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Abstract

random effects modelling.

shockable rhythms.

with increased rates of re-arrest.

Background: Mild therapeutic hypothermia (TH), or targeted temperature management, improves survival and
neurological outcomes in patients after out-of-hospital cardiac arrest (OHCA). International guidelines strongly support
initiating TH for all eligible individuals presenting with OHCA; however, the timing of cooling initiation remains
uncertain. This systematic review and meta-analysis was conducted with all available randomised controlled trials
(RCTs) included to explore the efficacy and safety of initiating pre-hospital TH in patients with OHCA.

Methods: The MEDLINE and Cochrane databases were searched from inception to October 2017. Inclusion criteria for
full-text review included RCTs comparing pre-hospital TH with no pre-hospital TH after cardiac arrest, patients > 14
years of age with documented cardiac arrest from any rhythm, and outcome data that included survival to hospital
discharge and temperature at hospital arrival. Results of retrieved studies were compared through meta-analysis using

Results: A total of 10 trials comprising 4220 patients were included. There were no significant differences between the
two arms for the primary outcome of neurological recovery (risk ratio [RR] 1.04, 95% Cl 0.93-1.15) or the secondary
outcome of survival to hospital discharge (RR 1.01, 95% CI 0.92—-1.11). However, there was a significantly lower
temperature at hospital arrival in patients receiving pre-hospital TH (mean difference — 0.83, 95% Cl — 1.03 to — 0.63).
Pre-hospital TH significantly increased the risk of re-arrest (RR 1.19, 95% CI 1.00 to 1.41). No survival differences were
observed among subgroups of patients who received intra-arrest TH vs post-arrest TH or who had shockable vs non-

Conclusions: Pre-hospital TH after OHCA effectively decreases body temperature at the time of hospital arrival.
However, it does not improve rates of survival with good neurological outcome or overall survival and is associated

Keywords: Therapeutic hypothermia, Out-of-hospital cardiac arrest, Pre-hospital, Cooling

Background

Targeted temperature management (TTM) or mild
therapeutic hypothermia (TH) has been shown to
improve survival and neurological outcomes in patients
after out-of-hospital cardiac arrest (OHCA) [1].
Compared with no treatment, cooling the body to 32-34
°C leads to an estimated 35% relative increase in survival
[2]. More recent research suggests that cooling to 36 °C
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results in benefits similar to cooling to 32-34 °C [3].
International guidelines strongly support initiating TH
for all eligible individuals presenting with OHCA, but
they acknowledge that the optimal target temperature
and timing of cooling initiation remain uncertain [4, 5].
Notably, observational studies and secondary outcomes
suggest improved neurological outcomes and survival
with earlier and more rapid initiation of cooling, such as
initiating cooling prior to hospital arrival [6-8].

Multiple randomised controlled trial (RCTs) have
investigated the safety and efficacy of pre-hospital TH;
however, all have failed to provide strong evidence to
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support its widespread adoption. The lack of persuasive
data could be attributed to underpowered studies,
heterogeneity in protocols (e.g., cooling methods, intra-
arrest vs post-arrest) and the widespread implementation
of TH at accepting institutions. Previous meta-analyses
have also failed to provide strong data to support recom-
mendations, but these did not include the most recent
large trials of pre-hospital cooling [9-12]. We therefore
conducted a systematic review and meta-analysis includ-
ing all available RCTs to explore the efficacy and safety
of pre-hospital TH in patients with OHCA.

Methods

This systematic review and meta-analysis conformed to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [13].

Data search

The online search strategy used both the MEDLINE and
Cochrane Library databases from inception until October
2017. The following terms were used: “out-of-hospital car-
diac arrest” or “heart arrest” or “cardiac arrest” or “death,
sudden” or “ventricular fibrillation” or “pulseless electrical
activity” or “PEA” or “asystole” or “tachycardia” and “cryo-
therapy” or “hypothermia, induced” or “hypothermia” or
“cooling” or “targeted temperature management or TTM”
and “emergency medical services” or “emergency re-
sponders” or “emergency medical technicians” or “para-
medic” or “prehospital” or “advanced life support” or “out
of hospital.” Additionally, we checked reference lists of
relevant studies and review articles.

