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PINEPHRINE IS WIDELY USED IN

cardiopulmonary resuscita-

tion (CPR) for patients with

out-of-hospital cardiac arrest
(OHCA).'® However, its effectiveness
in CPR has not been established. Epi-
nephrine is associated with increased
myocardial oxygen consumption and
ventricular arrhythmias during the
period after resuscitation.* Concern
has been raised regarding increased
myocardial dysfunction®® and dis-
turbed cerebral microcirculation
after cardiac arrest.” Findings in sup-
port of epinephrine use include ani-
mal studies that show a beneficial
short-term effect of epinephrine,®
and evidence of increased cerebral
and coronary perfusion by redirected
peripheral blood flow has been
reported.!!!

To verify the effectiveness of epi-
nephrine in CPR, the influences of other
factors, such as patients, bystanders,
CPR by bystanders, life support by
emergency medical service (EMS) per-
sonnel, and time from call to the scene
or hospital arrival, need to be con-
trolled. To control for the effects of co-
variates, a randomized controlled trial
needs to be performed. However, such
a study is not easily performed be-
cause of ethical reasons.

For editorial comment see p 1198.

Context Epinephrine is widely used in cardiopulmonary resuscitation for out-of-
hospital cardiac arrest (OHCA). However, the effectiveness of epinephrine use before
hospital arrival has not been established.

Objective To evaluate the association between epinephrine use before hospital ar-
rival and short- and long-term mortality in patients with cardiac arrest.

Design, Setting, and Participants Prospective, nonrandomized, observational pro-
pensity analysis of data from 417 188 OHCAs occurring in 2005-2008 in Japan in which
patients aged 18 years or older had an OHCA before arrival of emergency medical service
(EMS) personnel, were treated by EMS personnel, and were transported to the hospital.

Main Outcome Measures Return of spontaneous circulation before hospital ar-
rival, survival at 1 month after cardiac arrest, survival with good or moderate cerebral
performance (Cerebral Performance Category [CPC] 1 or 2), and survival with no, mild,
or moderate neurological disability (Overall Performance Category [OPC] 1 or 2).

Results Return of spontaneous circulation before hospital arrival was observed in 2786
of 15 030 patients (18.5%) in the epinephrine group and 23 042 of 402 158 patients (5.7 %)
in the no-epinephrine group (P<.001); it was observed in 2446 (18.3%) and 1400 (10.5%)
of 13401 propensity-matched patients, respectively (P<.001). In the total sample, the
numbers of patients with 1-month survival and survival with CPC 1 or 2 and OPC 1 or 2,
respectively, were 805 (5.4%), 205 (1.4%), and 211 (1.4 %) with epinephrine and 18 906
(4.7%), 8903 (2.2%), and 8831 (2.2%) without epinephrine (all P<.001). Correspond-
ing numbers in propensity-matched patients were 687 (5.1%), 173 (1.3%), and 178 (1.3%)
with epinephrine and 944 (7.0%), 413 (3.1%), and 410 (3.1 %) without epinephrine (all
P<.001). In all patients, a positive association was observed between prehospital epi-
nephrine and return of spontaneous circulation before hospital arrival (adjusted odds ra-
tio [OR], 2.36; 95% Cl, 2.22-2.50; P<.001). In propensity-matched patients, a positive
association was also observed (adjusted OR, 2.51; 95% Cl, 2.24-2.80; P<<.001). In con-
trast, among all patients, negative associations were observed between prehospital epi-
nephrine and long-term outcome measures (adjusted ORs: 1-month survival, 0.46 [95%
Cl,0.42-0.51]; CPC 1-2,0.31 [95% Cl, 0.26-0.36]; and OPC 1-2,0.32 [95% Cl, 0.27-
0.38]; all P<.001). Similar negative associations were observed among propensity-
matched patients (adjusted ORs: 1-month survival, 0.54 [95% Cl, 0.43-0.68]; CPC 1-2,
0.21 [95% Cl, 0.10-0.44]; and OPC 1-2, 0.23 [95% ClI, 0.11-0.45]; all P<.001).

Conclusion Among patients with OHCA in Japan, use of prehospital epinephrine
was significantly associated with increased chance of return of spontaneous circula-
tion before hospital arrival but decreased chance of survival and good functional out-
comes 1 month after the event.
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PREHOSPITAL EPINEPHRINE USE AND SURVIVAL OF OUT-OF-HOSPITAL CARDIAC ARREST

As for the effectiveness of epineph-
rine use in CPR, a large, retrospective
registry study in Sweden reported that
epinephrine is an independent predic-
tor of mortality.'* A large, observa-
tional before-after study in Singapore
showed that epinephrine is not benefi-
cial for immediate or 1-month sur-
vival.’> Recently, 2 randomized con-
trolled trials showed that patients
receiving adrenaline during cardiac arrest
had no statistically significant improve-
ment in survival to hospital discharge,
although there was a significantly
improved likelihood of achieving return
of spontaneous circulation (ROSC).**1
These studies were limited by several
methodological problems, such as the
use of samples from a single center, type
I errors, and imperfect randomiza-
tion." In view of these previous stud-
ies, the findings are not consistent and
the effectiveness of epinephrine in CPR
has not been established. We thus per-
formed a propensity analysis that sought
to determine how epinephrine use in
CPR before hospital arrival was associ-
ated with immediate and 1-month sur-
vival using national data from a whole
sample of OHCAs between 2005 and
2008 in Japan.

METHODS
EMS System and Data Collection

The EMS system in Japan has been de-
scribed previously.'®'® Briefly, in Ja-
pan, municipal governments provide
EMS through about 800 fire stations
with dispatch centers. Because the Japa-
nese guidelines do not allow EMS pro-
viders to terminate resuscitation in the
field, all patients with OHCA who are
treated by EMS personnel are trans-
ported to hospitals.' Based on the stan-
dardized Utstein style template, regis-
try of all OHCA cases in Japan is
performed in a prospective, nation-
wide, and population-based manner by
the Fire and Disaster Management
Agency (FDMA). In particular, time
from call to the scene or hospital ar-
rival is measured using dispatch rec-
ords at the fire station and an emer-
gency lifesaving technician watch. Data
concerning bystander CPR administra-
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tion, automated external defibrillator
use, and the characteristics of CPR by
EMS personnel (eg, initial rhythm, de-
fibrillation, intubation, epinephrine
use) are collected using EMS records.
To collect 1-month follow-up data, the
EMS person in charge of each patient
with OHCA has a face-to-face meeting
with the physician who treated that pa-
tient at the hospital. If the patient is not
at the hospital, the EMS personnel con-
ducts a follow-up search. These data are
initially handwritten. Then, in coop-
eration with the physicians in charge
of patients with OHCA, the EMS per-
sonnel summarize the data of each
OHCA case in standardized Utstein
style.?**! The data at the 807 fire sta-
tions with dispatch centers in the 47
prefectures are then electronically in-
tegrated into the national registry sys-
tem on the FDMA database server.

