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Abstract
Introduction Mild induced hypothermia (MIH) is indicated for comatose survivors of sudden cardiac arrest
(SCA) to improve clinical outcome. In this study, we
compared the efficacy of two different cooling devices for
temperature management in SCA survivors.
Methods Between April 2008 and August 2009, 80
patients after survived in-hospital (IHCA) and out-of-hospital cardiac arrest (OHCA) were included in this prospective, randomized, single center study. Hypothermia
was induced after randomization by either invasive CoolgardÒ cooling or non-invasive ArcticSunÒ surface cooling
at 33.0 °C core body temperature for 24 h followed by
active rewarming. The primary endpoint was defined as the
efficacy of both cooling systems, measured by neuronspecific enolase (NSE) levels as a surrogate parameter for

Trial registration: ClinicalTrials.gov NCT: 00843297.

brain damage. Secondary efficacy endpoints were the
clinical and neurological outcome, time to start of cooling
and reaching the target temperature, target temperaturemaintenance and hypothermia-associated complications.
Results NSE at 72 h did not differ significantly between
the 2 groups with 16.5 ng/ml, interquartile range 11.8–46.5
in surface-cooled patients versus 19.0 ng/ml, interquartile
range 11.0–42.0 in invasive-cooled patients, p = 0.99.
Neurological and clinical outcome was similar in both
groups. Target temperature of 33.0 °C was maintained
more stable in the invasive group (33.0 versus 32.7 °C,
p \ 0.001). Bleeding complications were more frequent
with invasive cooling (n = 17 [43.6 %] versus n = 7
[17.9 %]; p = 0.03).
Conclusion Invasive cooling has advantages with respect
to temperature management over surface cooling; however,
did not result in different outcome as measured by NSE
release in SCA survivors. Bleeding complications were
more frequently encountered by invasive cooling.
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Even though nowadays more patients achieve return of
spontaneous circulation (ROSC) after sudden cardiac arrest
(SCA), and succeed to be admitted to an intensive care unit
(ICU) after successful cardiopulmonary resuscitation, the
majority does not survive to hospital discharge. The rate of
mortality still remains high [11]. It has been shown that
approximately 80 % of the SCA survivors persist in coma
for variable lengths of time [18] and most of the patients
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present themselves with neurological sequels [4]. Mild
induced hypothermia (MIH) improves both survival and
neurological outcome after SCA [12], and has been
endorsed by guidelines for neuroprotection [23].
Surface cooling devices are non-invasive and range
from simple cooling blankets or ice packs to sophisticated
machines with automatic feedback control offering an
estimated cooling rate of about 0.3–0.9 °C/h [29]. For
invasive methods—i.e. intravascular cooling catheters,
administration of intravenous ice-cold fluids, body cavity
lavage, extra-corporeal circuits or selective brain cooling—
cooling rates between 1.4 and 6.6 °C/h have been reported
[29]. Tømte et al. showed that the cooling method (invasive
vs. surface cooling) used in nonrandomized patients after
survived out-of-hospital cardiac arrest (OHCA) made no
difference on survival to hospital discharge or the neurologic function at follow-up [31].
The aim of this study was to compare the efficacy of
invasive and non-invasive cooling after SCA as measured
by neuron-specific enolase (NSE) levels, the overall clinical and neurological outcome, and to assess temperature
control as well as the incidence of cooling-associated
complications.

