Javaudin et al. Critical Care (2023) 27:496 Critical Ca re
https://doi.org/10.1186/513054-023-04776-0

RESEARCH Open Access

, : : ®
Cumulative dose of epinephrine and mode

of death after non-shockable out-of-hospital
cardiac arrest: a reqgistry-based study

Francois Javaudin'#'*'®, Wulfran Bougouin'**?, Lucie Fanet', Jean-Luc Diehl®’, Daniel Jost'%,
13,10

Frankie Beganton'?, Jean-Philippe Empana'?, Xavier Jouven'??, Frédéric Adnet'>'°, Lionel Lamhaut'*'°,
Jean-Baptiste Lascarrou'*>'", Alain Cariou'?*'? and Florence Dumas'*'* on behalf of the Sudden Death
Expertise Center investigators

Abstract

Background Epinephrine increases the chances of return of spontaneous circulation (ROSC) in out-of-hospital
cardiac arrest (OHCA), especially when the initial rhythm is non-shockable. However, this drug could also worsen

the post-resuscitation syndrome (PRS). We assessed the association between epinephrine use during cardiopulmo-
nary resuscitation (CPR) and subsequent intensive care unit (ICU) mortality in patients with ROSC after non-shockable
OHCA.

Methods We used data prospectively collected in the Sudden Death Expertise Center (SDEC) registry (capturing
OHCA data located in the Greater Paris area, France) between May 2011 and December 2021. All adults with ROSC
after medical, cardiac and non-cardiac causes, non-shockable OHCA admitted to an ICU were included. The mode
of death in the ICU was categorized as cardiocirculatory, neurological, or other.

Results Of the 2,792 patients analyzed, there were 242 (8.7%) survivors at hospital discharge, 1,004 (35.9%) deaths
from cardiocirculatory causes, 1,233 (44.2%) deaths from neurological causes, and 313 (11.2%) deaths from other eti-
ologies. The cardiocirculatory death group received more epinephrine (4.6+3.8 mg versus 1.7+2.8 mg, 3.2+2.6 mg,
and 3.5+ 3.6 mg for survivors, neurological deaths, and other deaths, respectively; p <0.001). The proportion of car-
diocirculatory death increased linearly (R?=0.92, p <0.001) with cumulative epinephrine doses during CPR (17.7%

in subjects who did not receive epinephrine and 62.5% in those who received > 10 mg). In multivariable analysis,

a cumulative dose of epinephrine was strongly associated with cardiocirculatory death (adjusted odds ratio of 3.45,
95% CI[2.01-5.92] for 1 mg of epinephrine; 12.28, 95% CI [7.52-20.06] for 2-5 mg; and 23.71,95% Cl [11.02-50.97]
for > 5 mg; reference 0 mg; population reference: alive at hospital discharge), even after adjustment on duration

of resuscitation. The other modes of death (neurological and other causes) were also associated with epinephrine use,
but to a lesser extent.

Conclusions In non-shockable OHCA with ROSC, the dose of epinephrine used during CPR is strongly associated
with early cardiocirculatory death. Further clinical studies aimed at limiting the dose of epinephrine during CPR seem
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warranted. Moreover, strategies for the prevention and management of PRS should take this dose of epinephrine

into consideration for future trials.

Keywords Epinephrine, Cardiac arrest, Non-shockable OHCA, Cardiocirculatory death, Post-resuscitation shock

Background

The incidence of out-of-hospital cardiac arrest (OHCA)
in Europe and the USA is estimated to be between 48
and 170 per 100,000 inhabitants, with an overall sur-
vival of 8-9% [1-3]. Nevertheless, this survival rate is
much lower in the case of a non-shockable initial rhythm
(approximately 2% versus 25% in the case of a shockable
rhythm) [4]. Initial non-shockable rhythms represent the
majority (around 80%) of OHCAs and have been increas-
ing for several years [4—6]. Furthermore, among non-
shockable patients with return of spontaneous circulation
(ROSC) admitted to an intensive care unit (ICU), the
mortality rate amounts to 90% [4]. The medical causes
most frequently identified among patients admitted to
ICU after non-shockable cardiac arrest are cardiac cause
and asphyxia for non-cardiac causes [7]. The neurological
outcome of patients following asphyxial cardiac arrest is
poor [8].

