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Abstract

The effects of prehospital epinephrine administration on post-arrest neurological outcome in out-of-hospital cardiac arrest
(OHCA) patients with non-shockable rhythm remain unclear. To examine the time-dependent effectiveness of prehospital
epinephrine administration, we analyzed 118,396 bystander-witnessed OHCA patients with non-shockable rhythm from
the prospectively recorded all-Japan OHCA registry between 2011 and 2014. Patients who achieved prehospital return of
spontaneous circulation without prehospital epinephrine administration were excluded. Patients with prehospital epinephrine
administration were stratified according to the time from the initiation of cardiopulmonary resuscitation (CPR) by emergency
medical service (EMS) providers to the first epinephrine administration (<10, 11-19, and >20 min). Patients without pre-
hospital epinephrine administration were stratified according to the time from CPR initiation by EMS providers to hospital
arrival (<10, 11-19, and > 20 min). The primary outcome was 1-month neurologically intact survival (cerebral performance
category 1 or 2; CPC 1-2). Multivariate logistic regression analysis demonstrated that there was no significant difference
in the chance of 1-month CPC 1-2 between patients who arrived at hospital in <10 min without prehospital epinephrine
administration and patients with time to epinephrine administration <19 min. However, compared to patients who arrived
at hospital in <10 min without prehospital epinephrine administration, patients with time to epinephrine administration
>20 min and patients who arrived at hospital in 11-19, and >20 min without prehospital epinephrine administration were
significantly associated with decreased chance of 1-month CPC 1-2 (p <0.05, <0.05, and <0.001, respectively). In conclu-
sion, when prehospital CPR duration from CPR initiation by EMS providers to hospital arrival estimated to be > 11 min,
prehospital epinephrine administered < 19 min from CPR initiation by EMS providers could improve neurologically intact
survival in bystander-witnessed OHCA patients with non-shockable rhythm.

Keywords Out-of-hospital cardiac arrest - Epinephrine - Cardiopulmonary resuscitation - Cardiopulmonary resuscitation
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Introduction

Epinephrine is the first drug administered during cardio-
pulmonary resuscitation (CPR) and is recommended in the
B4 Yoshikazu Goto 2015 CPR guidelines for use in adult cardiac arrest [1, 2].
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no benefit on or reduced long-term survival and neurologi-
cally intact survival [3—14]. Studies examining the associa-
tion between prehospital epinephrine administration and
survival or neurologically intact survival stratifying patients
by initial rhythm (shockable or non-shockable) demonstrated
conflicting results, partially due to a lack of detailed analy-
sis regarding the timing of epinephrine administration, the
inclusion of patients with OHCA achieving prehospital
ROSC without prehospital epinephrine administration, and
in particular, the use of patients without prehospital epineph-
rine administration as a reference, regardless of the prehospi-
tal CPR duration required to hospital arrival [3-10, 14-19].
Although the 2015 CPR guidelines recommend prehospital
epinephrine administration as soon as feasible after onset of
cardiac arrest due to non-shockable rhythm, the effects and
optimal timing of prehospital epinephrine administration on
neurologically intact survival in patients with OHCA with
non-shockable rhythm still remain controversial [1, 2, 17,
19, 20].

This study aimed to test our hypothesis that the effects of
prehospital epinephrine administration differ in patients with
OHCA with non-shockable rhythm according to the time
from the initiation of CPR by emergency medical service
(EMS) providers to the first epinephrine administration in
association with prehospital CPR duration required to hos-
pital arrival.

Materials and methods
Study design and data source

In January 2005, the Fire and Disaster Management
Agency (FDMA) of Japan launched a prospective, nation-
wide, population-based registry based on the Utstein-style
data collection including all patients with OHCA [21, 22].
Using this registry, this observational study enrolled adults
(age > 18 years) for whom resuscitation was attempted after
OHCA between January 2011 and December 2014. Cardiac
arrest was confirmed by victim with unresponsiveness and
the absence of normal breathing [23, 24]. The cause of the
arrest was determined by the physicians in charge and EMS
providers.

This study was approved by the ethics committee of
Kanazawa University, and informed consent was waived
because of the anonymous nature of the data used.