Methods
This trial was performed at a single tertiary care center
between April 2008 and August 2009. Consecutive patients
admitted to our ICU with ROSC after in-hospital cardiac
arrest (IHCA) or OHCA were eligible for this study.
Inclusion criteria were ROSC after SCA with a presumed
cause of cardiac origin, persisting coma after successful
resuscitation and patient age of [18 years. Patients were
excluded if they were responding to verbal comments, had
a proven pregnancy, coagulation disorder, intractable cardiogenic shock, despite adequate fluid resuscitation and
inotropic support, known severely limited life expectancy
or terminal illness. We also excluded patients with neoplastic diseases known to increase NSE levels, stroke
(ischemic and/or hemorrhagic) or traumatic brain injury in
the previous 30 days, and patients subjected to extracorporeal circulation in the previous 30 days.
The screening process and the data collection according
to the Utstein style [16] are shown in Fig. 1. Eligible
patients were randomly assigned in a 1:1 ratio to receive
invasive cooling (CoolgardÒ [CG], Zoll Medical Corporation, Chelmsford, MA, USA) or surface cooling (ArcticSunÒ [AS], Medivance Inc., Louisville, CO, USA) using
computer-generated random numbers.
The study protocol and consent procedure were
approved by the local institutional review board and have
therefore been performed in accordance with the ethics
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standards laid down in the 1964 Declaration of Helsinki
and its later amendments. To start as early as possible with
the treatment, informed consent was waived in accordance
with ethical standards of the local institutional review
board and guidelines for Good Clinical Practice. Patients’
relatives were informed about the trial as soon as possible.
Later during hospitalization, informed consent was signed
by patients regaining their consciousness or by legal representatives in charge.
Personnel involved in the care of patients during the
time of MIH could not be blinded with respect to treatment
assignments. However, the physicians responsible for
assessing the neurological outcome during follow-up at
hospital discharge were unaware of treatment assignments
as well as the core laboratory for NSE assessment.
Patients underwent routine initial assessment and standard institutional intensive care treatment, including adequate sedation, paralysis to prevent shivering, mechanical
ventilation, medical therapy for stabilization of circulation
and—when indicated—invasive coronary angiography and
intervention. MIH was initiated as soon as possible after
admission.
Patients randomized to invasive cooling were supplied
with an endovascular catheter (IcyÒ, Zoll Medical Corporation, Chelmsford, MA, USA) via the femoral vein, connected to the thermal regulation system CG via a closedloop tubing system.
The non-invasive AS thermoregulatory control system
features a temperature controlled circulation of distilled
water through a series of biocompatible hydrogel-coated
energy transfer pads applied to the patient’s skin.
All patients had a catheter to drain urine along with a
bladder temperature probe inserted to continuously measure core temperature and provide feedback to the cooling
device. The automatic mode was set to 33.0 °C at the
maximum cooling rate. The target temperature was maintained for 24 h and re-warming was performed at
0.2–0.3 °C/h. Once the core temperature reached 35.0 °C
paralysis and sedation were stopped. Devices continued to
operate for an additional 24–48 h to avoid hyperthermia.
Patients were evaluated in terms of demographic variables and circumstances of cardiac arrest. The APACHE II
Score was measured to assess the severity of disease and to
describe the morbidity of a patient when comparing the
outcome with other patients [15]. Patient temperature was
documented hourly during the induction and maintenance
of the cooling period and during rewarming. After termination of MIH temperature was documented three times
daily. Neurological examinations were carried out at
admission using the Glasgow Coma Scale [30]. Neurologic
examinations by attending physicians were performed at
hospital discharge using the Glasgow-Pittsburgh Cerebral
Performance Categories (CPC) [14]. The categories were
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Fig. 1 Study flow diagram. AS
non-invasive ArcticSunÒ
surface cooling, CG invasive
CoolgardÒ cooling, MIH Mild
induced hypothermia, NSE
neuron specific enolase, ROSC
return of spontaneous
circulation, SCA sudden cardiac
arrest

defined as follows: CPC 1, conscious and alert with mild or
no disability (return to work possible), CPC 2, conscious
and alert with moderate disability (independent living
possible, but not return to work), CPC 3, conscious with
severe disability (unable to live independently), CPC 4,
comatose or persistent vegetative state, CPC 5, death/brain
death. For the purpose of this study, outcomes were
dichotomized into two groups: group 1 included all patients
with good (CPC 1/2) and group 2 with impaired neurological outcome (CPC 3–5).
To discover early-onset infections or bleeding complications, markers of systemic inflammation and blood
counts were analyzed at specific time points before (0 h)
and after initiation of cooling (6, 12, 24, 36, 48 and 72 h).
NSE examinations were performed at 72 h only for study
purposes. Because of the lack of data regarding the outcome procedures in reference to NSE levels, the attending
physicians were not informed about the NSE values. Processing of these blood samples included centrifugation for
10 min at 3.500 rpm at 20 °C and subsequent storage of
the cell-free suspension at -75 °C. Hemolyzed samples