In most cases, an ambulance crew con-
sists of 3 emergency personnel, includ-
ing at least 1 emergency lifesaving tech-
nician. Emergency lifesaving technicians
have undergone extensive training in the
provision of emergency care until ar-
rival at the hospital. These technicians
are permitted to insert an intravenous
line and an adjunct airway and to use
semiautomated external defibrilla-
tors.' Specially trained emergency life-
saving technicians have been permitted
to insert an intravenous line since July
2004, and certified emergency lifesav-
ing technicians have been permitted to
administer intravenous epinephrine since
April 2006.'

Epinephrine use is implemented ac-
cording to the FDMA resuscitation
guidelines for emergency lifesaving tech-
nicians.** Specifically, during the resus-
citation of patients with OHCA, after
checking the initial rhythm and using
defibrillation when appropriate, along
with CPR, emergency lifesaving techni-
cians perform tracheal intubation and/or
insert an intravenous line with ap-
proval from an online emergency phy-
sician. Then, after verifying the ab-
sence of impulse in the carotid artery,
the emergency lifesaving technicians ad-
minister epinephrine with the ap-
proval of the emergency physician.”

Study Design and Patients
This was a prospective observational
study using national registry data. The
study was approved by the ethics com-
mittee at Kyushu University Graduate
School of Medicine. The requirement for
written informed consent was waived.
Patients were aged 18 years or older,
had an OHCA before arrival of EMS per-
sonnel, were treated by EMS personnel,
and were then transported to medical in-
stitutions between January 1, 2005, and
December 31, 2008, in Japan.

Variables

The collected data included informa-
tion on OHCA patients, CPR initiated by
bystander, life support by EMS person-
nel, and patient outcome. When pa-
tients survived cardiac arrest, they were
followed up for as long as 1 month after
the event, and information on survival
and neurological and physical status 1
month after the event was collected. Neu-
rological outcomes 1 month after suc-
cessful resuscitation were evaluated using
the Glasgow-Pittsburgh Cerebral Per-
formance Category (CPC) scale, which
has 5 categories: (1) good cerebral per-
formance; (2) moderate cerebral disabil-
ity; (3) severe cerebral disability; (4)
coma or vegetative state; and (5) death;
and using the Overall Performance Cat-
egory (OPC) scale, also with 5 catego-
ries: (1): no or mild neurological disabil-
ity; (2) moderate neurological disability;
(3) severe neurological disability; (4)
coma or vegetative state; and (5)
death.?®*"2 At 1 month after the event,
the EMS person in charge of the patient
with OHCA contacted the physician in
charge of that patient at the medical fa-
cility and collected CPC and OPC data
by chart review and an in-person inter-
view. These data were entered into the
national database.

The etiology of cardiac arrest (ie, car-
diac or noncardiac) was determined
clinically by the physician in charge
with the aid of the EMS personnel. Re-
garding first documented rhythm, be-
cause an automated external defibrilla-
tor analyzes a patient’s rhythm
automatically and delivers a shock only
when it detects ventricular fibrillation
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(VF), the patient’s first recorded rhythm
was regarded as VF when laypersons de-
livered shocks with the use of a public-
access automated external defibrilla-
tor. Additionally, the category of VF
included ventricular tachycardia. Only
epinephrine was used during prehos-
pital CPR for patients with OHCA, fol-
lowing the FDMA resuscitation guide-
line for emergency lifesaving
technicians.”

End Points

The 4 end points were ROSC before
hospital arrival, survival at 1 month af-
ter cardiac arrest, 1-month survival with
CPC category 1 or 2, and 1-month sur-
vival with OPC category 1 or 220213

Statistical Analysis

Data that met the criteria concerning
patient age, time course, and epineph-
rine use were analyzed. Using data for
all cases, 3 unconditional logistic re-
gression models were fit using one of
the end points as a dependent vari-
able. With an actual 1-month survival
rate of 5.4% in the intravenous epi-
nephrine group and 4.7% in the no-
epinephrine group, 15 030 samples for
each group provided a power level of
92.0% with a type I error of .05.%*
Epinephrine use before hospital ar-
rival was not randomly assigned in the
patient population; therefore, we devel-
oped a propensity score for epineph-
rine use before hospital arrival and con-
trolled for potential confounding and
selection bias.” By multivariable logis-
tic regression analysis not taking pa-
tient outcome into account, the propen-
sity score for prehospital epinephrine use
was determined. Specifically, a full non-
parsimonious logistic regression model
was fit with prehospital epinephrine use
as a dependent variable, which in-
cluded every variable in TABLE 1 (ie, 20
variables, including 3 dummy variables
for cases per year) plus dummy vari-
ables for the 47 prefectures in Japan (ie,
46 variables) as independent variables.
A propensity score for epinephrine use
before hospital arrival was calculated
from the logistic regression equation for
each patient. This propensity score rep-

resented the probability that a patient
with OHCA would be given epineph-
rine before hospital arrival. Using the SAS
macro program by Parsons et al,”* based
on propensity score, patients with OHCA
who were given epinephrine were
matched with unique control patients
who were not given epinephrine before
hospital arrival. Using data for the pro-
pensity-matched patients, 4 types of con-
ditional logistic regression models were
fit with one of the end point variables as
a dependent variable. With an actual
1-month survival rate of 5.1% in the in-
travenous epinephrine group and 7.0%
in the no-epinephrine group, 13401
samples for each group provided a power
level of 94.1% with a type I error of .01.*

The 2-sided significance level for all
tests was P <<.05. All analyses were per-

formed using SAS software, version 8.2
(SAS Institute Inc).