The Japanese EMS system
Japan has approximately 127 million residents occupying an
area of 378,000 km?. Details of the Japanese EMS system

have been described previously [21]. Briefly, the FDMA of
Japan supervises the nationwide EMS system, and local fire
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stations operate the local EMS systems. Emergency lifesav-
ing technicians are allowed to use automated external defi-
brillators (AED), insert of an airway adjunct or a peripheral
intravenous line, and administer Ringer’s Lactate solution.
Only specifically trained emergency lifesaving technicians
are permitted to insert a tracheal tube and administer intrave-
nous epinephrine, following physician instructions conveyed
over phone. All EMS providers perform CPR according to
the Japanese CPR guideline [23]. As EMS providers in
Japan are legally prohibited from terminating resuscitation
in the field, most OHCA patients who receive CPR by EMS
providers are transported to hospital, except in cases where
fatality is certain.

Data collection and quality control

Data were collected prospectively for variables such as age,
sex, cause of arrest, bystander-witness status, bystander CPR
with or without AED, initial cardiac rhythm, bystander cat-
egory. Other variables included whether (a) epinephrine was
administered, (b) advanced airway management techniques
were used, (c) ROSC was achieved before hospital arrival,
combined with the time of (a) the emergency call, (b) ambu-
lance arrival at the scene, (c) CPR initiation by the EMS pro-
viders, (d) ROSC, (e) ambulance arrival at the hospital, (f)
epinephrine administration, (g) shock delivery by the EMS
providers; 1-month survival, and neurological outcome at
1 month after cardiac arrest. The response time was calcu-
lated as the time from the emergency call to the arrival of an
ambulance at the scene. The time to epinephrine administra-
tion was defined as the time from CPR initiation by EMS
providers to the first epinephrine administration. Prehospital
CPR duration was defined as the time from CPR initiation by
EMS providers to ROSC in cases where prehospital ROSC
was achieved or to hospital arrival when prehospital ROSC
was not achieved. Neurological outcome was defined using
the Cerebral Performance Category (CPC) scale: category
1, good cerebral performance; category 2, moderate cerebral
disability; category 3, severe cerebral disability; category 4,
coma or vegetative state; and category 5, death [22]. CPC
categorization was performed by the physician in charge.

Outcome

The primary study outcome was 1-month neurologically
intact survival, defined as a CPC score of 1 or 2 (CPC 1-2).

Statistical analysis

Continuous variables were expressed as medians (inter-
quartile range) or means and standard deviations and
compared using the Wilcoxon and Kruskal-Wallis tests.
Categorical variables were expressed as counts and
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percentages, and differences between groups were com-
pared using the y? test. We classified age into two catego-
ries: <75 and > 75 years according to the latest definition
of elderly by the Japan Gerontological Society and the
Japan Geriatrics Society [25, 26]. We categorized response
time (<6, 7-8, and >9 min), and in patients with pre-
hospital epinephrine administration, time to epinephrine
administration (<10, 11-19, and > 20 min) according
to their first and third quartiles (Table 1) and previous
reports [17, 19]. Patients without prehospital epinephrine
administration or prehospital ROSC may have received
epinephrine after hospital arrival. Therefore, the prehos-
pital CPR duration to hospital arrival which is almost
equivalent to the time from CPR initiation by EMS pro-
viders to the first in-hospital epinephrine administration
was divided into 3 categories (<10, 11-19, and > 20 min),
consistent with the categorization of time to epinephrine
administration. In bystander-witnessed OHCA patients
with non-shockable rhythm (Cohort 1) and those except
for patients who achieved prehospital ROSC without

prehospital epinephrine administration (Cohort 2), mul-
tivariate logistic regression analysis using 8 prehospital
variables, including potential confounders derived based
on biological plausibility and from previous studies, was
performed. We identified factors associated with 1-month
CPC 1-2 and calculated the adjusted odds ratio (OR) and
95% confidence interval (CI). Eight prehospital variables
were used for analysis: age, sex, presumed cardiac etiol-
ogy, initial rhythm (pulseless electrical activity (PEA) or
asystole), bystander CPR, use of advanced airway manage-
ment, response time, the presence or absence of prehospi-
tal epinephrine administration, and the time to epinephrine
administration or the prehospital CPR duration to hospital
arrival. In Cohort 2, several models with different refer-
ences were constructed to evaluate the time-dependent
effectiveness of prehospital epinephrine administration.
Statistical analyses were performed using JMP Pro soft-
ware, version 12.2.0 (SAS Institute, Cary, NC, USA). All
tests were 2-tailed, and p values < 0.05 were considered
statistically significant.

