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Abstract

Purpose: Whether epinephrine or norepinephrine is preferable as the continuous intravenous vasopressor used

to treat post-resuscitation shock is unclear. We assessed outcomes of patients with post-resuscitation shock after
out-of-hospital cardiac arrest according to whether the continuous intravenous vasopressor used was epinephrine or
norepinephrine.

Methods: We conducted an observational multicenter study of consecutive patients managed in 2011-2018 for
post-resuscitation shock. The primary outcome was all-cause hospital mortality, and secondary outcomes were
cardiovascular hospital mortality and unfavorable neurological outcome (Cerebral Performance Category 3-5). A mul-
tivariate regression analysis and a propensity score analysis were performed, as well as several sensitivity analyses.

Results: Of the 766 patients included in five hospitals, 285 (37%) received epinephrine and 481 (63%) norepineph-
rine. All-cause hospital mortality was significantly higher in the epinephrine group (OR 2.6; 95%Cl 1.4-4.7, P=0.002).
Cardiovascular hospital mortality was also higher with epinephrine (aOR 5.5; 95%CI 3.0-10.3; P<0.001), as was the
proportion of patients with CPC of 3-5 at hospital discharge. Sensitivity analyses produced consistent results. The
analysis involving adjustment on a propensity score to control for confounders showed similar findings (aOR 2.1;
95%Cl 1.1-4.0; P=0.02).

Conclusion: Among patients with post-resuscitation shock after out-of-hospital cardiac arrest, use of epinephrine
was associated with higher all-cause and cardiovascular-specific mortality, compared with norepinephrine infusion.
Until additional data become available, intensivists may want to choose norepinephrine rather than epinephrine for
the treatment of post-resuscitation shock after OHCA.
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Full author information is available at the end of the article remains about 10% [1, 2]. Although third of patients are
admitted alive to the hospital [3], among them 50-70%
die during the stay in the intensive care unit (ICU) [4,
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hemodynamic failure (including refractory shock and
recurrent cardiac arrest) [4—6].

European [7] and American [8, 9] guidelines under-
line the crucial importance of hemodynamic optimiza-
tion in patients with OHCA. The AHA guidelines point
out that no head-to-head comparisons of vasopressors
in OHCA are available [10], and the AHA stated recently
that whether epinephrine or norepinephrine was better
in cardiogenic shock remained unclear [11].

Several studies have compared epinephrine and nor-
epinephrine in shock, usually due to sepsis [12—14], but
found no significant difference in mortality. Similarly, a
recent randomized controlled trial (RCT) in cardiogenic
shock after myocardial infarction found no difference in
overall mortality between the epinephrine and norepi-
nephrine arms [15]. This study was not powered for mor-
tality but was terminated early due to a higher incidence
of refractory shock in the epinephrine arm. To the best
of our knowledge, no study has specifically compared
epinephrine and norepinephrine in patients with post-
resuscitation shock. Epinephrine and norepinephrine are
currently both considered as acceptable vasopressors in
post-resuscitation shock, and choice of vasoactive drug is
usually let at the discretion of physicians.

Here, we aimed to compare the association of epineph-
rine vs. norepinephrine use with the outcomes of patients
admitted alive to the ICU with postresuscitation shock
after successfully resuscitated OHCA.

Methods

This study is reported according to Stregthening The
Reporting of Observational studies in Epidemiology
guidelines [16].

Population and study setting

All cases of OHCA in the Paris metropolitan area
(France) are included in the Sudden Death Expertise
Center registry, which is described elsewhere [3, 17-20].
The appropriate ethics committees approved the registry
(CNIL approval #912309 and CCTIRS approval #12336).
In this registry, we identified all patients admitted alive
after OHCA to any of five university hospitals (Cochin,
Georges Pompidou Hospital, Lariboisiére, Necker, and
Henri Mondor) between 15 May 2011 and 15 May 2018.
All hospitals are large university Hospitals, with high vol-
ume of admissions in ICU. Among them, patients with
post-resuscitation shock were included in the study.
Post-resuscitation shock was defined as a need for vaso-
pressors for more than 6 h despite adequate fluid load-
ing [21]. As recommended in international guidelines [7],
management of post-resuscitation shock targeted a mean
arterial pressure of 65 mmHg. Exclusion criteria were
obvious extra-cardiac cause of cardiac arrest (trauma,

