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SYSTEMATIC REVIEW AND META-ANALYSIS

Early Administration of Adrenaline
for Out-of-Hospital Cardiac Arrest:
A Systematic Review and Meta-Analysis

Liyu Ran, MD; Jinglun Liu, MD; Hideharu Tanaka, MD, PhD; Michael W. Hubble, PhD; Takyu Hiroshi, MD;
Wei Huang (2}, MD, PhD

BACKGROUND: The use of adrenaline in out-of-hospital cardiac arrest (OHCA) patients is still controversial. This study aimed to
determine the effects of early pre-hospital adrenaline administration in OHCA patients.

METHODS AND RESULTS: PubMed, EMBASE, Google Scholar, and the Cochrane Library database were searched from study in-
ception to February 2019 to identify studies that reported OHCA patients who received adrenaline. The primary outcome was
survival to discharge, and the secondary outcomes were return of spontaneous circulation, favorable neurological outcome,
and survival to hospital admission. A total of 574 392 patients were included from 24 studies. The use of early pre-hospital
adrenaline administration in OHCA patients was associated with a significant increase in survival to discharge (risk ratio
[RR], 1.62; 95% ClI, 1.45-1.83; P<0.001) and return of spontaneous circulation (RR, 1.50; 95% ClI, 1.36-1.67; P<0.001), as well
as a favorable neurological outcome (RR, 2.09; 95% ClI, 1.73-2.52; P<0.001). Patients with shockable rhythm cardiac arrest
had a significantly higher rate of survival to discharge (RR, 5.86; 95% Cl, 4.25-8.07; P<0.001) and more favorable neurological
outcomes (RR, 5.10; 95% Cl, 2.90-8.97; P<0.001) than non-shockable rhythm cardiac arrest patients.

CONCLUSIONS: Early pre-hospital administration of adrenaline to OHCA patients might increase the survival to discharge, return
of spontaneous circulation, and favorable neurological outcomes.

REGISTRATION: URL: https://www.crd.york.ac.uk/PROSPERO; Unique identifier: CRD42019130542.
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major public health problem in developed coun-

tries.? Approximately 40 000 cases in Canada
and 420 000 cases in the United States occur annu-
ally.34Based on 81 864 cases in CARES (Cardiac Arrest
Registry to Enhance Survival) 2018, the rate of survival
to hospital discharge after OHCA treated by emergency
medical services was 10.4%, with only 8.2% surviving
with good functional status.® The routine administra-
tion of adrenaline upon cardiac arrest has been rec-
ommended since 1974.5 The current American Heart
Association and European Resuscitation Council

Out—of—hospital cardiac arrest (OHCA) remains a

guidelines for adult cardiac arrest state that 1 mg of
adrenaline should be given every 3 to 5 minutes during
resuscitation.”

The rationale for the use of adrenaline is that adren-
aline was shown to increase aortic blood pressure and
coronary perfusion pressure during chest compres-
sions in animals,®? and this result was also confirmed in
humans.'® However, in recent years, the use of adrena-
line has been brought into question because it may be
associated with poor neurological outcomes, overall
rates of return of spontaneous circulation (ROSCs) and
survival to discharge.!~™
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CLINICAL PERSPECTIVE

What Is New?

e This meta-analysis evaluated the efficacy of
early application of adrenaline and compared
the outcomes between patients with initial
shockable and non-shockable rhythms.

e Qur data show that early pre-hospital adminis-
tration of adrenaline to out-of-hospital cardiac
arrest patients might increase the rate of sur-
vival to discharge, return of spontaneous circu-
lation and favorable neurologic outcomes.

e Cardiac arrest patients with an initial shockable
rhythm had a significantly higher rate of survival
to discharge and more favorable neurological
outcome than cardiac arrest patients with a
non-shockable rhythm.

What Are the Clinical Implications?

e OQur finding highlights that early use of adrena-
line may be useful for out-of-hospital cardiac ar-
rest patients.

e When evaluating the effects of adrenaline, pa-
tients should be stratified by initial cardiac arrest
rhythm; otherwise, this difference may influence
the outcomes.

