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of adrenaline on patients who suffer
out-of-hospital cardiac arrest: a systematic
review and meta-analysis
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Abstract

Objective The efficacy and safety of epinephrine in patients with out-of-hospital cardiac arrest (OHCA) remains con-
troversial. The meta-analysis was used to comprehensively appraise the influence of epinephrine in OHCA patients.

Methods We searched all randomized controlled and cohort studies published by PubMed, EMBASE, and Cochrane
Library from the inception to August 2022 on the prognostic impact of epinephrine on patients with OHCA. Survival
to discharge was the primary outcome, while the return of spontaneous circulation (ROSC) and favorable neurological
outcome were secondary outcomes.

Results The meta-analysis included 18 studies involving 863,952 patients. OHCA patients with adrenaline had an
observably improved chance of ROSC (RR 2.81;95% Cl 2.21-3.57; P=0.001) in randomized controlled studies, but the
difference in survival to discharge (RR 1.27; 95% Cl 0.58-2.78; P=0.55) and favorable neurological outcomes (RR 1.21;
95% C10.90-1.62; P=0.21) between the two groups was not statistically significant. In cohort studies, the rate of ROSC
(RR1.62;95% Cl 1.14-2.30; P=0.007) increased significantly with the adrenaline group, while survival to discharge (RR
0.73;95% Cl 0.55-0.98; P=0.03) and favorable cerebral function (RR 0.42; 95% Cl 0.30-0.58; P=0.001) were lower than
the non-adrenaline group.

Conclusion We found that both the randomized controlled trials (RCTs) and cohort studies showed that adrenaline
increased ROSC in OHCA patients. However, they were unable to agree on a long-term prognosis. The cohort studies
showed that adrenaline had an adverse effect on the long-term prognosis of OHCA patients (discharge survival rate
and good neurological prognosis), but adrenaline had no adverse effect in the RCTs. In addition to the differences in
research methods, there are also some potential confounding factors in the included studies. Therefore, more high-
L quality studies are needed to fully confirm the effect of adrenaline on the long-term results of OHCA.

"Hong Zhong, Zhaohui Yin, Bojin Kou, and Pei Shen have contributed equally
to this work

*Correspondence:

Manhong Zhou

manahongzhou@126.com

Renli Deng

690891192@qq.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40001-022-00974-8&domain=pdf

Zhong et al. European Journal of Medical Research (2023) 28:24

Page 2 of 16

Keywords Cardiac arrest, Epinephrine, Out-of-hospital, Cardiopulmonary resuscitation, Meta-analysis, Systematic

review

Introduction

Worldwide, out-of-hospital cardiac arrest (OHCA) is still
one of the main causes of death [1]. The key to successful
cardiopulmonary resuscitation (CPR) after cardiac arrest
(CA) first depends on the time of CPR initiation. Mean-
while, effective coronary perfusion and timely restoration
of myocardial blood supply also play important roles in
succeeding CPR. Epinephrine has been the first choice
of medicine with stimulating effects on a and P recep-
tors in treating CA since the 1960s [2]. During CPR, the
activation of a-adrenergic receptors can increase aortic
diastolic pressure and myocardial blood flow. Numerous
studies indicated that epinephrine increased the rate of
return of spontaneous circulation (ROSC) by the activa-
tion of its alpha receptors [3, 4].

However, epinephrine increases cardiac output, while
the activation of its f-adrenergic leads to dysrhythmias
and increases myocardial oxygen demand [5]. It has been
reported that although epinephrine improves ROSC
rates, it does not improve survival to hospital discharge
or favorable neurologic outcomes [6, 7]. Some stud-
ies also suggested that epinephrine does not improve
survival to hospital discharge. On the contrary, it even
causes deterioration in neurological function. According
to a randomized controlled study by Perkins et al. [8], a
higher rate of survival to hospital discharge was observed
in the epinephrine group compared with the placebo
group, but among patients who survived at discharge, the
incidence of brain injury in the adrenaline group nearly
doubled compared with the placebo group, and other
outcomes such as survived to hospital discharge with a
favorable neurologic outcome, survival at 3 months, or
neurologic outcomes at 3 months were no significant
differences between the two groups. It can be noticed
that epinephrine may be unprofitable or even harm-
ful. Although epinephrine has been widely used to treat
OHCA, its beneficial effect remains controversial [9-11].

