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ABSTRACT
BACKGROUND Although epinephrine is essential for successful return of spontaneous circulation (ROSC), the inﬂuence
of this drug on recovery during the post–cardiac arrest phase is debatable.
OBJECTIVES This study sought to investigate the relationship between pre-hospital use of epinephrine and functional
survival among patients with out-of-hospital cardiac arrest (OHCA) who achieved successful ROSC.
METHODS We included all patients with OHCA who achieved successful ROSC admitted to a cardiac arrest center from
January 2000 to August 2012. Use of epinephrine was coded as yes/no and by dose (none, 1 mg, 2 to 5 mg, >5 mg). A
favorable discharge outcome was coded using a Cerebral Performance Category 1 or 2. Analyses incorporated multivariable logistic regression, propensity scoring, and matching methods.
RESULTS Of the 1,556 eligible patients, 1,134 (73%) received epinephrine; 194 (17%) of these patients had a good
outcome versus 255 of 422 patients (63%) in the nontreated group (p < 0.001). This adverse association of epinephrine
was observed regardless of length of resuscitation or in-hospital interventions performed. Compared with patients who
did not receive epinephrine, the adjusted odds ratio of intact survival was 0.48 (95% conﬁdence interval [CI]: 0.27 to
0.84) for 1 mg of epinephrine, 0.30 (95% CI: 0.20 to 0.47) for 2 to 5 mg of epinephrine, and 0.23 (95% CI: 0.14 to 0.37)
for >5 mg of epinephrine. Delayed administration of epinephrine was associated with worse outcome.
CONCLUSIONS In this large cohort of patients who achieved ROSC, pre-hospital use of epinephrine was consistently
associated with a lower chance of survival, an association that showed a dose effect and persisted despite postresuscitation interventions. These ﬁndings suggest that additional studies to determine if and how epinephrine may
provide long-term functional survival beneﬁt are needed. (J Am Coll Cardiol 2014;64:2360–7) © 2014 by the American
College of Cardiology Foundation.
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T A B L E 1 Baseline Characteristics According to Use of Epinephrine

T A B L E 2 Multivariate Models Testing the Association Between

Use of Epinephrine and Good Neurological Outcome

Age, yrs

Treatment
With
Epinephrine
(n ¼ 1,134)

Treatment
Without
Epinephrine
(n ¼ 422)

p Value

60.3 (16)

58.3 (16)

0.02

Male

797 (70)

315 (75)

0.09

Hypertension

408 (40)

124 (32)

0.003

Diabetes mellitus

185 (18)

47 (12)

0.004

Smoking

380 (43)

163 (45)

0.35

Witnessed status

945 (87)

371 (92)

0.006

Bystander CPR

480 (43)

201 (49)

0.05

Public location

306 (27)

185 (44)

<0.001

Initial shockable rhythm

554 (49)

291 (69)

<0.001

Resuscitation length <20 min*

373 (38)

299 (80)

<0.001

PCI

277 (24)

146 (35)

<0.001

Hypothermia

765 (67)

318 (75)

0.003

Blood lactate >5.2 mmol/l1*

652 (63)

94 (23)

<0.001

Post–cardiac arrest shock

750 (66)

191 (45)

<0.001

Values are n (%). *Summarized with its median.
CPR ¼ cardiopulmonary resuscitation; PCI ¼ percutaneous coronary intervention.

