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INTRODUCTION

Resuscitation guidelines recommend the use of epinephrine 

as part of advanced life support (ALS) for cardiac arrest. Early 
administration of epinephrine is recommended as soon as 
possible for patients with non-shockable rhythm; in patients 
with shockable rhythm, defibrillation needs to be performed 
first, while epinephrine is recommended if defibrillation 
fails.1,2 In several countries, epinephrine can be used in pre-
hospital settings. A recent randomized, double-blind trial 
comparing epinephrine to the placebo control group found 
improved survival at 30 days.3 However, epinephrine did not 
improve neurological outcomes, consistent with previous ran-
domized studies.4,5

In Korea, epinephrine used to be administered to patients 
after arrival at the hospital, as the emergency medical technician 
(EMT) could not use epinephrine according to the law. Since 
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2014, EMTs have used epinephrine under medical control, as 
reported in a pilot project on smartphone-based advanced life 
support (SALS).6,7 This approach reportedly significantly im-
proved favorable neurological outcomes, from 1.9% to 6.9%, 
compared to the approach used during the pre-intervention pe-
riod. The SALS project consisted of multidisciplinary interven-
tions, including not only prehospital epinephrine administra-
tion but also advanced airway, video-based medical control, 
and multiple ambulance dispatch; therefore, it was difficult to 
differentiate the effect of epinephrine.

This study aimed to compare the outcomes of out-of-hospi-
tal cardiac arrest (OHCA) in patients who received epinephrine 
only after arriving at the hospital and those who received epi-
nephrine at the scene in Korea. The authors hypothesized that 
prehospital epinephrine is associated with improved survival 
rate and neurologic outcomes when administered to OHCA pa-
tients.

MATERIALS AND METHODS 

Study design and setting
A retrospective observational analysis was performed using data 
from the Korean Cardiac Arrest Research Consortium (Ko-
CARC) registry from October 2015 to June 2020. The KoCARC is 
a nationwide OHCA research registry based on the Utstein tem-
plates and a hospital-based collaborative research network. 
The KoCARC registry included OHCA patients transported to 
the participating emergency departments (ED) via emergency 
medical services (EMS) with resuscitation efforts and those with 
a presumed medical etiology identified by emergency physi-
cians. The registry excluded patients with a terminal illness doc-
umented in medical records, patients under hospice care, preg-
nant patients, and patients with a previously documented “Do 
Not Resuscitate” card. Patients with cardiac arrest due to defi-
nite non-medical etiologies were also excluded, including trau-
ma, drowning, poisoning, burns, asphyxia, or hanging. Informa-
tion about the KoCARC database, data elements, and quality 
assurance has been previously published.8 The data were col-
lected via a standardized form and uploaded to a web-based 
electronic database registry; the quality of this registry is con-
trolled by the quality management committee.8,9 

Study population and data extraction
From the KoCARC registry, we excluded patients who were 
aged <18 years, those who were transferred from other hospitals 
to the enrolled hospital, those who did not receive epinephrine 
after arrival at the ED, and those without information about ex-
tracted variables: age, sex, witnessed, arrest location, bystander 
CPR status, first monitored electrocardiography (ECG) rhythm, 
prehospital defibrillation, prehospital advanced airway place-
ment, ambulance dispatch type, prehospital return of sponta-
neous circulation (ROSC), survival at hospital discharge, neu-

rological outcome at discharge, and prehospital epinephrine 
use. In this study, all patients who arrived at the hospital with 
cardiac arrest were administered epinephrine. Therefore, the 
difference between the two groups was whether epinephrine 
was administered during the prehospital stage or after arriving 
at the hospital.

Outcome variables
The primary outcome was survival to hospital discharge. The 
secondary outcome was a favorable neurological outcome de-
fined as a cerebral performance category (CPC) of 1 or 2 at the 
time of hospital discharge. Patients had a CPC of “1” if they had 
good cerebral performance and were conscious, alert, and able 
to work with a possible mild neurologic or psychological defi-
cit. Patients had a CPC of “2” if they had a moderate cerebral 
disability and were conscious, had sufficient cerebral function 
for independent daily life activities, and were able to work in 
sheltered environments. This performance scale indicates mor-
tality at a CPC of 5, defined as death or brain death.

