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Objectives: Patients who obtain return of spontaneous circulation (ROSC) after cardiac arrest often experience
post-resuscitation hypotension, typically managed with epinephrine (EPI). However, recent research suggests
that norepinephrine (NE) may improve patient outcomes. This systematic review and meta-analysis evaluates
the effectiveness of EPI versus NE in managing post-resuscitative shock in patients who achieve ROSC.

Methods: A systematic literature search in PubMed, Medline, Scopus, EMBASE, and Cochrane CENTRAL was per-

ﬁiﬂ;ﬁ’;hrme formed. Observational or randomized studies on adults comparing EPI to NE after cardiac arrest were included in
Epinephrine analysis. Outcomes were analyzed via random-effects meta-analysis and included rate of re-arrest during hospi-

tal stay, survival to discharge, and functional neurological outcome at discharge.

Results: After screening 1217 studies, we analyzed 6 studies, which involved 3458 patients, with mean (+/— SD)

age of 64 (+/— 3) years, and 2188 (63 %) were male. The NE group consisted of 1833 (53 %) patients and 287

(41 %) of the total 703 re-arrest. Patients receiving NE were associated with 63 % lower odds of having recurrent

arrest (OR 0.47, 95 % C1 0.24-0.92, P = 0.03, I> = 89 %). There was no statistical difference for rates of hospital

survival (OR 2.04, 95 % 0.93-4.47) or discharge with unfavorable neurological outcome (OR 1.72, 95 % CI

0.92-3.22).

Conclusions: Among a small number of studies, norepinephrine use in post-cardiac arrest patients was associated

with lower odds of recurrent cardiac arrest. However, high study heterogeneity highlights the need for

well-designed future research to validate these findings.

© 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and similar tech-
nologies.
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1. Introduction

Cardiac arrest is one of the leading causes of morbidity and mortality
in the United States [1,2]. Patients who achieve return of spontaneous
circulation (ROSC) after cardiac arrest frequently experience significant
complications, including post-resuscitation hypotension, also known as
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post-resuscitative shock [3]. Post-resuscitative shock leads to decreased
perfusion of major organs and can lead to multi-organ failure, including
myocardial dysfunction, renal failure, and liver injury [4]. Research sug-
gests that the incidence of post-resuscitative shock ranges between 50
and 70 %, with in-hospital mortality rates ranging from 20 to 25 % [4].
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The management of post-resuscitative shock primarily involves
the use of vasopressors and inotropes for hemodynamic support, al-
though the optimal agent is often debated. Epinephrine (EPI),
which acts on both alpha- and beta-adrenergic receptors, is widely
used during advanced cardiac life support (ACLS) and is routinely
the medication of choice for post-resuscitative shock, however, nor-
epinephrine (NE) is another common medication used and may
have some advantages [5].

Comparing the pharmacology of EPI and NE, there are some key dif-
ferences to note, particularly in the setting of their varying activity levels
on alpha- and beta-adrenergic receptors. In the setting of post-
resuscitative shock, the primary action of EPI is alpha-1 agonism [6].
Since alpha-1 receptors are primarily found in smooth muscle cells of
blood vessels, this activation leads to peripheral arterial and venous va-
soconstriction ultimately increasing blood pressure and increasing per-
fusion to vital organs [6]. EPI also activates beta-1 and beta-2 receptors,
which have an 80 % and 20 % distribution in cardiac tissue, respectively
[6]. Compared to NE, EPI demonstrates significantly more beta-1 activ-
ity, effectively increasing inotropic and chronotropic activity in the
heart. On the other hand, EPI also stimulates beta-2 receptors, which
are predominant in the smooth muscle cells of the bronchi. When acti-
vated they relax these smooth muscles and lead to bronchodilation,
which is why EPI is so useful in cases of anaphylactic shock. Beta-2 re-
ceptors are also located in the peripheral vasculature and have a vasodi-
latory effect when they are activated [6]. This is the opposite effect of the
vasoconstriction that occurs when alpha-1 receptors are activated in the
peripheral vasculature. At low doses, EPI may readily stimulate beta-2
receptors more than alpha-1 receptors, which could potentially induce
hypotension [6].