were considered non-analyzable because of the relatively
high content of NSE in red blood cells and platelets. NSE
values were determined using an immunoassay test kit
(Kryptor, Brahms, Hennigsdorf, Germany).
The primary study endpoint was the neurological outcome assessed by NSE values at 72 h as a surrogate
parameter for brain damage.
Secondary endpoints were defined as the efficacy of
both cooling systems; i.e. time to the start of cooling after
SCA and reaching the target temperature during the
induction phase and target temperature maintenance (any
recorded temperature [ or \33.0 °C) during the 24 h
cooling maintenance phase. In addition, the clinical and
neurological outcome was assessed between both treatment
groups.
Safety endpoints were defined as hypothermia-associated adverse events (AE) and included bleeding events,
renal failure, infections and therapy requiring arrhythmias.
Standard definitions were applied, such as the Thrombolysis in Myocardial Infarction (TIMI) classification for
bleeding assessment in major and minor bleeding [5].
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Sepsis was defined as systemic inflammatory response
syndrome (SIRS) plus infection. Acute renal failure was
present if within 48 h an abrupt increase in creatinine
C0.3 mg/dl (26.4 lmol/l) or C50 % from baseline was
registered. Pneumonia was diagnosed if new and persisting
X-ray positive infiltrations were present plus leukocytosis
(12 9 109/l) or leukopenia (\4 9 109/l); body temperature
[38.3 °C or \36 °C and positive purulent bronchial
secretion.
As therapy requiring arrhythmias the occurrence of
ventricular tachycardia, ventricular fibrillation, supraventricular tachycardia including atrial fibrillation or bradycardia during the ICU stay and within 7 days after cardiac
arrest were counted.
Owing to the exploratory nature of the study, no formal
sample size calculation was performed. Baseline data of all
randomized patients were analyzed. With respect to outcome analysis, only patients undergoing cooling after
randomization were analyzed (‘‘as-treated-principle’’).
Continuous data with normal or asymmetric distribution
are described by mean ± standard deviation (SD) or
median and interquartile range (IQR), respectively. For
continuous data with normal distribution, an independent
samples t test was used. Otherwise the nonparametric

Table 1 Baseline
characteristics of 80 patients
presented as absolute numbers
(percentages) or mean (standard
deviation)

Mann–Whitney U test was used. For proportions and
dichotomous, categorical variables, differences between
hypothermia groups were analyzed by Fisher’s exact test.
For outcome prediction sensitivity and specificity of 72 h
NSE values were calculated. A p \ 0.05 was considered
statistically significant.
Statistical analyses were performed with SPSS software
(version 17.0, SPSS Inc., Chicago, IL, USA).

Results
Eighty patients were randomized to CG or AS (Fig. 1).
Clinical and demographic characteristics of the patients
are shown in Table 1. The mean age for the overall
cohort was 62 years with 74 % male patients. The overall
APACHE II Score of 27.5 reflects a critically ill population with a prognosticated in-hospital mortality rate
between 60.5 and 63.9 %. In 45 patients (56 %) preceding
symptoms had been present before SCA (e.g. syncope,
chest pain, palpitations, dyspnea). Ventricular tachycardia
or fibrillation as initial rhythm was detected in 66 % of
patients. The rate of eye-witnessed arrest was 89 %, and
in 56 % bystander resuscitation was performed. The time

AS (n = 40)

CG (n = 40)

p value

63.7 (11.4)

60.4 (11.2)

0.23

29 (72.5)

30 (75.0)

0.99

Background factors
Age (years), mean (SD)
Male gender, n (%)
Diabetes mellitus, n (%)

16 (40.0)

13 (32.5)

0.64

Hypertension, n (%)

24 (60.0)

23 (57.7)

0.99

Hyperlipidemia, n (%)

13 (33.3)

14 (35.0)

0.99

Tobacco abuse, n (%)

7 (25.9)

9 (29.0)

0.99

Known ischemic cardiomyopathy, n (%)
Known dilated cardiomyopathy, n (%)

11 (27.5)

6 (15.0)

0.27

3 (7.5)

2 (5.0)

0.99

Cardiac arrest-related factors
Recent symptoms, n (%)

22 (55.0)

23 (57.5)

0.99

Bystander witnessed SCA, n (%)

35 (87.5)

36 (90.0)

0.99

Bystander resuscitation, n (%)

22 (55.0)

23 (57.5)

0.99

Initial Rhythm VT/VF, n (%)

27 (67.5)

26 (65.0)

0.99

Presentation at external emergency department
before admission, n (%)

11 (27.5)

17 (42.5)