Table 1 Baseline patient characteristics and post-arrest outcomes of all patients and subgroups in Cohort 1

Variable All patients No prehospital epinephrine Prehospital epinephrine p value
(n=124,856)
ROSC No ROSC ROSC No ROSC
(n=6460) (n=91,232) (n=06255) (n=20,909)

Age (years)

Mean+SD 77.0+14.8 75.7+13.9 77.1x15.1 78.0+12.6 76.8+13.9

Median, IQR 80 (70-87) 79 (68-85) 81 (70-87) 81 (72-87) 80 (70-86) <0.001
Male 69,525 (55.7) 3659 (56.6) 49,742 (54.5) 3546 (56.7) 12,578 (60.2) <0.001
Presumed cardiac 65,546 (52.5) 2469 (38.2) 47,652 (52.2) 2830 (45.2) 12,595 (60.2) <0.001

etiology
PEA 49,473 (39.6) 4658 (72.1) 32,652 (35.8) 3012 (48.2) 9151 (43.8) <0.001
Bystander CPR 60,519 (48.5) 3060 (47.4) 43,758 (48.0) 3261 (52.1) 10,440 (49.9) <0.001
Advanced airway 54,744 (43.8) 2076 (32.1) 34,240 (37.5) 4449 (71.1) 13,979 (66.9) <0.001

management use
Response time (min)

Mean=+SD 8.0+3.7 7.1+£3.1 79+3.7 8.0+£3.6 83+3.9

Median, IQR 7 (6-9) 7 (5-8) 7 (6-9) 7 (6-9) 7 (6-10) <0.001
Time to epinephrine administration (min)

Mean+SD 15.0+7.0 N/A N/A 13.2+6.2 15.6+7.1

Median, IQR 14 (10-19) N/A N/A 12 (8-17) 15 (10-20) <0.001
Prehospital CPR duration to prehospital ROSC or to hospital arrival (min)

Mean +SD 22.8+9.6 10.6+7.5 22.7+9.1 19.7+7.4 27.7+9.1

Median, IQR 21 (16-28) 9 (5-15) 21 (16-28) 19 (14-24) 26 (21-33) <0.001
Outcomes

1-month survival 5095 (4.08) 2331 (36.1) 1623 (1.78) 803 (12.8) 338 (1.62) <0.001

1-month CPC 1-2 1416 (1.13) 1006 (15.6) 235 (0.26) 123 (1.97) 52 (0.25) <0.001

Values are number of patients (%) unless indicated otherwise

CPC Cerebral Performance Category scale, CPR cardiopulmonary resuscitation, EMS emergency medical services, /QR interquartile range, N/A
not available, PEA pulseless electrical activity, ROSC return of spontaneous circulation, SD standard deviation
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Results

During the 4-year study period, 506,050 OHCA events
were documented. Out of 496,560 patients with OHCA
with attempted resuscitation by EMS providers, there
were 124,856 bystander-witnessed patients with OHCA
with non-shockable rhythm aged > 18 years (24.7%;
Cohort 1). Following the exclusion of 6460 patients from
Cohort 1 who achieved prehospital ROSC without pre-
hospital epinephrine administration, 118,396 patients
with OHCA were eligible for analysis (23.4%; Cohort 2)
(Fig. 1). Baseline patient characteristics and post-arrest
outcomes of all patients and subgroups of Cohort 1 are
shown in Table 1. The rate of 1-month CPC 1-2 in all
patients was 1.13% (1416/124,856) in Cohort 1. Patients
who achieved prehospital ROSC without prehospital epi-
nephrine administration were younger, with a lower inci-
dence of presumed cardiac etiology and use of advanced
airway management, a higher proportion of PEA, a shorter
response time and prehospital CPR duration, and a consid-
erably higher 1-month survival rate and CPC 1-2 rate than
other groups. In Cohort 1, multivariate logistic regression

analysis revealed that older age, use of advanced airway
management, and prehospital epinephrine administration
were negatively associated with 1-month CPC 1-2. PEA
and shorter response time were positively associated with
1-month CPC 1-2 (Table 2).

