
Sylvie Ricome
Florence Dumas
Nicolas Mongardon
Olivier Varenne
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Abstract Purpose: External cool-
ing is largely employed to induce
hypothermia in comatose survivors of
cardiac arrest (CA), but can fail to
reach the target temperature in a
reasonable time. We aimed to assess
the rate of failure of external cooling
after CA and to determine failure
predictors. Methods: The study was
a retrospective review of a prospec-
tively acquired database in the setting
of a 24-bed ICU in a university hos-
pital. All consecutive patients
admitted for CA from May 2002 to
April 2010 and treated by external
cooling were considered. Patients
who were already hypothermic on
admission, patients dying within
24 h, patients cooled by an internal
technique and patients in whom
hypothermia had not been attempted
were not studied. External cooling
failure was defined as the inability to
reach a temperature below 34 �C

during the first 12 h after CA onset.
Results: Among 1,036 patients
admitted to the ICU, 594 were
included in the analysis and in 191
(32 %) the target temperature could
not be achieved within the 12 h fol-
lowing CA. Independent risk factors
for external cooling failure were an
early coronary angiography interven-
tion (OR 3.75, p \ 0.001), a high
body weight (OR 1.02 per kilogram,
p = 0.007), a high temperature on
ICU admission (OR 1.47 per degree,
p = 0.001) and a long delay between
collapse and the start of cooling (OR
1.15, p = 0.05). Conversely, early
haemodialysis (OR 0.27, p \ 0.001)
and male gender (OR 0.47, p = 0.02)
were significantly associated with
cooling success.
Conclusion: External cooling fail-
ure occurred in nearly one-third of
patients with CA and was associated
with easily identified risk factors.
This emphasizes the interest in early
cooling and alternative techniques in
these patients.
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Introduction

During the last decade, introduction of mild therapeutic
hypothermia (MTH) has been demonstrated to improve
neurological outcome and survival after out-of-hospital
cardiac arrest (CA) due to ventricular fibrillation [1, 2].
On the basis of several randomized and nonrandomized
clinical trials, current guidelines recommend that MTH is
maintained at between 32 �C and 34 �C for 12–24 h in
comatose survivors of out-of-hospital ventricular fibril-
lation [3, 4]. For other rhythms or in-hospital CA,
guidelines suggest that such cooling may also be benefi-
cial and should be discussed on a case by case basis.
However, there is no firm recommendation on the optimal
speed needed to reach MTH in these patients. In two
pivotal studies [1, 2], the targeted temperature was
reached in approximately 2 and 8 h, respectively. How-
ever, it seems highly likely that a shorter interval between
return of spontaneous circulation (ROSC) and achieve-
ment of cooling could positively impact neurological
outcome and survival [5]. In animal models of cooling
after CA, a better outcome has been obtained when MTH
was initiated between 0 and 4 h after ROSC, whereas the
benefit was completely lost when MTH was initiated 8 h
after ROSC [6]. Furthermore, some recent clinical studies
have also suggested an improvement in survival and
neurological outcome with early achievement of MTH
[7–9]. Thus measures to speed up the initiation of cooling
therapy may be warranted.

Different techniques can be used to induce and
maintain cooling in patients with CA but the optimal
method is not yet defined [10]. The choice of method is
usually driven by different considerations such as effi-
cacy, cost and risk-benefit ratio. Regarding induction of
MTH, rapid intravenous (IV) infusion of cold saline is the
most commonly recommended method for inducing
hypothermia, particularly in the pre-hospital setting [11].
However, even if safe and efficient, its use is still
restricted, and a large number of candidates for cooling
are actually treated with other methods. Several studies
have shown earlier achievement of MTH and better
control of temperature with endovascular systems, but
such approaches are more invasive and expensive [12,
13]. Furthermore, their use did not demonstrate any
improvement in neurological outcome or survival in
comparison with surface cooling techniques [13, 14].
Finally, the combination of lower cost and less inva-
siveness may both explain why surface cooling methods
are currently widely used. However, using these methods
it is sometimes difficult to achieve the target temperature
in a clinically acceptable time. We hypothesized that
some factors could contribute to difficulties or failure to
induce and achieve hypothermia using external cooling in
patients with CA. Identification of these factors could be
helpful for selecting patients who might be eligible for

alternative cooling methods, such as cold IV fluid loading
or endovascular techniques.