During cardiopulmonary resuscitation (CPR) in a non-
shockable rhythm, it is recommended to use 1 mg of epi-
nephrine every 3—5 min to increase the chance of ROSC
[9, 10]. In this indication, epinephrine improves survival
rates but not neurological outcomes [11]. However, many
adverse effects are attributed to the use of epinephrine.
First, a high dose is associated with post-resuscitation
myocardial dysfunction (PRMD) and, consequently, with
post-resuscitation syndrome (PRS) [12]. Second, epi-
nephrine promotes arrhythmias, such as re-arrest with
shockable rhythm [13]. Third, epinephrine decreases cer-
ebral microvascular blood flow and would be responsible
for poor neurological outcomes by increasing cerebral
ischemia [14]. These deleterious effects after ROSC are
well supported by the fact that the more subjects receive
epinephrine during CPR, the more they develop refrac-
tory PRS and the lower their survival rate [15-17]. Thus,
it seems that the dose of epinephrine used during CPR
favors a cardiocirculatory mode of death after ROSC
by promoting PRS and re-arrests. However, data on the
mode of death after cardiac arrest remain scarce. Wit-
ten et al. [18] reported that the most common cause of
death after ROSC following cardiac arrest was the neu-
rological withdrawal of life-sustaining therapy (WLST)
(73%). In contrast, refractory PRS and sudden cardiac
death accounted for 17% and 4%, respectively. The same
proportions were found a decade earlier by Laver et al.
[19], who reported 67.7% of deaths due to neurological
injury, and 65.2% reported by Lemiale et al. [20]. The rate

of brain death following conventional CPR is estimated
at 8% [21]. Nevertheless, it remains unclear whether the
dose of epinephrine administered during CPR directly
influences the mode of death after ROSC. Therefore,
these data seem crucial to optimize therapeutics and per-
sonalize management in the ICU [22]. A more precise
identification of the possible effects of epinephrine on
different modes of death could allow better management
by identifying patients at risk earlier and adopting a more
targeted prevention strategy.

The aim of our study was to investigate the association
between the cumulative dose of epinephrine used during
CPR and the mode of death in the ICU in non-shockable
OHCA patients.

Methods

Study design and setting

We used data from the cardiac arrest registry managed
by the Sudden Death Expertise Center (SDEC) of the
Greater Paris area (France). It is a population-based reg-
istry that records all OHCA since 2011 occurring in Paris
and its suburbs (Hauts-de-Seine, Seine-Saint-Denis, Val-
de-Marne), which covers an area of 6.8 million inhabit-
ants on 762 km? (294 square miles) [4]. The Paris-SDEC
registry is approved by the French Advisory Committee
on Information Processing in Health Research (CCTIRS,
authorization no. 12336) and the French National
Data Protection Commission (CNIL, authorization no.
912309). No consent was required, and survivors were
informed of their inclusion in the register with the pos-
sibility of requesting removal. In France, the Emergency
Medical Service (EMS) is a two-tiered physician-manned
system, with a basic life support (BLS) tier served by fire-
fighters and an advanced life support (ALS) tier provided
in the field by a mobile intensive care unit (MICU). The
MICU includes at least one ambulance driver, one nurse,
and one trained emergency physician. A detailed descrip-
tion of the French EMS has been previously published
[23].

Study population

From May 2011 to December 2021, all non-traumatic
OHCAs with initial non-shockable rhythms that
achieved prehospital ROSC and admitted to an ICU were
included. During this period, the guidelines for the use
of epinephrine during CPR of non-shockable rhythms
remained unchanged. Exclusion criteria were age below
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18years, traumatic OHCA, death on the scene or during
transport, admission to hospital for uncontrolled organ
donation, and missing data (cumulative epinephrine dose
during CPR, vital status, and mode of death).