Nonstandard Abbreviations and Acronyms

OHCA out-of-hospital cardiac arrest
ROSC return of spontaneous circulation
RR risk ratio

RCTs randomized controlled trials

Three systematic reviews have been conducted,®""
and the results did not support adrenaline administration
in OHCA patients. However, the association between
outcomes and the time of adrenaline administration
was unknown. The timing of adrenaline administration
plays a key role in cardiac arrest resuscitation strategies.
Observational studies have previously reported that the
potential benefits of adrenaline may be limited for early-
phase administration.'®2% It is believed that emphasis
should be placed on the “time-dependent” effectiveness
of adrenaline administration.?* Therefore, we conducted
a systematic review and meta-analysis, aiming to deter-
mine the efficacy of early (time to adrenaline <10 minutes)
pre-hospital adrenaline administration in OHCA patients.

METHODS

Theauthors declare that all supporting data, analytic meth-
ods, and study materials within the article and the online
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supporting information are available to other researchers.
This systematic review was performed in adherence with
the Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.?® The PRISMA
checklist is provided in Table S1. The study was registered
with PROSPERO (International Prospective Register of
Systematic Reviews; CRD42019130542). Institutional
Review Board approval was not required for this system-
atic review and meta-analysis.

Search Strategy and Study Eligibility
A systematic search of the scientific literature was per-
formed. The search was conducted from inception to
February 2019 in PubMed, EMBASE, Google Scholar,
and the Cochrane Library database. The terms used for
the search were as follows: (“heart arrest” OR “out-of-
hospital cardiac arrest” OR “ventricular fibrillation” OR
“pulseless electrical activity” OR “PEA” OR “asystole” OR
“cardiac arrest”) AND (“epinephrine” OR “adrenaline”).
Studies were selected by 2 independent reviewers
if they met the following inclusion criteria: (1) patients
with OHCA were enrolled; (2) the patients were treated
with epinephrine; (3) when multiple studies from the
same institute were available, to avoid overlapping in-
formation, only the study with the largest sample size
was included for each analysis; (4) randomized con-
trolled trials (RCTs) or observational studies; and (5) the
study outcomes were stated. Inter-reviewer agreement
was determined using Cohen kappa coefficients.

Data Extraction

Data were extracted by 2 independent reviewers (LY.R.,
J.L.L.). Any disagreement was discussed with the senior
author (W.H.). Study and participant characteristics were
extracted. In addition, clinical data including initial cardiac
rhythms, dose of adrenaline administered, presumed car-
diac origin, withessed cardiac arrest and bystander car-
diopulmonary resuscitation status were also extracted.

Outcomes

The primary outcome was survival to discharge. The
secondary outcomes were ROSC, favorable neurologi-
cal outcome at hospital discharge/1 month according
to a cerebral performance category of 1 or 2,252” and
survival to hospital admission.

Risk of Bias Assessment

The Newcastle-Ottawa scale, which assesses the qual-
ity of non-randomized studies,?® was used to assess
the risk of bias according to 3 aspects: selection, com-
parability, and outcome. Higher numbers of stars indi-
cate better quality; the study quality was characterized
as low (0—4 stars), moderate (5—6 stars), or high (7-9
stars). The Cochrane Handbook of Systematic Reviews
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Figure 1. Flow diagram of the study selection.

for intervention tool?® was used to assess the risk of bias
in each RCT. This tool evaluates the biases of 7 items:
random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective
reporting, and other bias. We assessed the risk of bias
for each domain as low, unclear, or high risk of bias.