Statistical analysis
The KoCARC registry compiled and released data with a stan-
dard spreadsheet application (Excel 2016; Microsoft, Redmond, 
WC, USA). The patients who presented with cardiac arrest at 
the ED and received epinephrine during CPR were classified 
into two groups according to whether they received epineph-
rine at the scene or not. Propensity score (PS) matching was 
performed to reduce selection bias between the groups. Mul-
tivariable logistic regression analysis was used to calculate the 
estimated PS for survival from OHCA in each patient. Patient 
characteristics including age, sex, initial ECG rhythm, witness, 
bystander CPR, prehospital defibrillation, ambulance dispatch 
type, and prehospital airway placement were included in the 
multivariable analysis. PS matching was performed without re-
placement using the nearest neighbor method with a maximum 
caliper of 0.1 to generate matched 1:1 pairs.

The clinical characteristics of the study population were 
summarized using the mean±SD for continuous variables 
and the numbers with a percentage for categorical variables. 
The standardized mean differences were calculated to com-
pare the group differences and assess the balance of the clini-
cal characteristics of patients before and after PS matching. A 
standardized difference of ≤0.15 suggested an appropriate 
balance between the covariates. After PS matching, multivari-
able logistic regression analysis was performed to investigate 
the effect of prehospital epinephrine administration on surviv-
al to discharge and neurological outcome. For sensitivity analy-
sis, PS matching was repeated for patients with non-shockable 
rhythms.

Data analyses were performed using the SAS program (ver-
sion 9.4, SAS Institute Inc., Cary, NC, USA) and R software for 
Windows (version 4.0.3; R Foundation for Statistical Comput-
ing, Vienna, Austria). Statistical significance was set at p<0.05.
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Ethics statement
This study protocol was reviewed and approved by the Institu-
tional Review Board (IRB) of the 62 participating hospitals in 
the KoCARC OHCA registry. Informed consent was waived by 
the IRB of Severance Hospital, Yonsei University Health System 
(3-2015-0290). This research project was registered at Clinical-
Trials.gov (identifier: NCT03222999).

RESULTS

Among 12321 OHCA patients on whom resuscitation was at-
tempted during the study period, 6085 patients (49.3%) were fi-
nally included except for pediatric patients aged <18 years who 
did not receive epinephrine at the hospital, and the main vari-
ables were unknown (Fig. 1). Prehospital epinephrine was ad-
ministered to 1085 patients (17.8%). The baseline characteris-
tics of the overall population and the PS-matched population 
are shown in Table 1. Before matching, all variables except for 

Table 1. Baseline Characteristics of the Overall Population and PS-Matched Cohort Stratified by Prehospital Epinephrine Use

Variables

Overall population PS-matched cohort
No prehospital 

epinephrine 
(n=5000)

Prehospital 
epinephrine 

(n=1085)
SMD p value

No prehospital 
epinephrine 

(n=1084)

Prehospital 
epinephrine 

(n=1084)
SMD p value

Age (yr) 70.3±15.1 67.6±15.2 -0.175 <0.001 68.9±14.9 67.6±15.2 -0.080 0.060
Sex <0.001 0.963

Male 3104 (62.1) 747 (68.8)  0.146 748 (69.0) 746 (68.8) -0.004
Female 1896 (37.9) 338 (31.2) -0.146 336 (31.0) 338 (31.2)  0.004

Initial ECG <0.001 0.207
Non-shockable 4831 (96.6) 1022 (94.2) -0.104 1035 (95.5) 1021 (94.2) -0.005
Shockable 169 (3.4) 63 (5.8)  0.104 49 (4.5) 63 (5.8)  0.005

Witness <0.001 0.667
No 2754 (55.1) 532 (49.0) -0.121 521 (48.1) 532 (49.1)  0.020
Yes 2246 (44.9) 553 (51.0)  0.121 563 (51.9) 552 (50.9) -0.020

Arrest place   0.981 0.208
Home 3742 (74.8) 813 (74.9) -0.002 838 (77.3) 812 (74.9)  0.055
Not home 1258 (25.2) 272 (25.1)  0.002 246 (22.7) 272 (25.1) -0.055

Bystander CPR <0.001 0.058
None 2537 (50.7) 673 (62.0)  0.233 690 (63.7) 672 (62.0) -0.034
Hands-only 227 (4.5) 25 (2.3) -0.149 11 (1.0) 25 (2.3)  0.086
Standard 2236 (44.7) 387 (35.7) -0.189 383 (35.3) 387 (35.7)  0.008

