
Keep the Brain Cool—Endovascular Cooling in
Patients With Severe Traumatic Brain Injury:
A Case Series Study

BACKGROUND: As brain temperature is reported to be extensively higher than core
body temperature in traumatic brain injury (TBI) patients, posttraumatic hyperthermia is
of particular relevance in the injured brain.

OBJECTIVE: To study the influence of prophylactic normothermia on brain temperature
and the temperature gradient between brain and core body in patients with severe TBI
using an intravascular cooling system and to assess the relationship between brain
temperature and intracranial pressure (ICP) under endovascular temperature control.

METHODS: Prospective case series study conducted in the neurologic intensive care unit
of a tertiary care university hospital. Seven patients with severe TBI with a Glasgow Coma
Scale score of 8 or less were consecutively enrolled. Prophylactic normothermia, defined
as a target temperature of 36.5�C, was maintained using an intravascular cooling system.
Simultaneous measurements of brain and urinary bladder temperature and ICP were
taken over a 72-hour period.

RESULTS: The mean bladder temperature in normothermic patients was 36.3 6 0.4�C,
and the mean brain temperature was determined as 36.4 6 0.5�C. The mean temper-
ature difference between brain and bladder was 0.1�C. We found a significant direct
correlation between brain and bladder temperature (r = 0.95). In 52.4% of all meas-
urements, brain temperature was higher than core body temperature. The mean ICP was
18 6 8 mm Hg.

CONCLUSION: Intravascular temperature management stabilizes both brain and body
core temperature; prophylactic normothermia reduces the otherwise extreme increase
of intracerebral temperature in patients with severe TBI. The intravascular cooling
management proved to be an efficacious and feasible method to control brain tem-
perature and to avoid hyperthermia in the injured brain. We could not find a statistically
significant correlation between brain temperature and ICP.
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I
n severe traumatic brain injury (TBI), there is
ample experimental and clinical evidence for
secondary insults potentiating the neuronal

damage caused by the initial impact; however, the
exact pathophysiological mechanisms of second-
ary injury are not completely understood.1-4

Secondary brain injury involves a number of

temperature-dependent processes; most are
thought to be aggravated by hyperthermia.2,5-9

Increased brain temperature is known to enhance
glutamate-induced excitotoxicity, disruption of
the blood-brain barrier, inflammatory processes,
and leukocyte migration after acute brain dam-
age.2,5,6,9-13 Hyperthermia is a common problem
in neurocritical care patients, and in severely head-
injured patients, elevations of core body temper-
ature occur with a frequency of up to 73%.14-17 In
addition to its detrimental consequences on the
injured brain, fever is a predictor of poor outcome
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and increased length of intensive care unit (ICU) stay in the TBI
population.15,17-22

As brain temperature has been reported to be extensively
higher than core body temperature in TBI patients, posttraumatic
hyperthermia is of particular relevance in the injured brain.23-27

The temperature difference between brain and core body can
reach up to 2�C after acute brain damage.26 Therefore, increased
brain temperature may remain undetected when measuring
systemic temperature only, and even minor temperature ele-
vations might have deleterious effects on the injured brain, thus
leading to impaired outcome.

Phases of hyperthermia should be avoided to prevent an ag-
gravation of secondary brain injury processes through hyperther-
mia.28 Early-stage prophylactic temperature control is essential to
avoid a temperature increase in neurocritical care patients at risk of
the development of fever.28,29 Data concerning the induction of
therapeutic hypothermia in TBI patients are controversial. There is
still no general recommendation for the use of hypothermia in this
patient population, in part because of possible adverse effects such
as cardiac arrhythmia, uncontrollable shivering, or thromboembolic
or infectious complications.25,28,30,31 Controlled normothermia,
defined as maintaining core temperature within a physiological
range between 36.0�C and 37.5�C, might be a feasible approach
for the prevention of hyperthermia without increasing the number
of adverse events associated with hypothermia.28,32 Intravascular
cooling techniques have been shown to be feasible and efficacious
in maintaining core temperature within a narrow range.28,33-37 In
a prospective pilot study, we tested the efficacy and safety of long-
term normothermia in neurocritical care patients using an in-
travascular cooling device (CoolGard; Alsius, Irvine, California).32

Endovascular devices have been shown to be efficient methods for
controlling and stabilizing core temperature without increasing the
number of adverse events.33,34,38 However, little is known about
the influence of intravascular temperature management on brain
temperature. This influence is of utmost interest because the in-
jured brain, as in TBI patients, is the primary target for neuro-
protection through normothermia.