Recent meta-analysis results such as Kempton et al.
indicated that the epinephrine group was better than
the placebo group in ROSC rate and survival to hospital
admission. Survival to hospital discharge and neurologi-
cal status between the two groups were not significantly
different. However, this study included only five rand-
omized controlled studies [12]. Vargas et al. [13] included
15 randomized controlled trials (RCTs) in their meta-
analysis. Standard dose of epinephrine was compared
with placebo, high doses of epinephrine, and vasopressin.
The results showed that CA patients’ survival rates and

outcomes improved when epinephrine was administered,
but there was no subgroup analysis on different initial
cardiac rhythms included. Based on a recent meta-anal-
ysis, epinephrine improved ROSC rates and survival rate
of leave hospital in CA patients but worsened the neu-
rological prognosis of OHCA patients [14]. The original
literature included in this meta-analysis did not limit the
population characteristics, but contained CA patients
both in-hospital and out-of-hospital into the study; Prog-
nostic factors, such as age, co-morbidity, etiology, and
initial cardiac rhythms, were different in patients with
in-hospital cardiac arrest (IHCA) and OHCA. Com-
pared with OHCA patients, the time from CA starts to
the point when CPR is performed is shorter, same as the
duration of defibrillation, the time of administration of
medicine in patients who suffered from CA in the hos-
pital. It might affect the effect of epinephrine administra-
tion during resuscitation. Consequently, epinephrine’s
impact on the outcome of patients with OHCA needs to
be evaluated again through systematic reviews and meta-
analyses. The meta-analysis only included the results of
RCTs and cohort studies of OHCA patients, and divided
the initial cardiac rhythms of OHCA patients into shock-
able rhythms and non-shockable rhythms subgroups to
sufficiently illustrate the effect of epinephrine.

Methods

Type of studies

RCTs and cohort studies on the effect of epinephrine on
outcomes in patients with OHCA were included in this
meta-analysis. The studies only involved adult patients
with OHCA, and the outcome indicators included the
rate of ROSC, survival to hospital discharge, and favora-
ble neurologic status at discharge.

Study eligibility and exclusion criteria

Study eligibility

(1) Study patients: non-traumatic OHCA patients
(age > 14 years). (2) Intervention types: epinephrine ver-
sus no epinephrine (placebo), and the mode of admin-
istration is intravenous (IV) or intraosseous (I0). (3)
Outcome measures: the survival rate at discharge which
was defined as the survival rate from survival to dis-
charge or the 30 day survival rate was the primary out-
come; the secondary outcomes included ROSC rate and
favorable neurological outcomes. At least one of the
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aforementioned outcome indicators must be present in
the included studies. (4) Study type: randomized con-
trolled study or cohort study.

Exclusion criteria

(1) Studies without a control group or ones that do not
meet the requirements of an RCT or cohort study. (2)
Patients with traumatic IHCA (age < 14 years). (3) Studies
in which epinephrine was mainly given by intracardiac
injection or through an endotracheal tube were excluded
for the doses, pharmacokinetics, and pharmacodynamics
were different. (4) The original text was not obtained in
various ways, and there was not enough information. (5)
Data from the original study were not able to be trans-
formed and used in this study. (6) For the repeatedly
published literature, we selected the one with the most
complete data to avoid repeated quotations.

Retrieval strategy

We comprehensively searched three databases (PubMed,
EMBASE, and the Cochrane Library) for RCTs or cohort
studies from the inception of the databases to August
2022 without restriction on language. Here are the key-
words or medical subject headings (MeSH) terms used:
“epinephrine’; “adrenaline’, “heart arrest’, “cardiopulmo-
nary arrest’;, “Pulseless electrical activity’, and “Ventricu-

lar fibrillation”.

Data extraction

The data were extracted by two researchers indepen-
dently searching three databases, and any disagreement
was resolved by discussion. The following information
was collected in each eligible study: authors, country,
publication year, study design, intervention measures,
etc. Indicators of outcome were as follows: survival rate
at discharge was the primary outcome, and ROSC rate
and a beneficial neurological outcome were secondary
outcomes. A beneficial neurological status was defined as
1 or 2 points of a CPC score [15] or a score of 3 or less on
the MRS[16] or a GCS of 14 or 15 [17].

