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From evidence to clinical practice: Effective implementation
of therapeutic hypothermia to improve patient outcome

after cardiac arrest*

Mauro Oddo, MD; Marie-Denise Schaller, MD; Francois Feihl, MD; Vincent Ribordy, MD; Lucas Liaudet, MD

Objectives: Therapeutic hypothermia has been recommended
for postcardiac arrest coma due to ventricular fibrillation. How-
ever, no studies have evaluated whether therapeutic hypothermia
could be effectively implemented in intensive care practice and
whether it would improve the outcome of all comatose patients
with cardiac arrest, including those with shock or with cardiac
arrest due to nonventricular fibrillation rhythms.

Design: Retrospective study.

Setting: Fourteen-bed medical intensive care unit in a univer-
sity hospital.

Patients: Patients were 109 comatose patients with out-of-
hospital cardiac arrest due to ventricular fibrillation and nonven-
tricular fibrillation rhythms (asystole/pulseless electrical activity).

Interventions: We analyzed 55 consecutive patients (June
2002 to December 2004) treated with therapeutic hypothermia
(to a central target temperature of 33°C, using external cool-
ing). Fifty-four consecutive patients (June 1999 to May 2002)
treated with standard resuscitation served as controls. Efficacy,
safety, and outcome at hospital discharge were assessed. Good
outcome was defined as Glasgow-Pittsburgh Cerebral Performance
category 1 or 2.

Measurements and Main Results: In patients treated with
therapeutic hypothermia, the median time to reach the target

temperature was 5 hrs, with a progressive reduction over the 18
months of data collection. Therapeutic hypothermia had a major
positive impact on the outcome of patients with cardiac arrest
due to ventricular fibrillation (good outcome in 24 of 43 patients
[55.8%] of the therapeutic hypothermia group vs. 11 of 43 patients
[25.6%] of the standard resuscitation group, p = .004). The
benefit of therapeutic hypothermia was also maintained in pa-
tients with shock (good outcome in five of 17 patients of the
therapeutic hypothermia group vs. zero of 14 of the standard
resuscitation group, p = .027). The outcome after cardiac arrest
due to nonventricular fibrillation rhythms was poor and did not
differ significantly between the two groups. Therapeutic hypo-
thermia was of particular benefit in patients with short duration of
cardiac arrest (<30 mins).

Conclusions: Therapeutic hypothermia for the treatment of
postcardiac arrest coma can be successfully implemented in
intensive care practice with a major benefit on patient outcome,
which appeared to be related to the type and the duration of initial
cardiac arrest and seemed maintained in patients with shock.
(Crit Care Med 2006; 34:1865—1873)

Key Worbs: therapeutic hypothermia; cardiac arrest; practical
implementation; cytokines; outcome

ecently, therapeutic hypo-
thermia (TH) has been shown
in two randomized controlled
trials to improve neurologic
outcome of unconscious survivors of out-
of-hospital cardiac arrest (CA) due to ven-
tricular fibrillation (VF) and without cir-
culatory shock (1, 2) and has therefore
been recommended in this setting (3).

*See also p. 2008.

From the Department of Intensive Care Medicine
(MO, MDS, LL), the Division of Clinical Pathophysiology
(FF), and the Interdisciplinary Emergency Center (VR),
Lausanne University Hospital (Centre Hospitalier Uni-
versitaire Vaudois), Lausanne, Switzerland.

The authors have not disclosed any potential con-
flicts of interest.

Copyright © 2006 by the Society of Critical Care
Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/01.CCM.0000221922.08878.49

Crit Care Med 2006 Vol. 34, No. 7

However, when introducing new thera-
peutic interventions into daily practice,
major problems can arise that might po-
tentially limit their effective clinical ap-
plication, and indeed several technical
difficulties have been identified with re-
spect to the practical implementation of
TH (4, 5). The duration of cooling, which
varied from 12 (2) to 24 (1) hrs in the
previously mentioned trials, and the op-
timal method to induce mild hypother-
mia have still to be found (6). In fact,
various cooling techniques have been
used, either external, such as ice bags (2)
or cooling blankets (1, 7), or internal,
such as specialized central venous cathe-
ters (8) or intravenous infusion of cooled
fluids (9). TH may also have unwanted
side effects, including reduction of car-
diac index (2, 10), electrolyte disorders
that might increase the risk of arrhyth-

mias (10, 11), altered renal function with
polyuria that predisposes to hypovolemia
(12), and increased rate of infections (1).
Furthermore, hypothermia-related side
effects might cumulate with those due to
post-CA cardiovascular and immune dys-
function (13, 14). The latter consider-
ation probably explains why patients with
sustained hypotension and shock were
excluded from the previously mentioned
trials (1, 2). For these reasons, TH has
not been broadly incorporated into clini-
cal practice (15).

