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Impact of Early Intravenous Epinephrine Administration

on Outcomes Following Out-of-Hospital Cardiac Arrest

Yasuyuki Hayashi, MD, PhD; Taku Iwami, MD, PhD; Tetsuhisa Kitamura, MD;
Tatsuya Nishiuchi, MD, PhD; Kentaro Kajino, MD, PhD; Tomohiko Sakai, MD, PhD;
Chika Nishiyama, PhD; Masahiko Nitta, MD, PhD; Atsushi Hiraide, MD, PhD; Tatsuro Kai, MD

Background: The effectiveness of epinephrine administration for cardiac arrests has been shown in animal models,
but the clinical effect is still controversial.

Methods and Results: A prospective, population-based, observational study in Osaka involved consecutive out-
of-hospital cardiac arrest (OHCA) patients from January 2007 through December 2009. We evaluated the outcomes
among adult non-traumatic bystander-witnessed OHCA patients for whom the local protocol directed the emer-
gency medical service personnel to administer epinephrine. After stratifying by first documented cardiac rhythm,
outcomes were compared among the following groups: non-administration, <10, 11-20 and =21 min as the time from
emergency call to epinephrine administration. A total of 3,161 patients were eligible for our analyses, among whom
1,013 (32.0%) actually received epinephrine. The epinephrine group had a significantly lower rate of neurologically
intact 1-month survival than the non-epinephrine group (4.1% vs. 6.1%, P=0.028). In cases of ventricular fibrillation
(VF) arrest, patients in the early epinephrine group who received epinephrine administration within 10min had a
significantly higher rate of neurologically intact 1-month survival compared with the non-epinephrine group (66.7%
vs. 24.9%), though other epinephrine groups did not. In cases of non-VF arrest, the rate of neurologically intact 1-
month survival was low, irrespective of epinephrine administration.

Conclusions: The effectiveness of epinephrine after OHCA depends on the time of administration. When epinephrine
is administered in the early phase, there is an improvement in neurological outcome from OHCA with VF. (Circ J

2012; 76: 1639—-1645)
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health problems in developed countries,! and approxi-

mately 60,000 cases occur every year in Japan.? To
improve survival from out-of-hospital cardiac arrest (OHCA),
it is also important to improve the “chain of survival”? in
which epinephrine administration is a major component of
advanced life support (ALS) measures.!

Although epinephrine is one of the most widely used resus-
citation drugs across the world, its benefits and risks remain
controversial.*® Recently, a major randomized controlled trial
(RCT), which assessed survival from OHCA with and without
drug administration including epinephrine in the prehospital
setting, failed to show improved survival by drug administra-

S udden cardiac arrest is one of the most important public

tion, and concluded that it should not be recommended before
hospital arrival.®

Interestingly, animal studies have indicated that epinephrine
improves survival after cardiac arrests.!-13 Differences in epi-
nephrine’s effects between human and animal studies might
be explained by the time difference in epinephrine administra-
tion, because the mean time to administer epinephrine in ani-
mal studies has been 10min, against 20min in human stud-
ies.!#-16 Therefore, because the effectiveness of epinephrine
might be time-dependent, early administration might improve
survival in clinical settings, though no studies have been con-
ducted to evaluate the time-dependent effectiveness of epi-
nephrine for OHCA patients. In addition, some studies have
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less electrical activity.

Figure 1. Overview of epinephrine-capable EMS-treated cardiac arrests with an abridged Utstein template from January 1, 2007
through December 31, 2009. EMS, emergency medical service; VF, ventricular fibrillation; VT, ventricular tachycardia; PEA, pulse-

suggested that survival after epinephrine administration would
differ depending on the cardiac rhythm (ventricular fibrillation
[VF] or non-VF rhythm).4?