Statistical Analysis

The efficacy was estimated for each study by the risk
ratio (RR) along with its 95% CI. P<0.05 were considered
significant. Heterogeneity was assessed based on the
% test (°>50, implying substantial heterogeneity). Across
the studies, if no significant heterogeneity (defined as

J Am Heart Assoc. 2020;9:e014330. DOI: 10.1161/JAHA.119.014330

1°<50%) was found, the results were combined with the
fixed-effects model (Mantel-Haenszel)*%; otherwise, the
random-effects model (DerSimonian-Laird)®' was used.
A sensitivity analysis was performed by serially excluding
each study to determine its influence. STATA version 12.0
(StataCorp, College Station, TX) was used to evaluate the
outcomes. Finally, the quality of evidence was assessed
in accordance with the Grading of Recommendations
Assessment, Development and Evaluation approach,®?
to provide reliable evidence for clinical selection.

Subgroup Analysis
A subgroup analysis was performed, and the patients
administered adrenaline were stratified by shockable
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Study %
ID RR (95% Cl) Weight
i
shockable k
Hansen 2018 — 1.53 (1.30, 1.80) 57.58
Koscik 2013 1 ; 1.43 (0.56, 3.64) 1.55
Nakahara 2012%’ -i—o— 1.91 (1.51, 2.42) 19.10
Hubble 2017 3¢ i S E— 2.47 (1.81, 3.36) 5.70
Subtotal (I-squared = 65.0%, p = 0.036) <> 1.68 (1.48, 1.90) 83.93
)
I
|
Non-shockable :
Koscik 2013 1 + i 0.95 (0.20, 4.40) 0.85
Nakahara 201237 —o—i— 1.44 (1.04, 1.99) 13.88
Hubble 2017 3¢ + E 0.72 (0.18, 2.90) 1.34
Subtotal (I-squared = 0.0%, p = 0.565) O' 1.36 (1.00, 1.85) 16.07
I
:
Overall (I-squared = 49.1%, p = 0.067) @ 1.62 (1.45, 1.83) 100.00
v
I
:
T | T | |
25 5 1 2 4 6

Figure 2. Effects of early (<10 minutes vs >10 minutes) pre-hospital adrenaline administration on survival to

discharge/1 month.
RR indicates risk ratio.

rhythm (ventricular fibrillation and pulseless ventricu-
lar tachycardia) and non-shockable rhythm (pulseless
electrical activity and asystole).

RESULTS

Study Selection

Of the 3393 studies retrieved by the literature search,
349 duplicates were removed, leaving 3044 studies
available for screening. After screening the title and
abstract, 160 studies underwent full-text review. Of
these studies, 9 randomized clinical trials and 15 ob-
servational studies were included. The search strategy
is shown in Figure 1. The inter-reviewer agreement for
the 5 inclusion criteria during the second review phase
ranged from “good” to “very good” (k: 0.768-1.000;
Table S2).

Study Characteristics

The basic characteristics of the studies are summa-
rized in Table. A total of 574 392 participants were

J Am Heart Assoc. 2020;9:e014330. DOI: 10.1161/JAHA.119.014330

included. Twenty-two studies included patients with
shockable and non-shockable rhythms, and only
2 studies included patients with non-shockable
rhythms.?333 Eighteen studies only enrolled patients
administered adrenaline; and 4 studies compared
adrenaline to vasopressin. Eight studies reported
outcomes where the time to adrenaline administra-
tion was within 10 minutes'®'921.23.34-87. 19 studies
compared the outcomes between shockable and
non-shockable rhythm patients.!"1218:33.34.36.38-50 Fqr
studies were based on data from the All-dapan Utstein
Registry.2!:35:37:40

Risk of Bias Assessment

Fifteen adult cohorts were assessed for risk of bias
using the Newcastle-Ottawa scale (Table S3). All stud-
ies were categorized as high quality. The potential
sources of bias in RCTs are summarized in Figure S1
and displayed in Figure S2. Two RCTs were assessed
as “low risk of bias”, 7 RCTs were assessed as hav-
ing “unclear risk of bias” for at least 1 domain, and no
study was assessed having a “high risk of bias”.
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Adrenaline Administration Within
10 Minutes Versus Adrenaline
Administration After 10 Minutes