We conducted a retrospective study in
our intensive care unit (ICU), aiming to
determine whether TH could be success-
fully applied in critical care practice to all
comatose patients resuscitated from out-
of-hospital CA, including CA due to VF
and non-VF rhythms. We then assessed
the potential benefit of TH on patient
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outcome, looking to the type and the
duration of initial CA and the presence or
absence of shock.

METHODS

Patients. This retrospective study was con-
ducted in the 14-bed medical ICU of Lausanne
University Hospital, Switzerland. Full access
to patient flowcharts was approved by our in-
stitutional review board. The study population
consisted of 109 patients successfully resusci-
tated from out-of-hospital CA. The initial
rhythm was VF in 86 of them and asystole or
pulseless electric activity in the remaining 23.
Out-of-hospital resuscitation was delivered by
an emergency team, which included one
trained physician, in accordance with the rec-
ommendations of the American Heart Associ-
ation. Patients were initially admitted to the
emergency room (where they were immedi-
ately managed by critical care physicians) and,
after stabilization, were rapidly transferred to
the ICU. All patients had persistent coma at
admission.

Myocardial Reperfusion Strategy. All pa-
tients with acute ST-segment elevation myo-
cardial infarction were immediately trans-
ferred to the cardiology catheter laboratory for
primary angioplasty and stenting before being
admitted to the ICU.

Standard Resuscitation. Comatose pa-
tients having suffered from out-of-hospital CA,
admitted to our ICU from June 1999 to May
2002, served as historical controls. All patients
were equipped with an intra-arterial and a
central venous catheter. These patients were
treated with standard resuscitation (SR),
which consisted of maintaining mean arterial
pressure (MAP) at 75-80 mm Hg (by the use
of norepinephrine, when necessary), Pao, at
90-100 mm Hg, Paco, at 36—40 mm Hg, and
blood glucose between 6 and 8 mmol/L. Pa-
tients with sustained hypotension and shock
(systolic blood arterial pressure <90 mm Hg
for >60 mins, unresponsive to volume resus-
citation, requiring vasopressor treatment)
were equipped with a pulmonary artery cath-
eter (Edwards LifeSciences Corporation, Ir-
vine, CA) and treated with dobutamine, aim-
ing at mixed venous oxygen saturation >65%
and an arterial blood lactate <2.5 mmol/L,
according to our local procedures for resusci-
tation of cardiocirculatory shock. Hemody-
namic support was given at the discretion of
the treating clinician.

Therapeutic Hypothermia. From June
2002 to September 2004, TH was imple-
mented in our ICU for the treatment of all
patients with out-of-hospital CA, including
those having sustained hypotension and
shock. This consisted of standard resuscitation
(as previously described) plus mild hypother-
mia. All patients were equipped with an intra-
arterial catheter and, for the continuous reli-
able monitoring of central temperature, with a
pulmonary artery catheter. Mild hypothermia
to 33°C was induced with external cooling: On

1866

arrival to the emergency room, patients were
covered with ice bags on the neck, axillae,
torso, and groins. In the ICU, a cooling mat-
tress was used (Cincinnati SubZero, Cincin-
nati, OH). Temperature was maintained at
that level for 24 hrs. Passive rewarming was
then started, with absolute avoidance in that
respect of any active measure, first to a target
of 35°C and then taking care not to exceed
37.5°C (using paracetamol and external cool-
ing as necessary) until 48 hrs had elapsed from
hospital admission. Patients were treated with
sedation (midazolam, 0.1 mg/kg/hr intrave-
nously), analgesia (fentanyl, 1.5 png/kg/hr in-
travenously), and paralysis (intravenous bo-
luses of vecuronium, 0.1 mg/kg, according to
nerve stimulator monitoring), which were
stopped on rewarming as soon as the central
temperature reached 35°C.

In addition to mild hypothermia, patients
were treated, when necessary, with norepi-
nephrine to maintain MAP between 90 and
100 mmHg, according to previous studies (2).

For both patient groups, treatment was
started immediately on admission to the
emergency room (= time 0).

Data Collection and Assessment of Out-
come. Data were collected by retrospective
analysis of patients’ flowcharts. Patient out-
come was assessed using Glasgow-Pittsburgh
Cerebral Performance categories (CPC) (16).
CPC 1 indicates essentially total recovery
(conscious and alert patient, able to work and
to lead a normal life). Patients with CPC 2
have moderate disability (conscious, able to
work at least part-time, and independent for
their daily life activities, with or without neu-
rologic manifestations such as hemiplegia,
seizures, ataxia, dysarthria, dysphasia, or per-
manent memory or mental changes). CPC 3
indicates severe disability (conscious, but fully
dependent on others for daily support because
of severely impaired cognitive function; these
patients are discharged to institutions or long-
term rehabilitation facilities). Patients with
CPC 4 are in vegetative state, and CPC 5 indi-
cates death. Outcome was assessed blindly
(i.e., without knowledge of whether TH had
been applied) by two physicians who indepen-
dently reviewed the reports of neurologic ex-
aminations made just before hospital dis-
charge. Good outcome was defined as CPC 1 or
2 at hospital discharge.