In Japan, since July 2006, intravenous epinephrine adminis-
tration by specially trained emergency life saving technicians
(ELSTs) under strict medical directions has been legally per-
mitted. The Utstein Osaka Project is a large prospective popula-
tion-based cohort study of OHCA in Osaka, Japan, covering
approximately 8.8 million inhabitants.!”'8 Using this database,
we collected over 3,000 cases of adult non-traumatic bystander-
witnessed OHCA patients who were considered for treatment
with epinephrine administration under medical direction (ei-
ther shock-resistant VF or witnessed arrest with pulseless elec-
trical activity [PEA]/asystole). We then examined the effects
of epinephrine on neurological outcomes following OHCA,
considering the time to epinephrine administration and the first
documented cardiac rhythm. We hypothesized that early intra-
venous epinephrine administration within 10 min after OHCA
occurrence would improve neurological outcomes compared
with non-epinephrine administration, and that the effect would
differ by the type of first documented cardiac rhythm.

Methods

Study Design and Setting

The Osaka Utstein registry is a large-scale, prospective, popu-
lation-based registry of OHCA based on the standardized Ut-
stein style.!®?" In this observational study, we enrolled all pa-
tients aged =18 years who had experienced OHCA before the
arrival of the emergency medical services (EMS), had been
resuscitated by EMS personnel, and then transported to a
medical institution in Osaka Prefecture between January 1,
2007 and December 31, 2009. The research protocol was ap-
proved by the institutional review board of Osaka University
with the assent of the EMS authorities of the local govern-
ments in Osaka Prefecture.

Circulation Journal

Cardiac arrest was defined as the cessation of cardiac me-
chanical activity, as confirmed by the loss of signs of circula-
tion.!? An arrest was presumed to be of cardiac etiology
unless it was caused by trauma, drowning, drug overdose, as-
phyxia, exsanguination, or any other noncardiac cause. These
diagnoses were determined by the physician in charge in col-
laboration with the EMS rescuers.

EMS System in Osaka

Details of the EMS system in Osaka Prefecture have beende-
scribed previously.!” Osaka Prefecture has approximately 8.8
million residents in urban and rural areas totaling 1,892km?.
As of 2011, there were 35 fire stations with a dispatch center,
and their EMS systems are essentially all the same. Each am-
bulance has 3 emergency providers, including at least 1 ELST,
who is a highly trained prehospital emergency care provider.
ELSTs are allowed to place an intravenous line, insert an ad-
junct airway, and use semi-automated external defibrillators
for OHCA.!” Public-access automated external defibrillators
were introduced after July, 2004. All EMS providers per-
formed cardiopulmonary resuscitation (CPR) according to the
Japanese CPR guidelines based on other national CPR guide-
lines.1-21-23 EMS providers were not permitted to terminate
resuscitation in the field.

Study Patients

Among the non-traumatic bystander-witnessed OHCA pa-
tients aged =18 years who were resuscitated by epinephrine-
capable EMS personnel, those who were eligible for treatment
with epinephrine under medical direction (either shock-resis-
tant VF or witnessed arrest with PEA/asystole) were included
in these analyses.

Epinephrine Administration by EMS Personnel
In Japan since July 2006, specially trained ELSTs have been
legally allowed to administer intravenous epinephrine in the
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Table 1. Clinical and EMS Characteristics of Eligible Patients With and Without Epinephrine Administration
Total admin'i\ls(:ration agsllir:ﬁstr:':trilc?n P value
n 3,161 2,148 1,013
Age, years, mean (SD) 73.3(15.2) 73.9 (15.2) 72.1 (15.0) 0.002
Men, n (%) 1,903 (60.2) 1,243 (57.9) 660 (65.2) <0.001
Public space, n (%) 410 (13.0) 254 (11.8) 156 (15.4) 0.005
Bystander-initiated CPR, n (%) 1,314 (41.6) 898 (41.8) 416 (41.1) 0.694
Cardiac etiology, n (%) 2,126 (67.3) 1,389 (64.7) 737 (72.8) <0.001
VF, n (%) 506 (16.0) 301 (14.0) 205 (20.2) <0.001
Endotracheal intubation, n (%) 1,163 (36.8) 854 (39.8) 309 (60.1) <0.001
Call to EMS arrival, min, mean (SD) 3(2.6) 2 (2.5) 4(2.7) 0.177
Call to shock by EMS, min, mean (SD)* 9.1 (3.3) 1(3.2) 2 (3.4) 0.541
Call to hospital arrival, min, mean (SD) 30.3 (8.8) 28.6 (8.6) 33.9 (8.4) <0.001
Call to intravenous epinephrine administration, 21.3(6.9)
min, mean (SD)

CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; EMS, emergency medical service.