RESULTS
Patient Characteristics

Between January 1, 2005, and Decem-
ber31,2008,431 968 OHCAs occurred.
Of these cases, 417 188 met the inclu-
sion criteria (FIGURE 1 and Table 1). The
mean age of all patients was 72 (SD, 16)
years, and no significant difference
existed between the mean ages of the 2
groups (P=.86). There was a signifi-
cant difference between those who were
given epinephrine and those who were
not before hospital arrival. The num-
ber of OHCA cases who received epi-
nephrine increased over the study
period from 190 in 2005 to 8124 in

]
Table 1. Baseline Characteristics of Patients With Out-of-Hospital Cardiac Arrest According
to Epinephrine Administration, 2005-2008, Japan (N = 417 188)2

Epinephrine No Epinephrine
Characteristics (n=15030) (n =402158)
Cases per year
2005 190 (1.3) 100514 (25.0)
2006 1764 (11.8) 102250 (25.4)
2007 4947 (32.9) 96310 (24.0)
2008 8124 (54.1) 103017 (25.6)
Age, mean (SD), y 72.38 (15.5) 72.41 (16.4)
Male 9546 (63.5) 236 366 (58.8)
Bystander eyewitness 8938 (59.5) 159304 (39.6)
Family member bystander eyewitness 5250 (34.9) 82812 (20.6)
Origin of cardiac arrest
Cardiac 9088 (60.5) 220597 (54.9)
Noncardiac 5942 (39.5) 181561 (45.2)
Cardiopulmonary resuscitation initiated by bystander
Chest compression 6627 (45.1) 143975 (36.0)
Rescue breathing 2458 (16.9) 60691 (15.2)
Use of public-access automated external defibrillator 113(0.8) 1449 (0.4)
Life support by emergency medical service personnel
Emergency lifesaving technician present in ambulance 14929 (99.4) 374818 (93.2)
Physician present in ambulance 1079 (7.2) 9176 (2.3)
Advanced life support performed by physician 2558 (17.0) 61302 (15.9)
Time from call to arrival at scene, mean (SD), min 7.54 (4.0) 7.18(3.8)
Time from call to arrival at hospital, mean (SD), min 38.15(13.5) 31.68 (13.9)
First documented rhythm
Ventricular fibrillation/pulseless ventricular tachycardia 2054 (13.7) 29103 (7.2)
Pulseless electrical activity/asystole 12975 (86.3) 373049 (92.8)
Defibrillation by emergency medical service personnel 3117 (20.9) 42348 (10.5)
Use of advanced life support devices (eg, laryngeal mask/ 11496 (76.5) 172673 (42.9)
adjunct airway/tracheal tubes)
Insertion of intravenous line 14420 (96.0) 64246 (16.0)

@Data are expressed as No. (%) unless otherwise indicated. All baseline characteristic comparisons between the 2 groups
were statistically significant at P<.001 except age (P=.86). Values were missing for 5 to 10998 individuals across all

variables.
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2008, whereas the number of OHCA
cases who did not receive epinephrine
remained at the same level (P<<.001)
(Table 1). Additionally, we checked the
effects of prehospital epinephrine use
by VE/non-VF status. Among patients
with VF, 432 patients (21.1%) in the
epinephrine group and 6478 (22.3%)
in the no-epinephrine group had ROSC
before hospital arrival (x*=1.59; P=.21).
The numbers of patients with 1-month
survival, CPC category 1 or 2,and OPC
category 1 or 2, respectively, were 316
(15.4%), 126 (6.1%), and 127 (6.2%)
in the epinephrine group and 6209
(21.3%), 3927 (13.5%), and 3920
(13.5%) in the no-epinephrine group
(x*=41.02, 91.82, and 90.13, respec-
tively; all P<<.001). Among patients
without VF, 2354 (18.2%) in the epi-
nephrine group and 16 564 (4.4%) in

]
Figure 1. Study Participant Selection

431968 Out-of-hospital cardiac arrest cases
in Japan between January 1, 2005,
and December 31, 2008

14780 Excluded
7991 Younger than 18 years
5951 Missing data on epinephrine
administration
390 More than 60 min elapsed
from call to scene arrival
386 More than 480 min elapsed
from call to hospital arrival
62 Missing age data

417188 Cases included in analysis
15030 Received epinephrine
402 158 Did not receive epinephrine

the no-epinephrine group had ROSC
before hospital arrival (x*=5052.66;
P<.001). The numbers of patients
without VF with 1-month survival, CPC
category 1 or 2, and OPC category 1 or
2, respectively, were 489 (3.8%), 79
(0.6%), and 84 (0.7%) in the epineph-
rine group and 12 696 (3.4%), 4975
(1.3%), and 4910 (1.3%), in the no-
epinephrine group (x*=5.08; P=.02,
x?=50.96; P<.001; and x*=43.91;
P<.001, respectively) (eAppendix and
eTable 1; available at http:/www.jama
.com).

Epinephrine Use Before Hospital
Arrival and Patient Survival

TABLE 2 and FIGURE 2 summarize sur-
vival outcomes based on epinephrine
use among all patients. With respect to
the 4 end-point variables, in the initial
unadjusted model, there was a signifi-
cant difference between those who were
administered epinephrine and those
who were not before hospital arrival (all
P<.001) (Figure 2). A positive asso-
ciation was detected between prehos-
pital epinephrine use and the out-
come measure in patients with ROSC
before hospital arrival in the 3 mod-
els. A significant positive association in
the crude model (OR, 1.15; 95% CI,
1.07-1.23; P<<.001) and a significant
negative association in the adjusted
model using selected variables (OR,
0.43; 95% CI, 0.39-0.46; P<.001) or
all variables (OR, 0.46; 95% CI, 0.42-

]
Table 2. Unconditional Logistic Regression Analyses of Outcomes in Epinephrine Group
(vs No-Epinephrine Group) Among All Patients With Out-of-Hospital Cardiac Arrest

Odds Ratio (95% Cl)@
I 1
1-Month
ROSC Survival CPC1or2 OPC1or2

Analysis

Unadjusted (n = 417 155) 3.75 (8.59-3.91)

1.15(1.07-1.23) 0.61(0.563-0.70) 0.63 (0.55-0.73)

Adjusted for selected variables  3.06 (2.93-3.21)
(n=412078)°

0.43 (0.39-0.46)

0.21(0.18-0.24) 0.22 (0.19-0.25)

Adjusted for all covariates
(n=391046)°

2.36 (2.22-2.50)

0.46 (0.42-0.51)

0.31(0.26-0.36) 0.32 (0.27-0.38)

Abbreviations: CPC, Cerebral Performance Category; OPC, Overall Performance Category; ROSC, return of spontaneous

circulation.
@For all odds ratios, P<.001.