Prehospital defibrillation <0.001 0.242
No 4195 (83.9) 785 (72.4) -0.258 810 (74.7) 785 (72.4) -0.052
Yes 805 (16.1) 300 (27.6)  0.258 274 (25.3) 299 (27.6)  0.052

Ambulance team <0.001 0.817
Single 2366 (47.3) 182 (16.8) -0.818 177 (16.3) 182 (16.8)  0.012
Multiple 2634 (52.7) 903 (83.2)  0.818 907 (83.7) 902 (83.2) -0.012

Prehospital advanced airway <0.001 0.559
No 850 (17.0) 41 (3.8) -0.690 35 (3.2) 41 (3.8)  0.029
Yes 4150 (83.0) 1044 (96.2)  0.690 1049 (96.8) 1043 (96.2) -0.029

PS, propensity score; SMD, standardized mean difference; ECG, electrocardiography; CPR, cardiopulmonary resuscitation.
Data are presented as mean±SD or n (%).

Resuscitation attempted OHCA
n=12321

Included to analysis
n=6085

Prehospital epinephrine
n=1085

No prehospital epinephrine
n=5000

      Under 18 years n=295
      No hospital epi. n=539
      Missing variables n=5402

PS matching
n=1084

PS matching
n=1084

PS matching: non-shockable
n=1021

PS matching: non-shockable
n=1021

Fig. 1. Study flow chart. OHCA, out-of-hospital cardiac arrest; PS, propen-
sity score.



190

Effect of Epinephrine on Cardiac Arrest Outcomes

https://doi.org/10.3349/ymj.2022.63.2.187

the arrest location–age, sex, initial ECG rhythm, witnessed, by-
stander CPR, prehospital defibrillation, and ambulance dis-
patch type–showed significant differences between the two 
groups. After the PS matching procedure, 1084 matched pairs 
were selected between the prehospital epinephrine and no epi-
nephrine users. The differences in baseline characteristics re-
lated to OHCA were well-balanced between the PS-matched 
cohort (Table 1).

Survival rate to hospital discharge was significantly lower in 
the prehospital epinephrine group, in both overall (4.7% v.s 
2.4%, p=0.001) and PS-matched cohort (5.2% vs. 2.4%, p=0.002), 
while prehospital ROSC was significantly higher in the prehos-
pital epinephrine group before (2.3% vs. 9.9%, p<0.001) and af-
ter matching (2.7% vs. 9.9%, p<0.001). However, no statistical 
significance was observed between groups for the good neuro-
logical outcome (Table 2).

Multivariable logistic regression analysis using the PS-
matched cohort revealed that survival to discharge was signifi-
cantly decreased in the prehospital epinephrine group [odds 
ratio (OR) 0.415, 95% confidence interval (CI) 0.250–0.670, 
p<0.001]. However, no statistical significance was observed for 
the good neurological outcome (OR 0.548, 95% CI 0.258–1.123, 
p=0.105) (Table 3). Factors independently associated with sur-
vival and good neurological outcome at discharge were age, 
witness, and prehospital defibrillation (Fig. 2).

For the patient subgroups with non-shockable rhythm, 1021 
PS-matched pairs were analyzed with a multivariable logistic 
regression model. Administration of prehospital epinephrine 
was associated with lower survival to hospital discharge (OR 
0.514, 95% CI 0.306–0.844, p=0.010), while it showed no associ-
ation with good neurological outcome (OR 0.709, 95% CI 0.323–
1.529, p=0.382).

DISCUSSION

The PS-matched analysis using a nationwide multicenter OHCA 
registry in Korea showed an association between prehospital 
epinephrine use and poor survival to discharge, even though 
there was a higher rate of prehospital ROSC. Moreover, the use 
of prehospital epinephrine was not associated with neurologi-
cal outcomes. After adjusting for possible confounders, pre-
hospital epinephrine was still associated with unfavorable sur-
vival outcomes.