NE is another commonly used vasopressor in the post-
resuscitation phase of care. Like EPI, NE primarily acts on alpha-1
receptors. As it stimulates these receptors it has effectively the
same action of vasoconstriction, with dose-dependent increases in
vascular tone [6]. Differing from EPI, NE has significantly lower effects
on beta-1 receptors, and effectively no effect on beta-2 receptors. This
means that NE has less positive inotropic and chronotropic effects,
which stands in contrast to EPI [6].

Recent research suggests that NE may be at least as effective as EPl in
managing post-resuscitative shock, with some evidence suggesting po-
tential advantages. Particularly, some studies have shown improvement
in mortality [7-9], re-arrest rates [7,8,10], and neurological outcomes [8]
in patients given primarily NE infusions compared to EPI after ROSC.
However, recent research suggests that there is possibly no difference
in outcomes between EPI and NE after ROSC [11,12]. The varying evi-
dence highlights the need for a meta-analysis to determine whether
one vasopressor provides better patient outcomes post-ROSC. This sys-
tematic review and meta-analysis aims to compare the efficacy of EPI
and NE in treating post-resuscitative shock in patients who achieve
ROSC, with a particular focus on recurrent cardiac arrest, hospital sur-
vival, and neurological outcomes.

2. Methods
2.1. Search strategy and selection criteria

This systematic review and meta-analysis is being reported in com-
pliance with the 2020 Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) statement [13]. Once the PICO framework
(population, intervention, comparison, outcome) was identified, the da-
tabases MEDLINE (Ovid interface), EMBASE (Elsevier interface), Scopus
(Elsevier interface), and Cochrane Register of Controlled Trials (Wiley
interface) were searched from their beginning to June 2024, using the
search terms listed in Appendix 1. An updated search was run on Janu-
ary 21, 2025 in all databases.
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The patient population was any adult patient having any medical
cardiac arrest. The intervention was NE infusion after patients had
ROSC. The control group included patients who received EPI infusion
after ROSC. The outcome measure was the rate of recurrent arrest at
any time point during hospitalization, as defined by the studies' authors.
All experimental, quasi-experimental, and observational (prospective
or retrospective) studies involving adult patients (18 years of age or
older) that compared NE versus EPI were eligible. Studies that were
not published in full text (abstracts, conference reports), or in English
language were excluded. We also excluded case reports or case series,
studies involving traumatic cardiac arrest, as these patients may un-
dergo different treatment (i.e., thoracotomy) than patients suffering
medical cardiac arrest.

Two investigators independently screened titles and abstracts for
determination of full text inclusion. A third investigator served as an ar-
bitrator when discrepancies occurred. A similar process was utilized for
the full text screening step. We used Covidence (www.covidence.org,
Melbourne, Australia) for management of the literature search results.
We also reviewed the references of included studies for additional refer-
ences, but we did not contact the authors of the included studies for ad-
ditional data. This study was registered with the PROSPERO database
(CRD42024522012), and there was no change from the submitted
protocol.

2.2. Outcome measure

We considered the rate of recurrent arrest as the primary outcome.
This outcome measure was reported in all of the included studies, and
it is most relevant to the efficacy of NE and EPI infusion for patients
who achieved ROSC, which is to prevent further shock. The first second-
ary outcome included hospital survival. Another secondary outcome
was the rate of unfavorable neurological outcomes, as defined by the
studies' authors. Although this is a patient-centered outcome, it was re-
ported by only a few studies.

2.3. Quality assessment and heterogeneity

We assessed the quality of observational studies using the
Newcastle-Ottawa Scale (NOS) and the Cochrane's Risk of Bias 2 (RoB
2) tool for randomized trials [14,15]. For each observational study, the
NOS assesses three domains of quality: selection of cohort, comparabil-
ity of groups, and quality of outcomes, and assigns a maximum score of
9. A score from 7 to 9 is high, 4-6 is medium, and a score < 3 is low. The
RoB2 tool assesses RCTs for potential bias in 4 domains: patient random-
ization, protocol deviations, measurement and reporting of outcomes,
and treatment of missing data. The overall study is rated in concordance
to the highest level of bias assigned to any domain.