*Calculated for cases with VF as initial cardiac rhythm.

field. They are not allowed, however, to administer intratra-
cheal or intraosseous epinephrine nor other drugs such as va-
sopressin, atropine, and lidocaine.?* The local medical proto-
col directs the ELSTs to administer epinephrine for either
shock-resistant VF arrest or witnessed arrest with PEA/asys-
tole under on-line medical direction from the corresponding
physician. The protocol allows them to only attempt intrave-
nous access twice, with each attempt lasting no longer than
90s. The allowable dosage of epinephrine is 1 mg per attempt
and they can administer it a total of 3 times every 4 min.

Data Collection and Quality Control

Data were collected prospectively with the use of a data form
based on the Utstein-style international guideline of reporting
OHCA."2 First documented rhythm was recorded and diag-
nosed on the scene by EMS personnel with semi-automated
defibrillators, then confirmed by the physician responsible for
on-line medical direction. The times when an EMS call was
received and a vehicle arrived at the scene were recorded au-
tomatically at the dispatch center. The initiation of bystander
CPR was obtained by EMS personnel interviewing bystanders
before leaving the scene. The defibrillation time was recorded
by a semi-automated defibrillator, and the epinephrine admin-
istration time was recorded by the EMS personnel using their
watches, which were synchronized with the clock at their
dispatch center.

All OHCA survivors were followed for up to 1 month after
the event by the EMS personnel and investigators with the
cooperation of the Osaka Medical Association and medical
institutions in the Osaka area. Neurological outcome was de-
termined by the physician responsible for the care of the pa-
tient at 1 month after a successful resuscitation, using the ce-
rebral performance category (CPC) scale: category 1, good
cerebral performance; category 2, moderate cerebral disabili-
ty; category 3, severe cerebral disability; category 4, coma or
vegetative state; and category 5, death.?s

Statistical Analysis

A primary outcome was regarded as neurologically intact 1-
month survival as defined by CPC categories 1 or 2.2° Second-
ary outcome measures included return of spontaneous circula-
tion (ROSC) before hospital arrival, ROSC (total), hospital
admission, and 1-month survival. The outcomes were com-

Circulation Journal

pared between with and without epinephrine administration,
and further compared after stratifying by first documented
cardiac rhythm (VF or non-VF). Next, in keeping with our
hypothesis that early intravenous epinephrine administration
within 10 min after OHCA occurrence should improve neuro-
logical outcome, we subdivided the cases of epinephrine ad-
ministration into 3 groups: 210, 11-20 and 221 min from the
time of the call until epinephrine administration, and com-
pared the patients outcomes with those in the non-epinephrine

group.

Statistical Analysis

Patients’ and EMS characteristics and outcomes between
groups were compared using a t-test for numerical variables
and a chi-square test for categorical variables. Multiple logis-
tic regression analysis assessed the association between the
time to epinephrine administration and favorable neurological
outcome, and the odds ratios (ORs) and 95% confidence inter-
vals (Cls) were calculated. As potential confounders, factors
that were biologically essential and considered to be associ-
ated with clinical outcomes were included in the multivariate
analyses: sex, age, location of cardiac arrest, bystander CPR,
etiology, first documented cardiac rhythm, endotracheal intu-
bation, and the year of cardiac arrest (time trend). All statisti-
cal analyses were performed using SPSS statistical package
version 16.0J (SPSS, Inc, Chicago, IL, USA). All tests were
2-tailed, and a P value <0.05 was considered statistically sig-
nificant.