In Cohort 2, the rates of 1-month CPC 1-2 were 0.90%
(71/7895) in patients with prehospital epinephrine admin-
istration with time to epinephrine administration <10 min,
0.66% (85/12,886) for 11-19 min, 0.30% (19/6383) for
>20 min, and 0.65% (29/4465) in patients without prehos-
pital epinephrine administration with prehospital CPR dura-
tion to hospital arrival <10 min, 0.37% (124/33,506) for
11-19 min, 0.15% (82/53,261) for >20 min (p <0.001). Mul-
tivariate logistic regression analysis revealed that there was
no significant difference in 1-month CPC 1-2 rates between
patients who arrived at hospital in <10 min without pre-
hospital epinephrine administration and patients with time
to epinephrine administration <19 min. Furthermore, com-
pared to patients who arrived at hospital in < 10 min without
prehospital epinephrine administration, patients with time to
epinephrine administration > 20 min, patients who arrived
at hospital in 11-19, and >?20 min without prehospital epi-
nephrine administration were significantly associated with

All OHCA patients from 2011 to 2014 in Japan
n =506,050

No resuscitation attempt, n = 9,490
1-month outcome unknown, n=7

Age <18 years old or unknown, n = 6,371
Un-witnessed arrest, n = 286,841
EMS-witnessed arrest, n = 39,943

Initial shockable rhythm, n = 21,238

v

v

Initial ECG data unknown, n = 5,565
Shock delivery by layperson, n = 1,754
Subsequent shockable rhythm, n = 6,379
Inappropriate time variables, n = 3,606

Bystander-witnessed OHCA patients with non-shockable rhythm, age >18 years old, n = 124,856 (Cohort1)
1-month CPC 1-2,n = 1,416 (1.13%)

¥

1
No prehospital epinephrine, n = 97,692
1-month CPC 1-2,n = 1,241 (1.27%)

1
Prehospital epinephrine, n = 27,164
1-month CPC 1-2,n = 175(0.64%)

v &
| 1 1 1
Prehospital ROSC No prehospital ROSC Prehospital ROSC No prehospital ROSC
n = 6,460 n =91,232 n = 6,255 n = 20,909
1-month CPC 1-2 1-month CPC 1-2 1-month CPC 1-2 1-month CPC 1-2
n=1,006(15.6%) n =235 (0.26%) n =123 (1.97%) n=52(0.25%)
¥ v v

Bystander-witnessed OHCA patients with non-shockable rhythm, age 218 years old,
except for those who achieved prehospital ROSC without prehospital epinephrine, n = 118,396 (Cohort 2)

Fig. 1 Study flowchart with relevant outcomes. CPC Cerebral Performance Category scale, ECG electrocardiography, EMS emergency medical
service, OHCA out-of-hospital cardiac arrest, ROSC return of spontaneous circulation
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Table 2 Factors associated with 1-month neurologically intact sur-
vival in Cohort 1 (n=124,856)

Variable Adjusted OR (95% CI)

Age (=75 years) 0.55 (0.49-0.61)

Male 1.07 (0.96-1.20)
Presumed cardiac etiology 1.06 (0.95-1.18)
PEA 6.25 (5.49-7.14)
Bystander CPR 0.94 (0.84-1.04)

Advanced airway management use 0.51 (0.45-0.57)
Response time
<6 min (n=48,398)
7-8 min (n=35,000)
>9 min (n=41,458)

Presence of prehospital epinephrine admin-
istration

1.76 (1.54-2.03)
1.30 (1.11-1.52)
Reference

0.55 (0.47-0.65)

Neurologically intact survival was defined as a Cerebral Performance
Category 1 or 2

CI confidence interval, CPR cardiopulmonary resuscitation, OR odds
ratio, PEA pulseless electrical activity

decreased chance of 1-month CPC 1-2 (p <0.05, <0.05, and
<0.001, respectively) (Fig. 2; Table 3, model 1). Compared
to patients who arrived at hospital in 11-19 min without
prehospital epinephrine administration, patients with time to
epinephrine administration <19 min were significantly asso-
ciated with increased chance of 1-month CPC 1-2 (Table 3,
model 2). Compared to patients who arrived at hospital in
>20 min without prehospital epinephrine administration,

patients with prehospital epinephrine administration, irre-
spective of the timing, were significantly associated with
increased chance of 1-month CPC 1-2 (Table 3, model 3).
Time to epinephrine administration <10 and 11-19 min
increased the chance of 1-month CPC 1-2 compared with
time to epinephrine administration >20 min (Table 3, model
6).

Discussion

In this nationwide, population-based observational study of
OHCA in Japan, when prehospital CPR duration from CPR
initiation by EMS providers to hospital arrival was > 11 min,
prehospital epinephrine administered <19 min from CPR
initiation by EMS providers improved neurologically intact
survival in bystander-witnessed OHCA patients with non-
shockable rhythm.