Two investigators independently assessed each study's quality and
risk of bias. They first attempted to solve any discrepancies by discus-
sion, but a third investigator would adjudicate any unsolved discrepan-
cies. We reported heterogeneity of the studies using both Cochran
Q-statistic and the I values. These two types of heterogeneity assess dif-
ferent aspects of heterogeneity, but they complement each other.

24. Data extraction

Two investigators independently extracted the same data into an
Excel spreadsheet (Microsoft Corp, Redmond, Washington, USA), then
the data was compared between the investigators. Disagreements
were first solved by discussion between the investigators, or a third in-
vestigator if necessary. The consensus of the investigators was reported
as the final results. We collected each study's demographic data (author,
year of publication, countries of studies, study settings, study designs)
and patients' clinical data (age, sex, initial rhythm, witnessed arrest,


http://www.covidence.org

CA. Williams, A. Pourmand, T. Hintze et al.

initial systolic blood pressure, rates of Targeted Temperature Manage-
ment). Utilizing imputation of missing data, patients discharged to a fa-
cility with assistance were implied to have a poor neurological outcome
in studies that did not explicitly disclose the neurological status at
discharge.

2.5. Statistical analysis

We used descriptive analyses to report the data: mean (+/— Stan-
dard Deviation [SD]) or median (interquartile Range [IQR]) for continu-
ous variables, and percentages for categorical variables. We performed
random effects meta-analysis when any 3 studies reported the same
outcome of interest. The results from the meta-analysis were expressed
as Odd Ratios (OR) and 95 % Confidence Interval (95 % CI). Sensitivity
analysis was performed with the one-study-removed random effects
meta-analysis. Publication bias was performed with Egger's and Begg's
tests. For the Egger's and Begg's test, p-value >0.05 indicated low likeli-
hood of publication bias. Funnel plot analysis was only performed when
investigating the rate of recurrent arrest during hospitalization, which
was the primary outcome. For the secondary outcomes, the number of
included studies was small and funnel plot analysis could not be
performed.

We anticipated high heterogeneity from the included studies, so we
performed moderator analyses, using categorical variables from the
studies' demographic information. These moderator analyses were
able to identify sources of heterogeneity and to compare effect sizes be-
tween different groups.

To further assess the association between clinical variables and the
outcomes of interest, we performed exploratory univariable meta-
regressions, using the continuous clinical variables as the independent
variables, and the odd ratios of the outcomes of interest as the depen-
dent variable. We expressed the results from the meta-regressions as
the correlation coefficient (Corr. Coeff.) and its 95 % CI.

Studies from databases/registers (n = 2215)
Embase (n = 1091)
Scopus (n =959)
MEDLINE (n = 133)
CENTRAL (n = 32)

Identification

S References removed before screening (n = 998)

Studies screened (n = 1217)

> - Irrelevant setting

Screening

Studies assessed for eligibility (n = 12)

> - Irrelevant comparators

Studies included in review (n = 6)

Included
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The statistical analyses, random-effects meta-analysis, sensitivity
analysis, moderator analyses, and meta-regressions were performed
with the software Comprehensive Meta-Analysis (CMA) version 4
(www.meta-analysis.com, Englewood, NJ). All statistical analysis with
p-value <0.05 was considered significant.

3. Results
3.1. Study selection

The electronic search identified 1217 studies, after excluding dupli-
cates. After reviewing 12 full-text articles, 6 studies [7-12] were in-
cluded for data extraction and analysis (Fig. 1). Of the 6 studies, 1
study [11] was a randomized control trial, while the 5 other studies
were retrospective observational [7-10,12] (Table 1).

3.2. Study quality

The quality and risk of bias in the studies are reported in Table 1. The
5 retrospective observational studies [7-10,12] were reported as having
high quality, whereas the 1 randomized control trial by Pansiritanachot
et al. [11] was reported as having some concerns for risk of bias.