Based on a large cohort of patients with CA treated
with MTH, we first assessed the rate of surface cooling
failure and second identified risk factors associated with
difficulty in reaching the target temperature.

Materials and methods

Population

After institutional review board approval, an 8-year
observational cohort study was conducted in all consec-
utive successfully resuscitated patients aged over 18 years
admitted to our closed 24-bed medical ICU from May
2002 to April 2010 for out-of-hospital or in-hospital CA
and cooled with an external device. Patients who died
within the first 24 h, those who were hypothermic before
ICU admission (i.e. central temperature B34 �C), those
cooled with any other method (including cold IV fluids or
an endovascular method), those in whom hypothermia
had not been attempted, and those with missing data were
not considered in the analysis.

We retrospectively reviewed all medical records and
data from our prospectively acquired ICU database, in
which the characteristics of all patients with CA are
registered according to the Utstein style [15]. The fol-
lowing information was recorded prospectively for every
patient: demographic data, clinical parameters, hypo-
thermia management, cause of CA, CA location, ‘‘no-
flow’’ and ‘‘low-flow’’ duration, initial cardiac rhythm,
development of infection, hospital discharge status and
ICU mortality. Postresuscitation shock was defined as a
requirement for vasopressors (epinephrine or norepi-
nephrine) lasting more than 6 h despite adequate fluid
loading, or the need for ventricular assistance (intra-aortic
balloon pump counterpulsation) [16].

Patient management

ICU CA management was strictly standardized. Follow-
ing the publication of international guidelines [17], MTH
was progressively implemented over the study period.
Severe bleeding or life-threatening rhythm abnormalities
were the sole contraindications. In the studied population,
hypothermia was started immediately on ICU admission
using external cooling with forced cold air (using a tent,
fans and ice packs) during the first 24 h to obtain a target
temperature between 32.0 �C and 34.0 �C. During thera-
peutic hypothermia, sedation was induced by adjusted
doses of midazolam and morphine. Neuromuscular
blocker agent infusion was systematically applied to
prevent shivering. In the absence of shock or
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complications, sedation was interrupted at the end of the
hypothermia period. Normothermia between 37.0 �C and
37.5 �C was then achieved using passive rewarming, and
was maintained over the next 24 h. Central temperature
was measured via a bladder probe.

Dialysis was considered necessary in the presence of
severe metabolic acidosis (i.e. pH \7.20) or acute renal
failure with severe hyperkalaemia, anuria or pulmonary
oedema. When required, renal replacement therapy was
always performed using an intermittent rather than a
continuous technique. In our analysis, we only considered
the potential influence of haemodialysis when performed
during the first 12 h following ICU admission.

Early-onset pneumonia was defined as the presence of
a new and persistent pulmonary infiltrate on chest radi-
ography, associated with either positive quantitative
culture of the endotracheal aspirates, or, in the absence of
a bacteriological sample, a combination of purulent spu-
tum and hypoxaemia (PaO2/FiO2\200) in the first 5 days
following CA.

Our practice also included a target of a mean arterial
blood pressure between 65 and 75 mmHg. Since acute
coronary syndrome is a frequent cause of CA in adults
[18], early coronary angiography was often performed in
our cardiology department before ICU admission and
followed by percutaneous coronary interventions (PCI) if
required. Cranial computed tomography and/or pulmon-
ary angiotomography were also performed when the CA
had a possible extracardiac cause. Extubation was carried
out as soon as the neurological and respiratory examina-
tion permitted.