Results

Overview of OHCA Patients in Osaka

Figure 1 is an overview of the study patients based on the
Utstein template. A total of 9,204 patients resuscitated by
epinephrine-capable EMS personnel were registered. Of them,
3,295 were witnessed by bystanders. Among the witnessed
cases, 567 had VF including pulseless ventricular tachycardia,
and 2,655 PEA/asystole. After excluding 61 shock-responding
VF arrests, 3,161 cases were eligible for our analyses. Of
these, 1,013 (32.0%) actually received epinephrine.
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Table 2. Outcomes for OHCA With and Without Epinephrine Administration by Epinephrine-Capable EMS
No administration  Epinephrine administration P value
n 2,148 1,013
ROSC before hospital arrival, n (%) 287 (13.4%) 297 (29.3%) <0.001
ROSC (total), n (%) 1,015 (47.3%) 511 (50.4%) 0.094
Hospital admission, n (%) 881 (41.0%) 432 (42.6%) 0.385
1-month survival, n (%) 258 (12.0%) 137 (13.5%) 0.245
Neurologically intact 1-month survival, n (%) 130 (6.1%) 42 (4.1%) 0.028

OHCA, out-of-hospital cardiac arrest; EMS, emergency medical service; ROSC, return of spontaneous circulation.

Table 3. Outcomes for OHCA With and Without Epinephrine Administration by Epinephrine-Capable EMS According to the First

Documented Cardiac Rhythm

VF as initial cardiac rhythm (n=506)

Non-VF as initial cardiac rhythm (n=2,655)

. I_\lo . Epi_m?phrir.\e P value . l_\lo . Epi_m?phrir.\e P value
administration administration administration administration

n 301 205 1,847 808
ROSC before hospital arrival, n (%) 96 (31.9%) 61 (29.8%) 0.610 191 (10.3%) 236 (29.2%) <0.001
ROSC (total), n (%) 189 (62.8%) 108 (52.7%) 0.038 827 (44.8%) 402 (49.8%) 0.018
Admission, n (%) 177 (58.8%) 95 (46.3%) 0.010 705 (38.2%) 336 (41.6%) 0.097
1-month survival, n (%) 109 (36.2%) 61 (29.8%) 0.188 150 (8.1%) 75 (9.3%) 0.347
Neurologically intact 1-month survival, n (%) 76 (25.2%) 29 (14.1%) 0.006 55 (3.0%) 12 (1.5%) 0.027

Abbreviations as in Table 2.

Patients’ and EMS Characteristics by Epinephrine
Administration

Table 1 shows the characteristics of eligible patients accord-
ing to epinephrine administration. Mean age was lower in the
epinephrine administration group than in the non-administra-
tion group, but the male/female ratio was higher in the epi-
nephrine administration group. OHCA among the patients in
the epinephrine administration group was more likely to occur
in public spaces, be cardiac in etiology and VF, and require
endotracheal tube than those in the non-administration group.
Although there was no difference between the groups in the
time from call to both EMS arrival and defibrillation, the time
from call to hospital arrival was significantly longer in the
epinephrine administration group than in the non-administra-
tion group (33.9 vs. 28.6 min, P<0.001). The mean time from
call to epinephrine administration was 21.3 min.

Outcomes by Epinephrine Administration

Table 2 shows the outcomes according to epinephrine admin-
istration. Although the rate of ROSC before hospital arrival
was significantly higher in the epinephrine administration
group than in the non-administration group (29.3% vs. 13.4%,
P<0.001), the rate of neurologically intact 1-month survival
was lower in them compared with that in the non-epinephrine
group (4.1% vs. 6.1%, P=0.028). The outcomes of OHCA ac-
cording to epinephrine administration and the type of first
documented cardiac rhythm are listed in Table 3. Although
the proportion of ROSC before hospital arrival was signifi-
cantly higher in the epinephrine administration group than in
the non-administration group (29.2% vs. 10.3%, P<0.001) for
non-VF arrests, the epinephrine administration group had a
significantly lower rate of neurologically intact 1-month sur-
vival than the non-administration group among both VF
(14.1% vs. 25.2%, P=0.006) and non-VF arrests (1.5% vs.
3.0%, P=0.027).

Circulation Journal

Time of Epinephrine Administration and Favorahle
Neurological Outcome by the Type of First

documented Cardiac Rhythm

The association between the time from call to epinephrine
administration and neurologically intact survival is shown in
Figure 2. In VF arrests (Figure 2A), the early group that re-
ceived epinephrine within 10min of the call had a signifi-
cantly higher rate of neurologically intact 1-month survival
compared with the non-epinephrine administration group
(66.7% [6/9] vs. 24.9% [75/301]; adjusted OR 6.34, [95%CI
1.49-27.02]), whereas the prolonged epinephrine administra-
tion groups (time to epinephrine administration: 11-20 and
221 min) did not. In multivariate analysis, provision of by-
stander CPR was also associated with better neurological
outcome (Figure 3). In non-VF arrests (Figure 2B), however,
the proportion of neurologically intact 1-month survival was,
however, very low irrespective of the time of epinephrine
administration, and there was no significant difference be-
tween the groups.