3.3. Summary of studies

The included 6 studies involved a total 3458 patients, with mean
(+/— SD) age of 64 (+/— 3) years, and 2188 (63 %) were male. There
were 1833 (53 %) patients in the NE and 1625 (47 %) patients in the
EPI group, respectively. Two studies were conducted outside of the
United States; the study by Bougouin et al. [8] was conducted in
France, while the study by Pansiritanachot et al. [11] was done in
Thailand. Two studies by Wender et al. [10] and Smida et al. [12] in-
volved only cardiac arrest in the pre-hospital settings. While most

Duplicate records removed

s \

Studies excluded (n = 1205)
Irrelevant outcome of interest

Case report
Narrative review

Studies excluded (n = 6)

Wrong patient population
Trial protocol

Fig. 1. PRISMA flow diagram.
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Table 1
Study characteristics and study quality.
Author, year Country  Study Design Multicenter Clinical Type of Timing of Recurrent Total Epinephrine Norepinephrine Study
of Study Setting Cardiac Cardiac Arrest Patients, Patients, N Patients, N Quality”
Arrest® N
Weiss, 2021 United Retrospective No Hospital OHCA&  During Hospital Stay 87 42 45 7
States Observational [HCA
Bougouin, 2022  France Retrospective Yes Hospital OHCA During Hospital Stay 766 285 481 7
Observational
Normand, 2023  United Retrospective Yes Hospital OHCA During Hospital Stay 221 70 151 7
States Observational
Wender, 2023 United Retrospective No Pre-Hospital OHCA Any Time Pre-Hospital 451 198 253 7
States Observational
Pansiritanachot, Thailand Randomized Control No Hospital OHCA &  Within 3 Hours of 40 20 20 Some
2024 Trial [HCA Initial Arrest concerns
Smida, 2024 United Retrospective Yes Pre-Hospital OHCA Any Time Pre-Hospital 1893 1010 883 8
States Observational

2 OHCA = outside hospital cardiac arrest, IHCA = in-hospital cardiac arrest.

b Newcastle-Ottawa Score (NOS) for retrospective observational studies and Risk of Bias (RoB2) for randomized control trials, as determined by study investigators.

studies involved only OHCA, two studies by Weiss et al. [9] and
Pansiritanachot et al. [11] reported both OHCA and IHCA.

While the initial shockable rhythm was reported by all 6 studies, the
initial unshockable rhythm was not reported by 2 studies [8,10]. Many
important characteristics for outcomes of patients with cardiac arrest
were missing. For example, only 3 studies reported witnessed arrest
status [8,11,12]. Only two studies reported the duration of
cardiopulmonary resuscitation (CPR) [7,9]. Two studies did not report
the number of patients undergoing Targeted Temperature Management
(TTM) [9,12].

3.4. Primary outcome: rate of recurrent arrest during hospitalization

All six studies reported the rate of recurrent arrest during hospitali-
zation. Pansiritanachot et al. [11] reported recurrent arrest within 3 h,
which was the shortest duration considered among the included stud-
ies, followed by Weiss et al. [9] at 6 h. The cumulative number of pa-
tients experiencing recurrent arrest was 703 (20 %). Overall, there
were 287 (41 %) patients receiving NE compared with 416 (59 %) pa-
tients in the EPI group. Patients receiving NE were associated with sta-
tistically significant lower odds of having recurrent arrest (OR 0.47,
95 % C10.24-0.92, P = 0.03) (Fig. 2).

The Q-statistic was <0.001 and the I value was 89 %, which indi-
cated a high level of heterogeneity between the studies being included.

The sensitivity analysis with one-study-removed random effects
meta-analysis a range of odds ratio of 0.38 to 0.59 (Fig. 3). Without
one of the studies by Bougouin et al. [8], Normand et al. [7], or Wender
et al. [10], the odd ratios were higher at 0.51-0.59 and the overall effect
sizes were not statistically significant (Fig. 3).

3.4.1. Publication bias

The funnel plot (Fig. 4) demonstrated the same number of studies on
both sides of the midline. Further analysis by Egger's test (P = 0.54), and
Begg's test (P = 0.71) indicated low likelihood of publication bias in this
meta-analysis.