Data analysis

The primary endpoint was the failure of therapeutic
hypothermia, defined as failure to achieve a target tem-
perature of 34 �C or less in the first 12 h following CA.
Thus two groups of patients were evaluated. In the
‘‘success’’ group, a target temperature of 34 �C or less
was achieved in the first 12 hours following CA. In the
‘‘failure’’ group, patients never achieved a temperature
B34 �C in the first 12 hours.

Statistical analysis

Categorical variables are given as counts and percentages,
and continuous variables are reported with their medians
and interquartile ranges (IQR). Categorical variables were
compared using Pearson’s chi-squared test or Fisher’s
exact test, as appropriate, and continuous variables using
the nonparametric Wilcoxon test. We also performed a
multivariable analysis using a logistic regression model to
identify the predictive factors for failure of MTH from
among all potential confounders.

All tests were two-sided and a p value\0.05 was con-
sidered significant. Analyses were performed using Stata/
SE 11.0 software (Stata Corporation, College Station, TX).

Results

During the 8-year study period, 1,036 patients were
admitted to our ICU after being resuscitated from a CA.
Of these 1,036 patients, 442 were not included in the
analysis due to the presence of one or more exclusion
criteria (there were several duplicates between patients
who died in the first 24 h and patients who were in
hypothermia before admission). After application of
exclusion criteria, 594 patients were finally analysed
(Fig. 1). ‘‘Success’’ of external cooling was achieved in
403 patients (68 %) who had a temperature below 34 �C
within the first 12 h, and ‘‘failure’’ of external cooling
was seen in 191 patients (32 %) who never reached the
target temperature of 34 �C within the first 12 h.

Patients were predominantly men (439 patients, 74 %)
with a median age of 59 years (IQR 49–71 years).
Table 1 shows the baseline characteristics, ICU manage-
ment and outcome in the ‘‘success’’ and ‘‘failure’’ groups.
Baseline characteristics were similar in the two groups
except for weight that was significantly higher in the
‘‘failure’’ group than the ‘‘success’’ group (81 kg, IQR
71.6–93 kg, and 74 kg, IQR 65–84 kg; p \ 0.001). CA
occurred most frequently at home (249 patients, 42 %)
with a cardiac cause in the majority (334 patients, 60 %).
Among the whole population, 400 patients (68 %)
underwent early coronary angiography on hospital
admission, just before ICU admission. Coronary angiog-
raphy was more frequently performed in the ‘‘success’’
group than in the ‘‘failure’’ group (77 vs. 63 %;
p = 0.001) and time from collapse to start of external
cooling was longer in the ‘‘failure’’ group (3 vs. 2.5 h,
p = 0.002). Early-onset pneumonia was more frequent in
the ‘‘failure’’ group (74 % vs. 63 %, p = 0.009) and
haemodialysis was significantly less frequently performed
in the ‘‘failure’’ group (18 % vs. 34 %; p \ 0.001).

Regarding hospital outcome, there were no significant
differences between the two groups concerning both
postresuscitation shock (38.2 vs. 43.9 %, p = 0.19) and
death (56.5 vs. 62.3 %, p = 0.18).

Detailed temperature data are presented in Table 2.
Temperature on ICU admission was significantly higher
in the ‘‘failure’’ group than in the ‘‘success’’ group (36 �C,
IQR 35.7–37 �C and 36 �C, IQR 35–36 �C; p \ 0.001)
and the lowest temperature remained higher in the ‘‘fail-
ure’’ group during the first 2 days following CA
(p [ 0.001). In the whole population, the median time to
reach the target temperature was 10 h (IQR 7–14 h), but
this delay was significantly longer in the ‘‘failure’’ group
(17 h, IQR 14–20 h and 8 h, IQR 6–10 h; p \ 0.001).
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The risk factors for failure of external cooling identi-
fied in the multivariable analysis are presented in Table 3
and Fig. 2. Coronary angiography intervention (OR 3.75,

95 % CI 1.79–7.82; p \ 0.001), elevated body weight
(OR 1.02 per kg, 95 % CI 1.01–1.03; p = 0.007), high
temperature on ICU admission (OR 1.47 per degree, 95 %