Literature quality assessment

The studies included in this article are mainly RCTs and
cohort studies. Two researchers independently evaluated
the quality of the literature included based on the bias
risk evaluation criteria of the Cochrane collaborative net-
work and the Newcastle-Ottawa scale (NOS). Disagree-
ments among reviewers were settled through discussion.
The quality of RCTs was assessed by the Cochrane Col-
laboration RCT risk assessment tool, which assessed the
biases of seven entries that included random sequence
generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment,
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incomplete outcome data, selective reporting, and other
biases. The NOS scale was used to appraise the outcome
of cohort studies, comprising the cohort selection, group
comparability, and outcomes, with a total score of nine
points.

Statistical analysis

For statistical evaluations, Review Manager Version 5.3
was used. The results were compared by relative risk (RR)
and 95% confidence interval (95% CI). The Q-value test and
P test were used to test heterogeneity (I*>50% or P<0.05,
indicating substantive heterogeneity) [18]. Based on the
heterogeneity in the population characteristics of such
studies, a meta-analytical report based on the random-
effects model was conducted, and the results obtained
were more conservative than the fixed-effects model.
Given the obvious correlation between the initial cardiac
rhythms’ type of OHCA patients and the treatment effect
and prognosis [19]. This meta-analysis further took the
initial rhythms of OHCA patients with initial shockable
rhythms, including ventricular tachycardia and ventricu-
lar fibrillation (VT or VE), and non-shockable rhythms,
including pulseless electrical activity (PEA) and ventricu-
lar arrest as a subgroup analysis. For publication bias in the
literature, we applied the rank correlation test and linear
regression to quantitatively evaluate the symmetry of the
funnel plot, and when the test result was P<0.05, there are
statistically significant in publication bias.

Results

We searched 4699 studies from PubMed, EMBASE, and
Cochrane library first, and excluded 913 repetitive lit-
eratures. After reading the title and abstract, 3701 arti-
cles were removed based on the inclusion and exclusion
criteria. 85 studies underwent full-text review. Then, we
excluded 67 studies by reading the full text. Finally, 18
articles were included, involving 3 RCTs [8, 20, 21] and
15 cohort studies [3, 6, 16, 17, 22—-31]. The document
screening process is illustrated in Fig. 1.

In Table 1, we summarized the basic characteristics
of the included studies. Among the included studies, 15
were cohort studies and 3 were randomized controlled
studies. There were 863,952 patients included in the
study, of which 127,178 were treated with adrenaline
and 736,774 were not. A total of 16 studies [3, 8, 16, 17,
20-28, 30-32] comprised patients with shockable or
non-shockable rhythms, and only 2 studies [6, 29] had no
records of the patient’s initial cardiac rhythms. Among
3 randomized controlled studies [8, 20, 21], all of them
reported ROSC and survival to discharge, 2 studies [8,
21] reported the neurologic outcomes at discharge, and
the survival rates and neurologic outcomes at 3 months
were reported in only one study [8]. In 15 cohort studies,
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Fig. 1 The selection process of studies

all of them but one study [30] reported survival to dis-
charge, 13 studies [3, 6, 16, 17, 22-27, 29, 31, 32] reported
ROSC, and 12 studies [3, 6, 16, 17, 22-24, 2628, 30-32]
reported the favorable neurological status, and only 1
study [31] reported 1-year survival rate. In all studies, a
standard dose of adrenaline administration was com-
pared with no adrenaline administration or placebo.

Quality assessment

We used the Cochrane Collaboration risk assessment
tool to assess the quality of RCTs and summarized the
potential sources of bias in RCTs. The results are pre-
sented in Table 2 and illustrated in Fig. 2. Two RCTs were
endowed with “low risk of bias” and only one RCT was
assessed as having an “unclear risk of bias” for at least
one domain, and “high bias risk” was not assessed for
any study. The bias risk of 15 cohort studies was assessed
using the Newcastle-Ottawa Scale (Table 3), and most of
them were considered high quality.