The issue regarding the effectiveness of prehospital epi-
nephrine administration has been controversial. A meta-anal-
ysis combining two randomized controlled trials showed that 
prehospital epinephrine administration was associated with 
increased survival to hospital discharge rate (OR 1.43, 95% CI 
1.10–1.87).10,11 The number of patients who would need treat-
ment with epinephrine to prevent death following OHCA was 
calculated to be 112;3 however, prehospital epinephrine was 
associated with a low survival rate in this study. Previous stud-
ies have reported that prehospital epinephrine use adversely 
affects the survival rate.12-14 The reason for such different results 
between studies is presumed to be due to the different systems 
and performance of each prehospital EMS.

Although statistical significance was not demonstrated in 
this study, several studies have consistently reported that pre-
hospital epinephrine use did not improve the neurological 
outcome. In the study conducted by Michelland, et al.15 in 
France, non-traumatic OHCA patients who underwent early 
ALS did not show improvement in their neurological outcomes 
compared to those who underwent basic life support alone. A 
systematic review including 14 observational studies reported 
that prehospital epinephrine administration significantly in-
creased the probability of ROSC (OR, 2.86), but decreased the 
rate of good neurological outcome at hospital discharge (OR, 
0.51).16 The reason why epinephrine administration worsens 
neurological outcomes despite a higher ROSC is not fully un-

Table 2. Comparison of Outcomes according to Prehospital Epinephrine Use in the Cohorts before and after Propensity Score Matching

Variable

Before matching After matching (1:1)
No prehospital 

epinephrine 
(n=5000)

Prehospital 
epinephrine 

(n=1085)
p value

No prehospital 
epinephrine 

(n=1084)

Prehospital 
epinephrine 

(n=1084)
p value

Survival to discharge   0.001   0.002
No 4764 (95.3) 1059 (97.6) 1028 (94.8) 1058 (97.6)
Yes 236 (4.7) 26 (2.4) 56 (5.2) 26 (2.4)

Good neurological outcome   0.310   0.293
No 4916 (98.3) 1072 (98.8) 1064 (98.2) 1071 (98.8)
Yes 84 (1.7) 13 (1.2) 20 (1.8) 13 (1.2)

Prehospital ROSC <0.001 <0.001
No 4883 (97.7) 978 (90.1) 1055 (97.3) 977 (90.1)
Yes 117 (2.3) 107 (9.9) 29 (2.7) 107 (9.9)

ROSC, return of spontaneous circulation.
Data are presented n (%).
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derstood. However, the brain is more sensitive to ischemic re-
perfusion injury from cardiac arrest and has lesser ability to 
recover functionally than other organs, including the heart.17 
The rationale for using epinephrine in cardiac arrest is the in-

crease in coronary and cerebral perfusion associated with the 
α-adrenergic effect. However, epinephrine also has detrimental 
effects after cardiac arrest, including myocardial dysfunction, 
increased metabolic demand, ventricular arrhythmias, and ab-
normalities in the cerebral microcirculation.18,19

Several studies have suggested that the earlier the adminis-
tration of epinephrine, the better the prognosis. For every min-
ute epinephrine is administered to a patient from the time of ar-
rival of EMS at the scene, the probability of survival decreases by 
4%.20 Studies have shown that prehospital epinephrine should 
be administered within 20 minutes to patients with non-shock-
able rhythm to improve survival or neurological outcome.21-23 
Those in the prehospital epinephrine group in this study showed 
poor survival rate even though epinephrine was administered 
earlier than the control group, who received epinephrine at a 
more delayed time after hospital arrival. The epinephrine group 
had a higher prehospital ROSC rate, but these patients did not 
survive until hospital discharge. A similar result was obtained 
when the subgroup with non-shockable rhythm, known to be 
more susceptible to epinephrine, was separately analyzed.

One of the possible reasons of poor outcome for prehospital 

Table 3. Multivariable Logistic Regression Analysis Using Propensity Score-Matched Cohort

Variable
Survival to discharge Good neurological outcome

OR (95% CI) p value OR (95% CI) p value
Epinephrine

No ref ref
Yes 0.415 (0.250–0.670) <0.001 0.548 (0.258–1.123)   0.105

Age 0.967 (0.952–0.982)   0.001 0.959 (0.936–0.983)   0.001
Sex

Male ref ref  
Female 0.618 (0.310–1.139)   0.144 0.598 (0.173–1.592)   0.164

Initial ECG
Non-shockable ref ref
Shockable 0.773 (0.338–1.600)   0.512 0.998 (0.355–2.427)   0.764