outcome. The propensity of receiving epinephrine was

Odds Ratio

95% Conﬁdence
Interval

p Value

Crude association

0.14

0.10–0.17

<0.001

Standard logistic regression*

0.32

0.22–0.47

<0.001

Adjustment on PS†

0.35

0.24–0.50

<0.001

Cross-matching PS‡

0.33

0.19–0.58

<0.001

Probability of PS‡
0.2–0.4

0.44

0.17–1.12

0.09

0.4–0.6

0.29

0.15–0.57

<0.001

0.6–0.8

0.30

0.15–0.62

0.001

0.8–1

0.31

0.16–0.60

0.001

IPTW PS‡

0.18

0.13–0.27

<0.001

SMR PS‡

0.18

0.13–0.26

<0.001

Year of inclusion
Before or in 2005‡

0.38

0.21–0.70

0.002

After 2005‡

0.29

0.18–0.47

<0.001

*Adjusted according to baseline characteristics (age, sex, hypertension, diabetes
mellitus, smoking, witnessed status, bystander CPR, length of resuscitation) and
hospital covariates (i.e., PCI, hypothermia, post–cardiac arrest shock, blood lactate
level). †Adjusted on propensity score and hospital covariates. ‡Adjusted on hospital covariates.
Abbreviations as in Table 1. IPTW ¼ inverse probability of treatment weighting;
PS ¼ propensity score; SMR ¼ standard mortality ratio.

determined using pre-treatment characteristics. In an
effort to control for confounding, we also used
different methods (14,15) that included a logistic

model. Here, we performed an additional analysis

regression model adjusted for the propensity score, 2

based on 1,000 bootstrap samples drawn with

conditional logistic regression analyses after match-

replacement from the study population. At this step,

ing on the propensity score in a 1:1 manner, stratiﬁca-

all models were adjusted on hospital potential con-

tion on quintiles of propensity score, and an inverse

founders: PCI, therapeutic hypothermia, blood lactate

probability of treatment weighted logistic regression

level, and occurrence of post–cardiac arrest shock.
We assessed for differences in the epinephrineoutcome association among subgroups by including
an interaction (cross-product) term between the use

F I G U R E 1 Patient Flow

of epinephrine and the covariate of interest (initial
rhythm, intervals, post–cardiac arrest shock, etiology,

1646 patients
01/2000-08/2012

coronary angiography, and therapeutic hypothermia).
Because the period of study was more than a decade,
we performed an ancillary analysis on the period of
inclusion, especially before and after 2005, the year of

90 Missing

removed and new guidelines concerning pre-hospital
care (16). Finally, an ancillary analysis was performed
focusing on the intervals between cardiac arrest and

1556 patients

ACLS (ﬁrst administration of epinephrine).
All tests were 2-sided. A p value #0.05 was
EPI+1134/1556
(73%)

EPI- 422/1556
(27%)

considered statistically signiﬁcant. All analyses were
performed using Stata 11.2/SE software (College Station, Texas).

Good Outcome
194/1134 (17%)

Bad Outcome
940/1134 (83%)

Good Outcome
255/422 (63%)

Bad Outcome
167/422 (37%)

RESULTS
During the study period, 1,646 patients achieved

Patient outcomes are presented according to treatment with or without EPI during

ROSC and were admitted to the hospital. Of these, 90

resuscitation. EPI ¼ epinephrine.

(5.5%) had missing epinephrine status and were
excluded from the analysis.
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On average, the cohort was 60  16 years of age,
71% (1,112 of 1,556) were male, and 54% (845 of 1,556)

survival before and after the change in guidelines
in 2005.

presented with an initial shockable rhythm. Coronary

When focusing on the time intervals between

angiography was performed in 63% (961 of 1,534)

collapse and ﬁrst use of epinephrine, we observed

and PCI in 44% (423 of 961). Approximately 70%

that ACLS delays were similar in patients treated

of patients (1,083 of 1,556) underwent therapeutic

with or without epinephrine (13.6  10.1 min vs.
13.6  9.8 min; p ¼ 0.98) and that the delay for ﬁrst

hypothermia.
Nearly three-fourths of patients received epi-

administration of treatment, if appropriate, was

nephrine as part of OHCA resuscitation (Table 1). Pa-

16.1  10.6 min after collapse. Although longer in-

tient characteristics differed according to epinephrine

tervals

status. Those receiving epinephrine had less favor-

outcome, the inﬂuence of epinephrine remained

able prognostic characteristics; for example, they

adverse whatever the delay (Online Figure 1) (p for

were older (p ¼ 0.02), less likely to have a witnessed

interaction ¼ NS).