Take-home message

Among patients with post-resuscitation shock after out-of-hospital
cardiac arrest, use of epinephrine was associated with higher all-
cause and cardiovascular-specific mortality, compared with nor-
epinephrine infusion. Clinicians may consider that norepinephrine is
preferable over epinephrine until the results of a randomized clinical
trial become available.

drowning, drug overdose, electrocution, or asphyxia
due to an external cause) [22], refractory cardiac arrest
without sustainable return of spontaneous circula-
tion (ROSC), refractory shock requiring extracorporeal
membrane oxygenation (ECMO), absence of continuous
intravenous treatment with epinephrine or norepineph-
rine, and continuous intravenous treatment with both
epinephrine and norepinephrine. We performed an
additional analysis including patients initially excluded
because treated with both catecholamines.

Outcomes

The primary endpoint was all-cause mortality during the
hospital stay. The secondary endpoints were cardiovascu-
lar-specific mortality, defined as either recurrent cardiac
arrest or refractory hemodynamic shock [6]; and unfa-
vorable neurological status at hospital discharge, defined
as a Cerebral Performance Category score [23] of 3-5. A
CPC level of 1 (good recovery) or 2 (moderate disabil-
ity) was considered as favorable neurological outcome. A
CPC level of 3 (severe disability), 4 (vegetative state), and
5 (death) were classified as unfavorable neurological sta-
tus. We performed a sensitivity analysis using all-cause
mortality during the ICU stay (instead of hospital stay).
The patients who died of cardiovascular-specific mor-
tality causes were compared to the patients with either
other causes of death or discharged alive from the hospi-
tal, as reported previously [24]. We calculated the CAHP
score, previously published, which includes 7 parameters
(age, nonshockable rhythm, time from collapse to BLS,
time from BLS-to-ROSC, location of cardiac arrest, epi-
nephrine dose used during resuscitation, and arterial pH)
and proved high discrimination value for prognosis after
cardiac arrest. Formula of the CAHP score has been pre-
viously published [18].

Data collection

Data were collected using Utstein templates [25]. General
data were recorded prospectively and included demo-
graphic characteristics and location of the OHCA (home
vs. public place). Data on prehospital care included pres-
ence of a bystander, bystander cardiopulmonary resus-
citation (CPR) before first-responder arrival, initial
shockable rhythm before advanced life support, times



from collapse to CPR and from CPR to ROSC, and epi-
nephrine use during resuscitation. The following data
from the hospital stay were recorded: initial arterial pH at
admission, initial blood lactate, whether coronary angiog-
raphy was performed; myocardial dysfunction (defined as
left ventricular ejection fraction below 40% at admission
as measured using echocardiography), and renal replace-
ment therapy during the ICU stay. We reported Inotropic
Equivalent [26], defined as IE (ug/kg per/min)=dopa-
mine 4+ dobutamine 4+ 100 x epinephrine 4+ 100 x nor-
epinephrine + 100 x isoproterenol + 15 x milrinone.
Patients were classified in Epinephrine or Norepineph-
rine group, according to vasopressor used during ICU
stay. Reasons for death were categorized as previously
described by Witten et al. (recurrent cardiac arrest,
refractory hemodynamic shock, brain death, withdrawal
of life-sustaining treatment due to neurological impair-
ments, withdrawal of life-sustaining treatments due to
comorbidities, and respiratory failure) [6]. This categori-
zation was performed by two of us (MR and YB) blinded
from each other. In cases of divergent opinion on the rea-
son for death, a third expert (WB) was asked to arbitrate.