Neurologic Assessment and Termination
of Life Support. Neurologic assessment and
decision regarding termination of life support
were based on daily examination made by the
ICU physician and the consultant neurologist
and, when necessary, on the results of electro-
encephalograph and somatosensory evoked
potentials (17).

Statistical Analysis. Univariate compari-
sons between the two treatment groups (i.e.,
TH and SR) were carried out with Student’s
t-tests for continuous variables and with chi-
square tests for categorical variables. We used
multivariable binary logistic regression in or-
der to adjust the estimated effect of TH on

outcome for possible confounders. Neurologic
outcome was dichotomized as good (CPC 1 or
2) or bad (CPC 3-5). In addition to treatment
group, the following potential predictors were
considered: a) baseline variables: time from
collapse to return of spontaneous circulation
(ROSC), initial rhythm, presence of shock, and
blood lactate; and b) hemodynamic status in
the first 24 hrs of treatment: mean blood pres-
sure and need for vasopressors, inotropic
agents, and volume expansion. All the afore-
mentioned covariates were entered, along
with the treatment group, into an initial
model without interactions. The final model
was selected using backward elimination.
Goodness of fit was assessed with the likeli-
hood ratio statistic. The JMP starter software
(SAS Institute, Cary, NC) was used for data
analysis. We considered p < .05 to be statisti-
cally significant.

RESULTS

Patient Characteristics. A total of 109
patients (86 patients with CA due to VF,
23 patients with CA due to non-VF initial
rhythms) were analyzed. Baseline clinical
and physiologic characteristics were
comparable between patients treated with
TH or with SR, after CA following VF
(Table 1) or non-VF rhythms (Table 2). Of
note, the time from collapse to ROSC,
and the values of arterial blood lactate
and pH, which are major indicators of the
severity of CA as well as important prog-
nostic determinants (2, 18), did not differ
between the treatment groups (Tables 1
and 2). As compared with CA following
VF, CA following non-VF initial rhythms
was of greater severity, as reflected by
the longer time from collapse to ROSC
(22.5 = 8.8 mins vs. 32.7 = 5.5 mins, p <
.001), the higher blood lactate values at
admission (7.7 = 3.3 mmol/L vs. 10.7 =
3.2 mmol/L, p = .002), and the higher
proportion of patients with shock (23.3%
vs. 45.8%, p = .03).

FEfficiency of TH Implementation. The
median temperatures, with interquartile
ranges, at each time point during the first
48 hrs are shown in Table 3 for the two
treatment groups. As counted from emer-
gency room admission (time 0), the me-
dian delay needed to reach the target
central temperature of 33°C in patients
receiving TH was 5 hrs (interquartile
range, 3—7 hrs). There was a statistically
significant trend for this delay to decrease
with accruing experience (Fig. 1). Indeed,
the median delay was 6 hrs for the first 20
patients treated with TH vs. 4 hrs for the
last 20. Passive rewarming to a central
temperature of 35°C took a median of 8
hrs (interquartile range, 610 hrs).
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Table 1. Baseline characteristics of comatose patients with out-of-hospital cardiac arrest (initial Impact of TH on OQutcome as a Func-

rhythm: ventricular fibrillation) tion of Initial Rhythm. Table 4 shows the
CPCs at hospital discharge in subjects

Therapet:;lczHZ?;:;)thermla Standal;(ril R:s:gs)atatlon Valte who had CA with VF as initial rhythm.
P Good outcome (i.e., CPC 1 or CPC 2, see
Mean age, yrs 59 + 15 63 + 14 29 Methods) was observed in 24 of 43 pa-
Male gender, % 76.7 76.7 1.0 tients (55.8%) treated with TH compared
Diabetes, % ) 9.3 9.3 L0 with 11 of 43 patients (25.6%) treated
H'iS:f)rf Sif ?y(;cardlal 30.2 37.2 A9 with SR (p = .004). In addition, the fre-
Histoiycofo s{m(i(e, % 93 7.0 69  quency of discharge to institutions or to
Acute STEMI, % 55.8 53.5 82 long-term rehabilitation facilities (CPC 3)
Shock before starting the 23.3 20.9 .79 was signiﬁcant]y lower among patients
treatment, % treated with TH (4.7%) than among those
Mean arterial pressure, 91.9 + 21.6 90.4 + 20.6 74 treated with SR (18.6%, p = .04). When
mm Hg e .
Heart rate, beats/min 103 + 24 97 + 26 31 VF was the initial rhythm, TH was also
Time from collapse to 23.1+9.0 22.7+95 .86 associated with a higher hospital survival
ROSC, min (TH 60.5% vs. SR 44.2%), a statistically
Arter@al lactate, mmol/L 79 = 3.0 8.8 4.4 32 nonsignificant trend (odds ratio in favor
Arterial pH 7.16 = 0.15 7.18 £ 0.15 .58 of TH 1.60: 95% confidence interval,
STEMI, ST segment elevation myocardial infarction; ROSC, return of spontaneous circulation. 0.68-3.80; p = .28, binary logistic regres-
Values are either mean =+ sp or percentage of total number of patients in corresponding treatment sion with treatment group as the unique
group. predictor).

