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Objective: Survival after pre-hospital cardiac arrest (PHCA) remains low. Pre-hospital therapeutic hypothermia
(PTH) is believed to improve patient's outcomes, but data on efficacy and safety remains scarce. Herein, we
aimed to assess the influence of PTH on survival, neurological outcome, and adverse effects in patients with
PHCA.
Materials and methods: A literature search of PubMed CENTRAL, EMBASE, and The Cochrane Central Register of
Controlled Trials databases from inception to August 2019was conducted and retrieved abstracts were indepen-
dently assessed by two reviewers. The primary outcomewas survival to hospital discharge with a favorable neu-
rological outcome. Secondary outcomes were survival to hospital discharge and temperature upon hospital
admission. The safety outcomes included pulmonary edema and recurrent arrest during transport to the hospital.
We also considered a favorable neurological function to hospital discharge or longest post arrest follow-up.
Results: Eleven studies including 4891 patients were included into final analysis. The survival to hospital dis-
charge did not differ between PTH and control group (RR 1.02; 95%CI 0.93 to 1.12). Among 4891 participants
(2466 in PTH group and 2425 in control group), 1087 participants (564 vs. 523, respectively) had a favorable neu-
rological outcome. Pulmonary edema occurred in 320 cases in PTH group and 273 in control group with signifi-
cant heterogeneity (RR 0.90, 95%CI 0.59–1.38; I2 = 80%). The pooled results showed a significant difference in
rearrests between the PTH and control group (RR 1.19; 95%CI 1.00 to 1.42).
Conclusion: Our analysis demonstrates that PTH does not improve survival at discharge or neurological outcome.

© 2020 Elsevier Inc. All rights reserved.
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1. Introduction

Despite major advances in cardiopulmonary resuscitation, the sur-
vival after pre-hospital cardiac arrest (PHCA) ranges between 6 and
8%, and is primarily attributed to global cerebral ischemia [1-4]. The
unique vulnerability of the brain is ascribed to its limited tolerance of
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ischemia as well as its unique response to reperfusion following resus-
citation. Pre-hospital therapeutic hypothermia (PTH), also known as
targeted temperature management, is considered to potentially im-
prove survival and neurological outcome and has been widely imple-
mented in patients after cardiac arrest [5-7,8,9]. Conversely, several
recent trials and meta-analyses have reported uncertain benefits of
PTH, preventing universal usage [10-12]. However, the lack of convinc-
ing data may be attributable differences in cooling technique initiation
protocols, heterogeneity among study protocols, or small study popula-
tions generating underpowered results.Whether PTH, a relatively inex-
pensive and easy to implement technique actually improves survival,
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remains controversially discussed. Given the importance of neuropro-
tection and possiblemodification through cooling intervention, it is cru-
cial to understand the most recent data on the influence of PTH on
survival, neurological outcome, and adverse effects of patients with
PHCA.s [13].
2. Methods

This systematic review and meta-analysis confirmed to the Pre-
ferred Reporting Items for Systematic Reviews andMeta-Analysis state-
ment [14].
2.1. Data search

We conducted a literature search of PubMed CENTRAL, EMBASE, and
TheCochrane Central Register of Controlled Trials databases from incep-
tion to August 2019. Furthermore, we adopted a strategy to retrieve
Fig. 1. Flow diagram o
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reports of controlled trials [15]. References from relevant studies and re-
view articles were checked for additional studies.

The following termswere used: “hypothermia” or “cooling” or “ther-
apeutic hypothermia” or “mild hypothermia protocol” or “targeted tem-
perature management” or “TTM” and “cardiac arrest” or “pre-hospital”
or “out-of-hospital cardiac arrest” or “cardiopulmonary resuscitation”
or “return of spontaneous circulation” or “ROSC” or “resuscitation” or
“heart arrest” or “ventricular fibrillation” or “pulseless ventricular
tachycardia” or “pulseless electrical activity” or “asystole” and “pre-hos-
pital” or “out of hospital” or “emergency medical team” or “emergency
medical services” or “paramedic” or “emergency medical technicians”
or “emergency responders” or “advanced life support” or “advanced car-
diovascular life support” or “Ambulance” or “Air ambulance”.