Discussion

From this prospective registry of OHCA, we have demon-
strated that early epinephrine administration within 10 min of
a cardiac arrest increases 1-month survival with favorable
neurological outcome after VF arrest, based on our hypothesis.
In Japan, specially trained ELSTs are legally allowed to use
only intravenous epinephrine on the scene, and the protocol of
epinephrine administration is uniform and strict based on the
Japan CPR guidelines.? Moreover, all patients enrolled in this
study qualified to receive epinephrine. Therefore, we consider
that in these situations the possibility of any intentional bias
for epinephrine administration would be negligible. Under
these uniform conditions, our large-scale population-based
observational study covering 8.8 million inhabitants enabled
us to evaluate the time-dependent effect of epinephrine on
OHCA patients. This is, to our knowledge, the first major
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A 100
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80 66.7%
70 (6/9)
60
(%) 50
40 24.9%
30 - (75/301) 17.5%
20 (18/103) 6.5%
0 [
Time from call No administration <10 11-20 >21 (min)
until administration
Crude OR 6.03 0.64 021
(95% CI) Reference (1.47-24.69) (0.36-1.13) (0.09-0.50)
Adiusted OR 6.34 0.65 0.19
(é5% cn Reference (1.49-27.02) (0.36-1.20) (0.08-0.47)
B 100
90
80 1
70 4
60 -
(%) 50
40
30 A
20 - 3.0% 0.0% 1.6% 1.5%
10 1 (55/1847) (0/16) (6/383) (6/409)
0 —
Time from call No administration <10 11-20 >21 (min)
until administration Figure 2. Proportion of neurologi-
0.52 0.49 cally intact 1-month survival by time
fgrgod/egll; Reference NA 022-121) (021-1.13) from call to epinephrine administra-
° tion among (A) VF and (B) non-VF
. 0.61 051 arrests. OR, odds ratio; Cl, confi-
Adjusted OR Reference NA 0.26-1.44 © 291 22) dence interval; NA, not analyzed;
(95% CI) (0.26-1.44) e VF, ventricular fibrillation.

clinical study to show that epinephrine administration can
improve survival from OHCA in some selected cases.

Although early epinephrine administration increased 1-
month survival with favorable neurological outcome after VF
arrest, it did not improve neurological outcomes in all cases.
These results are consistent with those of some previous ob-
servational studies.*® In Singapore, survival from OHCA
showed no change between before and after the introduction
of intravenous epinephrine administration to the EMS system.*
The Ontario Prehospital Advanced Life Support (OPALS)
study, a large “before-and-after” controlled study of the effects
of prehospital care, demonstrated that ALS procedures did not
produce improved survival from OHCA.# In addition, a large
RCT recently failed to show improved survival after drug
administration.” However, those studies did not sufficiently
consider the time- and cardiac rthythm-dependent effectiveness
of epinephrine. Our results showing the effectiveness of early
epinephrine administration among VF arrests with no overall
improvement suggest that the benefit of epinephrine is differ-
ent by situation such as the timing of administration and the
first cardiac rhythm of OHCA patients.