Fig. 1 Study flowchart

Table 1 Baseline characteristics, ICU management and outcome in the external cooling ‘‘success’’ and ‘‘failure’’ groups

Overall
(n = 594)

Success
(n = 403)

Failure
(n = 191)

p

Male sex, n (%) 439 (73.9) 295 (73.2) 144 (75.4) 0.57
Age (years), median (IQR) 59 (48.9–71.2) 59.5 (49.1–72.3) 57.9 (48.4–69.7) 0.15
Weight (kg), median (IQR) 77 (67–88) 74 (65–84) 81 (71.6–93) \0.001
Hypertension, n (%) 218 (37.9) 141 (36.3) 77 (35.3) 0.28
Smoking, n (%) 274 (54.6) 180 (53.4) 94 (57) 0.45
Diabetes mellitus, n (%) 93 (16.2) 59 (15.3) 34 (18.1) 0.40
Aetiology of CA, n (%)
Cardiac 334 (59.6) 218 (57.1) 116 (65.2) 0.07
Extra-cardiac 226 (40.4) 164 (42.9) 62 (34.8)

CA location, n (%)
Home 249 (42.1) 173 (42.9) 76 (40.2) 0.50
Outdoors 183 (30.9) 127 (31.5) 56 (29.6)
Other 160 (27.0) 103 (25.6) 57 (30.2)

Time from collapse to basic life support (min),
median (IQR)a

4 (0–8) 5 (0–10) 3 (0–7) 0.10

Time from basic life support to return of
spontaneous circulation (min), median (IQR)b

15 (8–24) 15 (8–25) 15 (7–21) 0.96

Shockable rhythm, n (%) 369 (62.1) 245 (60.8) 124 (64.9) 0.33
Dose of epinephrine, median (IQR) 2 (0–5) 2 (0–5) 2 (0–5) 0.70
Early coronary angiography, n (%) 400 (67.6) 254 (63) 146 (77.3) 0.001
Time from collapse to start of cooling (h), median (IQR) 2.7 (1.8–3.5) 2.5 (1.8–3.3) 3 (2.1–3.7) 0.002
Haemodialysis within the first 12 h, n (%) 172 (29.0) 138 (34.2) 34 (17.8) \0.001
Early-onset pneumonia, n (%) 387 (65.2) 248 (62.6) 139 (73.5) 0.009
Postresuscitation shock, n (%) 250 (42.1) 177 (43.9) 73 (38.2) 0.19
Death, n (%) 359 (60.4) 251 (62.3) 108 (56.5) 0.18

IQR interquartile range, BLS basic life support, ROSC return of spontaneous circulation, Time from collapse to BLS: no flow, Time from
BLS to ROSC: low flow
a No-flow duration
b Low-flow duration
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CI 1.17–1.83; p = 0.001) and a longer delay between
collapse and the start of cooling (OR 1.15, 95 % CI
1.00–1.31; p = 0.05) were all predictors of external
cooling failure. On the other hand, early haemodialysis
(OR 0.27, 95 % CI 0.14–0.53; p \ 0.001) and male
gender (OR 0.47, 95 % CI 0.25–0.90; p = 0.02) were
significantly associated with success of cooling. Figures 3
and 4 show the distributions of ‘‘failure’’ and ‘‘success’’
patients according to, respectively, body weight and the
temperature on ICU admission.

Discussion

In a large proportion of patients who were eligible for
MTH from among a large cohort with CA admitted to a

tertiary centre the target temperature could not be achieved
by external surface cooling. Factors independently associ-
ated with external cooling failure were coronary
angiography intervention, a high body weight, and a high
body temperature on admission. By contrast, both early
haemodialysis (performed in the first 12 h) and male
gender were significantly associated with cooling success.

To our knowledge, this is the first clinical study
evaluating the incidence and risk factors for failure to
reach the target temperature by external cooling after CA.
One of the most important results of the study was that in
almost one-third of the patients with CA a target tem-
perature of 34 �C or less could not be achieved by
conventional external cooling in the first 12 h following
CA. This result is important since MTH is currently the
only treatment that has been demonstrated to improve
neurological outcome after CA [1, 2].