To our knowledge, this is the first and largest study
demonstrating that prehospital epinephrine administered
<19 min from CPR initiation by EMS providers improved
or at least had no harmful effects on neurologically intact
survival, defined as a CPC score of 1 or 2, in patients with
OHCA with non-shockable rhythm (Table 3). Nakahara
et al. reported that prehospital epinephrine administration
improved overall survival but not neurologically intact sur-
vival in patients with OHCA with non-shockable rhythm
[16]. However, the timing of prehospital epinephrine admin-
istration was not considered. In a further study, the authors

Adjusted OR (95% ClI) CPC 3-5 CPC 12 P value
Patients with prehospital epinephrine administration ;
Time to epinephrine administration
<10 min 1.47 (0.95 - 2.35) v—l—+ 0.086
11-19 min 111 (0.72 - 1.75) *—I—' 0.641
>20 min 0.55 (0.30 - 1.00) — <0.05
Patients without prehospital epinephrine administration
CPR duration to hospital arrival i
<10 min reference -
11-19 min 0.65 (0.44 - 0.99) r—.—( <0.05
>20 min 0.29 (0.19 - 0.46) , —l— X <0.001
0.1 1.0 10.0

Fig.2 Adjusted odds ratios (OR) and 95% confidence intervals (CI)
of the presence or absence of prehospital epinephrine administration
for 1-month neurologically intact survival in association with time to
epinephrine administration and cardiopulmonary resuscitation (CPR)
duration to hospital arrival in Cohort 2 (Table 3, model 1). Neuro-
logically intact survival was defined as a Cerebral Performance Cat-
egory (CPC) 1 or 2. Patients with prehospital epinephrine administra-
tion were categorized according to the time from CPR initiation by
emergency medical service (EMS) providers to the first epinephrine

Adjusted OR (95% CI)

administration (time to epinephrine administration <10, 11-19, and
>?20 min), and patients without prehospital epinephrine administra-
tion were categorized according to the time from CPR initiation by
EMS providers to hospital arrival (CPR duration to hospital arrival
<10, 11-19, and >20 min). Adjusted ORs were calculated using a
predefined set of seven potential confounders: age, sex, cardiac etiol-
ogy, initial rhythm, bystander CPR, use of advanced airway manage-
ment, response time
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Table 3 Adjusted odds ratios and 95% confidence

(n=118,396)

intervals of prehospital variables for 1-month neurologically intact survival in Cohort 2

Variable

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

Age (=75 years)
Male

Presumed cardiac etiology

0.48 (0.40-0.59)
0.96 (0.79-1.18)
1.04 (0.86-1.27)

0.48 (0.40-0.59)
0.96 (0.79-1.18)
1.04 (0.86-1.27)

PEA 2.72 (2.22-3.35) 2.72 (2.22-3.35)

Bystander CPR 1.06 (0.87-1.28) 1.06 (0.87-1.28)

Advanced airway management 0.96 (0.78-1.18) 0.96 (0.78-1.18)
use

Response time
<6 min (n=45,306)
7-8 min (n=33,214)
>9 min (n=39,876)
Presence or absence of prehospital epinephrine administration

1.63 (1.28-2.10)
1.23 (0.93-1.63)
Reference

1.63 (1.28-2.10)
1.23 (0.93-1.63)
Reference

Patients with prehospital epinephrine administration

Time to epinephrine admin- 1.47 (0.95-2.35) 2.28 (1.67-3.08)
istration
<10 min (n=7895)
Time to epinephrine admin-
istration
11-19 min (n=12,886)
Time to epinephrine admin-
istration
>20 min (n=6383)
Patients without prehospital epinephrine administration
CPR duration to hospital 1.55 (1.01-2.29)
arrival
<10 min (n=4465)
CPR duration to hospital
arrival
11-19 min (n=33,506)
CPR duration to hospital
arrival
>20 min (n=53,261)

1.11 (0.72-1.75) 1.71 (1.28-2.28)

0.55 (0.30-1.00) 0.86 (0.51-1.37)

Reference

0.65 (0.44-0.99) Reference

0.48 (0.40-0.59)
0.96 (0.79-1.18)
1.04 (0.86-1.27)
2.72 (2.22-3.35)
1.06 (0.87-1.28)
0.96 (0.78-1.18)