The results of 4 studies'®?3%6:37 were pooled to ex-
amine the effects of early adrenaline administration
on survival to discharge, with a sample size of 28 700
in the shockable rhythm group and 5989 in the non-
shockable rhythm group (Figure 2). A fixed-effects
model was used; the pooled RR in the shockable
rhythm group was 1.68 (95% ClI, 1.48-1.90; P<0.001,
°=65.0%); in the non-shockable rhythm group, the
pooled RR was 1.36 (95% CI, 1.00-1.85; P=0.053,
1°’=0.0%), indicating that a patient with shockable
rhythm cardiac arrest receiving pre-hospital adrenaline
within 10 minutes was 1.68 times more likely to survive
to discharge than one receiving pre-hospital adrena-
line after 10 minutes. The quality of the evidence was
assessed as low (Figure S3).

Data from 4 studies'®?"-3436 were pooled for the
analysis of pre-hospital ROSC, with a total of 6403 pa-
tients with shockable rhythm cardiac arrest and 17 179

Adrenaline for Out-of-Hospital Cardiac Arrest

patients with non-shockable rhythm cardiac arrest
(Figure 3). A fixed-effects model was used, and the
pooled RR in the shockable rhythm group was 1.58
(95% CI, 1.38-1.81; P<0.001, I°=80.8%); a sensitivity
analysis was performed because of the significant
heterogeneity when excluding the study?' that in-
cluded only cardiac arrest patients. The heterogeneity
decreased to 42.9%, with a pooled RR of 1.35 (95%
Cl, 1.15-1.60; P<0.001). In the non-shockable rhythm
group, the pooled RR was 1.44 (95% ClI, 1.23-1.68;
P<0.001, ’=0.0%), indicating a greater likelihood of ex-
periencing pre-hospital ROSC in patients administered
pre-hospital adrenaline within 10 minutes. The quality
of the evidence was assessed as low (Figure S3).

We included 5 studies'®235-%7 in a pooled anal-
ysis of favorable neurological outcomes (cerebral
performance category 1-2), with a total of 6302
patients with shockable rhythm cardiac arrest and
33 454 patients with non-shockable rhythm cardiac
arrest (Figure 4). A fixed-effects model was used; the
pooled RR in the shockable rhythm group was 3.21
(95% Cl, 2.54-4.05, P=0.000; I°>=55.2%), and the

Study %

ID RR (95% Cl) Weight
1

shockable :
1

Koscik 2013 —_— 1.38 (0.90, 2.11) 7.68
1

Tanaka 2016 2! | —— 2.20 (1.74,2.77) 12.47
1

Hubble 2017 * — 1.25 (1.03, 1.50) 23.01
1

Cantrell 2013 ** . - 2.15 (1.24, 3.72) 2.90

Subtotal (I-squared = 80.8%, p = 0.001) Q 1.58 (1.38, 1.81) 46.07
1
:

Non-shockable :
1

Koscik 2013 —t—— 1.38 (0.97, 1.97) 12.97
1

Tanaka 2016 2! — 1.64 (1.23, 2.19) 15.03
1

Hubble 2017 3¢ —=— 1.27 (1.02, 1.58) 21.75
1

Cantrell 2013 3 — 1.74 (1.00, 3.03) 4.19

Subtotal (I-squared = 0.0%, p = 0.472) <> 1.44 (1.23, 1.68) 53.93
1
:

Overall (I-squared = 63.2%, p = 0.008) Q 1.50 (1.36, 1.67) 100.00
1
:
1

I [ [ I [
25 5 1 4 6

Figure 3. Forest plot for pooling the effects of early (<10 minutes vs >10 minutes) pre-hospital adrenaline administration

on return of spontaneous circulation.

ROSC indicates return of spontaneous circulation; and RR, risk ratio.