for

ACLS

were

associated

with

worse

event (p ¼ 0.006), were less likely to present with a

Moreover, the delay between cardiac arrest and

shockable rhythm (p < 0.001), and had a longer

ﬁrst dose of epinephrine was linearly related to a bad

duration of resuscitation (p < 0.001).

outcome. Patients in whom epinephrine was given

Of the 1,556 patients included in this study, 482

within the ﬁrst 9 min after cardiac arrest had a better

(31%) had overall survival to hospital discharge and
449 (29%) had survival with good neurological
outcome. Survival with good neurological outcome
(CPC 1 or 2) was less likely among those who received

F I G U R E 2 Neurological Outcome in Treated and Nontreated Patients

According to Subgroups

epinephrine compared with those who did not receive
epinephrine (194 of 1,134 [17%] vs. 255 of 422 [60%],
respectively; p < 0.001) (Figure 1).
After adjusting for the different confounders, use
of

epinephrine

was

negatively

associated

with

favorable neurological outcome (adjusted odds ratio
[aOR]: 0.32; 95% conﬁdence interval [CI]: 0.22 to
0.47), even after adjusting for hospital interventions.
Furthermore, the hospital predictive factors for good
outcome were PCI (aOR: 0.88; 95% CI: 1.34 to 2.65),

Bad Neurological Outcome

A

B

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

81
422

blood lactate level >5.2 mmol/l1 (aOR: 0.41; 95% CI:

132

0.29 to 0.58), and the occurrence of post–cardiac arpeutic hypothermia was signiﬁcantly associated with

86
518

210

EPIEPI+
Shockable

45
62

(Online Table 1).

0.26

[0.16-0.43]

<0.001

Non Shockable

0.42

[0.22-0.80]

0.009

The logistic model used to estimate the propensity score for receiving epinephrine using all
available covariates yielded a C statistic of 0.80.
From the propensity score, 228 pairs of treated and
nontreated patients were matched, and the intervention group was similar with regard to covariates
compared with the nontreated group (Online Tables
2 and 3). In this matched analysis, 68 of 228 patients (30%) in the treated group had a good
outcome whereas 138 of 228 patients (61%) in the

C
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

106
39
276

525

193
36
97

81

EPIEPI+
< 20 Minutes

EPIEPI+
> 20 Minutes

Odds Ratio [95%CI]

p-value

Shockable

good outcome only after restricting analyses to patients with VF/VT (aOR: 1.69; 95% CI: 1.04 to 2.75)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

EPIEPI+
Non Shockable

Odds Ratio [95%CI]

rest shock (aOR: 0.66; 95% CI: 0.48 to 0.92). Thera-

Good Neurological Outcome

Resuscitation
Length<20 min
Resuscitation
Length>20 min

p-value

0.34

[0.22-0.53]

<0.001

0.24

[0.12-0.48]

<0.001

D
117

50
625

201

315

54
140

EPIEPI+
Hypothermia

54

0.31

No Hypothermia 0.37

43
124
205

735

103
152
72

122

EPIEPI+
PCI+

EPIEPI+
No Hypothermia

Odds Ratio [95%CI]
Hypothermia

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

EPI-

EPI+
PCI-

Odds Ratio [95%CI]

p-value

p-value

[0.20-0.48] <0.001

PCI+

0.35

[0.17-0.72]

0.004

[0.15-0.92]

PCI-

0.30

[0.19-0.47]

<0.001

0.03

nontreated group were discharged with CPC 1 or 2
(p < 0.001). The negative association between the
use of epinephrine and outcome persisted after

The adverse association between use of EPI and survival was evident according to (A)
initial rhythm, (B) length of resuscitation, (C) performance of hypothermia, and (D) per-

stratifying on quintiles of propensity score and after

formance of PCI. CI ¼ conﬁdence interval; EPI ¼ epinephrine; PCI ¼ percutaneous coronary

use of weighted models (Table 2). Similarly, use of

intervention.

epinephrine was associated with lower odds of

Dumas et al.