2.2. Study selection

Retrieved abstracts were assessed by two reviewers (LS and JS) to
evaluate whether they met the following inclusion criteria for full-text
review: (1) Randomized controlled trial evaluating PTH vs. no PTH
f study selection.
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Table 1
Characteristics of the included studies.

Author Year Number
T/C

Rhythms Time of
initiating
cooling

Cooling method Definition of favorable neurological outcomes

Nordberg 2019 337/334 All Intra-arrest Trans-nasal evaporative cooling (mixture of air or
oxygen and a liquid coolant - perfluorohexane)

Good neurologic outcome 90 days after CA, defined
as CPC 1 or 2

Scales 2017 279/303 All After-ROSC Ice packs applied to their neck, axille and both groins
and infusion of ut to 2 L of cold saline - 0.9% sodium
chloride solution ar approximately 4oC

Discharge to home with Score 0,1,2 on the Modified
Rankin Scale

Bernard 2016 618 vs. 580 All Intra-arrest Infusion of up to 2 L of cold saline Hospital discharge
Debaty 2014 123 vs. 122 All Intra-arrest Infusion up to 2 L of ice-cold 0.9% saline solution at 100

mL/min
Hospital discharge

Kim 2014 688 vs. 671 All After-ROSC Infusion up to 2 L of ice-cold 0.9% saline solution Hospital discharge
Bernard 2012 82 vs. 81 Non-VF After-ROSC Ice-cold lactated Ringer's solution Discharge with favorable outcome at hospital

discharge
Bernard 2010 118 vs. 116 VF After-ROSC Infusion of 2 L of ice-cold lactated Ringer's solution Patients who were discharged directly home or to

rehabilitation facility
Carsten 2010 93 vs. 101 All Intra-arrest Nasal cooling Discharge to home with Pittsburg cerebral

performance category scale 1 or 2.
Kamarainen 2009 19 vs. 18 All Intra-arrest Rapid infusion of 4 °C Ringer's solution at 100 mL/min Hospital discharge with CPC 1 or 2
Kim 2007 63 vs. 62 All After-arrest Infusion of 500 to 2000 mL of 4 °C normal saline Hospital discharge
Bernard 2002 43 vs. 34 VF After-ROSC Cold packs to the patients head and torso Discharge with sufficiently good neurological

function to home or to a rehabilitation facility

T – treatment; C = control.
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after cardiac arrest, (2) evaluation of patients with PHCA defined as any
non-perfusing cardiac rhythm including non-shockable rhythms
(asystole or pulseless electrical activity) and shockable rhythms (ven-
tricular fibrillation or pulseless ventricular tachycardia), (3) patients
Fig. 2. (A, B). A: Risk ratio of survival at discharge. M-H Mantel Maenszel me
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with age N 18 years old, (3) outcome data that included survival to hos-
pital discharge and temperature at hospital arrival.

Exclusion criteria were: (1) did not meet the above-mentioned
criteria, (2) pediatric patients or (3) pregnant.
thod, B: Funnel plot to assess publication bias for survival at discharge.
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Two researchers (LS and JS) independently extracted data from
identified articles. In cases of disagreements, a third researcher (JRL)
was involved and a decision was taken by the majority of the re-
searchers. The agreement regarding the study inclusion was assessed
using the Cohen kappa statistics [16].

2.3. Data extraction

Two researchers (LS, JS) independently reviewed the titles, ab-
stracts, and full text of the articles to extract the data according to the in-
clusion and exclusion criteria. Any disagreement was decided through
consensus and arbitration by the third researcher (JRL). A standard
data extraction formwas designed to collect thefirst author, publication
year, country, study design, study population characteristics, initial car-
diac rhythm, cooling procedures, the timing of cooling, primary and sec-
ondary outcome measurements, as well as study quality.

2.4. Risk of bias

The quality of eligible trials was assessed by using the “risk of bias”
tool according to Reviewer Manager, version 5.3 software, (RevMan;
Cochrane Collaboration, Oxford, UK). Random sequence generation, al-
location concealment, blinding, incomplete data, and selective reporting
were assessed independently by two authors (LS andMP) based on the
method of the trials; each was graded “yes”, “no” or “unclear”, which
reflected a high risk of bias, low risk of bias, and uncertain bias, respec-
tively (Supplementary digital content 1). Review authors judgments
Fig. 3. (A, B). A: Risk ratio of favorable neurological outcome. B: Funnel
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about each risk of bias item has been furnished in Supplementary digital
content 2.