J Am Heart Assoc. 2020;9:e014330. DOI: 10.1161/JAHA.119.014330
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Study %
ID RR (95% Cl) Weight
I
shockable :
1
Hayashi 2018 8 : e 5.44 (3.00, 9.87) 1.99
1
Tanaka 2016 2! : — 3.60 (2.52, 5.13) 11.93
[}
Hubble 2017 3¢ -{—0— 2.67 (1.88, 3.80) 17.00
1
Subtotal (l-squared = 55.2%, p =0.107) : <> 3.21 (2.54, 4.05) 30.92
1
|
1
Non-shockable :
1
Nakahara 201237 —-O—IL 1.17 (0.48, 2.84) 8.23
1
Hayashi 201818 > > 1.87 (0.12, 30.24) 0.50
1
Hubble 2017 3¢ g - 1.13 (0.27, 4.62) 3.17
Funada 2018%° —— 1.67 (1.23, 2.25) 57.18
Subtotal (l-squared = 0.0%, p = 0.851) <> 1.58 (1.20, 2.09) 69.08
1
:
Overall (I-squared = 76.5%, p = 0.000) <> 2.09 (1.73, 2.52) 100.00
1
1
:
1
T T T T
1 5 1 2 30

Figure 4. Forest plot for pooling the effects of early (<10 minutes vs >10 minutes) pre-hospital adrenaline administration on

achieving a cerebral performance category of 1 to 2.

CPC indicates cerebral performance category; and RR, risk ratio.

pooled RR in the non-shockable rhythm group was
1.58 (95% ClI, 1.20-2.09; P=0.001, I°>=0.0%). This re-
sult suggested that a patient with shockable rhythm
cardiac arrest receiving pre-hospital adrenaline within
10 minutes was 3.21 times more likely to experience
a favorable neurological outcome than one receiving
pre-hospital adrenaline after 10 minutes. The quality
of the evidence was assessed as moderate (Figure
S3). One study'? did not report initial cardiac rhythm
separately; when the study was included, the pooled
overall RR was 2.03 (95% ClI, 1.73-2.39; P<0.001,
1°=81.2%) (Figure S4).

Shockable Rhythm Versus Non-
Shockable Rhythm

Fourteen studies were included to observe the pooled
effect of adrenaline administration on survival to dis-
charge, with a sample size of 21844 patients with
shockable rhythm cardiac arrest and 208 284 patients
with non-shockable rhythm cardiac arrest (Figure 5A).
A random-effects model was used; the pooled RR was

J Am Heart Assoc. 2020;9:e014330. DOI: 10.1161/JAHA.119.014330

5.86 (95% Cl, 4.25-8.07; P<0.001, 1°=89.6%), which in-
dicated that a patient with shockable rhythm cardiac
arrest was 5.86 times more likely to survive to dis-
charge than one with non-shockable rhythm cardiac
arrest. The quality of the evidence was assessed as
high (Figure S5).

Fourteen studies were included to observe the
pooled effects of adrenaline administration on pre-
hospital ROSC, with a sample size of 19 480 patients
with shockable rhythm cardiac arrest and 205 671
patients with non-shockable rhythm cardiac ar-
rest (Figure 5B). A random-effects model was used;
the pooled RR was 1.51 (95% ClI, 0.91-2.50; P=0.11,
1°=99.5%), and there was no significant difference be-
tween the groups. The quality of the evidence was as-
sessed as high (Figure S5).

Eight studies were included to observe the pooled
effects of adrenaline administration on favorable neu-
rological outcome (cerebral performance category
1-2), with a sample size of 7317 patients with shock-
able rhythm cardiac arrest and 27 411 patients with
non-shockable rhythm cardiac arrest (Figure 6A). A
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NOTE: Weights are from random effects analysis

T
A

T

5 1

A Study %
D RR (95% Cl) Weight
:
Holmberg 2002 —=- 4.91(3.25,7.43) 9.86
Jacobs 20114 —_— 5.31(1.16, 24.34) 3.23
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Figure 5. A, Forest plot comparing survival to discharge between patients who had shockable and
non-shockable rhythm cardiac arrest; B, Forest plot comparing return of spontaneous circulation
between patients who had shockable and non-shockable rhythm cardiac arrest.