Table 2 Temperatures in the external cooling ‘‘success’’ and ‘‘failure’’ groups

Success
(n = 403)

Failure
(n = 191)

p

Temperature on ICU admission (�C) 36 (35–36) 36 (35.7–37) \0.001
Time from collapse to first temperature B34 �C (h) 8 (6–10) 17 (14–20) \0.001
Coldest temperature, mean (�C)
Day 1 32.9 (32.2–33.3) 33.9 (32.9–35) \0.001
Day 2 33 (32.5–33.5) 33.3 (32.8–34.1) \0.001
Day 3 37.1 (36.4–37.5) 37.2 (36.3–37.6) 0.28

Temperature, mean (�C)
Day 1 34.4 (33.9–34.8) 35.3 (34.7–36) \0.001
Day 2 35.1 (34.4–35.7) 35.6 (34.9–36.3) \0.001
Day 3 37.8 (37.3–38.1) 37.8 (37.4–38.2) 0.38

Duration of cooling process (h) 24 (18–24) 24 (12–20) \0.001

All data are expressed as median (interquartile range)

Table 3 Multivariable
logistic regression analysis
identifying the predictive
factors for failure of MTH
from among all potential
confounders

OR 95 % CI p

Haemodialysis in the first 12 h 0.27 0.14–0.53 \0.001
Male sex 0.47 0.25–0.90 0.02
Home location 0.69 0.37–1.27 0.67
Initial rhythm 0.77 0.40–1.47 0.43
Aetiology of CA 0.78 0.40–1.55 0.48
Public area location 0.87 0.46–1.65 0.84
Hypertension 0.96 0.55–1.66 0.88
Age 0.99 0.98–1.01 0.55
Time from collapse to basic life support 1.00 0.96–1.04 0.89
Time from basic life support to return

of spontaneous circulation
1.01 0.99–1.04 0.25

Weight 1.02 1.01–1.03 0.007
Epinephrine 1.04 0.98–1.11 0.23
Smoking 1.06 0.61–1.82 0.84
Diabetes mellitus 1.11 0.57–2.17 0.76
Postresuscitation syndrome 1.13 0.68–1.90 0.64
Time from collapse to start of cooling 1.15 1.00–1.31 0.05
Early-onset pneumonia 1.31 0.78–2.21 0.31
Temperature on admission 1.47 1.17–1.83 0.001
Early coronary angiography 3.75 1.79–7.82 \0.001
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Conventional external cooling may not be sufficient in
one-third of patients, so its use in these patients may
decrease the benefit of MTH and the use of alternative
cooling methods may be warranted in the presence of a
risk factor for failure. Conventional external cooling
techniques, which are less invasive and less expensive,
are currently the most employed in clinical practice [19,
20]. However, surface cooling techniques are also likely
to be less efficient in achieving the target temperature.
Indeed, several studies have compared different tech-
niques or methods, and have shown a faster achievement
of cooling with the endovascular method than with

conventional external cooling, despite a lack of outcome
improvement [13, 14]. However, although the target
temperature may be achieved more quickly using alter-
native methods (endovascular and various techniques
such as water-circulating blankets, gel pads or convective
immersion cooling), they are too costly to be employed in
all patients, and should be used in selected patients [13,
20–22]. A simple way to reduce the risk of failure should
be to start cooling in the period before ICU admission.
This could be done using the transnasal evaporating
cooling system [23] or administration of cold saline [11].
After completion of the present study, we modified our

Fig. 2 Independent predictive factors of failure from multivariable analysis
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local procedure by emphasizing the systematic use of a
rapid infusion of large-volume ice-cold IV fluid in
patients with CA.