TH was safely applied to comatose pa-
tients with CA following asystole or

pulseless electric activity. However, since
Table 2. Baseline characteristics of comatose patients with out-of-hospital cardiac arrest (initial the outcome of these patients was very

rhythm: nonventricular fibrillation [asystole or pulseless electrical activity]) poor, it was not possible, from our data
) b )

to determine whether TH was beneficial

Therapeutic Hypothermia Standard Resuscitation . A
(n = 12) (n = 11) p Value N this subgroup (Table 5).
Finally, in the TH group, the time

Mean age, yrs 57 + 14 64+ 11 .19 required to reach the target temperature
135315“1’13’“01@ - ;gg ggg gg had no obvious relationship to outcome

uiseless iecmca ) ’ ’ (median [interquartile range], 4 [3-7] hrs

activity,” % . . ]
Shock before starting the 50.0 45.0 .82 in the subgroup of patients with CPC 1 or

treatment, % 2 vs. 5.5 [3-6.8] hrs in the others, p =
Mean arterial pressure, 93.1 + 23.7 87.0 +22.2 53 .95, Mann-Whitney test).
u mm Hg beate) 18 = 31 190+ 97 % Impact of TH on Outcome in Patients

eart rate, beats/min + + . . : :
Time from collapse to 34.6 + 11.9 275+ 4.6 og-  with Shock. No studies have determined

ROSC. mins whether TH could be of benefit after CA
Arterial lactate, mmol/L 9.8 + 2.6 116 + 3.8 23 in comatose patients with circulatory
Arterial pH 7.00 + 0.17 6.94 + 0.21 A7 shock. We therefore analyzed the out-

come of patients who were in shock be-
fore the initiation of the treatment (Table
6). On univariate analysis, TH was bene-

“?Acute myocardial infarction n = 6, severe hypoxemia n = 3, malignant arrhythmia n = 2, toxic ﬁ_CIal in these C_Ondlt,lons’ _ﬁve of 1? pa-
overdose (antiarrhythmic drugs) n = 2, severe hypovolemia n = 1, massive pulmonary embolism n = tients who received it ending up with a
1, anaphylaxis n = 1; ®massive pulmonary embolism n = 3, acute myocardial infarction n = 2, severe good outcome, as opposed to zero of 14
hypovolemia n = 2; p value corrected for unequal variances. patients treated with SR (p = .027).

ROSC, return of spontaneous circulation.
Values are either mean = sp or percentages of total number of patients in corresponding treatment
group.

Table 3. Time-course of body temperature in comatose patients with out-of-hospital cardiac arrest treated with either therapeutic hypothermia or standard
resuscitation

Temperature (°C) at Each Time-Point During the First 48 Hrs

Treatment group 0 Hrs 3 Hrs 6 Hrs 12 Hrs 18 Hrs 24 Hrs 36 Hrs 48 Hrs

Therapeutic 35.4 (34.6-36.2)  34.4(33.8-35.8) 33.0(32.7-33.4) 32.9(32.5-33.3) 33.1(32.7-33.3) 33.2(32.9-33.6) 36.7(35.3-37.3) 37.7(37.3-37.9)
hypothermia

Standard 35.5 (35-36.3) 36 (35.8-36.4)  37.1(36.4-37.4) 37.6 (37-38) 37.6 (37.2-37.8)  37.4(36.8-37.7)  37.4(37.1-37.8)  37.4(36.8-37.6)

resuscitation

Values are median (interquartile range). 0 hr = admission at the medical emergency room.
Crit Care Med 2006 Vol. 34, No. 7 1867
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" Hrs required to reach target temperature
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R=-0.34; p=0.009
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Consecutive patients treated with therapeutic hypothermia (n=55)

Figure 1. Time delay to reach the target temperature in 55 consecutive patients treated with
therapeutic hypothermia. The delay was counted from patient’s arrival into the emergency room to
achievement of a central temperature of 33°C and plotted against chronological order of patient
admission, showing a statistically significant decline over the 18 months required to accrue 55 cases.
R, Spearman rank correlation of time delay vs. chronological order of patient admission.