Statistical analysis

Continuous data were described as mean =+ SD or median
[interquartile range], depending on distribution, and
categorical data as number (percentage). Continuous
variables were compared by applying Student’s ¢-test,
the Mann—Whitney test, or the Kruskal-Wallis test, as
appropriate, and categorical variables were compared
using the y* test. We checked the linearity of continuous
variables using fractional polynomial regression, and we
dichotomized non-linear continuous variables based on
the median.

To compare outcomes between patients treated with
epinephrine infusion and norepinephrine infusion, we
performed multivariate logistic regression after adjust-
ment for factors known to affect OHCA outcomes (age,
sex, bystander CPR, initial shockable rhythm, time from
collapse to CPR, time from CPR to ROSC, epinephrine
dose during resuscitation (before ROSC), arterial pH,
myocardial dysfunction, targeted temperature manage-
ment, percutaneous coronary intervention) [3, 17, 27,
28]. Sensitivity analyses using cardiovascular-specific
mortality or unfavorable neurological outcome as the
primary endpoint (instead of mortality) were performed.
We also performed a sensitivity analysis after excluding
moribund patients (defined as patients who died within
12 h of hospital admission). To take illness severity into
account, we calculated the Cardiac Arrest Hospital
Prognosis (CAHP) score [17, 18] for each patient then
compared subgroups on either side of the median value
(150). Finally, a sensitivity analysis was performed on the

population that did not receive epinephrine before the
ROSC.

A propensity analysis was performed to adjust for
confounders, given the possibility of indication bias. A
propensity score for continuous epinephrine use was
developed based on pretreatment characteristics (ini-
tial rhythm, time from collapse to CPR, time from CPR
to ROSC; arterial pH; myocardial dysfunction; recipi-
ent hospital). We then built a logistic regression model
adjusted for the propensity score and also performed
conditional logistic regression after 1:1 matching on the
propensity score.

P values less than 0.05 were considered statistically sig-
nificant. Only cases without missing data were included
in the analysis. The statistical analysis was performed
using STATA software version v15.1 (Lakeway Drive,
TX).

Results

From May 15, 2011, to May 15, 2018, 1421 patients with
OHCA followed by post-resuscitation shock were admit-
ted to the five participating ICUs (Fig. 1). After exclusion
of patients who had refractory cardiac arrest, received
ECMO, or received neither or both continuous intrave-
nous epinephrine and norepinephrine, 766 patients were
left for our study. Of these 766 patients, 481 (63%) were
treated with norepinephrine, and 285 (37%) with epi-
nephrine. Regarding data collection, inter-rater agree-
ment proved excellent (kappa=10.87).

Baseline characteristics

Table 1 reports the main baseline features in the two
study groups. Median age was 64 years (IQR 52-75),
and 560/766 (73%) patients were male. Median time
from collapse to CPR was 5 min (IQR 1-10) and from
CPR to ROSC 22 min (IQR 15-30). All patients were
on mechanical ventilation, and sedated. Patients treated
with continuous intravenous epinephrine less often had
an initial shockable rhythm and had a longer time from
CPR to ROSC. At admission, patients treated with epi-
nephrine had lower blood pressure and higher lactate,
with higher heart rate (HR 95/min vs 90/min, P=0.02),
as compared with patients treated with norepinephrine.
Diastolic blood pressure did not differ. Lactate was higher
at admission, and remained higher during the first hours,
among patients treated with epinephrine. They also had
a lower arterial pH at admission and a higher preva-
lence of myocardial dysfunction. Few of them underwent
coronary angiography and targeted temperature man-
agement. During the first 48 h of ICU, in the adrenaline
group, maximal dose was 0.7 microg/kg/min (median),
IQR 0.3-1.9, whereas in the noradrenaline group, maxi-
mal dose was 0.6 microg/kg/min (median), IQR 0.3-1.4.



1421 patients admitted alive after OHCA, with postresuscitation shock,
to five hospitals participating in the SDEC registry

414 patients with refractory cardiac arrest
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20 patients treated with ECMO

987 patients
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> 28 patients with obvious extracardiac cause

959 patients
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> 62 patients with neither E nor N

897 patients
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> 131 patients with both E and N

766 patients included in the study

A

481 patients with norepinephrine infusion

Fig. 1 Patient flowchart. E, epinephrine; N, norepinephrine

Y

285 with epinephrine infusion

Duration of catecholamine support did not significantly
differ in the first 48 h, 24 h in median in epinephrine
group (IQR 12-48), vs 30 h in norepinephrine group
(IQR 19-48), P=0.28.