2364

JACC VOL. 64, NO. 22, 2014
DECEMBER 9, 2014:2360–7

Epinephrine and Hospital Prognosis After OHCA

DISCUSSION

F I G U R E 3 Association Between Outcome and Early Dose of EPI and According

to the Initial Rhythm

In this large cohort, use of epinephrine during
Bad Outcome

resuscitation of OHCA was associated with a worse

Good Outcome

neurological outcome during the post-resuscitation

100%

period after adjustment for confounding factors.

90%
80%

81

This relationship was robust to a variety of different

166

70%

45

95

60%

376

153

founding. The adverse association of epinephrine was

50

212

455

methodological approaches designed to limit con-

85
223

243

50%

not modiﬁed by post-resuscitation interventions such

40%
30%

as PCI or therapeutic hypothermia. Importantly, the

209
254

20%
10%

timing of ﬁrst administration and epinephrine dose

30

43
81

45

55

response became critical in terms of the potential

13

40

62

26

beneﬁt of this drug (Central Illustration).

22

0%
EPI- 1 mg 2-5 mg >5 mg

EPI- 1 mg 2-5 mg >5 mg

Overall
[95%CI]

Shockable
[95%CI]

p-value

Odds Ratio
1

0.01

0.38

[0.18-0.78] 0.008

p-value

Even if it is impossible to circumvent in many cases,

EPI- 1 mg 2-5 mg >5 mg
Non-Shockable
Odds Ratio
[95%CI] p-value
1

use of epinephrine was independently associated with

EPI-

Odds Ratio
1

1 mg

0.48

[0.27-0.84]

0.60

[0.23-1.60]

0.31

2-5 mg

0.30

[0.20-0.47] <0.001

0.25

[0.14-0.44] <0.001

0.40

[0.19-0.84]

0.02

among patients who successfully achieved ROSC.

>5 mg

0.23

[0.14-0.37] <0.001

0.16

[0.08-0.30] <0.001

0.36

[0.16-0.82]

0.01

Although epinephrine is known to increase ROSC after

a decreased likelihood of neurologically intact survival

arrest (17,18), its effects during the post-resuscitation
The odds ratios were adjusted according to baseline characteristics (age, sex, hypertension,

phase on later outcome are not clear, with potential

diabetes mellitus, smoking, witnessed status, bystander cardiopulmonary resuscitation,

for relative harm (9,10,19). The beneﬁt of this drug

length of resuscitation), and hospital covariates (PCI, hypothermia, post–cardiac arrest

when used during the resuscitation period relies on

shock, blood lactate level). Abbreviations as in Figures 1 and 2.

the implied vasostress, which in turn may also
promote secondary detrimental effects during the
post–cardiac arrest phase, combining myocardial
dysfunction, ischemia-reperfusion, and post-anoxic

outcome (aOR: 0.54; 95% CI: 0.32 to 0.91) compared

injury (20). Several animal studies support these mec-

with those who received treatment between 10 and 15

hanisms (6,8,21,22). Furthermore, use of epinephrine

min (aOR: 0.33; 95% CI: 0.20 to 0.56), between 16 and

was associated with post-resuscitation shock and

22 min (aOR: 0.23; 95% CI: 0.12 to 0.43), and >22 min

increased blood lactate levels. Previous clinical studies

after cardiac arrest (aOR: 0.17; 95% CI: 0.09 to 0.34)

(both randomized and observational) suggested that

(Online Figure 2).