0.24

16 (40.0)

27 (67.5)

0.02

Acute myocardial infarction, n (%)
In-hospital factors
APACHE II-score, mean (SD)
AS non-invasive ArcticSunÒ
surface cooling, CG invasive
CoolgardÒ cooling, SCA sudden
cardiac arrest, VT/VF
ventricular tachycardia or
fibrillation
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28.1 (6.1)

26.6 (6.0)

0.44

Invasive coronary angiography, n (%)

31 (77.5)

30 (75.0)

0.99

Percutaneous coronary intervention, n (%)

16 (40.0)

25 (62.5)

0.07

Vasopressors, n (%)

38 (95.0)

33 (82.5)

0.15

Intra-aortic balloon pump, n (%)

16 (40.0)

16 (40.0)

1.00

2,448 (958)

0.21

Bolus of cold saline (ml), mean (SD)

2,141 (1,075)

Clin Res Cardiol (2013) 102:607–614

611

until ROSC was comparable in both groups. No differences were found between treatment groups except for a
higher prevalence of acute myocardial infarctions and

Table 2 Outcome of the MIH-treated patients (78) presented number
(percentage) representing survival, neurological function and coolingassociated complications
AS
(n = 39)

CG
(n = 39)

p value

Survival and neurological function according to the GlasgowPittsburgh Cerebral Performance Categories
Survived hospitalization, n (%)

21 (53.8)

24 (61.5)

0.65

CPC 1/2, n (%)

14 (35.9)

14 (35.9)

0.99

Complication of cooling
Bleeding complication, n (%)

7 (17.9)

17 (43.6)

0.03

Major bleeding, n (%)

4 (10.3)

14 (35.9)

0.01

Minor bleeding, n (%)

2 (5.1)

3 (7.7)

0.99

Bacteria found in blood
cultures, n (%)

17 (43.6)

21 (53.8)

0.50

Sepsis, n (%)

2 (5.1)

6 (15.4)

0.26

Death due to sepsis, n (%)

1 (2.6)

1 (2.6)

1.00

Pneumonia, n (%)

24 (61.5)

28 (71.8)

0.47

Antibiotic treatment, n (%)

28 (71.8)

33 (84.6)

0.16

Therapy necessitating
arrhythmia, n (%)

13 (33.3)

12 (30.8)

0.99

Renal failure, n (%)

21 (55.3)

22 (56.4)

0.99

Ò

AS ArcticSun non-invasive surface cooling, CG invasive CoolgardÒ
cooling, CPC  good neurological outcome

therefore percutaneous coronary interventions in the CG
group (p = 0.02).
NSE values of 59 (73.8 %) patients were measured at 72 h.
In the remaining patients, samples were not collected due to
death before 72 h or were non-analyzable due to hemolysis.
NSE values did not differ significantly between the 2 groups
(16.5 ng/ml, IQR: 11.8–46.5 in AS-cooled patients versus
19.0 ng/ml, IQR: 11.0–42.0 in CG-cooled patients,
p = 0.99). The cut off value predicting unfavorable outcome
with 100 % specificity in our patients was 29.0 ng/ml at 72 h.
The overall survival (53.8 versus 61.5 %, p = 0.65) and
survival with good neurological outcome during hospitalization (35.9 versus 35.9 %, p = 0.99; Table 2) was similar for AS- and CG-cooled patients.
Time frames of the different phases after SCA to target
temperature are displayed in Fig. 2. Start of cooling ranged
from 15 to 765 min after ROSC. One patient in each group
was not immediately treated with MIH after randomization
because of temporary circulatory instability before the
onset of cooling in one and anisocoria that led to cerebral
computed tomography to exclude intracranial bleeding
before starting MIH in another patient.
Cooling with AS was started numerically slightly earlier
after SCA than with CG (180 min; IQR 155–245 min versus
242 min; IQR 165–275 min, p = 0.13). The cooling rate by
CG was similar to AS (1.3 °C/h; IQR 0.7–1.6 versus 1.0 °C/h,
0.6–1.3, p = 0.29, Fig. 3) as well as the time to target
temperature after the start of MIH (180 min; IQR
150–330 min in the CG group versus 240 min, IQR 180–390

Fig. 2 Time frames from
sudden cardiac arrest to target
temperature in ArcticSunÒ
surface- and CoolgardÒ
invasive-cooled patients. AS
non-invasive ArcticSunÒ
surface cooling, CG invasive
CoolgardÒ cooling, IQR
interquartile range, MIH Mild
induced hypothermia, ROSC
return of spontaneous
circulation, SCA sudden cardiac
arrest
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observed in most patients relieved after a few minutes
without resulting in any persistent harm to the skin.