2.5. Study outcome definition

The primary outcome was survival to hospital discharge with a fa-
vorable neurological outcome defined as the patient discharged home
or referred for rehabilitation with (CPC) score of 1 or 2 or a modified
Rankin Scale score of 0, 1 or 2 [17,18]. Secondary outcomes were
(i) survival to hospital discharge and (ii) temperature upon hospital ad-
mission. The safety outcomes included incidence of pulmonary edema
and recurrent arrest during transport to the hospital. We also consid-
ered a favorable good neurological outcome at time of hospital dis-
charge or the longest post-arrest follow-up. If one of these validated
metrics were not reported, reasonably defined favorable neurologic
outcome by the individual study authors was accepted. If outcomes
were reported at more than one follow-up period, we used data from
the longest follow-up for each trial.

2.6. Data synthesis and analyses

Statistical analysis was done by 2 researchers (LS and MP) indepen-
dently and cross-validated. The meta-analysis of the included studies
was performed using the ReviewManager software version 5.3 (Review
Manager (RevMan), Version 5.3. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014). We summarized categorical
data using the risk ratio (RR) according to the Mantel-Haenszel method
plot to assess publication bias for favorable neurological outcome.
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and a random-effects model. All statistical variables were calculated
with 95% confidence interval (CI). For continuous data, we estimated
the mean difference (MD) using the inverse variance method and
fixed effect. Heterogeneity was detected with a chi-square test with n
– 1 degree of freedom, which was expressed as I2. When the I2 statistic
was N50%, statistical heterogeneity was considered to be relevant. Sen-
sitivity analyses were performed to further explore heterogeneity by
excluding high weights in pooled studies, and excluding studies that
used discharge destination as a surrogate for the neurological outcome.
When a quantitative meta-analysis was not possible, we did a system-
atic qualitative review of the reported data.

3. Results

3.1. Study selection

The systematic literature search yielded 2222 references. After re-
moving duplicates, we scanned 812 titles and abstracts. We excluded
778 studies based on their abstracts and titles. After reading the full
texts, eleven randomized controlled trials (RCTs) with data of 4891 pa-
tients met the eligible criteria. Fig. 1 summarizes the number of poten-
tial citations retrieved and the selection process.

3.2. Characteristics of included studies

Table 1 demonstrates the characteristics of the eleven included stud-
ies, all of which were RCTs published between 2002 and 2019. Nine
Fig. 4. (A, B). A: Mean temperature at ED admission. B: Funnel plot to
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[12,19-26] of them were single-country trials, and two [13,27] were in-
ternational trials. The multi-center study by Castren et al. was con-
ducted in 5 countries, while the study by Nordbeerg et al. was
conducted in 7 European countries. Of the single-country trials, four
[12,19-21] of them were conducted in Australia, two [24,25] in the
United States, one [22] in France, one [23] in Finland, and one [26] in
Canada. All studies were published in English. Sample sizes of the indi-
vidual studies ranged between 43 and 1359 subjects [23,25].

The initial cardiac rhythms in two [19,20] studies were Ventricular
Fibrillation (VF) and in one study [21] asystole and PEA. In the remain-
ing eight studies, all cardiac arrest rhythmswere included into the stud-
ies [12,13,22-27].

In four studies [12,13,22,27] hypothermia was initiated during re-
suscitation, and in seven studies [19-21,23-26] hypothermiawas imple-
mented after obtaining ROSC. One study [19] initiated hypothermia by
an application of an ice pack to patient's head and neck, two [13,27]
by trans-nasal evaporative cooling, and other studies [12,20-26] by in-
travenous infusion of cold fluids.

3.3. Risk of bias in included studies

The risk of bias in the included studies is outlined in Supplementary
digital content 1 and 2. Ten studies clearly described the random se-
quence generation, but the study conducted by Bernard et al. did not
[19]. All trials had concerns for other sources of bias: one trial [27]
was funded by a company with an invested interest, three studies
[13,24,25] had concerns for possible selection bias. Four studies were
assess publication bias for mean temperature at ED admission.
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completed before obtaining the number of patients assumed in sample
size calculation [12,20,21,26].