3.4.2. Moderator analysis and meta-regression

Moderator analyses using categorical variables from study charac-
teristics showed that high heterogeneity existed in almost all sub-
groups, except for the studies with sample size >250 patients (I> =
3 %) (Table 2). Studies involving patients with OHCA only reported NE
was associated with statistically lower odds of recurrent arrest (OR
0.32,95 % C10.13-0.72, P = 0.006) compared with studies with mixture
of OHCA/IHCA, in which there was no association between vasopressor
choice and odds of re-arrest (OR 1.3,95 % C10.4-3.9, P = 0.67) (Table 2).

The exploratory univariable meta-regressions demonstrated that a
higher percentage of patients with non-shockable rhythm in the NE
group was positively correlated with the odds of recurrent arrest (Cor-
relation Coefficient [Corr. Coeff.] 5.2, 95 % CI 1.9 to 8.4, P = 0.002)
(Table 3).

3.5. Secondary outcome 1: rate of survival to hospital discharge

Five studies—all except Pansiritanachot et al. [11]—reported the
number of patients who survived to hospital discharge. These 5 studies
involved a cumulative population of 3418 patients, 1813 (53 %) in the
NE group and 1605 (47 %) in the EPI group. The overall rate of survival
to discharge was 494 (14 %). There were 346 (19 %) patients in the NE
group who survived, compared with 148 (9 %) in the EPI group. Patients

Study name Statistics for each study Recurrent Arrest / Total Odds ratio and 95% CI

Odds Lower Upper Relative

ratio  limit limit p-Value Norepinephrine  Epinephrine weight
2021 Weiss 0.81 0.34 1.91 0.63 17/45 18/42 B 15.48
2022 Bougouin 0.30 0.15 0.58 0.00 14 /481 26/285 . 17.14
2023 Normand 014 007 026 0.00 22/151 39/70 <l 1726
2023 Wender 028 019 042 0.00 64/253 108 /198 —E— 19.16
2024 Pansiritanachot 2.67 0.65 10.97 0.17 8/20 4/20 — 10.91
2024 Smida 080 064 101 006  162/883 221/1010 e 20.04
Pooled 047 024 092 0.03 —eaniiii—

Test of heterogeneity 0.1 0.2 0.5 1 2 5 10
Q-value D) P 2
48 5 0.001 89% Favours Norepinephrine Favours Epinephrine

Fig. 2. Forest plot comparing the rate of re-arrest among patients with cardiac arrest and receiving norepinephrine (NE) versus epinephrine (EPI).
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Study name Statistics with study removed Odds ratio (95% CI)
Lower Upper with study removed
Point limit limit p-Value
2021 Weiss 0.42 0.19  0.92 0.03
2022 Bougouin 0.51 023 1.13 0.10 r
2023 Normand 0.59 0.31 1.12 0.11 r
2023 Wender 0.53 023 1.22 0.14 o
2024 Pansiritanachot 0.38 0.19 0.76 0.01
2024 Smida 0.40 0.20 0.81 0.01
Pooled 0.47 024  0.92 0.03
0102 05 1 2 5 10
Favours Norepinephrine  Favours Epinephrine

Fig. 3. Sensitivity analysis, using one-study-removed random effects meta-analysis, comparing the rate of re-arrest among patients with cardiac arrest and receiving norepinephrine (NE)

versus epinephrine (EPI).

receiving NE were not associated with higher odds of survival, com-
pared to patients receiving EPI (OR 2.04, 95 % CI 0.93-4.47, P = 0.07)
(Fig. 5). There was a high level of heterogeneity among the five studies
being included in this meta-analysis.

Funnel plot was not performed due to the small number of the in-
cluded studies. However, results from the Egger's test (P = 0.71) and
the Begg's test (P = 1.00) demonstrated low likelihood of publication
bias for this outcome.

Moderator analysis revealed high heterogeneity among all sub-
groups, except among studies in the pre-hospital settings only (I*> =
0 %) (Table 2). However, studies that involved cardiac arrest in hospital
settings had significantly higher odds of survival to hospital discharge
(OR 3.8, 95 % ClI 2.2-6.8, P = 0.001) when compared to studies with
pre-hospital settings only (OR 0.85, 95 % CI 0.61-1.2, P = 0.32)
(Table 2).