Witness
No ref ref
Yes 2.219 (1.336–3.804)   0.003 2.563 (1.134–6.567)   0.033

Bystander CPR
None ref ref
Hands-only 0.678 (0.037–3.530)   0.713 1.434 (0.076–8.179)   0.739
Standard 0.901 (0.531–1.486)   0.690 0.704 (0.274–1.606)   0.431

Prehospital defibrillation
No ref ref
Yes 3.957 (2.415–6.599) <0.001 14.384 (5.364–50.073) <0.001

Ambulance team
Single ref ref
Multiple 1.149 (0.632–2.244)   0.224 0.968 (0.405–7.907)   0.169

Prehospital advanced airway
No ref ref
Yes 2.479 (0.884–5.945)   0.058 3.272 (0.705–11.266)   0.083

OR, odds ratio; CI, confidence interval; ECG, electrocardiography; CPR, cardiopulmonary resuscitation; ref, reference.

Pre epinephrine
Age

Female
Shockable

Witness
Hands only CPR

Standard CPR

Pre. defibrillation
Multiple ambulance

Advanced airway

0.1                         1.0                        10.0
LogOR

  Survival
  Neurological

Fig. 2. ORs with 95% confidence intervals of survival and neurological out-
comes for each variable from multivariable logistic regression analysis af-
ter propensity score matching. OR, odds ratio; CPR, cardiopulmonary re-
suscitation; pre, prehospital.
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epinephrine group is a longer scene time interval (STI). Many 
studies have been conducted on the association between the 
STI and neurological outcome in cardiac arrest patients. Coute, 
et al.24 reported that the probability of worsening neurological 
outcomes increased when the STI exceeded 20 min in patients 
with bystander-witnessed OHCA. Park, et al.25 reported that 
continuing CPR for more than 15 min on the scene was associ-
ated with a decreased chance of survival and good neurological 
outcomes in refractory OHCA patients with a shockable rhythm. 
Goto, et al.26 reported that a call-to-hospital arrival time of less 
than 24 minutes was associated with favorable neurological 
outcomes at 1-month in OHCA patients transported to hospi-
tals without a prehospital ROSC. Jang, et al.27 reported that an 
STI greater than 19 min was associated with poor neurologic 
outcomes at hospital discharge. In this study, the STI in the pre-
hospital epinephrine group was 22.3±8.6 min, which was sig-
nificantly longer than that in the no-epinephrine group at 12.2± 
6.3 min. However, the effect of STI on survival or neurological 
outcome could not be included in the regression model, since 
there were a lot of missing values.

The reason for the improvement in survival and neurologi-
cal outcome reported in the SALS pilot project in Korea may 
not be explained by prehospital epinephrine use. Perhaps, it 
seems to be due to the overall effect of multidisciplinary bun-
dled interventions and smartphone-based medical control. 
However, in this study, multiple ambulance dispatch and place-
ment of a prehospital advanced airway were not statistically 
associated with favorable survival and neurological outcomes. 
Therefore, additional studies are required to differentiate the 
beneficial effects of bundled interventions in the SALS project.

This study had several limitations. First, the patients adminis-
tered epinephrine were not assigned in a randomized manner. 
Although we performed a statistical adjustment for confound-
ers with a PS matching, unmeasured confounders could not be 
managed. Second, we did not have sufficient variables to allow 
us to perform further risk adjustment (e.g., CPR quality of EMS 
providers and administration timing of epinephrine). Third, 
important variables, such as the STI and targeted temperature 
management, had many missing values (46% and 17%, respec-
tively), making it difficult to include the variables in the regres-
sion model to evaluate their association with the OHCA out-
come. Fourth, the results may not be generalizable. Therefore, 
caution is needed when applying these results to other coun-
tries with different EMS systems. ALS procedures and drug ad-
ministration by EMTs are not routinely performed in Korea.

In conclusion, this study suggested that prehospital epineph-
rine was associated with decreased survival rates in OHCA pa-
tients, but not statistically associated with neurological out-
comes. Further research is required to investigate the reason for 
the detrimental effect of epinephrine administered at the scene, 
and to guide better indication and regimen for prehospital epi-
nephrine use in Korea. 