The aim of this study was to assess the influence of in-
travascular temperature management on brain temperature while
prophylactically maintaining normothermia. Furthermore, we
wanted to investigate temperature gradient changes under in-
travascular cooling and interactions of brain temperature with
intracranial pressure (ICP).

MATERIALS AND METHODS

Setting

This study was performed at the University Hospital Innsbruck,
Austria, a 1500-bed tertiary care hospital with approximately 74,000
admissions per year. The hospital provides 6 specialty ICUs (medical,
neurologic, neurosurgical, pediatric including neonatal, surgical, and
trauma). The neurologic ICU (neuro-ICU) is a 10-bed neurocritical care
unit admitting, on a nonelective basis, approximately 450 adults per year.
Only patients diagnosed with isolated TBI are transferred to the neuro-

ICU, polytraumatized patients are admitted to the surgical or trauma
ICU. Severely head-injured patients requiring immediate craniotomy are
admitted to the neurosurgical ICU. Patients with severe TBI admitted to
our neuro-ICU were consecutively enrolled in this study.

Study Approval

The study was approved by the institutional review board at Inns-
bruck Medical University (protocol number UN3189). According to
Austrian law, informed consent is to be obtained before enrollment in
competent patients. However, from those patients who were in-
competent at the time of enrollment, the informed consent was obtained
after the patient regained competence.

Inclusion/Exclusion Criteria

Seven patients with severe TBI, ie, a Glasgow Coma Scale (GCS) score
of 8 or less before intubation, were consecutively enrolled in our study.
The diagnosis of severe TBI was established by cerebral computed to-
mography (cCT) on admission and based on the presence of pathological
cCT scan findings such as contusions and traumatic subdural, epidural,
or subarachnoid hemorrhage. Inclusion criteria included a diagnosis of
severe TBI, GCS score of 8 or less before intubation, age of 18 years or
older, as well as the need of a central venous line and ICP probe
placement. Patients requiring immediate surgery (ie, expansive acute
epidural/subdural hemorrhage) were admitted to the neurosurgical ICU
and were not included in our study.

Patient Management

Our ICU management of patients with severe TBI adheres strictly to
internationally accepted recommendations.39 According to the guide-
lines of the Brain Trauma Foundation, a cerebral perfusion pressure
more than 60 mm Hg was considered sufficient for adequate cerebral
perfusion. Arterial blood pressure management included the application
of norepinephrine or epinephrine and was adjusted according to cerebral
perfusion pressure values. Arterial blood pressure was continuously
measured using an arterial line with the adapted transducer positioned at
the level of foramen of Monro. Following the latest guidelines, ICP
monitoring is indicated in TBI patients with a GCS score of 3 to 8 and
pathological cCT scan findings to ensure adequate cerebral perfusion.
For ICP measurement, an intraparenchymal probe (Neurovent-Temp-P;
Raumedic AG, Muenchberg, Germany) was placed in the right hemi-
sphere. In patients with lesions (ie, contusions, traumatic subdural or
epidural hemorrhage), at the routinely used insertion site, the probe was
placed extralesionally in the contralateral hemisphere. The correct po-
sition of the ICP probe was verified on a cCT scan. ICP treatment was
initiated at ICP values exceeding 20 mm Hg. Mild hyperventilation
(Paco2 33-35 mm Hg [4.4-4.6 kPa]) and mannitol up to a daily dose of
150 g were used for the management of intracranial hypertension ac-
cording to Brain Trauma Foundation guidelines.39 Persistent hyper-
glycemia exceeding 180 mg/dL was treated with subcutaneous sliding-
scale insulin every 3 to 6 hours. Insulin infusion was not routinely used
unless subcutaneous treatment was unsuccessful or ketosis developed.