Univariate meta-regression showed that a higher percentage of pa-
tients with shockable rhythm in the NE group was positively correlated
with the odds of survival to hospital discharge (Corr. Coeff. 4.1 (95 % CI
1.2 to 7.0, P = 0.005) (Table 3).

3.6. Secondary outcome 2: rate of hospital discharge with unfavorable
neurological outcome

Analysis was able to be completed on the rate of discharge with un-
favorable neurological outcomes for four studies [7-10]. These four
studies involved a total of 1525 patients, 930 (61 %) from the NE
group and 595 (39 %) from the EPI group. The overall rate of discharge
of patients who survived with unfavorable neurological outcome was
222 (15 %). Among these patients, 162 (73 %) patients were in the NE
group, and 60 patients (27 %) in the EPI group.

Patients receiving NE were not associated with statistically signif-
icant higher odds of discharge with unfavorable neurological
outcome (OR 1.72, 95 % 0.92-3.22, P = 0.09) (Fig. 6). The I? value
was 54 %, which indicated high heterogeneity among the included
studies.

Only Egger's and Begg's tests were performed for publication bias, as
the funnel plot was not performed due to the very small number of
studies. The results from the Egger's test (P = 0.95) and Begg's test
(P = 0.73) indicated low likelihood of publication bias for this outcome.

0.0

0.2 )

0.4

Standard Error

0.6

0.8

-2.0 -1.5 -1.0

Log Odds Ratio
-0.5

0.0 0.5 1.0 1.5 2.0

Fig. 4. Publication bias, using funnel plot, for the rate of recurrent arrest.
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Table 2

Results from the moderator analyses using categorical variables from study characteristics.
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Recurrent Cardiac Arrest

Meta-analysis

Heterogeneity Between group comparison

Moderator Variables Number of studies ~ Outcome 95 % CI P Q-value D(fy P 2 P

Country of study Non-USA 2 0.81  0.10-6.90 0.85 8 1 0006 86% 0.54
USA 4 04 0.17-0.91 0.03 40 3 0001 92%

Study design Prospective 1 2.7  0.65-10.9 0.17 NA NA NA NA 0.02
Retrospective 5 038 0.19-0.76  0.007 43 4 0001 90%

Multicenter study Yes 3 033 0.11-1.03 0.56 30 2 0001 93% 0.34
No 3 0.73 0.22-24 0.6 12 2 0002 84%

Clinical setting Hospital 4 0.48 0.17-1.4 0.18 20 3 0001 8% 0.99
Pre-hospital 2 0.48 0.1-1.3 0.16 20 1 0001 95%

Type of cardiac arrest ~ OHCA & [HCA 2 13 04-3.9 0.67 2 1 0.16 49% 0.05
OHCA only 4 032 0.13-0.72  0.006 42 3 0001 92%

Sample size < 250 patients 2 1.28 0.41-3.9 0.67 2 1 016 49% 0.05
> 250 patients 4 032 0.14-0.72  0.006 42 3 0.01 3%

Survival to Hospital Discharge

Meta-analysis Heterogeneity Between group comparison

Moderator Variables Number of studies ~ Outcome 95 % CI P Q-value D(fy P I? P

Country of study Non-USA 1 3.1 2.1-44  0.001 NA NA NA 0.31
USA 4 1.83 0.72-4.6 0.21 25 3 0001 88%

Study design Prospective 0 NA NA NA NA NA NA NA NA
Retrospective 5 2 0.93-4.4 0.07 41 4 0001 90% 0.99

Multicenter study Yes 3 2.6 0.9-7.8 0.09 31 2 0.001 94 % 045
No 2 14 0.4-4.5 0.59 4 1 004 77%

Clinical setting Hospital 3 3.8 2.2-6.8  0.001 4 2 014 49% 0.001
Pre-hospital 2 0.85 0.61-1.2 0.32 0.03 1 0.85 0%

Type of cardiac arrest ~ OHCA & IHCA 1 2.8 0.99-7.6 0.05 NA NA NA NA 0.6
OHCA only 4 1.9 0.79-4.7 0.15 40 3 0001 92%

Sample size < 250 patients 1 2.8 0.9-7.6 0.05 NA NA NA NA
> 250 patients 4 19 0.79-4.7 0.15 40 3 0001 92% 0.61

We did not perform moderator analysis and meta-regression for this
outcome because of the small number of included studies.