ACKNOWLEDGEMENTS

We would like to acknowledge and thank investigators from 
all participating hospitals of the KoCARC: Woon Yong Kwon 
(Seoul National University Hospital), Sang Kuk Han, Phil Cho 
Choi (Kangbuk Samsung Medical Center), Sang O Park, Jong 
Won Kim (Konkuk University Medical Center), Han Sung 
Choi, Jong Seok Lee (KyungHee University Hospital), Sung 
Hyuk Choi, Young Hoon Yoon (Korea University Guro Hospi-
tal), Su Jin Kim, Kap Su Han (Korea University Anam Hospi-
tal), Min Seob Sim, Gun Tak Lee (Samsung Medical Center), 
Shin Ahn (Asan Medical Center), Jong Whan Shin, Hui Jai Lee 
(SMG-SNU Boramae Medical Center), Keun Hong Park, Hahn 
Bom Kim (Seoul Medical Center), Yoo Seok Park (Yonsei Uni-
versity Severance Hospital), Chu Hyun Kim (Inje University 
Seoul Paik Hospital), Youngsuk Cho (Hallym University Kang-
dong Sacred Heart Hospital), Gu Hyun Kang, Yong Soo Jang 
(Hallym University Kangnam Sacred Heart Hospital), Tai Ho 
Im, Jae Hoon Oh (Hanyang University Seoul Hospital), Seok 
Ran Yeom, Sung Wook Park (Pusan National University Hos-
pital), Jae Hoon Lee (Dong-A University Hospital), Jae Yun 
Ahn (Kyungpook National University Hospital), Kyung Woo 
Lee, Tae Chang Jang (Daegu Catholic University Medical Cen-
ter), Jae-hyug Woo (Gachon University Gil Medical Center), 
Woon Jeong Lee, Seon Hee Woo (The Catholic University of 
Korea Incheon St. Mary’s Hospital), Sung Hyun Yun, Jin Won 
Park (Catholic Kwandong University International St. Mary’s 
Hospital), Sun Pyo Kim, Yong Jin Park (Chosun University 
Hospital), Jin Woong Lee, Wonjoon Jeong (Chungnam Na-
tional University Hospital), Sung Soo Park, Jae Kwang Lee 
(Konyang University Hospital), Ryeok Ahn, Wook Jin Choi 
(Ulsan University Hospital), Young Gi Min, Eun Jung Park 
(Ajou University Hospital), You Hwan Jo, Joong Hee Kim 
(Seoul National University Bundang Hospital), In Byung Kim, 
Ki Ok Ahn (Myongji Hospital), Han Jin Cho (Korea University 
Ansan Hospital), Seung Cheol Lee, Sang Hun Lee (Dongguk 
University Ilsan Hospital), Young Sik Kim (Bundang Jesaeng 
Hospital), Jin Sik Park (Sejong Hospital), Dai Han Wi (Wonk-
wang University Sanbon Hospital), Ok Jun Kim, Min Woo 
Kang (Cha University Bundang Medical Center), Sang Ook 
Ha, Won Seok Yang (Hallym University Pyeongchon Sacred 
Heart Hospital), Soon Joo Wang, Hang A Park (Hallym Uni-
versity Dongtan Sacred Heart Hospital), Jun Hwi Cho, Chan 
Woo Park (Kangwon National University Hospital), An Mu 
Eob, Tae Hun Lee (Hallym University Chuncheon Sacred Heart 
Hospital), Sang Chul Kim, Hoon Kim (Chungbuk National Uni-
versity Hospital), Han Joo Choi , Chan Young Koh (Dankook 
University Hospital), Hyung Jun Moon, Dong Kil Jeong (Soonc-
hunhyang University Cheonan Hospital), Tae Oh Jung, Jae 
Chol Yoon (Chonbuk National University Hospital), Seung 
Yong Lee, Young Tae Park (Dongguk University Gyeongju 
Hospital), Jin Hee Jeong, Soo Hoon Lee (Gyeongsang National 
University Hospital), Ji Ho Ryu, Mun Ki Min (Pusan National 



193

Eunah Han, et al.

https://doi.org/10.3349/ymj.2022.63.2.187

University Yangsan Hospital ), Won Kim, Yi Sang Moon (Cheju 
Halla General Hospital), Sung Wook Song, Woo Jung Kim 
(Jeju National University Hospital), Joon-myoung Kwon, Eui 
Hyuk Kang (Mediplex Sejong Hospital), Sang Chan Jin, Tae-
kwon Kim (Keimyung University Dongsan Medical Center), 
Hyuk Joong Choi (Hanyang University Guri Hospital), Seong 
Chun Kim (Gyeongsang National University Changwon Hos-
pital), In Soo Cho (Hanil General Hospital).