ROSC indicates return of spontaneous circulation; and RR, risk ratio.
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RR indicates risk ratio.
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Figure 6. A, Forest plot comparing the effects of a cerebral performance category of 1 to 2 between patients
who had shockable and non-shockable rhythm cardiac arrest; B, Forest plot comparing survival to admission
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random-effects model was used; the pooled RR was
510 (95% Cl, 2.90-8.97; P<0.001, 1’=94.1%), indicat-
ing that a patient with shockable rhythm cardiac arrest
was 5.10 times more likely to experience a favorable
neurological outcome than one with non-shockable
rhythm cardiac arrest. The quality of the evidence was
assessed as high (Figure S5).

Ten studies were included to observe the pooled
effects of adrenaline administration on survival to
admission, with a sample size of 2359 patients with
shockable rhythm cardiac arrest and 9655 patients
with non-shockable rhythm cardiac arrest (Figure 6B).
A random-effects model was used; the pooled RR
was 1.45 (95% Cl, 1.33-1.58; P<0.001, 1°=17.6%),
suggesting a higher rate of survival to admission in
patients with shockable rhythm cardiac arrest than in
patients with non-shockable rhythm cardiac arrest.
The quality of the evidence was assessed as high
(Figure Sb).

DISCUSSION

In this systematic review and meta-analysis, we evalu-
ated the effects of early pre-hospital administration of
adrenaline in OHCA patients. Our results indicated that
the administration of adrenaline within 10 minutes sig-
nificantly increased the survival to discharge, ROSC,
and favorable neurological outcomes. In addition,
compared with non-shockable cardiac arrest patients,
shockable cardiac arrest patients seemed to have a
significantly improved prognosis, especially in terms
of survival to discharge and favorable neurological
outcome.

The use of adrenaline has been reported to result
in severe neurological impairment. In a recent random-
ized, double-blind trial,’* Perkins et al found that se-
vere neurologic impairment was more frequent in the
adrenaline group than in the placebo group (31.0%
versus 17.8%). Although a more favorable neurologic
outcome at discharge was observed in the adrenaline
group than in the placebo group, the difference was
not significant (2.2% versus 1.9%). In addition, these
authors also reported a significantly higher rate of 30-
day survival in the adrenaline group than in the placebo
group. In another double-blind randomized controlled
trial, Jacobs et al*® reported that although pre-hospital
ROSC was significantly improved, the outcomes, in-
cluding survival to discharge and favorable neurolog-
ical survival, did not differ.

In contrast, in recent years, several studies have
reported that a potential benefit of adrenaline was
only seen with early administration,'8-20225182 |n g
multicenter observational study,'® Hayashi et al re-
ported that among shockable rhythm cardiac arrest
patients, 66.7% of the patients who received adren-
aline within 10 minutes had neurologically intact
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1-month survival; however, the rate decreased to
24.9% in patients without adrenaline administration.
Fukuda et al®® performed a similar propensity score-
matched study of 237 068 patients; compared with
the patients who did not receive adrenaline adminis-
tration, the patients who received adrenaline within
15 minutes had a significantly higher rate of survival
to 1 month and favorable neurological survival, re-
gardless of whether the patients had shockable or
non-shockable rhythm cardiac arrest. Our results are
consistent with the results of these previous studies.
In the present study, our findings supported the ef-
fects of early adrenaline administration on increasing
survival to discharge, overall ROSC, and favorable
neurological outcome.

The American Heart Association guidelines® rec-
ommend that for cardiac arrest with a shockable
rhythm, it may be reasonable to administer epineph-
rine after initial defibrillation attempts have failed. In
our subgroup analysis stratified by initial cardiac arrest
rhythm, early administration of adrenaline improved
the outcomes in both shockable and non-shockable
rhythm cardiac arrest patients. The patients with
shockable rhythm cardiac arrest were found to have
significantly higher rates of survival to discharge, fa-
vorable neurological outcomes and survival to admis-
sion than patients with non-shockable rhythm cardiac
arrest in the adrenaline administration group. The
different outcomes between the shockable and non-
shockable rhythm groups might be because of the fact
that defibrillation plays an important role in the progno-
sis of patients with shockable rhythm cardiac arrest;
this difference indicates that when evaluating the ef-
fects of adrenaline, the initial cardiac rhythm should be
considered a key factor for predicting the outcomes,
and the patients should be stratified by initial cardiac
arrest rhythm. Otherwise, this difference may influence
the outcomes.