Study selection

Retrieved abstracts were assessed by two reviewers (PJL
and DB) to evaluate whether they met the following
inclusion criteria for full-text review: (1) RCT evaluating
pre-hospital TH vs no pre-hospital TH after cardiac ar-
rest; (2) patients > 14 years of age; (3) patients with doc-
umented cardiac arrest from rhythms, including
ventricular fibrillation (VF), ventricular tachycardia,
pulseless electrical activity and asystole; and (4) outcome
data that included survival to hospital discharge and
temperature at hospital arrival. The same two reviewers
completed full-text reviews to identify included studies.
A third reviewer resolved any disagreements.

Data extraction

Two authors (DB and PJL) extracted the following data
independently using a standard data extraction form:
publication year, study design, study population charac-
teristics, initial cardiac rhythm, timing of cooling, cool-
ing procedures, primary and secondary outcome
measures, and study quality.
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Risk-of-bias assessment

Study quality was appraised using the Cochrane Risk of
Bias Tool for RCTs [13]. The assessment includes evalu-
ation of random sequence generation, allocation con-
cealment, blinding, incomplete outcome data and
selective outcome reporting.

Study outcome definition

The primary outcome of this systematic review was
survival to hospital discharge with a favourable neuro-
logical outcome. Favourable neurological outcome was
defined as a the patient discharged to home or to
rehabilitation, Cerebral Performance Categories Scale
(CPC) score of 1 or 2 or a modified Rankin Scale score
of 0, 1 or 2 [14, 15]. Secondary outcomes were survival
to hospital discharge and temperature upon hospital
admission. The safety outcomes included pulmonary
oedema and recurrent arrest during transport to the
hospital.

Data synthesis and analysis

We conducted a meta-analysis of results of the included
studies using Review Manager software version 5.3. We
summarized categorical data using the risk ratio (RR)
according to the Mantel-Haenszel method and a random
effects model [16]. For continuous data, we estimated
the mean difference (MD) using the inverse variance
method and fixed effects. Heterogeneity was detected
with a chi-square test with n — 1 degrees of freedom,
which was expressed as I>. When the I* statistic was >
50, statistical heterogeneity was considered to be rele-
vant. Sensitivity analysis were performed to further
explore heterogeneity by excluding one study at a time,
deleting studies with excessively high weights in pooled
studies, and excluding studies that used discharge
destination as a surrogate for neurological outcome.

Results

Search results and study selection

Our search strategy yielded 798 citations in MEDLINE
and 84 citations in the Cochrane database, from which
121 duplicates were removed, leaving 761 studies to be
screened. Of these, 21 full texts were reviewed, with 10
meeting the study inclusion criteria. All ten were
included in the systematic review (Fig. 1).

Characteristics of studies

Table 1 demonstrates the characteristics of the ten
included studies, all of which were RCTs published
between 2007 and 2017. Nine were single-country trials,
and one was a multi-country trial. Of the single-country
trials, four were conducted in Australia [6, 11, 17, 18],
two in the United States [19, 20], one in Canada [12],
one in Finland [21] and one in France [22]. The multi-
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Fig. 1 Flow diagram of study selection

country trial included five European countries [23]. Seven
of the ten studies included patients with any initial cardiac
rhythm. The remaining three studies included only
patients with VF [6, 17] and non-shockable rhythms [18],
respectively, as the initial cardiac rhythm. TH was initiated
after return of spontaneous circulation (ROSC) in seven
studies [6, 12, 17-21] and intra-arrest in three [11, 22, 23].
The majority of studies reported cooling the patients in
the pre-hospital TH arm using surface cooling measures
[12, 17-19, 22], an infusion of a cold solution, normal
saline or Ringer’s lactate [11, 12, 17-22], and one used
trans-nasal evaporative cooling [23]. One study used only
ice packs applied to the patient’s head and torso [6]. All
studies reported survival at hospital discharge and neuro-
logical status at discharge, and all studies reported
temperature at time of admission to hospital. A summary
of the results of the studies is provided in Table 2.