Discussion

Fig. 3 Cooling rates of CoolgardÒ and ArcticSunÒ. AS non-invasive
ArcticSunÒ surface cooling, CG invasive CoolgardÒ cooling

Fig. 4 Lowest temperature of CoolgardÒ and ArcticSunÒ. AS noninvasive ArcticSunÒ surface cooling, CG invasive CoolgardÒ cooling

in the AS group; p = 0.29). Target temperature maintenance
was more stable in the CG group than in AS-cooled patients
(33.0 °C; IQR 32.9–33.0 versus 32.7 °C; IQR 32.4–32.9,
p \ 0.001, Fig. 4). Neither cooling system showed a deviation from the proposed temperature range of 32.0–34.0 °C.
The proportion of AE is shown in Table 2. Driven by a
higher rate of major bleedings—mostly mild mucosal
bleedings—overall bleeding complications were more frequent with invasive cooling (Table 2). Non-bleeding related vascular complications associated with the IcyÒ
catheter were not reported in any patient. Regarding the
remaining pre-mentioned cooling-assisted complications,
we did not observe any difference between both groups.
There were no patients in which cooling had to be terminated due to complications.
No relevant problems occurred in placing or removing
the AS pads on the patients’ skin. Reddish skin coloration
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Despite a large body of resuscitation research, the optimal
cooling method after SCA remains controversial. In the
current trial, the first randomized comparison of invasive
CG- and surface AS-hypothermia treatment in humans,
devices were similarly effective in cooling comatose SCA
survivors showing a similar neurological outcome by the
measured NSE levels as surrogate marker of brain damage.
In addition, both devices were similarly safe.
Even if it was not a randomized trial, the study by Tømte
et al. compared invasive and surface cooling in patients
after survived OHCA. Similar to our results, no difference
between the two methods has been proven. Patients developed cooling-associated complications (pneumonia, sepsis,
arrhythmias) without any statistical significance between
the two groups (invasive vs. surface). Furthermore, invasive
and surface cooling made no difference on survival with
good neurologic function at both hospital discharge and at
follow-up [31]. Although our study was not powered for
clinical events, survival during hospitalization and survival
in good neurological condition was similar.
NSE is a neuronal form of the intracytoplasmatic glycolytic enzyme enolase and is found in neurons and neuroectodermal cells. Owing to the limitation of neurological
examination in patients treated with MIH within the first
days after cardiac arrest because of sedation and muscle
paralysis, determining NSE levels and taking into consideration other factors proves to correlate better with outcome. Several previous studies, mostly performed in the
pre-MIH era, have shown NSE to be a reliable predictor of
survival [2], regaining consciousness [19, 20] and good
neurological outcome [27, 28, 33] after SCA and global
cerebral ischemia [24]. The guidelines of the American
Academy of Neurology for predicting outcome in comatose survivors of SCA state that serum NSE levels at days
1–3 after cardiopulmonary arrest accurately predict prognostication [32]. We chose a sampling time point of 72 h
for NSE measurements. In a previous study NSE values
significantly increased up to day 3 after SCA (in particular
in patients with impaired neurological outcome) and rose
only marginally afterwards [6, 24]. In another trial the
predictive power of good neurological outcome was best at
72 h compared with 24 and 48 h [27, 28]. Similar results
were presented by Rundgren et al. [26] with the help of the
ROC analyses, which indicated that NSE values at 48 and
72 h were superior in comparison to earlier time points for
predicting patient outcome. Furthermore, peak values of
the NSE on the 3rd day after cardiac arrest were also
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recorded by Rosén et al. [25] and Fogel et al. [7] in their
studies.
Cooling with AS could be started slightly earlier than with
CG due to the ease of use of cooling mattresses and the possibility of cooling down the surface material before the patient
arrives at hospital. However, this difference was not statistically different. The time frame to start of MIH in our patients
was similar to previous studies [9, 13] and faster as observed
in one randomized study comparing AS with standard blankets and ice packs [10]. Nevertheless, we observed some
delay of cooling in our patients. An essential number of
patients was first admitted to and then referred from external
hospitals (35 %) on the same day. A high percentage of
patients (76 %) underwent coronary angiography during the
initial hospital phase in our center and cooling was halted for
the time patients were in the catheterization laboratory
because both feedback-controlled machines are not supplied