There were several potential limitations in this
meta-analysis. First, our primary and secondary out-
comes were based on a maximum of 3 to 4 studies,
and only a few of the studies reported the effects
of early adrenaline administration. Consequently,
more studies are needed to confirm this conclusion.
Second, most of the studies that were included were
observational studies, making it difficult to adjust for
confounders such as the number of doses provided,
witnessed arrest, bystander cardiopulmonary resus-
citation, emergency medical service response time,
and the use of cointerventions. Third, interventions
performed in the hospital, such as targeted tem-
perature management and percutaneous coronary
intervention, could not be measured or accounted
for. Finally, because of insufficient data, we could not
perform a comparison with a no adrenaline group;
further studies are needed for this comparison.
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Despite these limitations, the present study included
a large sample size from 13 countries, which may
help to increase the reliability of the results.

CONCLUSIONS

This systematic review and meta-analysis suggested
that early pre-hospital administration of adrenaline in
OHCA patients might increase the rate of survival to
discharge, ROSC, and favorable neurologic outcomes.
However, large randomized, controlled studies are
needed to further confirm the results.
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Table S1. PRISMA checklist.

TITLE

Title Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary Provide a structured summary including, as applicable: background; objectives; data 2
sources; study eligibility criteria, participants, and interventions; study appraisal and
synthesis methods; results; limitations; conclusions and implications of key findings;
systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known.

Objectives Provide an explicit statement of questions being addressed with reference to participants,
interventions, comparisons, outcomes, and study design (PICOS).

METHODS

Protocol and registration Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), 6
and, if available, provide registration information including registration number.

Eligibility criteria Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics 6-7
(e.g., years considered, language, publication status) used as criteria for eligibility, giving
rationale.

Information sources Describe all information sources (e.g., databases with dates of coverage, contact with 6

study authors to identify additional studies) in the search and date last searched.




Search 8 | Present full electronic search strategy for at least one database, including any limits 6
used, such that it could be repeated.
Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic 6
review, and, if applicable, included in the meta-analysis).
Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in 7
duplicate) and any processes for obtaining and confirming data from investigators.
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) 7
and any assumptions and simplifications made.
Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including 7-8
studies specification of whether this was done at the study or outcome level), and how this
information is to be used in any data synthesis.
Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means).
Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done,
including measures of consistency (e.g., 1 for each meta-analysis.
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Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., 8
publication bias, selective reporting within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- 8

regression), if done, indicating which were pre-specified.

RESULTS




Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, 9
with reasons for exclusions at each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, 9
PICOS, follow-up period) and provide the citations.

Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level 9
assessment (see item 12).

Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple 9
summary data for each intervention group (b) effect estimates and confidence intervals,
ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures 9-11
of consistency.

Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). 9-11

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta- 11-12
regression [see Item 16]).

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; 13-15
consider their relevance to key groups (e.g., healthcare providers, users, and policy
makers).

Limitations 25 | Discuss limitations at study and outcome level (e.qg., risk of bias), and at review-level 15
(e.g., incomplete retrieval of identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and 15

implications for future research.

FUNDING




Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of 16
data); role of funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7):
€1000097. doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.
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Table S2. Inter-reviewer Agreement.

Criterion Kappa Standard P-value
error

Patients with OHCA 1.000 - -

Treated with epinephrine 0.949 0.036 0.000

Study population 1.000 - -

RCT or observational study 1.000 - -

Study outcome stated 0.768 0.070 0.000




Table S3. Newcastle-Ottawa Scale quality assessment scores for the included
studies.