Outcomes
Overall, 235/766 patients survived to hospital discharge
(31%). The neurological outcome was favorable in 212
(98%, 18 with missing data). Among the 531 patients who
died during the hospital stay, 133 (27%) died from refrac-
tory hemodynamic shock and 36 (7%) from recurrent
cardiac arrest. Early recurrent cardiac arrest (in the first
48 h) was more frequent in patients treated with adrena-
line (7%) than patients treated with noradrenaline (2%),
P<0.001. Thus, 169 (34%) patients died of cardiovascular
causes, whereas 211 (40%) died after withdrawal of life-
sustaining treatments due to neurological impairments.
Median delay before death from withdrawal of life-sus-
taining treatments was 7 days (IQR 4-9 days). The next
most common cause of death was brain death, with 58
(11%) patients. All-cause mortality and cardiovascular-
specific mortality are reported in Fig. 2.

By univariate analysis, patients treated with epineph-
rine infusion had higher all-cause mortality during the
hospital stay (83% vs. 61%, P<0.001), including more

deaths from refractory shock (35% vs. 9%, P<0.001) and
recurrent cardiac arrest (9% vs. 3%, P<0.001), translat-
ing into higher cardiovascular-specific mortality (44% vs.
11%, P<0.001); as well as a lower frequency of favorable
neurological outcomes (15% vs. 37%, P<0.001), com-
pared with the patients treated with norepinephrine.
Table 2 reports the findings from the univariate analysis
comparing patients who were and were not discharged
alive from the hospital. By adjusted multivariable analysis
(Table 3), epinephrine infusion was independently associ-
ated with all-cause mortality (odds ratio [OR] 2.6, 95%CI
1.4-4.7, P=0.002). Sensitivity analysis performed (after
exclusion of moribund patients, restricted to patients
with a CAHP score< 150, restricted to patients with a
CAHP score>150, or after exclusion of patients treated
with epinephrine before ROSC) found consistent results.
Similar results were found when considering the asso-
ciation with cardiovascular mortality (adjusted OR [aOR]
5.5, 95%CI 3.0-10.3, P<0.001), with ICU mortality (aOR
2.595%CI 1.4—4.4, P=0.003) or with an unfavorable neu-
rological outcome (CPC 3-5 at hospital discharge: aOR
3.0, 95%CI 1.6-5.7, P=0.001). Results across subgroups
(shockable rhythms, cardiac cause of OHCA) were con-
sistent. No significant interaction with date of OHCA
was found. Analysis including patients treated with both



Table 1 Utstein characteristics and ICU management of patients according to epinephrine or norepinephrine infusion

use (N=766)

Baseline characteristics

All patients

Male, n (%) 560 (73)
Mean age (SD) 63 (15)
Previous coronary artery disease, n (%) 155 (21)
Occurrence at home, n (%) 400 (52)
Witnessed, n (%) 688 (90)
Bystander CPR before EMS arrival, n (%) 489 (71)
Initial shockable rhythm, n (%) 400 (52)
Time from CA to CPR, median (IQR) 5(1-10)
Time from CPR to ROSC, median (IQR) 22 (15-30)
Systolic Blood Pressure at admission, median (IQR) 120 (99-145)
Mean Arterial Pressure at admission, median (IQR) 87 (71-104)
Diastolic Blood Pressure at admission, median (IQR) 68 (55-83)

pH at admission, median (IQR)