P Selected variables included age, sex, bystander eyewitness, relationship of bystander to patient, bystander chest com-
pression, bystander rescue breathing, use of public-access automated external defibrillator by bystander, first docu-
mented rhythm, and time from call to arrival at the scene for the model with ROSC as a dependent variable. For other
models, ROSC and the above selected variables were adjusted.

CAll covariates included all variables in Table 1 plus 46 dummy variables for the 47 prefectures in Japan for the model with
ROSC as a dependent variable. For other models, ROSC, all variables in Table 1, and 46 dummy variables for the 47

prefectures in Japan were adjusted.
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0.51; P<.001) were observed for
1-month survival with respect to an as-
sociation between prehospital epineph-
rine use and the outcome measures. A
significant negative association was de-
tected between prehospital epineph-
rine use and CPC and OPC in the 3
models.

Prehospital Epinephrine Use
and Survival
in Propensity-Matched Patients

To calculate the propensity score, a full
nonparsimonious logistic regression
model was fit. This model yielded a C
statistic of 0.96, which indicated a very
strong ability to differentiate between
those who used epinephrine before hos-
pital arrival and those who did not. The
propensity score ranged from 0.007 to
1.000, which indicated that the prob-
ability of epinephrine use before hos-
pital arrival by a patient with OHCA
would be between 0 and 1. In the study,
13401 patients who were given epi-
nephrine were matched with 13 401 pa-
tients who were not given epineph-
rine (TABLE 3). With respect to every
predictor variable, no significant dif-
ference was detected between patients
who were given epinephrine and pa-
tients who were not given epineph-
rine, which showed that these propen-
sity-matched patients were well
matched.

TABLE 4 and FIGURE 3 summarize
survival outcomes based on epineph-
rine use among propensity-matched pa-
tients. With respect to the 4 end-point
variables, in the initial unadjusted
model, there was a significant differ-
ence between those who were admin-
istered epinephrine and those who were
not before hospital arrival (all P<<.001)
(Figure 3). For ROSC, a positive asso-
ciation was detected between prehos-
pital epinephrine use and the out-
come measures in the 4 models. The
positive association became increas-
ingly more evident after adjustment for
selected variables and after adjust-
ment for all variables. Inversely, for
1-month survival and survival with
minimal neurological impairment (ie,
CPC category 1 or 2, OPC category 1

©2012 American Medical Association. All rights reserved.
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or 2), a significant negative associa-
tion was observed between epineph-
rine use before hospital arrival and the
outcome measures. These negative as-
sociations became increasingly more
evident after adjustment for selected
variables and after adjustment for all
variables (eAppendix and eTable 2).

COMMENT

Our findings, based on propensity-
matched analyses using 4 different mod-
els, clearly show that intravenous epi-
nephrine administration before hospital
arrival isindependently associated with
reduced 1-month survival (Table 4). As
for the effectiveness of prehospital epi-
nephrine use in cardiopulmonary resus-
citation, 1 large observational study sup-
ported effectiveness' while others did
not."** Although recentrandomized con-
trolled trials showed that epinephrine use
before hospital arrival was not associated
with long-term survival, there were sev-
eral methodological problems with these
trials."* Previous findings are inconsis-
tent, so the effectiveness of epinephrine
in CPR hasnot been established. Our find-

ings are derived from national registry
data, and sample size for propensity analy-
sis posed no problem. Based on a valid
propensity analysis controlling for the ef-
fects of selection bias and confounding
factors, we observed that intravenous epi-
nephrine use before hospital arrival was
asignificant predictor of poor long-term
outcome. We believe that the present find-
ingsare important both theoretically and
practically. Asnoted previously, epineph-
rine is reportedly associated with in-
creased myocardial dysfunction, dis-
turbed cerebral microcirculation after car-
diacarrest, and ventricular arrhythmias
during the period after resuscitation.*’
The adverse long-term effect might be due
to these pharmacological effects of epi-
nephrine.

Epinephrine use before hospital ar-
rival was consistently a significant and
positive predictor of ROSC before hos-
pital arrival in the 4 different models, and
the ORs ranged from 1.91 to 2.51 (all
P<.001) (Table4). Our results are based
on propensity-matched data and are con-
sistent with previous findings.'*>* Sev-
eral results have been reported that can

explain the biological or pharmacologi-
cal aspects of intravenous epinephrine
administration leading to improved
short-term outcomes, including animal
studies showing short-term effects of epi-
nephrine®® and evidence to indicate in-
creased cerebral and coronary perfu-
sion by redirected peripheral blood
flow.!'®!! Thus, the short-term effect
might be attributable to these pharma-
cological effects of epinephrine.