Data collection

All data, including Utstein characteristics of the OHCA
[24], were recorded prospectively. These included gen-
der, age, location, presence of witnesses, bystander CPR,
resuscitation time intervals (no-flow duration, low-flow
duration), initial cardiac rhythm, epinephrine dose dur-
ing CPR, medical history, ECMO use, occurrence of PRS,
presumed cause of cardiac arrest, angioplasty interven-
tion, targeted temperature management (TTM), vital sta-
tus (obtained at hospital discharge), and mode of death.
The epinephrine doses used during CPR were divided
into 4 categories after testing for linearity: none, 1 mg,
2-5 mg, and > 5 mg, as previously described [16].

Endpoints

The primary endpoint was the mode of death in patients
admitted to the ICU after non-shockable OHCA. Three
categories of the mode of death were retained: i) cardioc-
irculatory death, including PRS, refractory cardiac arrest,
and recurrence of sudden cardiac arrest; ii) neurological
death, including brain death and neurological WLST; and
ili) other death, including comorbid WLST, respiratory
failure, and all death modes not classified in the first two
categories. To ensure the accuracy of classification, two
investigators independently reviewed hospital records of
all cases and assigned to each patient one of these modes
of death. All discrepancies were resolved with additional
assessment by a third investigator. Patients meeting the
criteria for more than one mode of death category were
classified according to the primary reason for death. In a
previous SDEC work (from 2011 to 2018), we highlighted
that the agreement between the two investigators regard-
ing the classification of the mode of death was considered
good (kappa coefficient 0.87) [17]. Secondary endpoints
were the survival rate and the time to death according to
the mode of death.

Statistical analysis

We used descriptive statistics to summarize categorical
variables as proportions and continuous variables as the
mean with a standard deviation. Comparisons between
proportions used Pearson’s chi-squared test and ANOVA
or ¢-test for continuous variables.

We reported the outcome of patients according to the
cumulative dose of epinephrine during CPR in 4 cat-
egories: alive at hospital discharge, cardiocirculatory
death, neurological death, and other causes of death. A
univariate analysis was performed to test the different
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parameters associated with survival and mode of death.
Linear regressions between epinephrine dose and cardi-
ocirculatory death rate, and between epinephrine dose
and low-flow duration were performed. The association
between vital status, mode of death, and cumulative dose
of epinephrine (divided into 4 categories: 0 mg, 1 mg,
2-5 mg, and > 5 mg) was analyzed in a multivariable mul-
tinomial regression analysis using those who survived
as the reference group. It was adjusted for age, gender,
location, witnessed OHCA, bystander CPR, no-flow
duration, initial electrical rhythm, low-flow duration,
presumed cause (cardiac/non-cardiac), and all variables
with p values<0.15 in univariate analysis. A generalized
Hosmer—Lemeshow test for multinomial logistic regres-
sion was used to evaluate the model [25]. To account for
missing data in the primary multivariable analysis, we
performed multiple imputations using a chained equa-
tion [26]. To assess whether there were differences in
outcomes over the study period, we performed sensitivity
analyses: including the year of OHCA as one additional
covariate, using epinephrine as a continuous variable,
and stratifying on the duration of resuscitation (tertiles of
low-flow duration).

All tests were two-sided with a p value considered sig-
nificant if<0.05. Analyses were performed using STATA/
SE 15.1 (Lakeway Drive, TX, USA).

Results

From May 2011 to December 2021, there were 41,307
cases of OHCA in the Paris-SDEC database. After
screening for eligibility, 3,008 patients were initially
retained in the analysis. Because of missing data in 216
subjects, a total of 2,792 OHCAs could be analyzed
(Fig. 1). The mean age was 63.5+15.3 years, and 61.0%
were male. There were 242 (8.7%) survivors at hospi-
tal discharge. Among non-survivors, there were 1,004
(35.9%) deaths from cardiocirculatory causes (672 hemo-
dynamic shock, 295 recurrence of sudden cardiac arrest,
37 refractory cardiac arrest), 1,233 (44.2%) deaths from
neurological causes (488 brain deaths and 745 neurologi-
cal WLST), and 313 (11.2%) deaths from other etiologies
(212 comorbid WLST, 16 respiratory failures, and 85
others). Patients’ characteristics according to their out-
come are reported in Table 1, and according to the dose
of epinephrine administered during CPR in Table S1 in
Additional file 1. As compared with other groups, the
cardiocirculatory death group received more epineph-
rine during CPR (mean 4.6 mg), had longer resuscitation
time (mean low-flow duration 36.2 min), presented more
frequently with PRS (81.3%), required ECMO more often
(13.4%), and the presumed cause of OHCA was more fre-
quently of cardiac origin (62.7%). The time from OHCA
to death was significantly shorter in the cardiocirculatory
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10,635 Died on scene after ALS
8917 No ALS