epinephrine might worsen survival at hospital dis-

The adverse association between use of epineph-

charge and later outcome (9,10,19,23–25). These

rine and survival was evident across subgroups

studies converged, suggesting a potential risk of use

deﬁned by initial rhythm, length of resuscitation and

of epinephrine, especially in VF/VT groups; however,

post-resuscitation care (including hypothermia and

the investigations were not statistically deﬁnitive or

PCI status), and the presence or absence of post-

did not focus on the role of post-resuscitation care.

resuscitation shock (Figure 2). For example, the aOR

One hypothesis is that the potential adverse post-

for use of epinephrine and neurologically intact sur-

resuscitation effects of epinephrine could be attenu-

vival was 0.31 (95% CI: 0.20 to 0.48) among those who

ated by in-hospital interventions such as PCI or

underwent therapeutic hypothermia and 0.37 (95%

hypothermia; these relationships have not been fully

CI: 0.15 to 0.92) among those who did not undergo

investigated (23). By focusing on patients with suc-

therapeutic hypothermia. In addition, we observed a

cessful ROSC and by integrating post–cardiac arrest

stepwise dose association with decreasing odds of

care into our analysis, we assessed the speciﬁc inﬂu-

survival with CPC 1 or 2 associated with an increasing

ence of the drug on the post–cardiac arrest period and

dose of epinephrine. Overall, compared with patients

conﬁrmed that this period is the time frame during

who did not receive epinephrine during resuscitation,

which epinephrine may reveal adverse effects. Im-

the aOR of intact survival varied by dose of epi-

portantly, we observed a negative association of

nephrine: 0.48 (95% CI: 0.27 to 0.84) for 1 mg, 0.30

epinephrine across all subgroups, even in patients

(95% CI: 0.20 to 0.47) for 2 to 5 mg, and 0.23 (95% CI:

treated with hospital interventions such as PCI and

0.14 to 0.37) for >5 mg (Figure 3). A similar dose

hypothermia.

relationship was observed across the a priori subgroups (Online Figures 3A to 3C).

It could be contended that epinephrine should be
considered a surrogate marker of severity rather than
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an independent predictive factor, complicating the
C EN T RA L IL LUSTR AT I ON

current debate on the beneﬁt of this agent (26). How-

Neurological Outcomes of

Resuscitated Patients

ever, this relationship has been already described
when looking at observational data and the few ran-

Overall Association between Epinephrine and Outcome

domized studies that were recently performed (5,27).

Logistical regression

We made multiple methodological efforts (using pro-

Matched pairs

pensity score, cross-matching, and different sensi-

Presentation Rhythm

tivity analysis) to discriminate the speciﬁc role of

Initial shockable group

the intervention. The results were robust regardless

Nonshockable group

of the methodological approach. To our knowledge,
this is the ﬁrst study depicting such a linear relation-

Cumulated Early Epinephrine Dosage

ship between the dose and outcome, which is consis-

1 mg

tent with an increasing effect of the ascendant dose

2-5 mg

*

of the drug. Some studies have previously shown
that repeated and increased doses of epinephrine

*

>5 mg

Delay between Cardiac Arrest and First Epinephrine Administration

could worsen the chances of survival (28,29).

<9 min

Before incriminating the drug itself, our ﬁndings

10-15 min

probably should provoke further discussion on the

16-22 min

most appropriate scheme of treatment and its inter-
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action regarding the resuscitation phases. Our sensitivity analyses showed that the role of epinephrine
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WORSE NEUROLOGICAL OUTCOME

resuscitation but was clearly dependent on the timing
of ﬁrst administration. These last ﬁndings are con-
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sistent with other studies, emphasizing the potential
beneﬁt of an early dose of epinephrine (30–32).