Quality of included studies

Overall, the risk of bias for the included studies was low
(Additional file 1: Figures S1 and S2). A potential for
selection bias was noted in one study owing to
randomization according to day of the month and pos-
sible unmasking of allocation concealment [6]. Across
the studies, the nature of the intervention made true
blinding of the providers impossible. Additionally, in one
study, leaving the receiving practitioner unblinded was
an intended intervention, because the authors postulated
that this would reduce the time to in-hospital cooling
[12]. Outcome assessors for the primary endpoints were
blinded in eight of the ten studies. In all of the studies
except two, researchers performed an intention-to-treat
analysis [6, 21]. All studies had concerns for other
sources of bias: Four studies were terminated before the

target sample size was recruited [11, 12, 17, 18]; one
study was funded by a company with an invested interest
[23]; and two studies had concerns for possible selection
bias, with 7, 497 and 23 patients simply missed and not
included in the study [6, 19, 20].

Effects of interventions

Neurological function

All included studies reported neurological outcomes at
hospital discharge (2129 cases and 2091 control subjects).
No differences were observed in rates of favourable neuro-
logical outcome at hospital discharge between the pre-
hospital TH arm and the control arm (RR 1.04, 95% CI
0.93 to 1.15, > = 0%) (Fig. 2). Excluding trials that used
discharge destination as a surrogate for neurological
outcome produced similar results (RR 1.18, 95% CI 0.93
to 1.49, I = 0%) (Additional file 1: Figure S3).

Survival to hospital discharge

All ten studies reported rates of survival to hospital
discharge (2129 cases and 2091 controls). The pooled
survival rate was similar when we compared the pre-
hospital TH arm with the control arm (RR 1.01, 95% CI
0.92 to 1.11, I* = 0) (Fig. 3). Sensitivity analyses using
data from trials (n = 7) that stratified patients accord-
ing to initial rhythm (i.e., shockable vs non-shockable)
[6, 11, 12, 17, 19, 20, 23] also showed no effect of
pre-hospital TH on survival to hospital discharge
(Additional file 1: Figures S4 and S5).

Temperature at admission

All studies reported temperature upon hospital arrival,
and overall there was a significantly lower temperature
at time of admission for those in the pre-hospital TH
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478
Heterogeneity. Tau? = 0.00; Chi® = 7.36, df = 9 (P = 0.60); I = 0%
Test for overall effect: Z = 0.66 (P = 0.51)

Prehospital TH Control Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, d 95% CI M-H, di 95% ClI
Bernard 2002 21 43 9 34 26% 1.84[0.97, 3.49] 1
Bernard 2010 56 118 61 116 16.2% 0.90[0.70, 1.17] ——
Bernard 2012 10 82 7 81 13% 1.41[0.56, 3.53] —
Bernard 2016 63 618 63 580 9.8% 0.94[0.67, 1.31] ——
Castren 2010 11 96 9 104 15% 1.32[0.57, 3.06] —
Debaty 2014 2 123 4 122 0.7% 1.74[0.52,5.78]
Kamarainen 2009 8 19 8 18 2.0% 0.95 [0.45, 1.98] R B
Kim 2007 19 63 16 62 3.3% 1.17 [0.66, 2.06] e
Kim 2014 231 688 225 671 47.6% 1.00 [0.86, 1.16]
Scales 2017 82 279 76 303 15.0% 1.17 [0.90, 1.53]
Total (95% CI) 2129 2091 100.0% 1.04 [0.93, 1.15]
Total events 508

Fig. 2 Risk ratio of favourable neurological outcome. M-H Mantel-Haenszel method, TH Therapeutic hypothermia

o2 f 1
Favours control Favours Prehospital TH

arm than in the control arm (MD = -0.83, 95% CI - 1.03
to - 0.63, I* = 81%) (Fig. 4). A sensitivity analysis removing
one trial with discordant findings reduced heterogeneity
but produced similar results (MD = - 0.91; 95% CI - 1.06
to - 0.76, I = 61%) (Additional file 1: Figure S6).

Pre-hospital pulmonary oedema and re-arrest

Researchers in all studies with the exception of one [6]
evaluated their patients for pulmonary oedema. The stud-
ies relied on chest x-ray findings or froth visible in endo-
tracheal tubes; however, none of the researchers reported
using explicit criteria for pulmonary oedema diagnosis.
No differences between groups were observed in the
pooled results, but there was significant heterogeneity (RR
1.12, 95% CI 0.75 to 1.67, > = 80%) (Additional file 1:
Figure S7).