Circulation Journal

Our findings that epinephrine has an incremental benefit
only when the time to administration was within 10 min of the
cardiac arrest and lower overall survival in the epinephrine
administration group were consistent with recent animal stud-
ies,'-13 in which the time to epinephrine administration was
usually within 10 min, compared with 20 min in human stud-
ies, as our data showed. The main pharmacological and phys-
iological effects of epinephrine are to increase aortic diastolic
pressure as a result of its alpha-adrenergic agonist properties.
This can produce high coronary perfusion pressure, and sub-
sequently, high rates of ROSC and survival.!*!® However,
epinephrine also increases myocardial oxygen consumption,
and postresuscitation myocardial dysfunction.?®-28 Another
animal study indicates that the cardiovascular response to
epinephrine varies with the increasing duration of cardiac ar-
rest, and myocardial depression subsequently develops.?
These can be possible explanations for the positive results in
those with early epinephrine administration and the negative
result for overall survival of this study. Although this is the
first study to suggest the benefit of early epinephrine adminis-
tration for OHCA in humans, it is clinically very difficult to
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Pvalue
Age H-i 0.97 (0.95-0.98) <0.001
Male 0.52 (0.30-0.89) 0.017
Public place I*—H 1.57 (0.95-2.60) 0.076
Bystander CPR |_|_| 1.62 (1.01-2.59) 0.046
Intubation l—|—| 0.56 (0.34-0.93) 0.023
Cardiogenic I—-—|—| 2.23(0.81-6.12) 0.121
Epinephrine within 10 min* —t+— 6.34 (1.49-27.0) 0.012
Epinephrine from 11 to 20 min* I—l—-l 0.64 (0.36-1.20) 0.170

: Figure 3. Multivariate-adjusted odds

Epinephrine over 21 min* HH i 0.19 (0.08-0.47) <0.001 ratios for neurologically intact 1-month

survival among ventricular fibrillation

arrests. *Reference=no epinephrine.

0.1 1.0 10 CPR, cardiopulmonary resuscitation.

administer epinephrine in this early period and the number of
OHCA patients who received intravenous epinephrine within
10min after OHCA occurrence was small. Further accumula-
tion of patients who have received epinephrine in the early
phase after collapse is needed for better ascertainment of the
impact of early epinephrine administration on OHCA.

In this study, a time-dependent effectiveness of epinephrine
administration was observed only among OHCA patients who
had VF as their first documented rhythm. Some studies sug-
gest that survival after epinephrine administration in OHCAs
differs by cardiac rhythms.*® In an RCT? and a study from
Singapore,* the OR of survival in cases of VF arrest was higher
compared with non-VF arrests, although the difference was
insignificant. Importantly, outcomes were dismal regardless of
epinephrine administration among cases of non-VF arrest.

Our data suggest a need to establish a new strategy for the
use of epinephrine. Epinephrine use without discrimination
should be discontinued, and more targeted use for cardiac ar-
rest patients in the early phase after collapse and those with
VF should be considered. In addition, the quality of CPR
might have an impact on the effects of epinephrine in OHCA
patients.* Early epinephrine administration for VF cardiac
arrests following early defibrillation together with continuous
high-quality chest compressions should contribute to improv-
ing survival. For non-VF cardiac arrests, further efforts includ-
ing not only ALS procedures but also cause-specific therapy
would be needed to increase survival.

Even if early epinephrine administration improved survival
from OHCA with VF, it remains difficult to administer epi-
nephrine from intravenous access within 10 min on the scene.
In this study, patients who received intravenous epinephrine
within 10 min after the call accounted for only 2.5% (25/1013)
of the patients in the epinephrine administration group. Be-
cause ELSTs in Japan are only allowed to administer epineph-
rine via intravenous access, other routes, such as intraosseous
access, for administering epinephrine more quickly should be
considered.’!

Study Limitations
First, as with all observational studies, data integrity, validity,

Circulation Journal

and ascertainment bias are potential limitations. The use of
uniform data collection based on the Utstein-style guidelines
for reporting cardiac arrest, the large sample size, and a popu-
lation-based design to cover all known adult cases of OHCA
in Osaka were intended to minimize such potential sources of
bias. Second, our data do not address potential variability in
post-arrest care (hemodynamic support, induced hypothermia,
and coronary interventional therapies).3>-35 Third, there could
be unmeasured confounding factors that might have influ-
enced the association between epinephrine administration and
outcomes.

Further, large-scale observations or RCT are needed to
confirm the results.

Conclusions

The effectiveness of epinephrine after OHCA depends on the
time of administration. When epinephrine is administered in
the early phase, it assists in improving the neurological out-
come of OHCA with VF. A new strategy using epinephrine
for targeted populations with VF cardiac arrests in the early
phase after collapse should be considered.
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