3.4. Effects of interventions

Eleven studies reported neurological function [12,13,19-27]. Among
4891 participants (2466 in PTH group and 2425 in Control group), 1087
participants (564 vs. 523, respectively) had favorable neurological out-
comes at discharge from the hospital. The rate of good cerebral function
was comparable between both groups (RR 1.05; 95%CI 0.95 to 1.16; I2=
0%; Fig. 3). Each of the eleven studies included in the pooled analysis
demonstrated a statistically significant difference in mean temperature
between the PTH group and Control group [12,13,19-27]. The median
temperature at ED admission in the eleven trials was 33.9 to 35.1 °C.
The pooled results showed that there was a significant difference in
the temperature at ED arrival between the PTH group and the control
group (RR −0.84, 95%CI −1.01 to−0.66; I2 = 79%) Fig. 4.

Eleven studies involving 4891 patients reported survival to hospital
discharge [12,13,19-27]. The overall survival rate did not differ signifi-
cantly between both groups (RR 1.02; 95%CI 0.93 to 1.12; I2 = 0%;
Fig. 2). In a post-hoc analysis, we further assessed the association of
PTH on shockable vs. non-shockable initial rhythm (Fig. 5). Only two
studies specified initial shockable rhythm, and only one study non-
shockable rhythm, while the vast majority did not specify. However,
based on the limited number of patients, we did not identify any benefit
in either group (shockable vs. non shockable rhythm).

Six studies [20,23-27] reported the outcome of recurrent arrest.
There were 1263 patients in the PTH group and 1274 in the control
group. The pooled results showed there was a significant difference in
recurrent arrest between the PTH and control groups (RR 1.19; 95%CI
Fig. 5. Post-hoc sensitivity analysis, sho
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1.00 to 1.42; I2 = 0%; Fig. 6). The incidence of recurrent arrests was
higher in the PTH group when compared to control (RR 1.19,95%
1.00–1.42). Seven studies [20-26] reported the incidence of pulmonary
edema. Pulmonary edema occurred in 320 cases in the PTH group and
273 in the control group, but there was significant heterogeneity. (RR
0.90, 95%CI 0.59–1.38; I2 = 80%; Fig. 7).

The pH at admissionwas reported infive trials [13,22-25] of 1641 in-
dividuals, andwas lower in the PTH group than in the control group (RR
−0.02, 95%CI−0.05 to 0.001; I2 = 20%; Fig. 8).

4. Discussion

Our pooled analysis, performed on eleven randomized trials with a
total of 4891 subjects, has several incremental findings: i) PTH did not
improve survival at discharge or neurological outcome, ii) the interven-
tion did not increase the incidence of pulmonary edema, however was
associated with increased risks of recurrent arrests during transport,
iii) and the intervention reducedmean core body temperature at ED ar-
rival when compared to the control group.

The present meta-analysis essentially extends and summarizes pre-
vious findings with more recent trials containing larger sample sizes
and can be generalized to a larger patients population. There are several
reasons to believe why ours and earlier meta-analyses were unable to
demonstrate any clinicallymeaningful benefit of pre-hospital hypother-
mia, even after including large numbered trials [10,11,28-31]. First, as
might be expected, there exists a dose-effect relationship with a thera-
peutic range of hypothermia and neuroprotection. The optimal target
temperature strategy is still a poorly understood concept. The recom-
mended target temperature range of 32–34Cwas questioned by a prag-
matic trial that reported no significant difference in survival or
ckable vs. non shockable rhythm.
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Fig. 6. (A, B). A: Risk ratio of re-arrest. B: Funnel plot to assess publication bias for re-arrest.
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neurological status between mild and moderate hypothermia group,
however, the trial was criticized based on the adopted methodological
criteria [32]. None of the included trials achieved target recommended
temperature. Nevertheless, over the years, trends suggest that more le-
nient temperature strategies have overcome some of the barriers to
widespread acceptance [33,34].