4. Discussion

The studies included in this meta-analysis were associated with a
high level of heterogeneity. We hypothesize that the heterogeneity be-
tween the studies could possibly be from different practice environ-
ments and different resource levels, as only a small number of studies
reported the rate of veno-arterial extracorporeal membrane oxygena-
tion (VA-ECMO) or extracorporeal cardiopulmonary resuscitation
(ECPR) and the rates of patients undergoing TTM. Regardless of practice
variability and resources, we observed that studies with relatively larger
sample size were associated with lower heterogeneity, as these studies
reported significantly lower odds of recurrent arrest among patients re-
ceiving NE. With a low rate of recurrent arrest among non-survivors to
hospital discharge [16], it is intuitive that studies with larger sample size
would capture more reliably the statistical difference in the rate of re-
current arrest among their patients.

The finding that patients receiving NE after ROSC have lower odds
for recurrent cardiac arrest compared to those receiving EPI has signifi-
cant implications for both patient outcomes and resource utilization.
Although this meta-analysis did not find differences in neurological

recovery between groups, recurrent cardiac arrest is associated with in-
creased morbidity [17], including organ dysfunction and prolonged re-
covery, factors not specifically analyzed in this study. Additionally,
resuscitation in cardiac arrest is a highly resource-intensive process, re-
quiring significant staffing, equipment, medications, and time [18]. By
reducing the rates of recurrent cardiac arrest, NE use post-ROSC may
help alleviate the burden of re-arrest on emergency and critical care
teams. Higher rates of recurrent cardiac arrest in patients receiving EPI
are in line with its increased cardiac inotropic and chronotropic activity
relative to NE, and therefore arrhythmias [6]. While dysrhythmias were
reported by some studies, the cardiac rhythms on re-arrest were not
reported.

Our moderator analyses observed that patients who had received NE
after an OHCA had significantly lower odds of recurrent arrest. This is
particularly important because it may help direct emergency medical
systems (EMS) protocols on post-resuscitation care regarding which va-
sopressor to use post-cardiac arrest. Future research should focus on op-
timizing vasopressor strategies within EMS guidelines to enhance
patient management.

Our study found that patients in cardiac arrest with a non-shockable
cardiac rhythm have higher odds of recurrent cardiac arrest. While
there is limited data on rates of re-arrest after ROSC, prior studies
have shown conflicting results in terms of whether a shockable [19] or

Table 3
Exploratory meta-regressions using continuous variables to measure association between clinical variables and the odds ratio of recurrent arrest and survival to hospital discharge.
Variables Number of  Corr. Coeff. (95 % P
studies Cl)
Primary outcome: recurrent arrest during hospitalization =~ Norepinephrine Percentage of Shockable rhythm 6 73 2(—6.9t00.5) 0.09
Norepinephrine Percentage of Non-shockable rhythm 4 2(19to84) 0.002
Norepinephrine Percentage of Bystander CPR 4 —3 8 (2.5t0 —8.7) 0.13
Norepinephrine percentage of Targeted Temperature Management 4 72 8 (—5.8t00.2) 0.07
Secondary outcome: survival to hospital discharge Norepinephrine Percentage of Shockable rhythm 5 1(1.2t07.0) 0.005
Norepinephrine Percentage of Non-shockable rhythm NA NA NA
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Study name Statistics for each study Hospital survival / Total Odds ratio and 95% CI

Odds Lower Upper Relative

ratio limit limit p-Value Norepinephrine Epinephrine weight
2021 Weiss 2.76 1.00  7.62 0.05 16/45 7/42 — 16.73
2022 Bougouin 3.06 214 438 000  187/481 49/285 —- 22.16
2023 Normand  7.57 326 17.61 0.00 69 /151 7/70 — 1831
2023 Wender 0.81 0.47 1.39 0.44 32/253 30/ 198 20.96
2024 Smida 0.87 0.57 1.31 0.50 42/ 883 55/1010 21.84
Pooled 2.04 093 447 0.07

Test of heterogeneity 0.1 02 05 1 2 5 10
Q-value D(f) P 12 o
a1 4 0.001 90% Favours ) ine Favours E ine

Fig. 5. Forest plot comparing the rate of hospital survival among patients with cardiac arrest and receiving norepinephrine (NE) versus epinephrine (EPI).