A major confounder in this analysis is
that patients who did not receive epi-
nephrine in the prehospital setting may
have received epinephrine after hospi-
tal arrival. Therefore, the differences may
reflect changes in the type of care after
hospital arrival and may not be attrib-
utable to the drug itself. Thus, we con-
ducted a sensitivity analysis. In matched
subsets of patients who had ROSC prior
to hospital arrival, there would be no in-
dication to receive epinephrine in the
hospital, so the pure effect of the drug
could be determined. Thus, we com-
pared long-term survival between these
patients. The numbers of 1-month sur-
vivors in the epinephrine and no-

]
Figure 2. Results of Unconditional Logistic Regression Analyses Comparing Prehospital Epinephrine Use vs No Prehospital Epinephrine Use in

Patients With Out-of-Hospital Cardiac Arrest

Total No.
Model of Cases
ROSC
Unadjusted 417155
Adjusted for selected variables® 412078
Adjusted for all covariates® 391046
1-Month survival
Unadjusted 417186
Adjusted for selected variables® 412078
Adjusted for all covariates® 391046
CPC1or2
Unadjusted 417187
Adjusted for selected variables® 412078
Adjusted for all covariatesP 391046
OPC 1or2
Unadjusted 417187
Adjusted for selected variables® 412078
Adjusted for all covariates® 391046

No. (%) With Outcome
I I

Odds Ratio
Epinephrine No Epinephrine (95% Cl)
2786 (18.5) 23042 (5.7) 3.75 (3.59-3.91)
2692 (18.6) 22804 (5.7) 3.06 (2.93-3.21)
2556 (18.6) 21629 (5.7) 2.36 (2.22-2.50)
805 (5.4) 18906 (4.7) 1.15 (1.07-1.23)
772 (5.3) 18637 (4.7) 0.43 (0.39-0.46)
733 (5.3) 17677 (4.7) 0.46 (0.42-0.51)
205 (1.4) 8903 (2.2) 0.61(0.53-0.70)
197 (1.4) 8781 (2.2) 0.21(0.18-0.24)
187 (1.4) 8329 (2.2) 0.31 (0.26-0.36)
211 (1.4) 8831 (2.2) 0.63 (0.55-0.73)
202 (1.4) 8710 (2.2) 0.22 (0.19-0.25)
192 (1.4) 37732 (2.2) 0.32 (0.27-0.38)

0.1

Favors No
Prehospital Epinephrine

Favors Prehospital
Epinephrine

-
-
-

1.0
Odds Ratio (95% Cl)

CPC indicates Cerebral Performance Category; OPC, Overall Performance Category; ROSC, return of spontaneous circulation. Different sample sizes in the 3 models

result from increasing numbers of cases with missing data as the number of independent variables increased.

aSelected variables included age, sex, bystander eyewitness, relationship of bystander to patient, bystander chest compression, bystander rescue breathing, use of
public-access automated external defibrillator by bystander, first documented rhythm, and time from call to arrival at the scene for the model with ROSC as a depen-
dent variable. For other models, ROSC and the above selected variables were adjusted.
b All covariates included all variables in Table 1 plus 46 dummy variables for the 47 prefectures in Japan for the model with ROSC as a dependent variable. For other

models, ROSC, all variables in Table 1, and 46 dummy variables for the 47 prefectures in Japan were adjusted.
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epinephrine groups were 438 (18.0%)
and 661 (46.8%), respectively (P<<.001).
The numbers of patients with CPC cat-

egory 1 or 2 in the epinephrine and no-
epinephrine groups were 113 (4.7%) and
354 (25.0%), respectively (P<<.001). The

]
Table 3. Baseline Characteristics of Patients With Out-of-Hospital Cardiac Arrest According
to Epinephrine Administration in Propensity-Matched Patients®

Epinephrine No Epinephrine
Characteristics (n=13401) (n=13401)
Cases per year
2005 183 (1.4) 174 (1.3)
2006 1704 (12.7) 1664 (12.4)
2007 4124 (30.8) 4183 (31.2)
2008 7390 (55.2) 7380 (55.1)
Age, mean (SD), y 72.43 (15.5) 72.40 (15.7)
Male 8480 (63.3) 8427 (62.9)
Bystander eyewitness 7729 (57.7) 7866 (58.7)
Family member bystander eyewitness 4519 (33.7) 45383 (33.8)
Origin of cardiac arrest
Cardiac 8039 (60.0) 7984 (59.6)
Noncardiac 5362 (40.0) 5417 (40.4)
Cardiopulmonary resuscitation initiated by bystander
Chest compression 5854 (43.7) 5918 (44.2)
Rescue breathing 2205 (16.5) 2243 (16.7)
Use of public-access automated external defibrillator 102 (0.8) 99 (0.7)
Life support by emergency medical service personnel
Emergency lifesaving technician present in ambulance 13316 (99.4) 13308 (99.39)
Physician present in ambulance 811 (6.1) 873 (6.5)
Advanced life support performed by physician 2122 (15. 8) 2233 (16.7)
Time from call to arrival at scene, mean (SD), min 7.50 (4.0 7.47 (4.0)
Time from call to arrival at hospital, mean (SD), min 37.92 (13. 2) 37.66 (18.3)
First documented rhythm
Ventricular fibrillation/pulseless ventricular tachycardia 1758 (13.1) 1781 (13.3)
Pulseless electrical activity/asystole 11643 (86.9) 11620 (86.7)
Defibrillation by emergency medical service personnel 2610 (19.5) 2602 (19.4)
Use of advanced life support devices (eg, laryngeal mask/ 10294 (76.8) 10290 (76.8)
adjunct airway/tracheal tubes)
Insertion of intravenous line 12868 (96.0) 12865 (96.0)

@Data are expressed as No. (%) unless otherwise indicated. All baseline characteristic comparisons between the 2 groups
were not statistically significant.

]
Table 4. Conditional Logistic Regression Analyses of Outcome in Epinephrine Group

(vs No-Epinephrine Group) Among Propensity-Matched Patients With Out-of-Hospital
Cardiac Arrest (n = 26 802)

Odds Ratio (95% Cl)@
I 1
1-Month
Analysis ROSC Survival CPC1or2 OPC1or2
Unadjusted 1.91 (1.78-2.05) 0.71(0.64-0.79) 0.41(0.34-0.49) 0.43(0.36-0.51)
Adjusted for propensity 2.01(1.83-2.21) 0.71(0.62-0.81) 0.41(0.33-0.52) 0.43 (0.34-0.54)
Adjusted for propensity 2.24(2.03-2.48) 0.60 (0.49-0.74) 0.40 (0.26-0.63) 0.43 (0.28-0.66)
and selected variablesP
Adjusted for propensity 2.51(2.24-2.80) 0.54 (0.43-0.68) 0.21(0.10-0.44) 0.23 (0.11-0.45)

and all covariates®

Abbreviations: CPC, Cerebral Performance Category; OPC, Overall Performance Category; ROSC, return of spontaneous
circulation.
@For all odds ratios, P<.001.

