma  [22] . Our patients were rewarmed following 24 h 
of hypothermia therapy  [6] . It is likely that this was too 
early and that the brain remained particularly vulnerable 
to hypotension, intracranial hypertension and low cere-
bral perfusion pressure at this early time following the 
injury. The use of intravenous volume loading and ino-
tropes and/or vasopressors to support blood pressure, ag-
gressive management of rebound intracranial hyperten-
sion and a slower rate of rewarming than we used in the 
Hypothermia Pediatric Head Injury Trial might mini-
mize the incidence of episodes of hypotension. The aim 
of this rewarming protocol should be to prevent hypoten-
sion, rebound intracranial hypertension and low cerebral 
perfusion pressure in future clinical trials. It should be 
noted, however, that episodes of hypotension and low ce-
rebral perfusion pressure could not be completely pre-
vented despite more extensive treatment protocols in the 
North American Brain Injury Study – Hypothermia II 
compared to study I by Clifton et al.  [23] . 

  Our study has a few limitations. We recorded blood 
pressure, intracranial pressure and cerebral perfusion 
pressure on the study case report form only every 4 h dur-
ing the first 72 h. Thus, the incidence of episodes of hy-
potension and low cerebral perfusion pressure was likely 
higher than we reported. Continuous recording of the 
depth and duration of episodes of hypotension and low 
cerebral perfusion pressure is more strongly associated 
with outcome than intermittent recording of blood pres-
sure and cerebral perfusion pressure  [17] . Continuous 
monitoring of the pressure reactivity index to detect loss 
of autoregulation and define optimal cerebral perfusion 
pressure targets may prevent secondary physiologic in-
sults and improve outcome in future studies of children 
with severe traumatic brain injury  [24] . 

  In summary, our protocol of 24 h of hypothermia ther-
apy and rewarming by 0.5   °   C every 2 h was associated 
with a higher risk of hypotension and low cerebral perfu-
sion pressure. These physiologic insults were associated 
with unfavorable outcome at 6 months following injury. 
The short durations of hypothermia therapy in our study, 
and the relatively rapid rewarming period might be re-
sponsible for some of these episodes. Thus, management 
protocols that prevent hypotension and low cerebral per-
fusion pressure should be considered in future trials of 
hypothermia therapy. 
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