Identification of studies via databases and registers
c o
o Records identified from: o
= _ Records removed before screening:
3 Databases (n = 4699) Duplicate records removed
b= PubMed (n =2886) > P @ -913)
= Embase (n=1390) n
3 Cochrane (n=423)
Records excluded (n=3701):
Records screened —»| (Including records about Child and
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letters, meta-analyses, other unrelated
=2 literature)
=
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2 l
o
(72}
Full text screened for eligibility Em— Full text excluded (n=67):
(n=385) (Including insufficient information
(n=24), reviews (n=20), irrelevant or
— duplicate date (n=23)
)
° L .
o Studies included in the meta-
° .
S analysis (n=18)
©
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Return of spontaneous circulation

ROSC rates were reported in 16 studies (3 RCTs and
13 cohort studies) with a total of 766,317 cases, includ-
ing 112,623 patients who used adrenaline and 653,694
patients without the use of adrenaline. Since the hetero-
geneity test results displayed that I was 40% and 100%
for the RCTs and cohort studies, respectively, substantial
differences were considered to exist among the studies.
Therefore, we used the random-effects model to con-
duct statistical analysis on these outcome measures. As a
result, the ROSC rate in the adrenaline group was higher
than that in the adrenaline-free group [RCTs: RR=2.81,
95% CI (2.21, 3.57), P=0.001; cohort study: RR=1.62,
95% CI (1.14, 2.30), P=0.007] (Fig. 3).

A subgroup analysis was performed according to initial
cardiac rhythms, in which 6 studies recorded a total of
27,808 OHCA patients with shockable rhythms, includ-
ing 10,373 in the epinephrine group and 17,435 in the
non-epinephrine group. Heterogeneity existed among
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Table 2 Cochrane risk bias assessment tool for RCTs
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Study Allocation Allocation Blinding of Blinding of Outcome Outcome Other biases
generation concealment participants assessors complete selective

2011 Jacobs Low Low Low Low Low Low Low

2012 Nordseth Unclear Unclear Unclear Low Low Low Low

2018 Perkins Low Low Low Low Low Low Low

these studies (2=97%). In combination with the ran-
dom-effects model, ROSC rates were no significant dif-
ferences between the two groups. [RR=0.86, 95% CI
(0.66-1.12), P=0.27] (Fig. 4). A total of 279,523 OHCA
patients with non-shockable rhythms were recorded in
7 studies. It included 72,395 patients who used epineph-
rine and 207,128 patients who did not use epinephrine.
There was heterogeneity among studies (I?=100%), and
after combining by random-effects model, we found that
epinephrine increased the ROSC rates in OHCA patients
with non-shockable rhythms. [RR=2.73, 95% CI (1.49-
5.00), P=0.001]. The forest plot is shown in Fig. 4.

Survival to hospital discharge

Seventeen studies (3 RCTs and 14 cohort studies)
reported the survival rate at discharge, with a total of
862,396 cases, including 126,044 cases with adrenaline
and 736,352 cases without the use of adrenaline. The
results of the heterogeneity test indicated that /* was 50%
in RCTs and 99% in cohort studies. The statistical analy-
sis of this observation index using the random-effects
model showed that in the RCTs, no substantial differ-
ences existed in survival to hospital discharge between
the two groups. However, we found that in the cohort
studies, a higher rate of survival at discharge appeared
in the non-epinephrine group. [RCT: RR=1.27, 95% CI
(0.58, 2.78), P=0.55; cohort study: RR=0.73, 95% CI
(0.55,0.98), P=0.03] (Fig. 5).

Based on the initial cardiac rhythms, subgroup analyses
were conducted. Eight articles recorded 43,033 OHCA
patients with shockable rhythms, and the adrenaline
group included 12,965 patients, while the non-adrena-
line group included 30,068 patients. Among the studies,
heterogeneity existed (I*=98%). When combined with
a random-effects model, we found improved survival at
discharge in OHCA patients with shockable rhythms in
the absence of epinephrine [RR=0.54, 95% CI (0.38—
0.78), P=0.0008] (Fig. 6). A total of 361,639 OHCA
patients with non-shockable rhythms were recorded in
nine articles, including 83,628 patients with adrenaline
and 278,011 patients without adrenaline. Heterogeneity
existed among the studies (I?=98%). After combining
with the random-effects model, no significant differences

in survival to hospital discharge were observed between
the two groups in OHCA patients with non-shocka-
ble rhythms. [RR=0.94, 95% CI (0.64-1.40), P=0.78]
(Fig. 6).