Table 4. Outcome, at hospital discharge, of comatose patients with out-of-hospital cardiac arrest
(initial rhythm: ventricular fibrillation)

Outcome
CPC1 CPC 2 CPC 3 CPC 4
Total Moderate Severe Vegetative CPC5
Treatment Group Recovery Disability Disability State Death
Therapeutic hypothermia  18/43 (41.9)  6/43 (13.9)  2/43 (4.7) 0/43 (0) 17/43 (39.5)
Standard resuscitation 6/43 (14.0)  5/43 (11.6)  8/43 (18.6) 0/43 (0) 24/43 (55.8)

CPC, Glasgow-Pittsburgh Cerebral Performance categories.

Data are presented as number of patients/total number (%). Patient outcome was assessed using
CPC (see also Methods). Total recovery (CPC 1), patient conscious, alert, able to work and to lead a
normal life. Moderate disability (CPC 2), patient conscious, able to work at least part-time, indepen-
dent for daily life activities. Severe disability (CPC 3), patient discharged to an institution for disabled
or to a long-term rehabilitation facility. CPC 4 and 5 refer to a vegetative state and death, respectively.
Patients with CPC 1 and 2 (i.e., those with sufficient neurologic function at hospital discharge to
return home and live independently) were considered to have good outcome. With this definition,
outcome was good in 55.8% of patients treated with therapeutic hypothermia compared with 25.6%
of those treated with standard resuscitation (p = .004).

Table 5. Outcome, at hospital discharge, of comatose patients with out-of-hospital cardiac arrest
(initial rhythm: asystole or pulseless electrical activity)

Outcome
CPC1 CPC 2 CPC 3 CPC 4
Total Moderate Severe Vegetative CPC 5
Treatment Group Recovery Disability Disability State Death
Therapeutic hypothermia 2/12 0/12 0/12 0/12 10/12
Standard resuscitation 0/11 0/11 1/11 0/11 10/11

CPC, Glasgow-Pittsburgh Cerebral Performance categories.
Data are presented as number of patients/total number. For further definitions, see legend to Table 4.
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Termination of Life Support. One con-
cern with the introduction of TH in clin-
ical practice is whether it could prolong
termination of life support, potentially
converting patients who would have died
into a poor neurologic state. This did not
seem to be the case in our study: In fact,
no patient was left in vegetative state and,
among nonsurvivors, the time from ad-
mission to death was comparable be-
tween the two groups (median [inter-
quartile range], 4 [2-5] days in TH group
vs. 3 [2-5] days in the SR group, p = .71).

Independent Predictors of Outcome:
Results of Binary Logistic Regression.
According to Tables 4—-6, outcome was
poorest in patients with non-VF initial
rhythm or who presented with shock on
emergency room admission. This fact
may have depended on the higher value
in these subgroups of the time interval
from collapse to ROSC, a known powerful
prognostic factor in CA (Table 7). Other
potential confounders were hemody-
namic status and management in the
course of therapy, which differed between
treatment groups (Figs. 2 and 3). To han-
dle this issue, the complete dataset was
reanalyzed using multivariable binary lo-
gistic regression. The variables named
previously were entered along with oth-
ers (complete list in Methods) into an
initial model for the prediction of good
outcome (i.e., CPC 1 or 2, as opposed to
CPC 3-5). Following backward elimina-
tion, only two independent predictors
were retained as statistically significant:
the treatment group (odds ratio in favor
of good outcome on application of TH,
5.56; 95% confidence interval, 2.0-16.67,
p < .001) and the time from collapse to
ROSC (odds ratio for each additional 5
mins, 0.53; 95% confidence interval,
0.37-0.72, p < .001). To express these
results in more concrete form, we used
the fitted model to calculate the proba-
bilities of good outcome in each treat-
ment group, which are plotted as a func-
tion of the time from collapse to ROSC in
Figure 4. It is striking that the probability
difference related to treatment group
(i.e., the vertical distance between the
two curves) is maximal for CA duration
<30 mins. Above this time limit, the
probabilities of good outcome progres-
sively approach zero in both treatment
groups and so does their difference. Ac-
cording to this analysis, the largest ben-
efit of TH in terms of neurologic outcome
is to be expected with relatively short
duration of CA.

Crit Care Med 2006 Vol. 34, No. 7
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Table 6. Outcome, at hospital discharge, of comatose patients with out-of-hospital cardiac arrest;
subgroup of subjects who, irrespective of initial rhythm, presented on admission with sustained
hypotension and shock

Outcome
CPC1 CPC 2 CPC 3 CPC 4
Total Moderate Severe Vegetative CPC 5
Treatment Group Recovery Disability Disability State Death
Therapeutic hypothermia 3/17 2/17 0/17 0/17 12/17
Standard resuscitation 0/14 0/14 3/14 0/14 11/14

CPC, Glasgow-Pittsburgh Cerebral Performance categories.

Data are presented as number of patients/total number. Sustained hypotension and shock were
defined as a systolic blood arterial pressure <90 mm Hg for >60 mins, unresponsive to volume
resuscitation, requiring the administration of vasopressors. For further definitions, see legend to Table
4. Outcome was good (i.e., CPC 1 or 2) in five of 17 patients who received therapeutic hypothermia,
as opposed to zero of 14 who were treated with standard resuscitation (p = .027).