To the steering committee, comprised of following individ-
uals: Sung Oh Hwang (Chair, Wonju Severance Christian Hos-
pital), Sang Do Shin (Chair of Steering Committee, Seoul Na-
tional University Hospital), Hyuk Jun Yang (Advisory Committee, 
Gachon University Gil Hospital), Sung Woo Lee (Security and 
Monitoring Board, Korea University Anam Hospital), Kyung 
Jun Song (Secretariat, SMG-SNU Boramae Medical Center), 
Seung Sik Hwang (Epidemiology and Prevention Research 
Committee, Seoul National University), Gyu Chong Cho (Com-
munity Resuscitation Research Committee, Hallym University 
Kangdong Sacred Heart Hospital), Hyun Wook Ryoo (Emergen-
cy Medical Service Resuscitation Research Committee, Kyung-
pook National University Hospital), Kyoung Chul Cha (Hospital 
Resuscitation Research Committee, Wonju Severance Chris-
tian Hospital), Won Young Kim (Hypothermia and Post-Resus-
citation Care Research Committee, Asan Medical Center), Sang 
Hoon Na (Cardiac Care Resuscitation Research Committee, 
Seoul National University Hospital), Young Ho Kwack (Pediat-
ric Resuscitation Research Committee, Seoul National Univer-
sity Hospital).

To the member of Secretariat: Jeong Ho Park (Seoul Nation-
al University Hospital), Sun Young Lee (Seoul National Uni-
versity Hospital), and Sung Kyung Kim (Seoul National Uni-
versity Hospital)

To the National Fire Agency for providing prehospital EMS 
data.

And to the Korean Association of Cardiopulmonary Resus-
citation (KACPR) for support to this study.

AUTHOR CONTRIBUTIONS

Conceptualization: Sung Phil Chung. Data curation: Eunah Han, 
Goeun Park, and Sujee Lee. Formal analysis: Sung Phil Chung, Goeun 
Park, and Sujee Lee. Investigation: Eunah Han and Sung Phil Chung. 
Methodology: Goeun Park and Sujee Lee. Project administration: 
Sung Phil Chung. Resources: KoCARC investigators. Software: Eunah 
Han, Goeun Park, and Sujee Lee. Supervision: Sung Phil Chung and 
Incheol Park. Validation: Sung Phil Chung and Incheol Park. Visual-
ization: Sung Phil Chung, Goeun Park, and Sujee Lee. Writing—origi-
nal draft: Eunah Han. Writing—review & editing: Taeyoung Kong, Je 
Sung You, Incheol Park, and Sung Phil Chung. Approval of final man-
uscript: all authors.

ORCID iDs

Eunah Han https://orcid.org/0000-0001-7928-3901
Taeyoung Kong https://orcid.org/0000-0002-4182-7245

Je Sung You https://orcid.org/0000-0002-2074-6745
Incheol Park https://orcid.org/0000-0001-7033-766X 
Goeun Park https://orcid.org/0000-0002-6670-5500
Sujee Lee https://orcid.org/0000-0002-2473-3693
Sung Phil Chung https://orcid.org/0000-0002-3074-011X

REFERENCES

1. Panchal AR, Bartos JA, Cabañas JG, Donnino MW, Drennan IR, 
Hirsch KG, et al. Part 3: adult basic and advanced life support: 
2020 American Heart Association Guidelines for cardiopulmo-
nary resuscitation and emergency cardiovascular care. Circulation 
2020;142:S366-468.

2. Soar J, Böttiger BW, Carli P, Couper K, Deakin CD, Djärv T, et al. 
European Resuscitation Council Guidelines 2021: adult advanced 
life support. Resuscitation 2021;161:115-51.

3. Perkins GD, Ji C, Deakin CD, Quinn T, Nolan JP, Scomparin C, et 
al. A randomized trial of epinephrine in out-of-hospital cardiac ar-
rest. N Engl J Med 2018;379:711-21.

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

5. Olasveengen TM, Wik L, Sunde K, Steen PA. Outcome when adren-
aline (epinephrine) was actually given vs. not given-post hoc analy-
sis of a randomized clinical trial. Resuscitation 2012;83:327-32.