3105 Traumatic OHCA

» 216 Died during transport

129 Transport to hospital for organ
donation

y

3008 Eligible non-
shockable OHCA

64 Epinephrine dose during CPR
unknown

47 Vital status unknown

105 Mode of death unknown

A,
2792 Non-shockable
OHCA analyzed

Fig. 1 Flowchart of the patient selection. OHCA, out-of-hospital
cardiac arrest; ALS, advanced life support; and CPR, cardiopulmonary
resuscitation

death group (1.2+3.3 days versus 3.7+9.1 and 5.5+8.2
days for the other death group and neurological group,
respectively; p <0.001) (Fig. 2). The correlation coefficient
(R) between epinephrine dose during CPR and low-flow
duration was 0.51 (Additional file 1: Figure S1).

The proportion of cardiocirculatory death increased
with cumulative epinephrine doses during CPR (Fig. 3).
It represented 17.7% in subjects who did not receive epi-
nephrine and 62.5% in those who received more than
10 mg. There was a linear relationship between the pro-
portion of death from cardiovascular causes and the dose
of epinephrine (R*=0.92, p<0.001, Figure S2 in supple-
mental data). Most survivors (86.8%) were treated with
less than or equal to 3 mg of epinephrine during CPR.

The multivariable analysis highlighted a strong asso-
ciation between high-dose epinephrine use and cardioc-
irculatory death mode (adjusted odds ratio of 3.45, 95%
CI [2.01-5.92] for 1 mg of epinephrine to 23.71, 95% CI
[11.02-50.97] for > 5 mg). The other modes of death (neu-
rological and other) were also associated with epineph-
rine use but to a lesser extent (Table 2). Other variables
significantly associated with the mode of cardiovascular
death were age (aOR 1.04, 95% CI [1.03-1.05] per year),
home location (aOR 1.57, 95% CI [1.11-2.24]), no-flow
duration (aOR 1.08, 95% CI [1.04—1.12] per minute), low-
flow duration (aOR 1.04, 95% CI [1.03—1.06] per minute),
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high blood pressure history (aOR 0.55, 95% CI [0.38—
0.79]), coronary angioplasty intervention (aOR 0.51, 95%
CI [0.30-0.86]), TTM (aOR 0.25, 95% CI [0.18-0.35]),
PRS (aOR 2.13, 95% CI [1.48-3.05]), and presumed car-
diac cause (aOR 2.44, 95% CI [1.69-3.52]). The goodness-
of-fit test of this multinomial logistic regression was
non-significant (p value=0.173). The full multivariable
model and the analysis without imputation are avail-
able in Additional file 1 (Additional file 1: Tables S2 and
S3). In the sensitivity analyses, year was not significantly
associated with outcome (Additional file 1: Tables S4 and
S5); epinephrine as continuous variable was associated
with all 3 death modes (aOR 1.46, 95% CI [1.33-1.61]
per mg for cardiocirculatory death, aOR 1.33, 95% CI
[1.21-1.46] per mg for neurological death, and aOR 1.41,
95% CI [1.27-1.56] per mg for other death; Additional
file 1: Table S6). Analyses stratified by tertiles of resus-
citation time (0—19 min, 20-30 min, and >30 min) also
showed an association between the dose of epinephrine
used during resuscitation and mode of death in all sub-
groups (Additional file 1: Table S7). The interaction tests
between epinephrine and low-flow duration were non-
significant in the model (p values>0.1).

Discussion

This retrospective study is the first to specifically evaluate
the mode of death in relation to the dose of epinephrine
used during CPR in non-shockable OHCA. We found a
strong, independent, and graded association between
the risk of early cardiocirculatory death after a non-
shockable OHCA and the dose of epinephrine during
CPR. Indeed, in patients who received 5 mg or more of
epinephrine during CPR, most ICU deaths were due to
cardiocirculatory causes.