Table 7. Time from collapse to return of spontaneous circulation in various subgroups of patients

Patients Grouped by Initial Rhythm

VF Non-VF
Median IQR (No.) Median IQR (No.)
Therapeutic hypothermia 24 15-30 (37) 33 26-40 (11)¢
Standard resuscitation 21 16-25 (39) 28 25-30 (11)®

Patients Grouped by Presence of Shock

No Shock Shock
Median IQR (No.) Median IQR (No.)
Therapeutic hypothermia 24 15-30 (33) 32 24-35 (15)¢
Standard resuscitation 22 17-26.5 (37) 28 20-32 (13)

VF, ventricular fibrillation; IQR, interquartile range.

ap < .01, %p < .05, non-VF vs. VF; p < .05 shock vs. no shock, Mann-Whitney test. Times are in
minutes. The number of patients in whom the time from collapse to return of spontaneous circulation
was known is given in parentheses. This time was unknown in 11 of 109 patients.
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Figure 2. Time-course of mean arterial pressure in comatose patients with out-of-hospital cardiac
arrest treated with either standard resuscitation or therapeutic hypothermia. Data are mean and Sp.
*p < .05, therapeutic hypothermia vs. standard resuscitation.
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Hemodynamic Resuscitation. As ex-
pected by our treatment protocol (see
Methods), patients treated with TH had
slightly higher values of MAP during the
first 24 hrs of ICU treatment than those
treated with SR (Fig. 2). Indeed, com-
pared with SR, TH was associated with a
higher proportion of patients who re-
ceived norepinephrine (Fig. 3). Moreover,
hypothermic patients were given signifi-
cantly more fluids (mainly crystalloids)
and dobutamine. However, multivariable
logistic regression disclosed no indepen-
dent effect of all these variables on pa-
tient outcome.

Biological Variables in the First 24 hrs
of Treatment. In comparison with SR,
TH was associated with higher plasma
levels of myocardial creatine phosphoki-
nase (Fig. 5). Plasma levels of total crea-
tine kinase, glucose, creatinine, blood
lactate, arterial pH, Paco,, and Pao,/Fio,
ratio did not differ between treatment
groups (data not shown).

Major Complications. Infections and
arrhythmias were common and of com-
parable frequency in both treatment
groups (Table 8). No particular infection
control strategy was applied during ther-
apeutic hypothermia. A diagnosis of pneu-
monia was made if fever, high blood leu-
kocyte counts, elevated plasma C reactive
protein, purulent secretions, and radio-
logic signs of pulmonary infiltrate were
present. The large majority of patients
had early-onset pneumonia (i.e., occur-
ring within 48-72 hrs after tracheal in-
tubation), except three patients in the TH
group who had late-onset pneumonia. Ar-
rhythmias consisted of unsustained ven-
tricular tachycardia and atrial fibrillation.
No other serious adverse events were re-
ported.

DISCUSSION

The primary aim of this study was to
assess whether TH could be implemented
in critical care practice for the treatment
of coma following out-of-hospital CA.
Our answer to this first question is un-
doubtedly positive. A secondary objective
was to explore the applicability of TH to
patients not fulfilling the inclusion crite-
ria of the two relevant clinical trials (1,
2), namely subjects in shock or with non-
fibrillatory initial rhythm. We experi-
enced no major difficulties and encoun-
tered no safety issue when applying TH
to such patients. Furthermore, our data
suggest a benefit of TH in presence of
shock on admission, whereas this treat-
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100 - Norepinephrine ment did not affect the dismal prognosis
of CA associated with asystole or pulseless
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i i electrical activity.
60 | Impact of TH on Neurologic Outcome.
40 In unconscious survivors of CA with VF

as the initial rhythm, we were able to
20 confirm the markedly favorable impact of
TH on patient neurologic recovery (Table

0 - 4), as already established by two random-
ized controlled studies (1, 2) and a re-
Dobutamine  m Therapeuti cath Pl st e

100 . hypothermia y ' P

patients treated with SR, those who re-

*
80 - ] Standard ceived TH more frequently returned
60 | * resuscitation home with the ability to lead an indepen-
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40 | to long-term rehabilitation facilities, and
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pact of TH on this latter end point was
not statistically significant, it was numer-
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lute reduction in the risk of death). Only
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VF initial rhythm could be one focus for

Time future large prospective studies.
Figure 3. Adrenergic agents and fluid administration in comatose patients with out-of-hospital cardiac Patients with shock on hospital admis-
arrest treated with either standard resuscitation or therapeutic hypothermia. Data are percentages of sion appeared to benefit from TH in
patients who received the indicated agent in each treatment group. *p < .05, therapeutic hypothermia terms of neurologic outcome. Because

vs. standard resuscitation. . . .
shock was an exclusion criterion in the
two previously mentioned trials (1, 2), we
Therapeutic Hypothermia believe that these are important data with
"""" Standard Resuscitation respect to the routine daily practice, sug-
gesting that TH should also be applied to

1.0 these patients.