Arterial lactate at admission, median (IQR) 5.8(3.2-9.8)
Second lactate in the first 12 h, median (IQR) 3(1.7-6.5)
Lactate clearance at 12th hour, %, median (IQR) 35 (2-60)
Maximal Heart Rate in the first 48 h, mean (SD) 132 (36)
Inotropic equivalent, median (IQR) 56 (28-125)
Initial Left Ventricular Ejection Fraction, %, mean (SD) 40 (15)
Myocardial dysfunction, n (%) 389 (62)
Coronary angiogram, n (%) 595 (78)
Renal replacement therapy in ICU, n (%) 228 (31)
Targeted temperature management, n (%) 533(71)

721(7.10-7.29)

Norepinephrine Epinephrine P value
N=481 N=285

356 (74) 204 (72) 0.46

63 (15) 64 (16) 040

92 (20) 63 (23) 0.26
229 (48) 171 (60) 0.001
438 (91) 250 (88) 0.14
316 (72) 173 (69) 0.31

276 (57) 124 (44) <0.001
4(1-8) 5(0-10) 0.22

20 (13-29) 25 (17-35) <0.0001
123 (101-143) 118 (91-146) 0.02

89 (73-105) 86 (69-103) 0.03

70 (55-83) 68 (54-81) 041
7.23(7.14-7.31) 7.17 (7.03-7.26) <0.0001
48(2.7-83) 76 (4.7-12) 0.0001
24 (14-44) 6.7 (3.5-9) 0.0001
47 (18-64) 13 (= 21-37) <0.0001
134 (36) 128 (34) 0.15

49 (25-103) 68 (33-187) 0.003
42 (15) 35(15) 0.0003
229 (57) 160 (72) <0.001
409 (85) 186 (66) <0.001
140 (30) 88 (32) 049
406 (85) 127 (47) <0.001

ICU intensive care unit, CPR cardiopulmonary resuscitation, EMS emergency medical service, CA cardiac arrest, IQR interquartile range, ROSC return of spontaneous

circulation, SD standard deviation

vasopressors found consistent results (Electronic Supple-
mentary Material).

Propensity-score analysis

The logistic model in which available covariates were
used to develop a propensity score for receiving an epi-
nephrine infusion yielded a C statistic of 0.85 (95%CI
0.82-0.89). After adjustment on the propensity score and
on other prognostic variables not included in the pro-
pensity score (age, sex, bystander CPR, epinephrine dose
during CPR, targeted temperature management, and per-
cutaneous coronary intervention), receiving a continuous
intravenous epinephrine infusion was significantly asso-
ciated with all-cause mortality (OR 2.1, 95%CI 1.1-4.0,
P=0.02). Similar results were found for cardiovascular-
specific mortality (aOR 4.3, 95%CI 2.2-8.3, P<0.001). We
also performed a conditional logistic regression analy-
sis of 93 pairs matched on a score for all-cause mortal-
ity. In this analysis, continuous intravenous epinephrine
infusion was associated, albeit non-significantly, with
all-cause mortality (OR 1.8; 95%CI 0.94-3.4; P=0.08).
The association with cardiovascular-specific mortality

was statistically significant (OR 3.4, 95%CI 1.7-6.8,
P=0.001).

Discussion
In this large population-based study of 766 patients
admitted alive to five French hospitals after OHCA fol-
lowed by post-resuscitation shock, continuous epineph-
rine infusion was used in 37% of patients. Overall, 69%
of patients died before hospital discharge, and one-third
of deaths were due to cardiovascular causes. The use of
a continuous intravenous epinephrine infusion was asso-
ciated with significant increases in both all-cause and
cardiovascular mortality, compared to the use of norepi-
nephrine. This association was robust in various popu-
lations and with multiple methodological approaches.
Although our study design cannot provide proof of cau-
sality, our results obtained in the largest cohort to date of
patients with post-resuscitation shock after OHCA pro-
vide strong suggestive evidence for choosing the vasoac-
tive medication used.