Cooling Procedure and Temperature Measurement

Normothermia was maintained using an intravascular cooling device
(CoolGard 3000; Alsius); the technical details were described pre-
viously.34,38 A cooling catheter (Cool Line; Alsius) was inserted in the
subclavian vein, placed in the superior vena cava, and remained inserted
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for at least 72 hours. A chest radiograph was obtained to verify the correct
position of the central venous line. In severely head-injured patients,
a central venous catheter is required for the management of fluid status
and the administration of intravenous medication/nutrition. Since
the Cool Line catheter also provides 3 ‘‘working lumina’’ for infusion,
the placement of the cooling catheter is not additionally invasive for the
patient. The target temperature was set at 36.5�C to maintain pro-
phylactic normothermia as predefined in the study protocol. The core
temperature was measured in the urinary bladder using a Foley catheter
(Kendall Curity, Mansfield, Massachusetts) connected to the in-
travascular cooling device.
A combined pressure/temperature probe was inserted in the brain pa-

renchyma for ICP and brain temperature measurement (Neurovent-
Temp-P; Raumedic AG). The pressure/temperature probe was inserted in
the right hemisphere according to a standardized neurosurgical procedure.

Data Collection and Statistical Analysis

Data were collected at 5-minute intervals over a period of 72 hours.
Brain temperature and ICP values were recorded from a bedside monitor
(Datex Ohmeda; Sanitas, Wals, Austria) and retrieved electronically.
Bladder temperature recordings were obtained from the CoolGard de-
vice. Statistical analyses were performed using SPSS Version 15 software
(SPSS, Chicago, Illinois). Results are given as means, averaged from the
5-minute data over the 72-hour sampling period. ICP values were
logarithmically transformed to receive a normal distribution. In each
patient, repeated measurements of brain and bladder temperature and
ICP were taken. The Pearson correlation coefficient was calculated to
express the relationship between brain temperature, bladder temperature,
and ICP. However, P values are not shown because of multiple meas-
urements per patient. To evaluate a possible time lag for ICP reactivity,
a cross-correlation time series analysis was performed.

RESULTS

Patients’ Characteristics

Seven patients with severe TBI were included in this case series
study. The mean age was 55 6 16 years, 6 patients (86%) were

male and 1 was female. The demographic and clinical character-
istics of the patients enrolled are listed in Table 1. All patients had
severe isolated TBI with a GCS score of 8 or less at enrollment. The
cCT scans on admission showed multiple intracranial pathologies
in all patients including contusions, traumatic subarachnoid
hemorrhage, and traumatic subdural and epidural hemorrhage.
Two patients died during the neuro-ICU stay.

Brain and Bladder Temperature

The target temperature was set at 36.5�C. In 3 patients with
intractable intracranial hypertension, ie, ICP values continuously
exceeding 20 mm Hg, refractory to conventional intensive care
management, the target temperature was lowered stepwise and set
between 33.5�C and 36.0�C to achieve a decrease in ICP. Changes
in core body temperature were induced gradually in steps of 0.5�C.
The body core temperature was represented by urinary bladder

temperature. The urine output was within a normal range and
accounted for.1 mL/kg/24 h in each patient. Table 2 shows the
temperature characteristics for each patient. The mean temper-
ature difference between the brain and bladder was 0.1�C (range,
22.0 to 2.3�C). The Pearson correlation coefficient for the re-
lationship between brain temperature and bladder temperature in
all patients was r = 0.95 (Figure 1). Brain temperature was higher
than core temperature in 52.4% of all temperature measure-
ments. In 19.7%, brain temperature and bladder temperature
were equal. In 27.7% of all temperature recordings, bladder
temperature exceeded brain temperature. Figure 2 shows exem-
plary courses of brain and core body temperature in 1 patient.
The mean temperature difference between brain temperature and
the target temperature of the endovascular cooling device was
20.05�C; for bladder and target temperature, the mean differ-
ence was calculated to be 0.1�C.
In patients with a target temperature of 36.5�C, the mean

bladder temperature was 36.3 6 0.4�C, and the average brain
temperature was 36.4 6 0.5�C, with a mean temperature