Favorable neurological outcomes

Fifteen studies (2 RCTs and 13 cohort studies) reported
favorable neurological outcomes, with a total of 862,022
cases, including 126,386 cases in that adrenaline was
administered and 735,636 cases that did not use adrena-
line. The heterogeneity test results indicated that I*> was
0% in RCTs and 98% in cohort studies. Statistical analysis
of this observation index was conducted using a random
effect model. Neither group showed a difference in the

. Blinding of participants and personnel (performance bias)

. Random sequence generation (selection bias)

) . Allocation concealment (selection bias)

. ‘ . Selective reporting (reporting bias)

. . . Other bias

@ | @ | @ | Biinding of outcome assessment (detection bias)
® | @ | @ | ncomplete outcome data (attrition bias)

Jacobs 2011
Nordseth 2012 | 2 ?
Perkins 2018 | @ | @ | @

Fig. 2 Assessment of bias in all included RCTs. Low, high, and
unclear risk of bias were indicated by green, red, and yellow circles,
respectively
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Table 3 Newcastle-Ottawa quality assessment scale for the cohort studies
Study Selection of cohort (4) Comparability Outcome (3)
(1)

Representativeness Selection  Ascertainment Demonstration Comparability Assessment Was Adequacy of

of the exposed of the non- of exposure that outcome of of cohortson  of outcome follow-up follow-up of

cohort exposed interest was not the basis of long cohorts

cohort present at start the design or enough for
of study analysis outcomes
to occur

2015 - Yo hAe hAe hAe - Y ¥
Fukuda
2016 Y hAe hAe hAe hAe - ¥ -
Fukuda
2012 e hAe hAe hAe hAe hAe ¥ ¥
Machida
2012 Hagi- % ¥ ¥ ¥ ¥ - % ot
hara
2012 hA¢ w w w w A A ¥
Hayashi
2012 Olas- 3 bAg S S S bAg bAS Yo
veengen
2013 Goto ¥ < g g g < bAS pAg
2013 Neset ¥* ¥ ¥ - * * ¥
2014 Kaji pAg Ad Ad Ad Ad Ad pAg w
2014 A Ye Y Y Y - ¥ A
Dumas
2021 Mat- Yo Yo g Yo g ¥ A¢ A
suyama
2013 Hay- Ad Yo Yo Yo Yo - Ad bAS
akawa
2020 Baert ¢ Yo Yo Yo Yo - Yo s
2013 Naka- Y Y e Y Y ¥ A
hara
2022 Yu Yo Y hAe Y hAe - Ve w
Wang

For each numbered item in the selection and exposure categories, the study may receive a maximum of one star. For comparability category, up to two stars may be

given

results of RCTs in terms of good neurological progno-
ses. In cohort studies, using adrenaline was detrimental
to the neurological prognoses of OHCA patients. [RCT:
RR=1.21, 95% CI (0.90, 1.62), P=0.21; cohort study:
RR=0.42, 95% CI (0.30, 0.58), P=0.001] (Fig. 7).

For subgroup analysis by initial cardiac rhythms, a
total of 42,788 OHCA patients with shockable rhythms
were recorded in 7 studies, including 12,846 cases in
that epinephrine was administered and 29,942 cases
that were not. There was heterogeneity between stud-
ies (*=95%), and after combining with the random
effect model, we found a worse neurological prognosis
appeared in the adrenaline group. [RR=0.36, 95% CI
(0.26-0.50), P=0.001] (Fig. 8); seven studies documented
a total of 361,176 OHCA patients with non-shockable
rhythms, including 83,374 patients who used epinephrine
and 277,802 who did not. Significant heterogeneity was
observed between studies (I =94%), so a random-effects

model was used to analyze the outcome indicators. The
results indicated that OHCA patients with non-shocka-
ble rhythms who were not given epinephrine had a better
neurological prognosis [RR=0.49, 95% CI (0.31-0.80),
P=0.004] (Fig. 8).

Literature publication bias

We applied the rank correlation test and linear regres-
sion method to draw the funnel plots of ROSC, survival
at discharge, and good neurological outcomes of OHCA
patients in the adrenaline group and non-adrenaline
group. As shown in the results, there is no publication
bias (P>0.05) for all outcome measures [Begg’s test value
(P=0.773) and Egger’s test value (P=0.173) of ROSC;
Begg’s test (P=0.820) and Egger’s test (P=0.736) of sur-
vival to discharge; Begg’s test (P=0.767) and Egger’s test
(P=0.589) of the favorable neurological outcomes].
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Fig. 3 Forest plot of the effects of adrenaline versus non-adrenaline on ROSC

Discussion

Based on the latest literature, our systematic review
and meta-analysis were used to appraise whether epi-
nephrine is effective and safe during the resuscitation of
OHCA patients. The results of RCTs and cohort studies
indicated that epinephrine increased the rate of ROSC
in OHCA patients. The underlying mechanism could be
that epinephrine can mediate the contraction of small
arteries to increase aortic diastolic pressure by activat-
ing a-adrenergic receptors, thereby increasing coronary
artery blood flow, preferentially delivering blood to the
heart and brain, and increasing the probability of ROSC
[33, 34]. This finding is consistent with the meta-analyses
by Loomba et al. [35] and Morales et al. [36] that epi-
nephrine increased the rate of ROSC in patients with
OHCA.