Rates of re-arrest after ROSC (n = 6 trials, compris-
ing 1263 cases and 1274 control subjects) were higher
among patients treated with pre-hospital TH (RR
1.19, 95% CI 1.00 to 1.41, I* = 0%) (Fig. 5). In con-
trast, there were no significant differences between
the two arms in rates of survival to hospital admis-
sion (RR 1.00, 95% CI 0.94 to 1.05, n = 7 trials com-
prising 1949 cases and 1923 control subjects),
although greater heterogeneity was observed for this
outcome (> = 60%) (Additional file 1: Figure S8) [11,
12, 18-20, 22, 23].

Subgroup analyses

Pre-specified subgroup analyses were performed to evaluate
whether initiation of cooling during the arrest (n = 3 trials)
vs initiation of cooling after ROSC (n = 7 trials) led to
differences in clinical outcomes, including survival to hos-
pital discharge and rate of re-arrest. No differences in rates
of survival to hospital discharge (Additional file 1: Figure
S9) or rates of re-arrest (Additional file 1: Figure S10) were
observed across these subgroups.

Discussion
Our systematic review and meta-analysis of pre-hospital
cooling after cardiac arrest is the largest to date, to our
knowledge, comprising 4220 patients from 10 trials. Our
analysis shows that pre-hospital induction of mild TH
reduces the temperature at hospital arrival but does not
improve overall survival or survival with good neuro-
logical outcome. These results were consistent among
patients with shockable and non-shockable initial car-
diac rhythms and did not vary according to the timing
of cooling initiation (i.e., intra-arrest vs after ROSC).
Previous meta-analyses have evaluated pre-hospital
TH after cardiac arrest, but ours is the first, to our
knowledge, to include all available trials, resulting in
nearly double the total sample size of previous reviews
[9, 10, 24-26]. Despite the improved power and preci-
sion of our review, we still detected no benefit of pre-
hospital TH in our primary outcome of survival with

Prehospital TH Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bernard 2002 21 43 11 34 2.8% 1.51(0.85, 2.68) =
Bernard 2010 56 118 62 116 14.2% 0.89 [0.69, 1.15] —r
Bernard 2012 11 82 7 81 1.1% 1.55 [0.63, 3.80) o
Bernard 2016 63 618 66 580 8.7% 0.90 [0.65, 1.24] ——
Castren 2010 14 96 13 104 1.9% 1.17 [0.58, 2.35]) —
Debaty 2014 ¥ 123 s 122 0.7% 1.39[0.45, 4.26)
Kamarainen 2009 8 19 8 18 1.7% 0.95 [0.45, 1.98) —
Kim 2007 21 63 18 62 3.4% 1.15 [0.68, 1.94) = P
Kim 2014 259 688 249 671 486% 1.01(0.88, 1.16) -
Scales 2017 92 279 98 303 16.9% 1.02 (0.81, 1.29) ——
Total (95% CI) 2129 2091 100.0% 1.01 (0.92, 1.11) 4»
Total events 5§52 537
Heterogeneity. Tau? = 0.00; Chi? = 5.02, df = 9 (P = 0.83); I’ = 0% 102 0=S T 2‘ 5:
Test for overall effect: Z = 0.19 (P = 0.85) Favours Control Favours Prehospital TH
Fig. 3 Risk ratio of survival at discharge. M-H Mantel-Haenszel method, TH Therapeutic hypothermia
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Prehospital TH Control Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI v, di 95% CI

Bernard 2002 35 12 43 355 0.9 34 7.8% -0.50[-0.97, -0.03]

Bernard 2010 346 13 118 354 1 116 10.5% -0.80([-1.10, -0.50] —

Bernard 2012 346 1 82 354 1 81 10.3% -0.80([-1.11, -0.49] —

Bernard 2016 347 12 618 354 13 580 12.8% -0.70[-0.84, -0.56] -

Castren 2010 342 15 96 355 0.9 104 9.7% -1.30[-1.65, -0.95] ——

Debaty 2014 339 14 123 35 1 122 10.4% -1.10([-1.40, -0.80] —

Kamarainen 2009 341 09 19 352 08 18 6.7% -1.10[-1.65, -0.55] _—

Kim 2007 347 12 63 357 12 62 8.5% -1.00[-1.42, -0.58] ——

Kim 2014 348 17 688 358 08 671 12.8% -1.00([-1.14, -0.86) o

Scales 2017 351 18 279 352 17 303 10.7% -0.10[-0.39,0.19] ——r

Total (95% CI) 2129 2091 100.0% -0.83[-1.03, -0.63] <

Heterogeneity. Tau? = 0.08; Chi2 = 47.65, df = 9 (P < 0.00001); I* = 81% _‘? _11 ‘1 é