TABLE 1. Patient Characteristicsa

Patient Age at TBI, y Sex

Radiological Diagnosis

of Cerebral CT Scan

on Admission

Initial GCS Score

Before Intubation ICP (Mean 6 SD) GOS

1 69 M Multiple contusions 8 17 6 5 3

2 65 M Multiple contusions, tSAH, SDH 7 22 6 7 3

3 67 M Multiple contusions, tSAH 7 8 6 5 3

4 50 F SDH, multiple contusions 6 26 6 8 1

5 21 M EDH, multiple contusions 5 9 6 4 4

6 58 M tSAH, SDH, multiple contusions 7 21 6 3 3

7 54 M Subcranial fractures, ICH, cerebral

venous sinus thrombosis

3 21 6 2 1

aTBI, traumatic brain injury; CT, computed tomography; GCS, Glasgow Coma Scale; ICP intracranial pressure; SD, standard deviation; GOS, Glasgow Outcome Score (at time of

neurologic intensive care unit discharge); tSAH, traumatic subarachnoid hemorrhage; SDH, subdural hemorrhage; EDH, epidural hemorrhage; ICH, intracerebral hemorrhage.
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difference of 0.1�C. There was no difference between brain and
bladder temperature in hypothermic patients.

To assess a possible time lag of brain temperature reactivity to
intravascular cooling, a time series analysis was performed. The
cross-correlation time series analysis revealed a strong relationship
between brain and bladder temperature without a delay of brain
temperature adaptation to target temperature.

Brain Temperature and ICP

The mean ICP in all patients was 18 mm Hg (range, 23 to 59
mm Hg). Because of heterogeneity of intracranial pathology and
clinical characteristics as well as the induction of therapeutic hy-
pothermia in some patients, the correlation between ICP and brain
temperature was calculated for each individual patient (Table 2).
The mean estimated correlation between brain temperature and
ICP was r = 20.17 in all patients. Accordingly, the correlation
coefficients for each patient expressing the relationship between

brain temperature and ICP did not reveal a significant correlation.
One patient in moribund status showed a significant negative
correlation between the 2 parameters (r = 20.56).
We used a cross-correlation time series analysis to assess

a possible time lag interval between temperature and ICP
changes. However, we could not find any relationship between
brain temperature and ICP because all correlations remained not
statistically significant in our model.

DISCUSSION

In this prospective trial in patients with severe TBI, we aimed to
assess the interactions between brain and core body temperature
and ICP under the influence of an intravascular cooling device.

Brain and Core Body Temperature

Our findings show a mean temperature gradient between brain
and bladder of only 0.1�C, brain temperature being higher than
core temperature in more than 50% of all measurements. The

TABLE 2. Temperature Characteristicsa

Patient

Target

Temperature, �C

Bladder

Temperature, �C
(Mean 6 SD)

Brain

Temperature, �C
(Mean 6 SD)

Difference

Between

Brain and Bladder

Temperature, �C

Brain Temperature–ICP

Correlation

Coefficient

1 36.5 36.1 6 0.4 36.2 6 0.3 0.1 20.15

2 36.0-36.5 36.4 6 0.4 36.0 6 0.5 20.4 20.15

3 33.5-35.0 33.7 6 0.5 34.0 6 0.4 0.3 20.56

4 36.5 36.4 6 0.2 36.4 6 0.1 0.0 20.10

5 36.5 36.5 6 0.2 36.9 6 0.3 0.4 20.10

6 36.5 36.1 6 0.5 36.0 6 0.4 20.1 0.20

7 35.0-35.4 35.0 6 0.1 35.0 6 0.2 0.0 20.29

aTemperature characteristics of 7 patients with traumatic brain injury. SD, standard deviation; ICP, intracranial pressure.

FIGURE 1. Relationship between brain temperature (�C) and core body
temperature (�C) in 7 patients after traumatic brain injury. Pearson correlation
coefficient r = 0.95

FIGURE 2. Exemplary time course of brain and urinary bladder temperature in
patient 1.
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temperature gradient between core body and brain varies widely
and is described to range from 20.4�C to 2.1�C.23,24,26,40 Re-
cent literature findings about the temperature difference between
brain and core body show smaller temperature gradients under
conventional fever control in neurocritical care patients with
various diagnoses.25,41,42 There is only 1 retrospective trial de-
scribing brain and core temperature under the influence of in-
travascular temperature control. They found a smaller
temperature difference in TBI patients under endovascular
temperature control compared with a control group treated with
conventional therapeutic temperature management.35 In pre-
vious studies, highest temperature gradients were measured when
core temperature exceeded or fell below the normothermic
range.24,26 A tight temperature control protocol might lessen the
difference between brain and systemic temperature by adapting
intracranial temperature to systemic temperature values. We
found a significant correlation between the 2 temperature curves
in the 7 TBI patients included in our study, indicating that
intravascular cooling influences both brain and core temperature
to the same extent. To assess whether changes of core and brain
temperature occurred simultaneously, we performed a cross-
correlation time series analysis. Results obtained from this sta-
tistical analysis demonstrated that the intravascular temperature
management affected brain and core temperature simultaneously
without a substantial time lag of brain temperature adaptation.