Administration of epinephrine during cardiac arrest is associated with worse neurological

Moreover, these observations concur with what

outcomes in resuscitated patients. This effect is consistent in all subgroups of patients and

Weisfeldt and Becker (33) previously described as the

increased with the cumulated dosage and delay of the ﬁrst administration (association

3 phases of resuscitation in VF arrest: “the electrical

between epinephrine and worse neurological outcome at discharge, expressed as odds

phase” within the ﬁrst few minutes after arrest, in

ratios with 95% conﬁdence intervals, adjusted on confounders).

which epinephrine should not be required; “the circulatory phase,” during which time chest compressions and epinephrine could help reperfusion; and
ﬁnally “the metabolic phase,” when the drug may be

schemes of treatment, such as the combination of

detrimental in regard to the peripheral ischemia

epinephrine with other drugs such as vasopressin or

release of massively cytotoxic proteins. As supported

beta-blockers (40).

by our results, it is highly probable that patients

STUDY LIMITATIONS. This study is limited by its

receiving late or repeated doses of epinephrine have

observational design; consequently, it precludes any

little or low chance of survival. Currently, no existing

causal relationship between use of epinephrine and

alternative can bring these patients back from near-

outcome. However, we used a variety of analytical

death except mechanical circulatory assistance in

approaches to rigorously address confounding. De-

very select cases. Altogether, the scheme and timing

spite our efforts, some potential confounders may not

of administration may be crucial to provide the

have been included; for instance, we do not have

appropriate effect of epinephrine.

reliable time points for establishment of an intrave-

This study highlights the need to assess the quality

nous or intraosseous line. Our ﬁndings are drawn

of resuscitation, such as the quality of CPR and ACLS

from a single center and may not be generalizable to

response (34–36), to improve clinical practice (37,38).

all communities.

We may be able to better understand the role of

Guidelines have supported the use of additional

epinephrine with careful investigation of its timing

outcome endpoints such as 90-day survival in

and dose in the context of intermediate outcomes

evaluating treatment effects. However, using the

such as the electrocardiographic waveform and

CPC score at discharge appears to be a good indi-

rhythm transition, end-tidal carbon dioxide, and

cator of long-term survival (41). These limitations

brain perfusion (31,39). Finally, our results highlight

should be considered in the context of the strengths

the need for additional studies

of

with different

this

study:

a

large

cohort

with

detailed
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information ascertained using a standard approach
to data abstraction regarding care and outcome.

PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE:

CONCLUSIONS

During resuscitation of patients with out-of-hospital

In this large cohort of patients who achieved ROSC

cardiac arrest, administration of epinephrine may

after OHCA, we observed an adverse association be-

enhance the likelihood of return of spontaneous cir-

tween epinephrine and neurologically intact survival

culation but is associated with worse neurological

despite rigorous efforts to address confounding; this

outcomes and the impact on long-term survival is

relationship was not modiﬁed by speciﬁc post-

uncertain.

resuscitation care such as hypothermia or PCI. As a
result, these ﬁndings suggest the need for additional

TRANSLATIONAL OUTLOOK: Additional studies

investigations to determine if and how epinephrine

are needed to assess the impact of other treatment

may provide long-term functional survival beneﬁt.

strategies for patients with out-of-hospital cardiac
arrest, such as combinations of epinephrine and
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other drugs, on time to return of spontaneous
circulation, neurological outcomes, and long-term
survival.

France. E-mail: ﬂorence.dumas@cch.aphp.fr.

REFERENCES
1. Neumar RW, Otto CW, Link MS, et al. Part 8:
adult advanced cardiovascular life support: 2010
American Heart Association guidelines for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation 2010;122:S729–67.
2. Yakaitis RW, Otto CW, Blitt CD. Relative
importance of alpha and beta adrenergic receptors
during resuscitation. Crit Care Med 1979;7:293–6.
3. Michael JR, Guerci AD, Koehler RC, et al. Mechanisms by which epinephrine augments cerebral
and myocardial perfusion during cardiopulmonary
resuscitation in dogs. Circulation 1984;69:822–35.
4. Vandycke C, Martens P. High dose versus
standard dose epinephrine in cardiac arrest—a
meta-analysis. Resuscitation 2000;45:161–6.
5. Callaway CW. Epinephrine for cardiac arrest.
Curr Opin Cardiol 2013;28:36–42.
6. Tang W, Weil MH, Sun S, Noc M, Yang L,
Gazmuri RJ. Epinephrine increases the severity of
postresuscitation myocardial dysfunction. Circulation 1995;92:3089–93.
7. Angelos MG, Butke RL, Panchal AR, et al.
Cardiovascular response to epinephrine varies with
increasing duration of cardiac arrest. Resuscitation
2008;77:101–10.
8. Ristagno G, Tang W, Sun S, Weil MH. Cerebral
cortical microvascular ﬂow during and following
cardiopulmonary resuscitation after short duration of cardiac arrest. Resuscitation 2008;77:
229–34.
9. Olasveengen