Several previous studies reported an association
between the cumulative dose of epinephrine during CPR
and the development of PRMD [27-29]. Paul et al. [30]
reported that the majority of subjects with very high Car-
diac Arrest Hospital Prognosis (CAHP) scores, which
included epinephrine dose and six other variables, were
more likely to die of PRS. Binois et al. [17] identified a
cluster of patients strongly associated with PRS whose
epinephrine dose was notably much higher than others.
In this study, we were able to show that this association
was not only associated with PRS but also responsible
for early mortality from cardiocirculatory causes. In a
study including 1,646 subjects admitted to the hospital
with ROSC, those who received high doses of epineph-
rine had a poorer outcome [16]. However, our study did
not include patients who died at the scene of OHCA, but
only those admitted to ICU with ROSC or ECMO. These
results therefore do not contradict the findings of rand-
omized trials reporting that standard-dose epinephrine
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Table 1 Characteristics of study population
Variables Alive Cardiocirculatory ~ Neurological death Other death p value Missing data
n (%) or mean+SD (n=242) death (n=1,233) (n=313) Chi2 or ANOVA
(n=1,004)

Male 161 (66.5%) 628 (62.6%) 734 (59.5%) 179 (57.2%) 0.067 0 (0.0%)
Age (years) 61.2+16.0 64.1+149 61.6+149 705+157 <0.001 0 (0.0%)
Home location 152 (62.8%) 731 (72.9%) 876 (71.1%) 250 (80.1%) <0.001 2(0.1%)
Witnessed 212 (87.6%) 828 (82.8%) 998 (81.0%) 275 (87.9%) 0.006 5(0.2%)
Bystander CPR 167 (69.6%) 597 (60.4%) 654 (53.2%) 193 (62.7%) <0.001 26 (0.9%)
No-flow duration (min) 34+55 6.1+86 73+82 59+79 <0.001 409 (14.6%)
First recorded rhythm

Asystole 195 (80.6%) 836 (83.3%) 1058 (85.8%) 272 (86.9%) 0.072 0 (0.0%)

PEA 47 (19.4%) 168 (16.7%) 175 (14.2%) 41 (13.1%)
Epinephrine during CPR

0mg 90 (37.2%) 43 (4.3%) 72 (5.8%) 38 (12.1%) <0.001 0 (0.0%)

1mg 57 (23.6%) 100 (10.0%) 236 (19.1%) 52 (16.6%)

2-5mg 83 (34.3%) 575 (57.3%) 750 (60.8%) 178 (56.9%)

>5mg 12 (5.0%) 286 (28.5%) 175 (14.2%) 45 (14.4%)
Low-flow duration (min) 172+156 36.2+276 277+174 267+168 <0.001 315(11.3%)
Heart disease 70 (28.9%) 274 (27.3%) 349 (28.3%) 114 (36.4%) 0.018 0 (0.0%)
Ischemic cardiopathy 32 (13.2%) 157 (15.7%) 172 (14.0%) 55(17.6%) 0.31 0 (0.0%)
Cancer 27 (11.2%) 97 (9.7%) 135 (11.0%) 59 (18.9%) 0.001 0 (0.0%)
Renal disease 19 (7.9%) 76 (7.6%) 8.8%) 37 (11.8%) 0.126 0 (0.0%)
High blood pressure 106 (43.8%) 399 (39.7%) 527 (42.7%) 147 (47.0%) 0.122 0 (0.0%)
Diabetes mellitus 49 (20.3%) 244 (24.3%) 272 (22.1%) 83 (26.5%) 0.195 0(0.0%)
Dyslipidemia 48 (19.8%) 164 (16.3%) 208 (16.9%) 53 (16.9%) 0.635 0 (0.0%)
ECMO 15 (6.2%) 134 (13.4%) 60 (4.9%) 21 (6.7%) <0.001 0 (0.0%)
Shock 7 (46.7%) 17 (12.7%) 8(13.3%) 4(19.0%)
ARDS 0 (0.0%) 0(0.0%) 1(1.7%) 0 (0.0%)
Refractory CA 8(53.3%) 117 (87.3%) 51 (85.0%) 17 (81.0%)
Coronary angioplasty 36 (14.9%) 107 (10.7%) 91 (7.4%) 22 (7.0%) <0.001 31 (1.1%)
TT™M 122 (52.4%) 264 (26.8%) 628 (51.6%) 81 (26.7%) <0.001 55 (2.0%)
Post-resuscitation shock 142 (62.6%) 761 (81.3%) 754 (64.4%) 185 (62.1%) <0.001 160 (5.7%)
Presumed cause of CA