The difference between brain temperature and target tem-
perature was 0.05�C in all patients. This very small deviation
indicates that brain temperature can be effectively controlled and
maintained by an intravascular cooling system. This is of utmost
interest because the idea of neuroprotection through normo-
thermia might only be achieved by influencing brain temperature
through cooling the circulating blood. In our patient population,
intravascular cooling could effectively prevent fever and strictly
maintain normothermia in the injured brain.

Dysfunction in cerebrovascular autoregulation may lead to
a decrease in cerebral blood flow. This is of particular interest in
severely head-injured patients because cerebral traumatic damage
is often associated with impaired cerebral perfusion.43 Although
assuming partly impaired cerebrovascular autoregulation in our
patient population, lowering brain temperature through endo-
vascular cooling was efficacious.

Brain Temperature and ICP

We found no significant correlation between ICP and brain
temperature. Hypothermic patients did not have lower mean ICP
values compared to patients with normothermic core temperature.
However, both patients treated with induced hypothermia had
sustained intracranial hypertension refractory to conventional in-
tensive care management. The increasing ICP was then additionally
counteracted by the induction of hypothermia, which was not
successful. In 1 patient with intractable increased ICP, there was
even a large negative correlation between brain temperature and
ICP. In this case, the injury severity might have been reflected by
the negative association between hypothermia and increasing ICP.

The relationship between brain temperature and ICP is dis-
cussed controversially.25,27,41,44,45 Several authors report a re-
duction of ICP values in patients with induced therapeutic
hypothermia/normothermia.30,35,46 Rossi et al25 describe an in-
crease in ICP during episodes of brain hyperthermia. However,
they could not find an absolute correlation between brain tem-
perature and ICP. In a recently published prospective case-
control study, a strong influence of prophylactic normothermia
on intracranial hypertension was described.35 This observation is
in contrast to the findings of Huschak et al,41 who studied 40
unselected neurosurgical patients and measured brain tempera-
ture and ICP at 5-minute intervals. They found no correlation
and concluded that an increase in brain temperature could not
predict the development of increasing ICP. An association be-
tween increased brain temperature and intracranial hypertension
was found mainly during periods of hyperthermia.17,25 The core
temperature of our study population was strictly controlled ac-
cording to our study protocol. Therefore, no periods of increased
core temperature occurred in our patients. This is a possible
explanation for our results concerning brain temperature and ICP
lacking a significant positive association. Assuming that ICP
follows brain temperature more closely in periods of a tempera-
ture decrease from hyper- to normothermia, one might conclude
that brain temperature and ICP should not interact during stable
normothermia/hypothermia.
To the best of our knowledge, the influence of intravascular

temperature management on brain temperature and ICP has not
been described thoroughly in the literature. Therefore, we ad-
dressed this specific question in detail. This small case series
project was designed mainly to test the feasibility of influencing
brain temperature by intravascular cooling measures. However,
there are several limitations of our study to be considered when
interpreting the results. Only a small number of patients were
included; therefore, data should be interpreted with caution
because of low numbers. Because of the limited number of pa-
tients included, the mean age of our study cohort is slightly higher
than that usually observed in severely head-injured patients in
Austrian ICUs.47 A potential bias resulting from a single-center
study, where the treatment conditions might be unique, is
minimized by the prospective design of our study. When de-
signing this study, the target temperature was set at 36.5�C for all
patients included. Therefore, no rewarming protocol was in-
cluded in the study design. Future studies should consider
a predefined rewarming protocol because this may have an im-
plication on patient outcome. The strength of this trial is achieved
by 1 treatment regimen and equal therapeutic conditions for all
patients. Our study lacks a control group treated with temper-
ature control methods other than intravascular cooling; however,
this current trial was designed as a case series study with special
regard to the feasibility and efficacy of the intravascular cooling
system and its effect on brain temperature in particular. Findings
on the mortality in patients with severe TBI vary widely from 8%
to 32%.47,48 Despite the small number of patients in our cohort,
the mortality was within these limits, which is close to the overall
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mortality in Austrian ICUs.47 The outcome at the time of dis-
charge in our patients resembled that reported by other authors
for this age group.49 In a previous controlled study investigating
endovascular temperature control, we did not observe an in-
creased number of infectious or thromboembolic complica-
tions.50 Accordingly, there was no increase in the number of side
effects that might be associated with the use of intravascular
cooling devices such as pneumonia, pneumothorax, and co-
agulation dysfunction.28 This underscores the safety and feasi-
bility of intravascular temperature control for the maintenance of
prophylactic normothermia in severely head-injured patients.