TM,

Sunde

K,

Brunborg

C,

Thowsen J, Steen PA, Wik L. Intravenous drug
administration during out-of-hospital cardiac
arrest: a randomized trial. JAMA 2009;302:
2222–9.
10. Hagihara A, Hasegawa M, Abe T, Nagata T,
Wakata Y, Miyazaki S. Prehospital epinephrine use
and survival among patients with out-of-hospital
cardiac arrest. JAMA 2012;307:1161–8.

11. Dumas F, Grimaldi D, Zuber B, et al. Is hypothermia after cardiac arrest effective in both
shockable and nonshockable patients? Insights
from a large registry. Circulation 2011;123:877–86.
12. Jacobs I, Nadkarni V, Bahr J, et al. Cardiac
arrest and cardiopulmonary resuscitation outcome
reports: update and simpliﬁcation of the Utstein
templates for resuscitation registries: a statement
for healthcare professionals. Circulation 2004;
110:3385–97.
13. Laurent I, Monchi M, Chiche JD, et al. Reversible myocardial dysfunction in survivors of out-ofhospital cardiac arrest. J Am Coll Cardiol 2002;40:
2110–6.
14. Austin PC. An introduction to propensity score
methods for reducing the effects of confounding
in observational studies. Multivariate Behav Res
2011;46:399–424.
15. Austin PC. A tutorial and case study in propensity score analysis: an application to estimating
the effect of in-hospital smoking cessation counseling on mortality. Multivariate Behav Res 2011;
46:119–51.
16. 2005 American Heart Association guidelines
for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation 2005;112:
IV1–203.
17. Redding JS, Pearson JW. Resuscitation from
asphyxia. JAMA 1962;182:283–6.
18. Menegazzi JJ, Callaway CW, Sherman LD,
et al. Ventricular ﬁbrillation scaling exponent can

20. Neumar RW, Nolan JP, Adrie C, et al. Postcardiac arrest syndrome: epidemiology, pathophysiology, treatment, and prognostication. A
consensus statement. Circulation 2008;118:
2452–83.
21. Fries M, Weil MH, Sun S, et al. Increases in
tissue Pco2 during circulatory shock reﬂect selective decreases in capillary blood ﬂow. Crit Care
Med 2006;34:446–52.
22. Ditchey RV, Lindenfeld J. Failure of
epinephrine to improve the balance between
myocardial oxygen supply and demand during
closed-chest resuscitation in dogs. Circulation
1988;78:382–9.
23. Olasveengen TM, Wik L, Sunde K, Steen PA.
Outcome when adrenaline (epinephrine) was
actually given vs. not given—post hoc analysis of a
randomized clinical trial. Resuscitation 2012;83:
327–32.
24. Herlitz J, Ekstrom L, Wennerblom B,
Axelsson A, Bang A, Holmberg S. Adrenaline in outof-hospital ventricular ﬁbrillation. Does it make
any difference? Resuscitation 1995;29:195–201.
25. Ong ME, Tan EH, Ng FS, et al. Survival outcomes with the introduction of intravenous
epinephrine in the management of out-ofhospital cardiac arrest. Ann Emerg Med 2007;
50:635–42.
26. Perkins GD, Cottrell P, Gates S. Is adrenaline
safe and effective as a treatment for out of hospital cardiac arrest? BMJ 2014;348:g2435.

guide timing of deﬁbrillation and other therapies.
Circulation 2004;109:926–31.