Epinephrine may increase the risk of arrhyth-
mia and recurrent cardiac arrest [29], the severity of
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Fig. 2 Short-term survival of patients according to vasopressor used. Among patients treated with norepinephrine, 61% died in hospital (11% from
cardiovascular causes, 45% from other causes of death, 5% missing causes of death). Among patients treated with epinephrine, 83% died in hospital
(41% from cardiovascular causes, 35% from other causes of death, 7% missing causes of death)
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Table 2 Factors associated with survival to hospital discharge

Baseline characteristics

Non-survivors

Male, n (%) 183 (78)
Age, mean (SD) 59 (16)
Bystander CPR, n (%) 180 (82)
Initial shockable rhythm, n (%) 195 (83)
No-flow > 5 min, n (%) 80 (36)
Low-flow > 22 min, n (%) 70 (31)
Epinephrine dose before ROSC, mean (SD) 13(2.3)
Initial pH>7.21 164 (71)
Percutaneous coronary intervention, n (%) 104 (47)
Targeted temperature management, n (%) 190 (83)
Myocardial dysfunction, n (%) 137 (64)
Epinephrine infusion, n (%) 49 (21)

(n=526)

373(71) 0.05
65 (15) <0.0001
304 (66) <0.001
201 (38) <0.001
264 (57) <0.001
293 (59) <0.001
3532 <0.001
208 (42) <0.001
118 (29) <0.001
338 (66) <0.001
250 (62) 0.50
236 (45) <0.001

CPR cardiopulmonary resuscitation, ROSC return of spontaneous circulation, SD standard deviation

post-resuscitation myocardial dysfunction [30], and the
severity of post-resuscitation shock [31]. Experimen-
tal studies suggest detrimental effects of epinephrine
on myocardial function that may stem from a mismatch
between oxygen consumption and supply [29]. Given the
known cardiovascular effects of epinephrine, we assessed
not only all-cause mortality but also cardiovascular mor-
tality (including refractory hemodynamic shock and sud-
den cardiac death, as previously defined [6]). We found

consistent results with a significant association between
epinephrine use after ROSC and sudden death, refractory
shock, and the combination of both.

Post-resuscitation shock occurs in 50-70% of patients
after OHCA [4, 5, 32] and was first described half a cen-
tury ago [33-35]. This post-cardiac arrest syndrome
is a model of mixed shock. Initially, patients develop
myocardial dysfunction, which is usually reversible [36]
(hence the term “myocardial stunning” [37]). Then,



Table 3 Models used to assess the association between epinephrine infusion and outcomes

All-cause mortality
Crude association
Multivariable regression*
Multivariable regression* after exclusion of moribund patients
Adjustment on propensity score’
Conditional logistic regression after matching on the propensity score
Multivariable regression® in patients with
CAHP score < 150 (predicted favorable outcome)
CAHP score> 150 (predicted poor outcome)
Cardiovascular-specific mortality
Crude association
Multivariable regression*
Multivariable regression* after exclusion of moribund patients
Adjustment on propensity score!
Conditional logistic regression after matching on the propensity score
Unfavorable neurologic outcome (CPC 3, 4, 5) at hospital discharge
Crude association
Multivariable logistic regression*

OR 95% Cl P value
3.1 22-44 <0.001
26 14-4.7 0.002
24 1.3-44 0.007
2.1 1.1-4 0.02
1.8 0.94-34 0.08
2.3 1.1-49 0.03
34 1.1-10.5 0.03
6.2 42-9 <0.001
55 3-10.3 <0.001
56 26-12.1 <0.001
43 22-83 <0.001
34 1.7-6.8 0.001
34 24-5 <0.001
3 16-5.7 0.001

OR odds ratio, 95%Cl 95% confidence interval, CAHP Cardiac Arrest Hospital Prognosis, CPC Cerebral Performance Category

*Logistic regression adjusted for sex, age, bystander CPR, initial shockable rhythm, time from collapse to CPR>5 min; time from CPR to ROSC > 22 min, epinephrine
dose during resuscitation (before ROSC), arterial pH>7.21, myocardial dysfunction, targeted temperature management, and percutaneous coronary intervention