Second, the effective time to initiate cooling, achieve target temper-
ature, and the total duration of hypothermia to mitigate the hypoxemic
insult is still unexplored. Significant heterogeneitywas observed among
the protocols of the included trials. Perhaps, therapeutic thresholds for
neuroprotection may be duration dependent or differ in absolute
value. Presumably, these preservation thresholds are different for differ-
ent organs (such as myocardium), which may be responsible for poor
outcomes. As such, instituting hypothermia before actual organ ische-
mia is well accepted and performed routinely in cardiac and organ
transplantation surgeries. Also, patients who suffered cardiac arrest
due to accidental hypothermia exposure demonstrated prolonged sur-
vival. Animal studies suggesting early initiation (within first 2 h) of
therapeutic hypothermia after ROSC, was opposed by a large trial utiliz-
ing intra-arrest hypothermia, which failed to demonstrate a large clini-
cal benefit [10,27,35]. The delay in obtaining target temperature in out-
of-hospital settings may be a reason for neutral results. A recent ran-
domized trial assessed the duration of the targeted temperature of
33C for 24 or 48 h and found no difference in neurological outcome at
six months.

Third, themethod of inducing hypothermia therapy, for instance in-
travenous cold saline loading, may have a significant impact, especially
Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry
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on adverse outcomes such as recurrent arrests. Volume loading with
cold saline was found to be associated with decreased coronary perfu-
sion pressures by raising central venous pressure [36,37]. It is important
to note that the majority of included studies in this analysis utilized
rapid infusion of cold intravenous fluids to achieve the target tempera-
ture. Recurrent arrests lead to poor neurological outcomes and were
found to be inversely predictive of survival [38].

Fourth, we included all trials irrespective of initial cardiac rhythm,
for example, shockable and non-shockable. Previous work suggests
that hypothermia induced in patients with initial shockable cardiac
rhythm, such as VF/VT, have better neurological outcomes as opposed
to non-shockable rhythms [39,40]. It is possible that the benefit of
shockable rhythm subjects with good prognosis was diluted by non-
shockable rhythm subjects having a poor prognosis.

This meta-analysis has several limitations. First, significant method-
ological heterogeneity of the included studies affects the statistical va-
lidity of estimate of effects and, therefore, also the results. Not all
studies reported pulmonary edema and recurrent arrests as safety out-
comes. And, although statistically appropriate, large trialswere assigned
disproportionate weight, contributing to significant heterogeneity
among analyzed studies and results. Furthermore, pre-hospital and
emergency management guidelines and practices have changed over
the past two decades, and it may be possible that these changes may
have a favorable effect on adverse outcomes. Second, the lack of
blinding among the intervention providers in the included studies
have caused allocation bias. Third, like any othermeta-analysis, publica-
tion bias is a major concern. Small-sized, negative, or non-English
 Ford Health System (CS North America) from ClinicalKey.com by 
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Fig. 7. (A, B). A: Risk ratio of pulmonary edema. B: Funnel plot to assess publication bias for pulmonary edema.
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studies are often unpublished, and therefore, it is probable that some
degree of publication bias remains. However, as we did not find any
benefit, it is most unlikely minor negative studies change the outcome
of this meta-analysis. Fourth, the neurological outcome, especially the
favorable neurologic outcome at discharge was assessed differently
among studies. Specifically, several authors defined favorable neuro-
logic outcome as hospital discharge, which is not the commonly used
definition. Finally, methods and modes of cooling differed within the
studies and might be considered a primary source of heterogeneity.

While it remains possible that pre-hospital therapeutic hypothermia
does not improve survival or any neurological outcome, the fact that it is
associated with harm (such as recurrent arrest or pulmonary edema)
may be a justification for its judicious use. Given conflicting data,
many questions remain about PTH and how it should be used, including
when exactly to start inducing hypothermia, timing, duration, and abso-
lute threshold. Additionally, it is still unknownwhether therapeutic hy-
pothermia can cause adverse effects such as recurrent arrests and
pulmonary edema. Well-powered, randomized controlled trials are
needed to address these questions.

5. Conclusion

Our analysis demonstrated that pre-hospital therapeutic hypother-
mia did not result in statistically significant improvement in survival
Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Fo
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at discharge or neurological outcome. Prior evidence and guidelines ad-
vocate the beneficial effects of pre-hospital therapeutic hypothermia,
but recent high-quality evidence and the identified adverse effects are
certainly important for clinicians to consider in their decision-making
regarding out-of-hospital cardiac arrest patients.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ajem.2020.02.019.
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Fig. 8. (A, B). A: Mean difference in blood gas PH upon ED admission. B: Funnel plot to assess publication bias for blood gas PH upon ED admission.
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