The highest risk factor for cooling failure was coronary
angiography prior to ICU admission, which was associated
with a threefold increase in the failure risk. The most likely
explanation for this result is that coronary angiography
delayed the arrival of the patient in the ICU and therefore
delayed the initiation of cooling. Indeed, the time between
collapse and the start of cooling was significantly longer
among patients with failure of external cooling. Coronary
angiography by itself could also be associated with external
cooling failure, with a possible role of inflammation as
some previous trials have shown an increase in C-reactive
protein in the serum after emergency PCI [24, 25]. Finally,
it is also possible that patients who had early coronary
angiography had a cardiac dysfunction with a low cardiac
output, which could have contributed to the failure of
external cooling. In our opinion, these results do not call
into question the importance of early coronary angiography
after CA when a coronary cause is suspected. Indeed, the
benefit of coronary angiography after CA has been widely
demonstrated in several recent studies showing an associ-
ation between successful immediate coronary angioplasty
and improved hospital survival in patients with or without
ST segment elevation after out-of-hospital CA [18].
Moreover the combination of early PCI and MTH has
recently been demonstrated to be safe in patients with CA
[26, 27]. Therefore recent guidelines recommend consid-
ering immediate coronary angiography in all patients with
CA in whom acute coronary syndrome is suspected [28].
Thus, even if coronary angiography intervention should
continue to be widely discussed after CA, our results
underline that these patients would also benefit from effi-
cient and early cooling, such as by cold IV fluid loading.

The second risk factor associated with failure of
external cooling was a high body weight. Hence in our
experience, the failure rate of external cooling was only
20 % in patients under 70 kg but reached nearly 50 % in
patients over 90 kg. This underlines the challenge of
cooling in obese patients. It might be postulated that en-
dovascular techniques would be more efficient in obese
patients. However, complications of vascular access could
be a limitation of invasive methods. Another factor
independently associated with external cooling failure
was a more elevated temperature on ICU admission. It
would be interesting to further evaluate the influence of
climatic conditions on body temperature on ICU admis-
sion and on the risk of cooling failure.

Finally, early haemodialysis and male gender were
associated with success of external cooling. The effect of
haemodialysis is easy to understand since it is well known
that using an extracorporeal blood circuit without a
warming system results in rapid cooling. Furthermore,
haemodialysis may also remove cytokines and decreases
the SIRS response, thus resulting in an additional effect on

temperature control [29]. It could be postulated that
patients with CA needing renal replacement therapy can be
cooled adequately by the combination of haemodialysis
and surface cooling. It is more difficult to understand the
effect of male sex on the success of external cooling since
several confounding factors may have been unidentified.

As shown in several recent studies, early-onset pneu-
monia is a common complication after CA [30, 31]. We
examined this factor because we thought that because of
inflammatory syndrome and fever, early-onset pneumonia
could be associated with difficulties in cooling. Surpris-
ingly, although significantly more frequent in the ‘‘failure’’
group, early-onset pneumonia was not a significant risk
factor in the multivariable analysis. One explanation is that
in the present study, early-onset pneumonia was defined as
pneumonia occurring in the first 5 days following CA.
Thus it is possible that the delay between CA and devel-
opment of infection was longer than the delay between CA
and achievement of MTH. It may be interesting to look for
an association between the occurrence of earlier pneumo-
nia (i.e. pneumonia occurring in the first 24 h following
CA) and hypothermia failure.

Since MTH has widely proven benefit in this setting,
we may speculate that failure of MTH could have been
associated with a worse outcome among patients with
CA. However, our results did not show significant dif-
ferences in survival or neurological outcome between the
two groups. First, this may be because the study was not
designed in this way, and may be have been underpow-
ered to evaluate the impact of cooling failure on
prognosis. When comparing the characteristics of the two
groups, the severity in the ‘‘success’’ group appeared
more important, as reflected by the rate of early hae-
modialysis requirement. This could reflect the fact that
patients in the ‘‘success’’ group more often experienced
shock or acute renal failure. Moreover, body temperature
was lower on admission to the ICU in these patients. In
two recent studies, spontaneous hypothermia (i.e.
\35 �C) on ICU admission was a predictor of unfa-
vourable neurological outcome [32, 33]. Second, this
finding could be because, although patients in the ‘‘fail-
ure’’ group did not reach the target temperature of 34 �C,
the median temperature on day 1 was 35.3 �C. It is pos-
sible that the neuroprotective effects of hypothermia
begin at a temperature above 34 �C. Finally our study
cannot answer the question of whether the failure of
surface cooling is or is not associated with a worse
prognosis. It would be of particular interest to investigate
this outcome in further studies.