Odds ratio and 95% CI

Relative
weight

14.46
40.83
21.72
22.99

Study name Statistics for each study

Odds Lower Upper

ratio limit limit p-Value
2021 Weiss 3.25 0.82 12.96 0.09
2022 Bougouin  1.88 1.28 2.77 0.00
2023 Normand  2.83 1.04  7.70 0.04
2023 Wender 0.61 0.24 1.59 0.31
Pooled 1.72 0.92 322 0.09

Test of heterogeneity
Q-value D(f) P 12
6 3 0.09 54%

0.1 0.2

Favours

05 1 2 5

Favours

Fig. 6. Forest plot comparing the rate of hospital discharge with unfavorable neurological outcome among patients with cardiac arrest and receiving norepinephrine (NE) versus

epinephrine (EPI).

non-shockable [20,21] rhythm is associated with higher rates of recur-
rent cardiac arrest. However, our finding that re-arrest occurs more
commonly in non-shockable rhythms is in line with overall lower
rates of ROSC and poor prognosis in cardiac arrest with non-shockable
rhythms [22].

Overall, as previously mentioned, patients receiving NE did not have
a statistically significant difference of surviving to hospital discharge or
having a good neurological outcome compared to EPL. While NE may be
beneficial to prevent re-arrest, it may not ultimately impact these final
patient-centered outcomes, compared to EPI.

4.1. Limitations and future directions

Our study had several shortcomings. All but one of the included
studies were observational, so they were at high risk for selection and
reporting bias. Furthermore, most studies were performed in the
United States, therefore the results might not be applicable to interna-
tional clinical practice. Additionally, the sample sizes of each study var-
ied significantly, with two studies having less than 100 patients.
Additional studies should focus on larger sample sizes with varied pa-
tient populations for more generalizability.

Although a favorable neurological outcome is a patient-centered and
preferred outcome [23] in studies with cardiac arrest, most of the in-
cluded studies did not report this. Therefore, by utilizing imputation of
missing data, patients discharged to a facility with assistance were im-
plied to have a poor neurological outcome in studies who did not explic-
itly disclose the neurological status at discharge [7,9]. As a result, we
reported unfavorable neurological outcomes among patients who sur-
vived to discharge, while acknowledging that favorable neurologic out-
comes are often easier to contextualize. Additional studies should focus
on favorable neurological outcomes in cardiac arrest for more meaning-
ful analysis.
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Many studies included in this meta-analysis did not include certain
demographic information or patients' clinical data to perform more
thorough subgroup analyses or meta-regressions. Specifically, most
studies, due to their observational nature, did not report certain key fac-
tors for outcomes among patients with cardiac arrest: bystander CPR,
CPR duration, medical history, important laboratory markers with prog-
nostic values (e.g. serum lactate, pH), or dosing of EPI and NE (e.g. initial,
median, or highest doses). We could not use those variables in our meta
regression to further validate the association of NE and the outcomes.
Future studies should collect these important variables to see what
role they play in post-resuscitative shock.

5. Conclusions

Post-ROSC hypotension is a major cause of morbidity and mortality,
highlighting the need for vasopressors and inotropes in patients with
post-resuscitative shock. In our meta-analysis, we found no association
between the use of NE post-ROSC and odds of survival to hospital dis-
charge or functional neurological outcome when compared to EPI. How-
ever, the use of NE was associated with lower odds of recurrent cardiac
arrest when compared to EPI, suggesting a potential benefit of prevent-
ing further hemodynamic decline. Future research should include ran-
domized clinical trials that evaluate additional patient factors,
resuscitation variables, and long-term prognostic data to determine
which vasopressor is best for patient outcomes post-ROSC.
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