' \ A further important aspect of our data

08 \ relates to the interaction between the du-

0

% of patients treated

ration of CA and the efficiency of TH.
Specifically, the question of whether
06 . \ there would be a limit to this duration,

beyond which TH would lack benefit, has
04 . \ not been handled by the available studies,

at least as presented (1, 2). In these stud-
\ ies, the time from collapse to ROSC was
02 "~.,. \ only considered as a potential confounder,
I "~-...,_. N —~—— for which adjustment was required when
0.0 . assessing the global impact of TH on out-
0 10 20 30 40 50 60 come. No attempts were made in either
Time from collapse to ROSC (min) trial to relate the duration of CA to the

Figure 4. Impact of therapeutic hypothermia and cardiac arrest duration on probabilities of good outcome. therapeutic benefit of .h'ypo.thermla. We
Neurologic outcome was dichotomized as good (Glasgow-Pittsburgh Cerebral Performance categories, CPC, ?hOW here t_hat th? pogltlve impact of TH
1 or 2) or bad (CPC 3-5). Multivariable binary logistic regression disclosed two independent predictors of this 1S mMost obvious with times from collapse
outcome, namely the time from collapse to return of spontaneous circulation (ROSC) and the application ~ to ROSC of =30 mins (Fig. 4). Although
of therapeutic hypothermia. The fitted model was used to calculate the probability of good outcome. we certainly are not implying that hypo-

Probability of good outcome
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Figure 5. Plasma levels of myocardial (MB) creatine kinase in comatose patients with out-of-hospital
cardiac arrest treated with either standard resuscitation or therapeutic hypothermia. Data are mean
and sp. *p < .05, therapeutic hypothermia vs. standard resuscitation.

Table 8. Rate of infections and arrhythmias

Therapeutic Hypothermia Standard Resuscitation p Value
Infection? 19/55 (34.5) 23/54 (42.6) .38
Arrhythmia® 20/55 (36.4) 23/54 (42.6) 51

“Therapeutic hypothermia: pneumonia n = 16, sepsis n = 2, urinary tract infection n = 1.
Standard resuscitation: pneumonia n = 19, central venous catheter infections n = 2, sepsis n = 2;
bunsustained ventricular tachycardia or atrial fibrillation. Data are presented as number of patients/
total with complications according to treatment group (%).

thermia should be foregone whenever
this limit is exceeded, our data point to
the particular importance of applying TH
in patients with CA of relatively short
duration, that is, those who have the best
chance to survive and would then have a
much higher probability to be discharged
home with good neurologic recovery if
treated aggressively with TH.

Finally, it is also important to note
that, at least in our study, hypothermia
did not prolong the decision regarding
termination of life support.

Practical Aspects Regarding the Cool-
ing of Patients. Regarding the practical
application of TH, the type of cooling
technique to be used is an important and
still unresolved issue (5). In addition, the
induction of an exact temperature de-
crease and the maintenance of this tem-
perature within narrow limits may be dif-
ficult, particularly when using external
cooling methods (19). When introducing
TH in our practice, we opted for an ex-
ternal method, resorting to both ice packs
and a cooling mattress. This method is
noninvasive, was already in use to control
fever in our ICU, and has been safely ap-
plied after CA in the aforementioned tri-
als (1, 2). In our study, the median inter-
val between admission to the hospital and
achievement of the desired level of cool-
ing was 5 hrs. Interestingly, accruing ex-
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perience allowed us to progressively re-
duce the delay required to achieve
hypothermia (Fig. 1). Following the ac-
tive induction of therapeutic hypother-
mia, we observed a median time for pas-
sive rewarming of 8 hrs, which was
comparable to that reported by the HACA
trial (median time, 8 hrs) and the study
from Bernard and colleagues (2) (mean
time, 6 hrs). In terms of resource alloca-
tion (since we used the cooling mattress
already available for the active treatment
of fever in our ICU, and ice packs were
handmade), the additional costs due to
TH were essentially related to the system-
atic use of pulmonary artery catheters to
monitor central temperature and the in-
crease in ICU length of stay (median [in-
terquartile range], 4.5 [3-6] days in TH
vs. 2 [2-5] days in SR, p = .013). We
conclude from our data that TH can be
effectively applied in clinical practice us-
ing external cooling techniques, without
a substantial increase of usual resources.
External cooling can also be safely com-
bined with the administration of cold in-
travenous fluids (21). Whether the re-
cently developed catheters for intravascular
cooling (5) would offer any additional ad-
vantage remains to be determined, par-
ticularly considering the potential com-
plications related to such an invasive
approach.