Selected variables included age, sex, bystander eyewitness, relationship of bystander to patient, bystander chest com-
pression, bystander rescue breathing, use of public-access automated external defibrillator by bystander, first docu-
mented rhythm, and time from call to arrival at the scene for the model with ROSC as a dependent variable. For other
models, ROSC and the above selected variables were adjusted.

CAll covariates included all variables in Table 1 plus 46 dummy variables for the 47 prefectures in Japan for the model with
ROSC as a dependent variable. For other models, ROSC, all variables in Table 1, and 46 dummy variables for the 47
prefectures in Japan were adjusted.
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numbers of patients with OPC category
1 or 2 in the epinephrine and no-
epinephrine groups were 115 (4.7%) and
351 (24.8%), respectively (P<<.001). Ad-
ditionally, we compared time from call
to scene arrival or hospital arrival be-
tween the epinephrine and no-
epinephrine groups. The mean times
from call to scene arrival in the epineph-
rine and no-epinephrine groups were
7.37 (SD, 3.73) minutes and 6.72 (SD,
3.05) minutes, respectively (P<<.001).
The mean times from call to hospital ar-
rival in the epinephrine and no-
epinephrine groups were 40.01 (SD,
14.19) minutes and 40.43 (SD, 21.84)
minutes, respectively (P=.53). Because
the no-epinephrine group was not trans-
ported more quickly to the emergency
department, improved long-term out-
comes might not reflect more rapid de-
livery to definitive care. In summary, the
sensitivity analysis showed that the use
of epinephrine might be related to de-
creased 1-month survival.

Thereare several notable findings of this
study. First, the number of patients with
OHCA who were given epinephrine in-
creased dramatically from 190 in 2005 to
8123 in 2008. Since April 2006, certified
emergency lifesaving technicians have
been permitted to administer intravenous
epinephrine.'® The large increase in the
number of patients who were adminis-
tered epinephrine might be due to this
change in the Japanese guidelines. In 2005,
epinephrine was administered in 190
cases. Physicians were in ambulances in
2.5% of the 417 168 cases occurring dur-
ing the study period. Thus, physicians
likely administered intravenous epineph-
rine to the 190 patients in 2005. Second,
in the total sample, only 1.4% of patients
in the epinephrine group had good neu-
rological outcomes, despite a 5.4% sur-
vivalrate (Table 1). Thus, only about 25%
of survivors had good neurological out-
comes. The same basic pattern was found
among propensity-matched patients
(Table 3). This rate is substantially lower
than those reported in most OHCA stud-
ies, in which the majority of long-term sur-
vivors had good outcomes.'21>>%327 This
finding implies that epinephrine admin-
istration might save the heart but not the
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brain, whichis worth further study. Third,
we also conducted an analysis of the as-
sociation between prehospital epineph-
rine use and outcomesin the total sample
(Table 2). Analyses of CPCand OPCboth
yielded ORsless than 1 for the association
between prehospital epinephrine use and
long-term neurological outcome, which
was consistent with the results obtained
for propensity-matched patients (Table4).
A crude analysis revealed asignificant posi-
tive association between prehospital in-
travenous epinephrine administration and
1-month survival (OR, 1.15; P<<.001).
However, after adjusting for the effects of
the selected variables, a significant nega-
tive association between prehospital epi-
nephrine use and 1-month survival
emerged (OR, 0.43; P<.001); this asso-
ciation remained significant after adjust-
ing forall variables in the third model (OR,
0.46; P<<.001). Generally, an observa-
tional study cannot be free from selection
bias and confounding factors.” Concomi-
tant with this theoretical expectation, in-
consistentassociations between epineph-

rine administration before hospital arrival
and the l-month survival rate were
observed.

Several limitations and caveats to our
study must be acknowledged. First, the
major limitation was that epinephrine use
before hospital arrival was not assigned
by random allocation. We performed
propensity analysis and made a rigor-
ous adjustment for selection bias and
confounding factors, which would be ex-
pected with a standard multivariable
analysis.”” Nevertheless, we must ac-
knowledge that observational studies can
only partially control and adjust for fac-
tors actually measured, whereas random-
ized allocation can control both known
and unknown confounding factors and
avoid the introduction of bias. Second,
data on in-hospital CPR after arrival were
not included in the analysis. Long-term
survival cannot be achieved without first
restoring circulation. A positive associa-
tion was observed between epineph-
rine use before hospital arrival and short-
term survival, whereas a negative

association was detected between epi-
nephrine use before hospital arrival and
long-term survival. It is possible that
these findings might have been due to a
difference in in-hospital resuscitation
modes, such as induced hypothermia®®
and mechanical chest compression de-
vices,” between those who were admin-
istered epinephrine and those were not.
Specifically, hypothermia is not a rou-
tine treatment for in-hospital CPR pa-
tients with OHCA in Japan. Addition-
ally, no standard regimen of care after
hospital arrival has been established.
Thus, the use of induced hypothermia,
cardiac catheterization, or epinephrine
or other pressors (eg, vasopressin) may
differ among hospitals. In summary, al-
though the quality of in-hospital resus-
citation might influence 1-month sur-
vival, we could not control for the effects
of such factors. Third, some variables
were problematic. The etiology of OHCA
was determined clinically by the physi-
cian in charge with the aid of EMS per-
sonnel. However, we must recognize that

_______________________________________________________________________________________________]
Figure 3. Results of Conditional Logistic Regression Analyses Comparing Prehospital Epinephrine Use vs No Prehospital Epinephrine Use in
Propensity-Matched Patients With Out-of-Hospital Cardiac Arrest

No. (%) With Outcome

TotalNo. | | Odds Ratio
Model of Cases Epinephrine No Epinephrine (95% Cl)

ROSC 26802 2446 (18.3) 1400 (10.5)

Unadjusted 1.91 (1.78-2.05)

Adjusted for propensity 2.01(1.83-2.21)

Adjusted for propensity and selected variables? 2.24 (2.03-2.48)

Adjusted for all covariates® 2.51 (2.24-2.80)
1-Month survival 26802 687 (5.1) 944 (7.0)

Unadijusted 0.71 (0.64-0.79)

Adjusted for propensity 0.71 (0.62-0.81)

Adjusted for propensity and selected variables? 0.60 (0.49-0.74)