Although adrenaline is known to increase the ROSC
rate in OHCA patients, whether it is beneficial to the
survival rate at discharge and favorable neurological out-
comes in OHCA patients remains debatable. In this arti-
cle, the results of RCTs showed that whether adrenaline
was used or not had no effect on the survival rate at dis-
charge and good neurological status of OHCA patients,
which was consistent with the meta-analysis results of

Lin et al. [37] Therefore, why did not the survival rate
at discharge and good neurological prognoses increase
as the incidence of ROSC in patients receiving epineph-
rine treatment? The reasons are uncertain, it may be that
although epinephrine can promote ROSC by increasing
coronary blood flow and cerebral perfusion through its
powerful a-adrenergic effects [38], p-adrenergic effects
can also lead to arrhythmias and increased myocardial
oxygen demand, and even recurrent cardiac arrest [5].
Additionally, platelets are activated by a-adrenergic stim-
ulation, thereby promoting thrombosis [39] and impair-
ing microvascular blood flow in the brain. Thus, cerebral
ischemia becomes more severe during CPR and after
ROSC [40]. The brain is extremely sensitive to cerebral
ischemia and reperfusion injury and has a poor ability to
regain functionality than hearts and other organs after
circulation is restored [41]. The cohort studies showed
that adrenaline not only reduced the survival rate at
discharge but also worsened neurological outcomes. A
study published by Ong et al. [9] that compared OHCA
patients who were treated with adrenaline and those who
were not found that the duration of CPR was an impor-
tant confounding factor affecting the outcome of adrena-
line on OHCA patients. For example, due to early ROSC,
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Fig. 4 Forest plot of subgroup analysis on ROSC

adrenaline treatment was not given to some patients, and
these patients often had better neurological prognoses.
However, in our meta-analysis, the majority of original
studies included did not record the duration of CPR or
have inaccurate records, so no relevant subgroups were
set up to analyze the impact of the duration of CPR on
adrenaline.

The current CPR guidelines recommend that 1 mg of
adrenaline, a standard dose of it, is given every 3-5 min
during CPR, but the total cumulative dose is not men-
tioned [42]. Fukuda et al. [24] showed that repeated
administration of epinephrine is harmful. Although the
optimal dose of epinephrine is still unclear, increasing
the cumulative dose of epinephrine may worsen the sur-
vival rate and neurological prognoses of patients with
OHCA [30, 43]. This is because repeated administration
of epinephrine indicates that the time required for resus-
citation will be longer and the adverse reaction of epi-
nephrine after resuscitation may be stronger. As for the
timing of epinephrine administration, Hayakawa et al.
[26] showed that in OHCA patients, neurological prog-
noses in 30 days may improve when it was administered
early after CA. The frequency of positive neurological
outcomes increased by 1.1 times when the epinephrine
was administered 1 min earlier. Hayashi et al. [27] found
that only when using adrenaline within 10 min of CA can

1.57 [0.85, 2.91]

0.01 0.1 1 10 100
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increase the survival rate of patients and improve neuro-
logical outcomes, but it is clinically very difficult to give
adrenaline in this early period and only a few patients
received intravenous epinephrine within 10 min after
the occurrence of OHCA. These kinds of OHCA patients
are needed to better determine the impact of early use of
adrenaline.

RCTs and cohort studies failed to reach an agreement
on survival to discharge and good neurological progno-
sis. In addition to the different nature of the two study
methods, it is also possible that most of the original lit-
erature included did not record the administration time,
dosage, CPR time, and other confounding factors, which
is also the reason for the high heterogeneity of this meta-
analysis. In addition, there are also some differences in
the treatment of OHCA patients after hospital admis-
sion, and these differences are often not reported or dif-
ficult to control. Good neurological outcomes, together
with health-related quality of life and survival, were
ranked as the most important outcomes. If the chance of
rehabilitation is very small or the risk of nervous system
damage is high, which leads to a decrease in the quality of
life after rehabilitation, some patients may not be willing
to receive heavy treatment [44]. Therefore, the outcomes
of OHCA patients may be greatly affected when they
choose to leave the hospital after discontinuing treatment
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Fig. 5 Forest plot of the effects of adrenaline versus non-adrenaline on survival to hospital discharge

without medical treatment such as target temperature
management [45] or percutaneous coronary intervention
[46].