Cardiac 99 (40.9%) 629 (62.7%) 511 (41.4%) 172 (55.0%) <0.001 0 (0.0%)

Non-cardiac 143 (59.1%) 375 (37.3%) 722 (58.6%) 141 (45.0%)
Details of non-cardiac causes

Dyskalemia 6 (4.2%) 14 (3.7%) 28 (3.9%) 6 (4.3%) <0.001 0 (0.0%)

Pulmonary embolism 33(23.1%) 82 (21.9%) 48 (6.6%) 18 (12.8%)

Intracranial bleeding 2 (1.4%) 25 (6.7%) 181 (25.1%) 14 (9.9%)

Asphyxia 83 (58.0%) 173 (46.1%) 416 (57.6%) 79 (56.0%)

Drug overdose 4 (2.8%) 1(0.3%) 6 (0.8%) 0 (0.0%)

Other 15 (10.5%) 80 (21.3%) 43 (6.0%) 24 (17.0%)

CPR, cardiopulmonary resuscitation; ALS, advanced life support; PEA, pulseless electrical activity; CA, cardiac arrest; ECMO, extracorporeal membrane oxygenation;

TTM, targeted temperature management

in non-shockable OHCA increases survival to hospital
discharge [31]. However, high-dose epinephrine does
not improve survival compared with placebo, whereas
it clearly favors ROSC, which means that mortality is
increased in the ICU for these patients, as shown in our
study. In order to establish a causal link between the use
of lower doses of epinephrine and improved outcome,
only randomized studies could address this hypothesis.
Indeed our observational study only demonstrated an

association, not causality. Currently, the CanROC Epi-
DOSE trial is recruiting and aims to compare a low vs.
a standard cumulative dose of epinephrine in shockable
OHCAs (32). The LowEPI study will compare reduced
epinephrine bolus doses during CPR (0.5 mg) ver-
sus standard bolus doses (1 mg) [33]. Indeed, the same
team had reported that the coronary perfusion pressures
required for ROSC were no different between 0.5 and
1 mg boluses in a porcine model [34].
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Data from our study suggest that management after
ROSC in the ICU should be adapted to the dose of epi-
nephrine received during CPR. The development of
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strategies to prevent and control the severity of PRS
in the population most at risk of death from cardioc-
irculatory causes should be considered for future ran-
domized trials. For example, hypothermia at 33 °C was
responsible for more arrhythmias resulting in hemo-
dynamic compromise [35], while the optimal target for
TTM in non-shockable rhythm OHCA is still under
debate [7, 35, 36], as are blood pressure targets [37,
38]. In mild-to-moderate PRS, hypothermia at 33 °C
does not seem to impact mortality [39, 40], but in the
case of severe PRS leading to death, no data are avail-
able. Optimization of hemodynamics with a high blood
pressure target and a TTM at 36 °C could be considered
in subjects at risk of early death from cardiocirculatory
causes after a non-shockable OHCA. In the era of per-
sonalized medicine, therapeutic targets will likely have
to be adapted to each patient, particularly for man-
agement after ROSC. Indeed, one size does not fit all,
and we suggest that it would be interesting for future
randomized studies to take this epinephrine dose into
account in order to personalize after ROSC manage-
ment. In addition to being associated with the mode of
death after ROSC, this variable is simple to collect and
use routinely, unlike more complex scores, and its value
seems highly reliable. Indeed, during CPR of a non-
shockable rhythm, epinephrine is administered early in
the procedure and at a regular frequency [9, 10]. Nev-
ertheless, resuscitation times are imprecisely estimated
during OHCA [30], and in addition, the timing (such
as CPR time) reported in the databases is frequently
inaccurate, aberrant, or missing [41-43]. The low-flow
duration includes bystander CPR, BLS by rescuers, and
ALS by MICU in different proportions depending on
the timing and location of the OHCA. It is probably
for this reason that we found only a weak correlation
between low-flow duration and epinephrine doses dur-
ing CPR and therefore adjusted our multivariable model