The importance of brain temperature measurement is pointed
out in several studies, clearly demonstrating that brain temperature
acts independently from core temperature and cannot be predicted
from systemic temperature values.23-26,35,41 Because both tem-
perature curves may differ from each other, it is essential to clarify
the question whether brain temperature can be controlled by in-
travascular cooling to the same extent as core temperature. Our
results show that brain and bladder temperature are closely asso-
ciated during intravascular temperature control. The continuous
course of brain temperature closely following the target temperature
set up in the intravascular cooling device points out the strong
influence and stabilizing effect of the intravascular cooling system
on the course of intracranial temperature. On the strength of these
results, future studies including a larger number of patients should
be designed including different temperature-control methods and
target temperatures in different temperature ranges. In a larger
multicenter trial, the efficacy and feasibility of different cooling
devices and their impact on ICP and outcome might be assessed.

CONCLUSION

Maintenance of normothermia in patients with severe TBI was
feasible and efficacious over a 72-hour period. Brain temperature
could be effectively modulated by endovascular temperature
management, strictly preventing fever. The stabilization and
control of brain temperature could be achieved by maintenance of
core temperature. The temperature gradient usually observed in
TBI patients was even decreased under the influence of an in-
travascular cooling device. Although strictly maintaining brain
temperature at a normothermic level, we could not find a sig-
nificant correlation with ICP. Further studies investigating the
relationship between brain temperature, core temperature, and
ICP under the influence of (intravascular) temperature control are
necessary for a better understanding of brain temperature regu-
lation in severe TBI.
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COMMENT

N umerous laboratory studies have shown that therapeutic hypo-
thermia can improve neurologic function after experimental cere-

bral insults. However, prompt initiation of hypothermia as a means of
preventing or mitigating deleterious biochemical sequelae after traumatic
brain injury (TBI) has not resulted in better outcomes in large pro-
spective, randomized, controlled trials. Other clinicians have begun to
use temperature reduction not as a prophylactic treatment, but rather as
a targeted intervention to treat increased intracranial pressure (ICP).
However, the exact role of hypothermia and its benefits and dis-
advantages compared with other ICP-lowering therapies remain unclear.
Advocates of aggressive temperature control have also examined the

early postinjury period.Many intensive care unit (ICU)–based studies have
demonstrated an association between fever and worse outcomes. However,
association does not prove causation. The benefits of aggressive treatment
and prevention of fevers in this setting continue to be debated.
Against this background, the authors of this report describe their

experience with 7 patients: 4 underwent induced normothermia (not
active cooling, as implied by the title), and 3 received deliberate
hypothermia to treat increases in ICP. They limited the duration of their
study to 72 hours, but it is important to note that many TBI patients
exhibit fevers and intracranial hypertension beyond this time period.
Because this was an uncontrolled study, the authors are not able to
provide data to support direct or indirect comparative statements about
the advantages of induced normothermia or hypothermia over con-
ventional temperature control. An additional concern is the lack of
a defined rewarming protocol; this aspect of temperature control in TBI
patients is receiving increasing attention. Finally, despite the recent
resurgence of interest in fever control in the ICU, there is still a need for
data that directly compare efficacy and complications of different
techniques of temperature control, such as surface cooling versus
endovascular methods, with each other and with control groups.

Alex Valadka
Austin, Texas
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