The present study suffered from several limitations.
First, this is a retrospective review of a single-institution
cohort. However, although data were retrospectively
studied, our databases and medical records are prospec-
tively maintained. Second, our definition of ‘‘failure’’ of
external cooling is debatable. We chose a delay of 12 h
after CA to reach the cut-off temperature of 34 �C, but
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there are currently no data concerning the time needed to
reach this temperature. In some clinical and experimental
trials, prognosis was worse when MTH was obtained 8 h
or more after ROSC [2, 6]. We decided to extend this time
to 12 h because it can be consensually accepted a ‘‘fail-
ure’’ if cooling is not achieved by this time. Third, the
median time between CA and the target temperature
(34 �C) was 10 h (IQR 7–14 h), which is longer than in
some previous studies evaluating external cooling.
Bernard et al. were able to reach the target temperature of
33.5 �C within 120 min after ROSC. Nevertheless, in
their study, cooling was started in the ambulance,
resulting in a lower temperature on admission than found
in our study (35 vs. 36 �C) [1]. Furthermore only 4 % of
patients underwent coronary angiography, whereas nearly
two-thirds of our patients had coronary angiography.
Moreover, our results are consistent with those of some
other trials [12, 21] with target temperature obtained at
8 h (IQR 4–16 h) in the Hypothermia after Cardiac Arrest
Study [2]. Fourth, our study focused on the issues
involved in reaching the target temperature, whereas the

duration of MTH was not studied. Finally, we could not
assess the influence of body mass index on the risk of
‘‘failure’’ because the height of the patients was not sys-
tematically recorded in our database.

Conclusion

This study shows that failure of an external cooling pro-
cedure to achieve the target temperature in an acceptable
time is a frequent event in patients with CA in whom
MTH is undertaken on ICU admission. Considering the
potential benefit of MTH, this should be anticipated since
a substantial proportion of these patients are at higher risk
of failure and might benefit from the use of more efficient
techniques for cooling induction.
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M, Berg RA, Böttiger BW, Callaway C,
Clark RSB, Geocadin RG, Jauch EC,
Kern KB, Laurent I, Longstreth WT,
Merchant RM, Morley P, Morrison LJ,
Nadkarni V, Peberdy MA, Rivers EP,
Rodriguez-Nunez A, Sellke FW,
Spaulding C, Sunde K, Vanden Hoek T
(2008) Post-cardiac arrest syndrome:
epidemiology, pathophysiology,
treatment, and prognostication. A
consensus statement from the
International Liaison Committee on
Resuscitation (American Heart
Association, Australian and New
Zealand Council on Resuscitation,
European Resuscitation Council, Heart
and Stroke Foundation of Canada,
InterAmerican Heart Foundation,
Resuscitation Council of Asia, and the
Resuscitation Council of Southern
Africa); the American Heart
Association Emergency Cardiovascular
Care Committee; the Council on
Cardiovascular Surgery and Anesthesia;
the Council on Cardiopulmonary,
Perioperative, and Critical Care; the
Council on Clinical Cardiology; and the
Stroke Council. Circulation
118:2452–2483

29. Laurent I, Adrie C, Cariou A, Chiche
J-D, Ohanessian A, Spaulding C, Carli
P, Dhainaut J-F, Monchi M (2005)
High-volume hemofiltration after out-
of-hospital cardiac arrest a randomized
study. J Am Coll Cardiol 46:432–437

30. Mongardon N, Perbet S, Lemiale V,
Dumas F, Poupet H, Charpentier J, Péne
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