Table 2 Multinomial regression testing the association between use of epinephrine and outcomes

Cardiocirculatory death Neurological death Other death
aOR 95%Cl p value aOR 95%CI p value aOR 95%CI p value
Epinephrine dur-
ing CPR
0mg Reference Reference Reference
1 mg 345(2.01-5.92) <0.001 440 (2.79-6.94) <0.001 2.69 (1.49-4.85) 0.001
2-5mg 1228 (7.52-20.06) <0.001 8.88 (5.80-13.59) <0.001 5.95(3.49-10.13) <0.001
>5mg 23.71(11.02-50.97) <0.001 10.26 (4.94-21.31) <0.001 745 (3.20-17.33) <0.001

Reference population: alive at hospital discharge

Adjustment variables: gender, age, location, witnessed OHCA, bystander CPR, no-flow duration, initial electrical rhythm, low-flow duration, medical history: heart
disease, cancer, renal disease, high blood pressure, ECMO use, coronary angioplasty intervention, TTM, post-resuscitation shock, presumed cardiac cause

aOR, adjusted odds ratio; 95%Cl, 95% confidence interval; OHCA, out-of-hospital cardiac arrest; CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane

oxygenation; TTM, targeted temperature management
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on this variable and performed stratified analyses on
the low-flow duration to asses a possible resuscitation
time bias. We found the same effect of epinephrine on
outcomes according to the duration of resuscitation, as
well as a negative interaction factor in our model, rein-
forcing the idea that epinephrine dose during CPR was
independently associated with outcomes.

Subsequent publications reported most post-cardiac
arrest deaths were for neurological reasons (brain death
and neurological WLST), whereas our study found a
proportion of less than 50%. This is explained by the
fact that we included only OHCA, unlike Witten et al.
and Laver et al., who also included in-hospital cardiac
arrest (IHCA) [18, 19]. Moreover, we only selected ini-
tial non-shockable rhythms, contrary to the other stud-
ies, which also included shockable rhythms, sometimes
in the majority, as reported by Lemiale et al. [20]. Two-
thirds of our cohort experienced post-resuscitation
shock, and this accounted for a quarter of deaths, in
agreement with the literature, which reports a preva-
lence of 50-70% with in-hospital mortality of 20-55%
[15]. Neurological and cardiocirculatory causes were
the most common modes of death in our study. How-
ever, for cumulative doses of epinephrine <5 mg, neu-
rological causes were more frequent, whereas after
cumulative doses >5 mg, cardiocirculatory causes were
the predominant mode of death. Although epinephrine
use was associated with all modes of death, this associ-
ation was strongest between high cumulative doses and
cardiocirculatory death.

Limitations

This study had some limitations, notably due to the retro-
spective design, which does not establish a direct causal
link between the dose of epinephrine administered dur-
ing CPR and the mode of death after ROSC, but only an
association. Second, in these studies, we could not ana-
lyze either the dose of epinephrine boluses or the timing
of administration. Although practices are guided by the
European Resuscitation Council (ERC) guidelines, i.e.,
administration of 1 mg of epinephrine every 3—5 min, we
could not examine whether they were strictly followed
in detail. Third, this study took place in a predominantly
urban area, with relatively short response times for the
MICU compared with more isolated rural areas (up to 30
min before ALS initiation), limiting the extrapolation of
results. Fourth, subjects who received more than 5 mg of
epinephrine had different characteristics (younger, more
frequent OHCA of presumed cardiac cause) than those
who received a lower dose; even though we adjusted our
model on many covariates, it could not be excluded that
other factors may have influenced the results.
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Conclusions

In our population admitted in ICU with ROSC, the dose
of epinephrine used during CPR was strongly associ-
ated with early cardiocirculatory death in non-shockable
OHCA. Strategies to prevent and manage post-resuscita-
tion shock and sudden death recurrence might be evalu-
ated in future randomized trials based on this cumulative
dose of epinephrine. Furthermore, future studies limiting
the dose of epinephrine during CPR also seem warranted.
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