with an independent power generator.
Overall, the time to reach the target temperature after
SCA was similar between both systems. The duration of
240 min from the beginning of MIH to target temperature
with a cooling rate of 1.0 °C/h in the noninvasively cooled
patients is consistent with several other trials. In the HACA
study, the target temperature was reached after a median of
8 h [34] while in 2 other trials using AS cooling in 27 and
64 patients after SCA, it took 137 and 190 min to reach the
target temperature after cooling started [9, 10], respectively. In the current trial AS cooling achieved better
cooling rates than previously published [29], possibly due
to paralysis of patients that had not been implemented as
standard procedure in previous studies. If paralysis is
applied, it is associated with a decrease in the time to reach
the target temperature [1].
According to published guidelines [22], the target temperature should be handled at 32.0–34.0 °C. In one of the
milestone cooling trials by the HACA group, 20 % of
patients never reached the target temperature [34]. In previous studies, the rate of inadequate AS cooling (below
32.0 °C or over 34.0 °C) ranged between 24 and 31 % [8,
10]. In the current trial, both cooling systems were able to
reach the desired target temperature of 33.0 °C. In contrast
to previous reports, the temperature-range in AS- or CG
cooling never left the proposed range of 32.0–34.0 °C.
However, CG showed slightly superior efficacy in keeping
the target temperature stable at this level. The clinical
significance of this finding remains, however, unclear.
Patients cooled with CG experienced more bleeding
complications. Other safety endpoints, such as infections or
therapy requiring arrhythmia did not differ significantly.
Hypothermia results in significant derangement of the
coagulation system [3, 21, 34]. The overall 23 % major
bleeding rate observed in the present trial is in line with the
previous hypothermia observations reporting bleeding rates
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between 4 and 26 % [10, 12, 21, 34]. There may be several
reasons for the higher bleeding rate with CG cooling as
compared to AS-MIH, one being a possible local component of the invasive catheter (e.g. by affecting the coagulation cascade in the blood floating along the cooling
catheter or by vascular access site bleeding induced by the
catheter). Otherwise in our patients, local bleeding complications at the catheter insertion site always went along
with mucosal bleedings. At admission, CG-cooled patients
presented with more acute myocardial infarctions. Therapy
with anti-coagulatory substances did not differ between
both groups. Nevertheless, the activation of the coagulation
system is known in connection with acute coronary syndromes and may induce bleeding complications [17].
In the current trial, two-thirds of patients developed
pneumonia which is a higher rate than in previously published studies [3, 21, 34]. This might in part be explained
by the fact that none of our patients received antibiotic
prophylaxis during hypothermia treatment and might have
also been influenced by pneumonia definitions.
Arrhythmias are common in the post-resuscitation period and are inherently related to the nature of the underlying cardiac disease, post-cardiac arrest myocardial
dysfunction [22] and/or hypothermia treatment [23]. Onethird of the patients in the present study developed
arrhythmias, which is comparable to patients in the hypothermic treatment arm or normo-thermic control group of
previous studies [3, 34].

Limitations
There are several study limitations. First, the study is not
powered to detect differences in clinical outcome. Second,
in some patients, the accuracy of intervals, such as time to
ROSC, cooling onset or target temperature might be
unreliable since information on the time when the patient
collapsed relies solely on witnesses. Although care was
taken to identify exact time points of relevant events by
interviewing paramedics and emergency physicians, these
may be subject to reporting or measurement errors. Third,
our institution is a tertiary care center for patients with
cardiac diseases. It is therefore possible that some SCA
survivors presumed not to be of cardiac origin were
referred to other hospitals. The randomized cohort might
therefore not be entirely representative for the whole
population of patients with ROSC following SCA.

Conclusion
Invasive and external MIH showed similar efficacy in
cooling comatose patients after survived in- and out-of-
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hospital cardiac arrest with respect to NSE levels as a
surrogate parameter for brain damage. Invasive cooling has
advantages with respect to temperature stability over surface cooling, but is associated with more bleeding
complications.
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