Test for overall effect: Z = 818 (P < 0.00001) Favours Prehospital TH Favours control
Fig. 4 Mean temperature difference upon hospital arrival. TH Therapeutic hypothermia

good neurological outcome. A limitation of included stud-
ies relates to the inconsistent definition of good neuro-
logical outcome, however. For example, researchers in one
trial reported only rates of broadly defined ‘severe neuro-
logical deficits’ [20]. In three of the included studies,
investigators reported rates of discharge to home or to a
rehabilitation facility as a surrogate for good neurological
outcome [11, 17, 18]; yet, it was unclear whether any of
the patients were discharged to home with only palliative
care services. Researchers in one study reported good
neurological outcome as the absence of neurological
deficit. The remaining studies used an objective measure
of neurological outcome with the CPC and modified
Rankin Scale scores or full neurological recovery, which
allows for more consistent comparisons [12, 19, 21-23].
Similar to earlier studies, our review suggests that pre-
hospital TH may increase the rate of re-arrest [10, 26].
This result was strongly influenced by one trial in which
the re-arrest rate was significantly higher than in the
control group [19]. The authors of that study postulated
that rapid fluid infusion resulted in volume overload,
which in the context of resuscitation may have led to
higher re-arrest rates. However, we observed substantial
heterogeneity across studies for this finding, and the
higher re-arrest rate did not result in different rates of
survival to hospital admission. It has been suggested that
very early cooling—during the arrest or immediately fol-
lowing ROSC—may also increase re-arrest risk, but our
subgroup analysis did not support this hypothesis. There
were no differences between groups in rates of pulmon-
ary oedema, but this outcome was characterized by

marked heterogeneity, and none of the studies docu-
mented explicit criteria for systematic screening for pul-
monary oedema.

Our review is limited by methodological heterogen-
eity across all of the included papers. Although the
majority of studies in this review were focused on
measuring the same primary and secondary outcomes,
there were a variety of differences in the protocols
followed once patients were admitted to hospital, with
in-hospital cooling typically left to the discretion of
the unblinded treating physician. In-hospital cooling
methods ranged from ice-cold intravenous fluids to
surface cooling to not being cooled at all. Other
sources of treatment heterogeneity arise from ongoing
debate surrounding the optimal temperature target
and duration of cooling, as well as practice pattern
variability for timing of withdrawal of life-sustaining
therapy, all of which could impact outcomes [3, 27, 28].
Further research should be done to investigate the ef-
fect of pre-hospital TH in the setting of a more stan-
dardized approach to in-hospital post-resuscitation
care. Other limitations of studies included in our
review include a lack of blinding of care providers,
which may have introduced bias if other treatments
were altered as a result of knowledge of treatment
allocation, and possible selection bias.

Conclusions

Our review demonstrates that pre-hospital TH after
OHCA effectively decreases body temperature at time of
hospital arrival, but it does not improve rates of survival

Prehospital TH Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bernard 2010 0 118 0 116 Not estimable
Castren 2010 3 96 2 104 1.0% 1.63 [0.28, 9.52] >
Kamarainen 2009 2 19 3 18 1.1% 0.63[0.12, 3.35]
Kim 2007 15 63 13 62 7.2% 1.14[0.59, 2.19] R I ——
Kim 2014 176 688 138 671 80.7% 1.24[1.02, 1.51] ——
Scales 2017 21 279 25 303 10.0% 0.91[0.52, 1.59] ——
Total (95% CI) 1263 1274 100.0% 1.19 [1.00, 1.42] E =
Total events 217 181
Heterogeneity: Tau? = 0.00; Chi? = 1.77, df = 4 (P = 0.78); I = 0% 53 o5 3 <
Test for overall effect: Z = 1.96 (P = 0.05) Favours Prehospital TH Favours control
Fig. 5 Risk ratio of re-arrest. M-H Mantel-Haenszel method, TH Therapeutic hypothermia
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with good neurological outcome or overall survival. Fur-
thermore, this study illustrates that there may be
increased risk of adverse outcomes, with rates of re-
arrest higher in pre-hospital TH.
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