First Author Selection Comparability Outcome Total stars
(0-4) (0-2) (0-3)
Cantrell, 2013% * Kk k * K kK 8
Dumas, 2014°° * Kk k * K kK 8
Ewy, 2015° * kK * K * kK 8
Fisk, 2018" * kK * K * kK 8
Funada, 2018™ oK ek * Kk *k Kk 9
Goto, 2013" oK ek *k *k Kk 9
Guyette, 2004 * Ak ** Kk 8
Hansen, 2018 * Ak *k Kk Kk 8
Hayashi, 2012"° oK ek *k *k Kk 9
Holmberg, 2002 k% * K * Ak 8
Hubble, 2017°" * Ak k *k Kk K 8
Koscik, 2013™ * Ak k *k Kk K 8
Nakahara, 2012”7 k% * Kk Kk K 8
Ong, 2007" K Ak Kk * Kk Kk K 9

Tanaka, 2016° - * Kk ok ok 9




Figure S1. Risk of bias summary: review authors' judgements about each risk of bias item

for each included study.
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Figure S2. Risk of bias graph: review authors' judgements about each risk of bias item
presented as percentages across all included studies.

Random sequence generation (selection bias) _ |

Allocation concealment (selection bias) —:I
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Blinding of outcome assessment (detection bias) _ |
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

Other bias _ |

0% 25% 50% 75%  100%

. Low risk of bias |:| Unclear risk of bias . High risk of bias




Figure S3. GRADE Assessment.

f Risk of Othe
e MM
ROSC

Relative | Absolute Coiry [T ETes
(95% C (95% C

4 observational | not serious | not serious | not serious | not serious nene 228/560 4628/23025 RR 1.61 123 DR00 CRITICAL
studies (40.7%) (20.1%) (1.27 to more per Low
2.05) 1,000
(from 54
more to
211
more}
CPC 1-2
5 observational | not serious not serious not serious | not serious | strong association 187/9795 879/46058 RR 3.08 40 more @@@O CRITICAL
studies {1.9%) (1.9%) {2.01to per MODERATE
4.71) 1,000
(from 18
more to
71 more)
Survlal to discharge
4 observational | not serious not serious not serious | not serious none 521/14062 626/20636 RR 1.90 27 more @@OO CRITICAL
studies {3.7%) (3.0%) {1.44 to Low
2.51) 1,000
(from 13
more to
46 more)

ClI: Confidence interval; RR: Risk ratio



Figure S4. Forest plot for pooling the effects of early (< 10 minutes vs. > 10 minutes)
prehospital adrenaline administration on achievement of a CPC of 1-2.

Siudy %
D RR (95% CI) Weight
T
1
|
Nakahara 20127 —_ 2.49 (1.73, 3.58) 2065
I
!
!
Dumas 2014 % —o—: 1.58 (1.6, 2.14} 29.75
!
1
|
Hayashi 2018 '* | — S 655(3.06,14.18) 112
I
!
1
1) 1
Hubble 2017 ** | —— 331 (2.29, 4.80) 10.27
|
1
Funada 2018 —_—— 167 (1.23,2.25) 3821
Qwerall (l-squared = 81.2%, p = 0.000) @ 2,03 (1.73,2.38) 100.90
1
!
!
1
1
I
1
|

CPC, cerebral performance category.



Figure S5. GRADE Assessment.
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8 randomised | not serious [ not serious not serious | not serious very strong 880/7317 338/27411 RR 5.10 51 more DPO® CRITICAL
trials association (12.0%) (1.2%) {2.90 to per HIGH
8.97) 1,000
(from 23
more to
98 more)
ROSC
14 randomised | not serious | not serlous not serious | not serious none 5602/19417 | 12320/205348 RR 1.51 31 more DEE® CRITICAL
trials (28.9%) (6.0%) {0.91 to per HGH
2.50) 1,000
(from 5
fewer to
90 more)
Discharge
14 | randomised | not serious | notserious | not serious | not serious very strong 471221844 | 4963/208284 RR 5.86 116 CRITICAL
trials assaciation (21.6%) (2.4%) {4.25 to more per Fch
8.07) X
(from 77
more to
168
more)
Admission
10 randomised | not serious | not serious [ notserious | not serious none 76212359 2304/9655 RR 144 105 (&SI CRITICAL
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1.54) 1,000
(from 81
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