Adjusted for all covariates® 0.54 (0.43-0.68)
CPC 1 or2 26802 173 (1.3) 413 (3.1)

Unadjusted 0.41 (0.34-0.49)

Adjusted for propensity 0.41 (0.33-0.52)

Adijusted for propensity and selected variables? 0.40 (0.26-0.63)

Adjusted for all covariates? 0.21 (0.10-0.44)
OPC 1or2 26802 178 (1.3) 410 (3.1)

Unadjusted 0.43 (0.36-0.51)

Adjusted for propensity 0.43 (0.34-0.54)

Adjusted for propensity and selected variables? 0.43 (0.28-0.66)

Adjusted for all covariates? 0.23(0.11-0.45)

Favors No
Prehospital Epinephrine

Favors Prehospital
Epinephrine

-
-+
-
-

-
—
e

0.1 1.0 10
Odds Ratio (95% Cl)

CPC indicates Cerebral Performance Category; OPC, Overall Performance Category; ROSC, return of spontaneous circulation.

aSelected variables included age, sex, bystander eyewitness, relationship of bystander to patient, bystander chest compression, bystander rescue breathing, use of
public-access automated external defibrillator by bystander, first documented rhythm, and time from call to arrival at the scene for the model with ROSC as a depen-
dent variable. For other models, ROSC and the above selected variables were adjusted.
b All covariates included all variables in Table 1 plus 46 dummy variables for the 47 prefectures in Japan for the model with ROSC as a dependent variable. For other

models, ROSC, all variables in Table 1, and 46 dummy variables for the 47 prefectures in Japan were adjusted.
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the determination of a noncardiac etiol-
ogy is highly atypical and problematic ex-
Cept among arrests due to trauma,
drowning, strangulation, or drug over-
dose.*® Epinephrine dosage has been re-
ported to influence the outcome of pa-
tients with OHCA ' According to our
interviews with emergency medicine
physicians, a single dose of epinephrine
was administered in the majority of cases.
However, because of lack of data, we
could not consider the number of epi-
nephrine doses used in the cases in-
cluded this study.

In summary, despite the limitations to
the study, the associations between epi-
nephrine use before hospital arrival and
short- and long-term outcomes were
strong and consistent. Specifically, our
data show that intravenous epineph-
rine use before hospital arrival was
associated with decreased 1-month sur-
vival on the basis of propensity-
matched national data. Epinephrine use
before hospital arrival was a positive pre-
dictor of short-term survival, which is in
line with previous findings. Our find-
ings need to be verified by studies that
include in-hospital resuscitation data.
Author Contributions: Dr Hagihara had full access to
all of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data
analysis.

Study concept and design: Hagihara, Hasegawa.
Acquisition of data: Hagihara, Hasegawa.

Analysis and interpretation of data: Hagihara,
Hasegawa, Abe, Nagata, Wakata, Miyazaki.
Drafting of the manuscript: Hagihara, Wakata.
Critical revision of the manuscript for important in-
tellectual content: Hagihara, Hasegawa, Abe, Nagata,
Wakata, Miyazaki.

Statistical analysis: Hagihara, Abe.

Administrative, technical, or material support:
Hagihara, Hasegawa, Abe, Nagata, Wakata, Miyazaki.
Study supervision: Hagihara.

Conflict of Interest Disclosures: All authors have com-
pleted and submitted the ICMJE Form for Disclosure
of Potential Conflicts of Interest and none were re-
ported.

Disclaimer: The article contents are solely the respon-
sibility of the authors and do not necessarily repre-
sent the official views of the Fire and Disaster Man-
agement Agency, Ministry of Internal Affairs and
Communications, Kyushu University, or Teikyo Hei-
sei University.

Online-Only Material: eTables 1 and 2 and the eAp-
pendix are available at http://www.jama.com.

REFERENCES

1. Wenzel V, Krismer AC, Arntz HR, Sitter H, Stadlbauer
KH, Lindner KH; European Resuscitation Council Va-
sopressor During Cardiopulmonary Resuscitation Study
Group. A comparison of vasopressin and epineph-

1168 JAMA, March 21, 2012—Vol 307, No. 11

rine for out-of-hospital cardiopulmonary resuscitation.
N Engl J Med. 2004;350(2):105-113.

2. Steering Committee of the Physicians’ Health Study
Research Group. Final report on the aspirin compo-
nent of the ongoing Physicians’ Health Study. N Engl
J Med. 1989;321(3):129-135.

3. Trialists Collaboration. Collaborative overview of
randomised trials of antiplatelet therapy, I: preven-
tion of death, myocardial infarction, and stroke by pro-
longed antiplatelet therapy in various categories of pa-
tients: Antiplatelet Trialists' Collaboration. BMJ. 1994;
308(6921):81-106.

4. Nishime EO, Cole CR, Blackstone EH, Pashkow FJ,
Lauer MS. Heart rate recovery and treadmill exercise
score as predictors of mortality in patients referred for
exercise ECG. JAMA. 2000;284(11):1392-1398.

5. Tang W, Weil MH, Sun S, Noc M, Yang L, Gazmuri
RJ. Epinephrine increases the severity of postresusci-
tation myocardial dysfunction. Circulation. 1995;
92(10):3089-3093.

6. Angelos MG, Butke RL, Panchal AR, et al. Cardio-
vascular response to epinephrine varies with increas-
ing duration of cardiac arrest. Resuscitation. 2008;
77(1):101-110.

7. Ristagno G, Sun S, Tang W, Castillo C, Weil MH.
Effects of epinephrine and vasopressin on cerebral mi-
crocirculatory flows during and after cardiopulmo-
nary resuscitation. Crit Care Med. 2007;35(9):
2145-2149.

8. Pearson JW, Redding JS. Epinephrine in cardiac
resuscitation. Am Heart J. 1963;66:210-214.

9. Otto CW, Yakaitis RW. The role of epinephrine in
CPR: a reappraisal. Ann Emerg Med. 1984;13(9 pt 2):
840-843.

10. ECC Committee, Subcommittees, and Task Forces
of the American Heart Association. 2005 American
Heart Association guidelines for cardiopulmonary re-
suscitation and emergency cardiovascular care.
Circulation. 2005;112(suppl 24):1V-1-1V-203.