0.48 (0.40-0.59)
0.96 (0.79-1.18)
1.04 (0.86-1.27)
272 (2.22-3.35)
1.06 (0.87-1.28)
0.96 (0.78-1.18)

0.48 (0.40-0.59)
0.96 (0.79-1.18)
1.04 (0.86-1.27)
2.72 (2.22-3.35)
1.06 (0.87-1.28)
0.96 (0.78-1.18)

0.48 (0.40-0.59)
0.96 (0.79-1.18)
1.04 (0.86-1.27)
2.72 (2.22-3.35)
1.06 (0.87-1.28)
0.96 (0.78-1.18)

1.63 (1.28-2.10)
1.23 (0.93-1.63)
Reference

5.01 (3.61-6.93) Reference

3.77 (2.77-5.13) 0.75 (0.55-1.04) Reference

3.40 (2.17-5.18) 0.68 (0.43-1.06) 0.90 (0.57-1.38)

2.20 (1.66-2.92) 0.44 (0.32-0.60) 0.58 (0.44-0.78)

0.29 (0.19-0.46) 0.45 (0.34-0.60) Reference

1.63 (1.28-2.10)
1.23 (0.93-1.63)
Reference

1.63 (1.28-2.10)
1.23 (0.93-1.63)
Reference

1.63 (1.28-2.10)
1.23 (0.93-1.63)
Reference

1.33(0.97-1.82) 2.66 (1.63-4.55)

2.00 (1.24-3.40)

1.88 (1.11-3.04) 0.38 (0.22-0.61) 0.50 (0.29-0.80) Reference

1.80 (1.00-3.33)

1.17 (0.73-1.97)

0.20 (0.14-0.28) 0.27 (0.19-0.36) 0.53 (0.33-0.90)

Neurologically intact survival was defined as a Cerebral Performance Category 1 or 2

CPR cardiopulmonary resuscitation, PEA pulseless electrical activity

reported that early epinephrine administration, defined
as within 10 min from CPR initiation by EMS providers,
improved survival but not neurologically intact survival
in patients with OHCA with non-shockable rhythm [19].
Recently, Hansen et al. reported that early epinephrine
administration (time in minutes as continuous variable)
improved neurologically intact survival in patients with
OHCA with non-shockable rhythm [20]. However, the
study analyzed only patients with epinephrine administra-
tion. Goto et al. demonstrated that in patients with OHCA
with non-shockable rhythm, prehospital epinephrine admin-
istration <20 min from CPR initiation by EMS providers
was significantly associated with a higher ratio of 1-month
survival than that of patients without epinephrine admin-
istration. However, 1-month neurologically intact survival
rate in OHCA patients with epinephrine administration