Hemodynamic Management and Car-
diac Function. Patients treated with TH
received more vasopressors, particularly
because we decided to maintain levels of
MAP at 90-100 mm Hg, as in the study
by Bernard and colleagues (2). We also
observed that the required amounts of
fluids and inotropic agents were higher in
hypothermic than in normothermic pa-
tients. This might in part due to the di-
rect effect of hypothermia on volemic sta-
tus and cardiac function. However, the
fact that the presence of a pulmonary
artery catheter might induce by itself an
increased use of fluids and vasoactive
agents, as recently shown (22), could also
partly explain these observations, partic-
ularly because the management of fluids
and dobutamine was left to the discretion
of the treating physician. Of note, neither
the level of blood pressure nor the amount
of vasopressors, fluids, or inotropic
agents given had any effect on patient
outcome.

Regarding the effect of TH on the
heart, hypothermic patients had higher
values of blood myocardial creatine phos-
phokinase over the first 24 hrs (Fig. 5).
Because hypothermia has been shown to
be protective in several experimental
models of myocardial ischemia (23), it
would be counterintuitive that TH, once
instituted, should favor the progression
of myocardial necrosis. However, the ef-
fect of mild hypothermia on myocardial
tissue and function has not been studied
so far in the particular context of post-CA
coma. The only available data in this clin-
ical setting are those from Bernard and
colleagues (2), who also used vasopres-
sors to maintain high levels of MAP: In-
deed, these authors reported that post-CA
levels of myocardial creatine phosphoki-
nase were higher in hypothermic than in
normothermic patients, as it was the case
in our study. Although the interpretation
of this somewhat surprising finding is
unclear at present, one possible explana-
tion could be that the combination of hy-
pothermia and vasopressors might have in-
duced vasoconstriction and, thereby,
reduced coronary blood flow. Also, whether
receiving TH or SR, approximately half of
subjects had acute myocardial infarction
(Table 1 and 2), raising the possibility of
an imbalance between treatment groups
in the extent of myocardial necrosis be-
fore initiation of treatment. Finally, in
both the TH and SR groups, echocardi-
ography (during the first 48 hrs of the
treatment) was done in about 50% of the
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patients: Left ventricular ejection frac-
tion was comparable between the two
groups, suggesting that hypothermia did
not seem to alter cardiac function (data
not shown). In absence of further evi-
dence, we can only point to the need to
evaluate, in future prospective studies,
the precise effect of hypothermia on car-
diac function in the setting of post-CA
coma.

Potential Complications of TH. An
important concern with TH is its poten-
tial to cause serious adverse events, in
particular to predispose to infections and
arrhythmia (5). This concern did not ma-
terialize in the present study. Infections
were mostly related to aspiration pneu-
monia, not an unprecedented finding (1),
and were frequent in both treatment
groups, raising the question of whether
prophylaxis with antibiotics and selective
digestive decontamination should be sys-
tematic in coma following out-of-hospital
CA (24). Despite the fact that all our pa-
tients were given both intravenous mag-
nesium sulfate, to maintain Mg?* blood
values between 0.8 and 1.2 mmol/L, and
potassium chloride, to maintain K™ blood
values between 4.0 and 4.5 mmol/L, the
incidence of cardiac arrhythmias was
high in both treatment groups. Neverthe-
less, this type of complication appeared
no more favored by TH than were infec-
tions (Table 8).

Limitations. Some limitations of our
study deserve further discussion, first of
all its retrospective nature (25). However,
the two cohorts were comparable regard-
ing baseline clinical characteristics (Ta-
ble 1 and 2). In particular, the time from
collapse to ROSC, a major prognostic de-
terminant of patient outcome (2), to-
gether with baseline values of arterial
blood lactate and pH, which are impor-
tant indicators of the severity of CA and of
the extent of tissue dysoxia (18), were sim-
ilar between the two groups. These results
suggest not only that treatment groups
were clinically well matched but also that
extrahospital resuscitation practices did not
change during the study period.

It is also important to note that the
introduction of a new treatment might
have by itself to some extent increased
the quality and intensity of intrahospital
care of patients after CA (the so-called
Hawthorne effect) (26, 27). We cannot
exclude it but think that this factor alone
could hardly account for the highly favor-
able impact of TH observed in this study.

1872

CONCLUSION

We showed that therapeutic hypother-
mia can be implemented with relative
ease in the ICU for the treatment of all
comatose patients resuscitated from out-
of-hospital cardiac arrest. We confirmed a
major impact of this strategy on neuro-
logic recovery when applied to patients in
whom the initial rhythm was ventricular
fibrillation. Our observations further in-
dicate that the benefit of TH extends to
patients in shock and is particularly no-
table when the duration of cardiac arrest
is short (<30 mins). In contrast, our data
do not seem to support the use of thera-
peutic hypothermia after cardiac arrest
due to asystole or pulseless electrical ac-
tivity, and additional studies are required
to finally establish this point.
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