1 Adjusted on propensity score, age, sex, bystander CPR, epinephrine dose during CPR, targeted temperature management, and percutaneous coronary intervention

ischemia—reperfusion syndrome commonly leads to
vasoplegia. These two components are similar to those
involved in septic shock, and the immuno-inflammatory
profile of patients with post-resuscitation shock resem-
bles sepsis-related systemic inflammatory response syn-
drome [38]. In the setting of cardiogenic shock, a pilot
RCT found no significant difference in survival between
15 patients given epinephrine and 15 given norepi-
nephrine [39]. A more recent RCT in 57 patients with
cardiogenic shock following myocardial infarction dem-
onstrated no difference in mortality (a secondary out-
come) between the epinephrine and norepinephrine
groups [15]. In the field of cardiac arrest, optimization of
hemodynamic status might be useful to improve progno-
sis. Accordingly, two recent RCTs (NEUROPROTECT
[40] and COMACARE [41]) assessed goal-directed
hemodynamic management and low-normal vs. high-
normal mean arterial pressure after OHCA, respectively,
and found no differences in the primary outcome (extent
of anoxic brain damage and neuron-specific enolase lev-
els, respectively). Of note, a pooled analysis of these two
trials showed that the extent of myocardial injury was less
in patients kept at a high-normal mean arterial pressure
using inotropes and vasopressors [42]. Thus, in both sep-
tic shock and cardiogenic shock, no convincing evidence
points to either epinephrine or norepinephrine as the

better vasopressor [43, 44]. Recent European guidelines
[7] underlined the lack of evidence regarding the choice
of vasoactive drugs for post-cardiac arrest patients. To
the best of our knowledge, our study is the first to report
an association between continuous intravenous epi-
nephrine after ROSC and both overall mortality and car-
diovascular mortality in patients with post-resuscitation
shock. Levy et al.,, and our study, provided evidence that
norepinephrine might be preferable over epinephrine in
post-resuscitation shock.

In our study, the groups treated with epinephrine vs.
norepinephrine exhibited several differences. Several risk
factors for poorer outcomes were more common in the
epinephrine group, such as unshockable rhythm, longer
time from CPR to ROSC, lower blood pH at admission,
and myocardial dysfunction. However, we performed sev-
eral analyses to mitigate the effect of these confounders.
The association between epinephrine and higher mortal-
ity persisted after the exclusion of moribund patients and
in both CAHP score groups (with scores <150 indicating
a better prognosis and higher scores a worse progno-
sis). This association was also found in the multivariable
regression analysis and after adjustment on a propen-
sity score. Overall, the size of our population, which is
the largest reported to our knowledge, its multicenter
design with the inclusion of consecutive patients, and the



consistency of the results in various analyses add cred-
ibility to our results. In our study, vasopressor needs were
high (maximal dose in the adrenaline group 0.7 microg/
kg/min, and maximal dose in the noradrenaline group 0.6
microg/kg/min), higher than previously described in Lau-
rikkala et al. [45] As compared with this previous study,
our population had several characteristics associated
with the severity of post-resuscitation shock (longer time
to ROSC, lower rate of shockable rhythm, higher rates of
targeted temperature management and sedation), which
might explain the higher vasopressor requirements.

We must acknowledge several limitations. First, our
design is observational and therefore does not allow
definitive conclusions about causality. Second, we can-
not exclude an indication bias regarding the use of epi-
nephrine. However, the propensity score analysis that
took this potential bias into account produced consistent
results. Third, the administration of epinephrine before
the ROSC may act as a confounder, as it may have del-
eterious effects. Nevertheless, our analysis restricted
to patients without epinephrine use before the ROSC
found similar results. Fourth, we were not able to assess a
potential dose effect of epinephrine.

Conclusion

In our population-based study including 766 patients
with post-resuscitation shock, a third of patients received
continuous intravenous epinephrine after the ROSC. This
use of epinephrine was associated with higher all-cause
and cardiovascular-specific mortality, compared with
norepinephrine infusion, in analyses using various meth-
odological approaches. Additional data could be useful
to assess the optimal vasopressor for patients with post-
resuscitation shock. Until such data become available,
intensivists may want to choose norepinephrine rather
than epinephrine for the treatment of post-resuscitation
shock after OHCA.
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