@ Springer

> 10 min was significantly lower than that in patients with-
out epinephrine administration [17]. In the present study,
early prehospital epinephrine administration (time to epi-
nephrine administration < 10 and 11-19 min) increased the
chance of 1-month CPC 1-2 compared to late epinephrine
administration (time to epinephrine administration > 20 min)
in bystander-witnessed OHCA patients with non-shock-
able rhythm (Table 3, model 6). Furthermore, compared
to patients who arrived at hospital in 11-19 or >20 min
without prehospital epinephrine administration, patients
with time to epinephrine administration <19 min were sig-
nificantly associated with increased chance of 1-month CPC
1-2 (Table 3, models 2 and 3). These conflicting results were
attributable to differences in the inclusion and exclusion cri-
teria between the present study and previous studies. Goto
et al. and other studies [3-10, 14, 16-18] investigated the
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association between prehospital epinephrine administration
and post-arrest outcome without excluding patients with
OHCA who achieved prehospital ROSC without prehospital
epinephrine administration. In the present study, prehospital
epinephrine administration was negatively associated with
neurologically intact survival on including these patients
(Table 2). However, these patients had more favorable fac-
tors associated with achieving neurologically intact survival
and considerably higher neurologically intact survival rate as
previously reported [19] (15.6% in the present study, Fig. 1;
Tables 1, 2). Therefore, patients achieving prehospital ROSC
without prehospital epinephrine administration should be
excluded when examining the effects of prehospital epineph-
rine administration. In these patients with a low incidence
of cardiac etiology and high proportion of PEA (Table 1),
elimination of reversible causes may be more effective than
epinephrine administration. Tomio et al. reported that pre-
hospital epinephrine administration is favorably associated
with neurologically intact survival in patients with OHCA
with asystole but not in those with PEA [18]. After exclud-
ing patients achieving prehospital ROSC without prehospital
epinephrine administration, we examined the time-depend-
ent effectiveness of prehospital epinephrine administration
in patients in whom epinephrine was assumed to be neces-
sary to reverse cardiac arrest. Furthermore, previous studies
used “patients without prehospital epinephrine administra-
tion” as a reference, regardless of the prehospital CPR dura-
tion required to hospital arrival [3—-10, 14, 16-18]. Patients
who did not receive prehospital epinephrine in the prehospi-
tal setting may have received epinephrine later at the hospi-
tal. Therefore, there was a lack of information regarding the
timing of in-hospital epinephrine administration upon arrival
to the emergency department. To address this methodologi-
cal limitation, we stratified the “patients without prehospital
epinephrine administration” group according to prehospital
CPR duration to hospital arrival, which is almost equivalent
to the time from CPR initiation by EMS providers to the first
in-hospital epinephrine administration. Using these novel
stratification methods, we found that epinephrine admin-
istration <19 min from CPR initiation by EMS providers
had beneficial effects or at least had no harmful effects on
neurologically intact survival in bystander-witnessed OHCA
patients with non-shockable rhythm. Conceivably, the deci-
sion to administer epinephrine to patients with OHCA in the
prehospital setting or to transport these patients to a hospi-
tal without prehospital epinephrine administration depends
on prehospital CPR duration required to hospital arrival.
Prehospital epinephrine administration requires intravas-
cular access and interruption of high-quality CPR. There-
fore, we suggest that if EMS providers are able to transport
patients to a hospital within 10 min providing high-quality
CPR, transport might be given priority. However, median or
mean CPR duration to hospital arrival was >20 min among

patients with OHCA with non-shockable rhythm without
prehospital ROSC (Table 1). Accordingly, prehospital epi-
nephrine administration <19 min, if possible <10 min,
should be attempted to achieve neurologically intact survival
for most patients with OHCA with non-shockable rhythm.

The major limitation to this study is that patients with pre-
hospital epinephrine administration were not assigned based
on randomized selection. Second, excluding OHCA patients
achieving prehospital ROSC without prehospital epineph-
rine administration results in a bias favoring the group with
epinephrine administration because some patients may have
achieved ROSC without epinephrine administration in this
group. Third, we did not evaluate the association between
total doses of epinephrine and post-arrest outcome because
we did not have detailed cumulative doses of epinephrine,
including in-hospital dosages. Fourth, we investigated only
patients with non-shockable rhythm because defibrillation is
recommended as a first-line treatment for shockable rhythm;
optimal timing of epinephrine administration in relation to
the timing of defibrillation may vary according to patient
factors and resuscitation conditions and is difficult to deter-
mine [1]. Fifth, patients with rhythm conversion from initial
non-shockable to shockable rhythm and subsequent shock
delivery in prehospital setting were also excluded to elimi-
nate the effects of prehospital defibrillation [27]. Finally,
high-quality CPR performed by EMS providers may extend
the effective time window for epinephrine administration.
Unfortunately, we did not have sufficient data to allow us
to perform further risk adjustment (e.g., quality of EMS
providers, comorbid disease, location of cardiac arrest, and
in-hospital medication). These limitations are attributable to
the retrospective study design. To validate the results of this
study and to establish the target population for the admin-
istration of prehospital epinephrine to improve neurologi-
cally intact survival, a well-designed, placebo controlled,
double-blind, randomized control trial with a large sample
evaluating the efficacy of epinephrine administration and
optimal administration timing is required. An ongoing ran-
domized trial in the United Kingdom comparing epinephrine
and placebo for patients with OHCA may provide further
insight into epinephrine administration (PARAMEDIC 2:
ISRCTN73485024) [28].

Conclusions

When prehospital CPR duration from CPR initiation by
EMS providers to hospital arrival estimated to be > 11 min,
prehospital epinephrine administration < 19 min from CPR
initiation by EMS providers could improve neurologically
intact survival in bystander-witnessed OHCA patients with
non-shockable rhythm. The decision to administer epineph-
rine to OHCA patients with non-shockable rhythm in the
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prehospital setting or to transport these patients to a hospital
without prehospital epinephrine administration depends on
the prehospital CPR duration required to hospital arrival.
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