11. Morrison LJ, Deakin CD, Morley PT, et al; Ad-
vanced Life Support Chapter Collaborators. 2010 In-
ternational Consensus on Cardiopulmonary Resusci-
tation and Emergency Cardiovascular Care Science
With Treatment Recommendations, part 8: ad-
vanced life support. Circulation. 2010;122(16)
(suppl 2):5345-5421.

12. Holmberg M, Holmberg S, Herlitz J. Low chance
of survival among patients requiring adrenaline (epi-
nephrine) or intubation after out-of-hospital cardiac
arrest in Sweden. Resuscitation. 2002:54(1):37-
45.

13. Ong MEH, Tan EH, Ng FSP, et al; Cardiac Arrest
and Resuscitation Epidemiology Study Group. Sur-
vival outcomes with the introduction of intravenous
epinephrine in the management of out-of-hospital car-
diac arrest. Ann Emerg Med. 2007;50(6):635-642.
14. 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(20):2222-2229.

15. Jacobs |G, Finn JC, Jelinek GA, Oxer HF, Thompson
PL. Effect of adrenaline on survival in out-of-hospital
cardiac arrest: a randomized double-blind placebo-
controlled trial. Resuscitation. 2011;82(9):1138-
1143.

16. Kitamura T, Iwami T, Kawamura T, Nagao K,
Tanaka H, Hiraide A; Implementation Working Group
for the All-Japan Utstein Registry of the Fire and Di-
saster Management Agency. Nationwide public-
access defibrillation in Japan. N Engl J Med. 2010;
362(11):994-1004.

17. Ogawa T, Akahane M, Koike S, Tanabe S,
Mizoguchi T, Imamura T. Outcomes of chest com-
pression only CPR vs conventional CPR conducted by
lay people in patients with out of hospital cardiopul-
monary arrest witnessed by bystanders: nationwide
population based observational study. BMJ. 2011;
342:¢7106.

18. Kitamura T, Iwami T, Kawamura T, et al; Imple-
mentation Working Group for All-Japan Utstein Reg-
istry of the Fire and Disaster Management Agency.
Conventional and chest-compression-only cardiopul-
monary resuscitation by bystanders for children who
have out-of-hospital cardiac arrests: a prospective, na-
tionwide, population-based cohort study. Lancet. 2010;
375(9723):1347-1354.

19. Japanese Guidelines for Emergency Care and Car-
diopulmonary Resuscitation. 3rd ed. Tokyo, Japan:
Health Shuppansha; 2007.

20. Cummins RO, Chamberlain DA, Abramson NS,
et al. Recommended guidelines for uniform report-
ing of data from out-of-hospital cardiac arrest: the Ut-
stein style: a statement for health professionals from
a task force of the American Heart Association, the
European Resuscitation Council, the Heart and Stroke
Foundation of Canada, and the Australian Resuscita-
tion Council. Circulation. 1991;84(2):960-975.

21. Jacobs I, Nadkarni V, Bahr J, et al; International
Liaison Committee on Resuscitation; American Heart
Association; European Resuscitation Council; Austra-
lian Resuscitation Council; New Zealand Resuscita-
tion Council; Heart and Stroke Foundation of Canada;
InterAmerican Heart Foundation; Resuscitation Coun-
cils of Southern Africa; ILCOR Task Force on Cardiac
Arrest and Cardiopulmonary Resuscitation Outcomes.
Cardiac arrest and cardiopulmonary resuscitation out-
come reports: update and simplification of the Ut-
stein template for resuscitation registries: a state-
ment for healthcare professionals from a task force of
the International Liaison Committee on Resuscitation.
Circulation. 2004;110:3385-3397.

22. Fire and Disaster Management Agency Guide-
lines for Resuscitation by Emergency Life-
saving Technicians. February 14, 2006. FDMA In-
structions No. 1. http://www.sukagawa119
.jp/d1w_reiki/41897020000100000000
/41897020000100000000/41897020000100000000
.html. Accessed February 24, 2012.

23. Cummins RO, Chamberlain DA, Hazinski MF, et al;
American Heart Association. Recommended guide-
lines for reviewing, reporting, and conducting re-
search on in-hospital resuscitation: the in-hospital “Ut-
stein style.” Circulation. 1997;95(8):2213-2239.
24. Hsieh FY, Bloch DA, Larsen MD. A simple method
of sample size calculation for linear and logistic
regression. Stat Med. 1998;17(14):1623-1634.

25. Joffe MM, Rosenbaum PR. Propensity scores. Am
J Epidemiol. 1999;150(4):327-333.

26. Parsons LS. Reducing Bias in a Propensity Score
Matched-Pair Sample Using Greedy Matching
Techniques. http://www2.sas.com/proceedings
/sugi26/p214-26.pdf#search="propensity score, sas'.
Accessed May 14, 2011.

27. Stiell IG, Wells GA, Field B, et al; Ontario Prehos-
pital Advanced Life Support Study Group. Advanced
cardiac life support in out-of-hospital cardiac arrest.
N Engl ] Med. 2004;351(7):647-656.

28. Bernard SA, Gray TW, Buist MD, et al. Treat-
ment of comatose survivors of out-of-hospital car-
diac arrest with induced hypothermia. N Engl J Med.
2002;346(8):557-563.

29. Grogaard HK, Wik L, Eriksen M, Brekke M, Sunde
K. Continuous mechanical chest compressions dur-
ing cardiac arrest to facilitate restoration of coronary
circulation with percutaneous coronary intervention.
J Am Coll Cardiol. 2007;50(11):1093-1094.

30. Virkkunen |, Paasio L, Ryyndnen S, et al. Pulse-
less electrical activity and unsuccessful out-of-
hospital resuscitation: what is the cause of death?
Resuscitation. 2008;77(2):207-210.

31. Rivers EP, Wortsman J, Rady MY, Blake HC,
McGeorge FT, Buderer NM. The effect of the total cu-
mulative epinephrine dose administered during hu-
man CPR on hemodynamic, oxygen transport, and uti-
lization variables in the postresuscitation period. Chest.
1994;106(5):1499-1507.

©2012 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a University of Arizona Health SciencesLibrary User on 08/16/2012