27. Nolan JP, Perkins GD. Is there a role for
adrenaline during cardiopulmonary resuscitation?
Curr Opin Crit Care 2013;19:169–74.

19. Jacobs IG, Finn JC, Jelinek GA, Oxer HF,
Thompson PL. Effect of adrenaline on survival in
out-of-hospital cardiac arrest: a randomised
double-blind placebo-controlled trial. Resuscitation 2011;82:1138–43.

28. Gueugniaud PY, Mols P, Goldstein P, et al.
A comparison of repeated high doses and repeated
standard doses of epinephrine for cardiac arrest
outside the hospital. European Epinephrine Study
Group. N Engl J Med 1998;339:1595–601.

Dumas et al.

JACC VOL. 64, NO. 22, 2014
DECEMBER 9, 2014:2360–7

29. Paradis NA, Martin GB, Rosenberg J, et al. The
effect of standard- and high-dose epinephrine on
coronary perfusion pressure during prolonged
cardiopulmonary resuscitation. JAMA 1991;265:
1139–44.
30. Koscik C, Pinawin A, McGovern H, et al. Rapid
epinephrine administration improves early outcomes in out-of-hospital cardiac arrest. Resusci-

Epinephrine and Hospital Prognosis After OHCA

34. Wik L, Kramer-Johansen J, Myklebust H, et al.
Quality of cardiopulmonary resuscitation during outof-hospital cardiac arrest. JAMA 2005;293:299–304.

39. Callaway CW. Questioning the use of
epinephrine to treat cardiac arrest. JAMA 2012;
307:1198–200.

35. Odegaard S, Kramer-Johansen J, Bromley A,
et al. Chest compressions by ambulance personnel
on chests with variable stiffness: abilities and
attitudes. Resuscitation 2007;74:127–34.

40. Mentzelopoulos SD, Malachias S, Chamos C,
et al. Vasopressin, steroids, and epinephrine and
neurologically favorable survival after in-hospital

31. Kudenchuk PJ. Early epinephrine in out-ofhospital cardiac arrest: is sooner better than

36. Pytte M, Kramer-Johansen J, Eilevstjonn J,
et al. Haemodynamic effects of adrenaline
(epinephrine) depend on chest compression quality during cardiopulmonary resuscitation in pigs.

none at all? Resuscitation 2013;84:861–2.

Resuscitation 2006;71:369–78.

32. Goto Y, Maeda T, Goto YN. Effects of
prehospital epinephrine during out-of-hospital

37. Rea TD, Page RL. Community approaches to
improve resuscitation after out-of-hospital sudden

cardiac arrest with initial non-shockable rhythm:
an observational cohort study. Crit Care 2013;17:
R188.

cardiac arrest. Circulation 2010;121:1134–40.

tation 2013;84:915–20.

33. Weisfeldt ML, Becker LB. Resuscitation after
cardiac arrest: a 3-phase time-sensitive model.
JAMA 2002;288:3035–8.

cardiac arrest: a randomized clinical trial. JAMA
2013;310:270–9.
41. Phelps R, Dumas F, Maynard C, Silver J, Rea T.
Cerebral performance category and long-term
prognosis following out-of-hospital cardiac arrest. Crit Care Med 2013;41:1252–7.

KEY WORDS cardiac arrest, hypothermia,
percutaneous coronary intervention

38. Travers AH, Rea TD, Bobrow BJ, et al. Part 4:
CPR overview: 2010 American Heart Association
guidelines for cardiopulmonary resuscitation and
emergency cardiovascular care. Circulation 2010;
122:S676–84.

A PP END IX For supplemental tables
and ﬁgures, please see the online version
of this article.

2367