Only two studies reported long-term outcomes.
Perkins et al. [8] pointed out that although epineph-
rine can increase the 3-month survival rate of OHCA
patients, there is no improvement in neurologi-
cal prognoses. Olasveengen et al. [31] reported that
adrenaline reduced the 1-year survival rate of OHCA
patients. However, the above results are not convinc-
ing enough. We still need more well-designed trials to
appraise the long-term outcomes of OHCA patients
after using adrenaline. In summary, we should recon-
sider the use of adrenaline. In future studies, con-
founding factors, such as the administration time,
duration of CPR, hospitalization treatment methods,
and dosage regimen, should be recorded in detail.
Therefore, we can control these potential confounding
factors, and the effectiveness and safety of adrenaline
on OHCA patients can be fully confirmed.

Should OHCA patients with different initial rhythms
be treated differently? Subgroup analysis showed that
epinephrine decreased the survival rate at discharge

and worsened the neurological prognoses of OHCA
patients with shockable rhythms; however, no effects
were observed on ROSC between patients who used
epinephrine and those who did not. In contrast,
among OHCA patients with non-shockable rhythms,
epinephrine increased ROSC rates but worsened neu-
rological prognoses, and has no effect on survival to
hospital discharge. It was suggested by the latest CPR
guideline that using epinephrine after initial defibrilla-
tion failure could be appropriate for CA patients with
shockable rhythms [42]. Andersen et al’s [47] study on
CA patients with shockable rhythms indicated that the
worst prognosis at discharge could be observed when
epinephrine was administered within 2 min of the first
defibrillation. There is a possibility that early use of
adrenaline may interfere with some necessary steps,
such as high-quality chest compressions, airway sup-
port, and defibrillation, but the characteristics and
resuscitation strategies of in-hospital CA patients dif-
fer from those of OHCA patients, so the applicability
of the observed results to the out-of-hospital setting
remains uncertain. Therefore, administering epineph-
rine at the right time is particularly important. Further
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Fig. 6 Forest plot of subgroup analysis on survival to discharge

research is needed to determine the best resuscita-
tion strategy for OHCA patients with different initial
rhythms.

However, there are some weaknesses in our study.
First, most studies included in this meta-analysis
are observational studies, which makes it difficult to
adjust confounding factors, such as administration
time of adrenaline, CPR quality, etc. Second, CPR
treatment should be individualized according to
the etiology and progression of the patient. Conse-
quently, it is difficult to implement a strictly stand-
ardized intervention protocol between the trial and
control groups. And there are also differences in the
dosage and duration of epinephrine treatment in dif-
ferent studies. Furthermore, the included studies may
have potential confounding factors, such as CA time,
bystander CPR, the response time of emergency medi-
cal service of various countries, differences in-hospital
treatment, and rescue experience of medical staff, etc.
The final results and the credibility of the research will
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be affected by the factors above, and they are also the
cause of heterogeneity in outcome indicators.

Conclusion

In summary, this meta-analysis found that both RCTs
and cohort studies showed that adrenaline increased
ROSC in OHCA patients. However, they were unable
to agree on a long-term prognosis. The cohort stud-
ies showed that adrenaline had an adverse effect on
the long-term prognosis of OHCA patients (discharge
survival rate and good neurological prognosis), but
adrenaline had no adverse effect in the RCTs. In addi-
tion to the differences in research methods, there
are also some potential confounding factors in the
included studies. Therefore, more high-quality studies
are needed to fully confirm the effect of adrenaline on
the long-term results of OHCA.
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Fig. 7 Forest plot of the effects of adrenaline versus non-adrenaline on neurological outcomes
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Abbreviations

OHCA Out-of-hospital cardiac arrest
CPR Cardiopulmonary resuscitation
CA Cardiac arrest

ROSC Return of spontaneous circulation
RCTs Randomized controlled trials
IHCA In-hospital cardiac arrest

VT Ventricular tachycardia

VF Ventricular fibrillation

PEA Pulseless electrical activity
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