6. Kim GW, Lee DK, Kang BR, Jeong WJ, Lee CA, Oh YT, et al. A multi-
disciplinary approach for improving the outcome of out-of-hospital 
cardiac arrest in South Korea. Eur J Emerg Med 2020;27:46-53.

7. Kim C, Choi HJ, Moon H, Kim G, Lee C, Cho JS, et al. Prehospital 
advanced cardiac life support by EMT with a smartphone-based 
direct medical control for nursing home cardiac arrest. Am J Emerg 
Med 2019;37:585-9.

8. Kim JY, Hwang SO, Shin SD, Yang HJ, Chung SP, Lee SW, et al. Ko-
rean Cardiac Arrest Research Consortium (KoCARC): rationale, 
development, and implementation. Clin Exp Emerg Med 2018;5: 
165-76.

9. Perkins GD, Jacobs IG, Nadkarni VM, Berg RA, Bhanji F, Biarent D, 
et al. Cardiac arrest and cardiopulmonary resuscitation outcome 
reports: update of the Utstein resuscitation registry templates for 
out-of-hospital cardiac arrest: a statement for healthcare profes-
sionals from a task force of the International Liaison Committee 
on Resuscitation (American Heart Association, European Resus-
citation Council, Australian and New Zealand Council on Resus-
citation, Heart and Stroke Foundation of Canada, InterAmerican 
Heart Foundation, Resuscitation Council of Southern Africa, Re-
suscitation Council of Asia); and the American Heart Association 
Emergency Cardiovascular Care Committee and the Council on 
Cardiopulmonary, Critical Care, Perioperative and Resuscitation. 
Resuscitation 2015;96:328-40.

10. Ng KT, Teoh WY. The effect of prehospital epinephrine in out-of-
hospital cardiac arrest: a systematic review and meta-analysis. Pre-
hosp Disaster Med 2019;34:532-9.

11. Holmberg MJ, Issa MS, Moskowitz A, Morley P, Welsford M, Neu-
mar RW, et al. Vasopressors during adult cardiac arrest: a systemat-
ic review and meta-analysis. Resuscitation 2019;139:106-21.

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

13. Dumas F, Bougouin W, Geri G, Lamhaut L, Bougle A, Daviaud F, et 
al. Is epinephrine during cardiac arrest associated with worse out-
comes in resuscitated patients? J Am Coll Cardiol 2014;64:2360-7.



194

Effect of Epinephrine on Cardiac Arrest Outcomes

https://doi.org/10.3349/ymj.2022.63.2.187

14. Hagihara A, Hasegawa M, Abe T, Nagata T, Wakata Y, Miyazaki S. 
Prehospital epinephrine use and survival among patients with out-
of-hospital cardiac arrest. JAMA 2012;307:1161-8.

15. Michelland L, Adnet F, Escutnaire J, Baker C, Hubert H, Chevret S. 
Association between early advanced life support and good neuro-
logical outcome in out of hospital cardiac arrest: a propensity score 
analysis. J Eval Clin Pract 2020;26:1013-21.

16. Loomba RS, Nijhawan K, Aggarwal S, Arora RR. Increased return 
of spontaneous circulation at the expense of neurologic outcomes: 
is prehospital epinephrine for out-of-hospital cardiac arrest really 
worth it? J Crit Care 2015;30:1376-81.

17. Casas AI, Geuss E, Kleikers PWM, Mencl S, Herrmann AM, Buen-
dia I, et al. NOX4-dependent neuronal autotoxicity and BBB break-
down explain the superior sensitivity of the brain to ischemic dam-
age. Proc Natl Acad Sci U S A 2017;114:12315-20.

18. Deakin CD, Yang J, Nguyen R, Zhu J, Brett SJ, Nolan JP, et al. Effects 
of epinephrine on cerebral oxygenation during cardiopulmonary 
resuscitation: a prospective cohort study. Resuscitation 2016;109: 
138-44.

19. Ristagno G, Sun S, Tang W, Castillo C, Weil MH. Effects of epineph-
rine and vasopressin on cerebral microcirculatory flows during and 
after cardiopulmonary resuscitation. Crit Care Med 2007;35:2145-9.

20. Hansen M, Schmicker RH, Newgard CD, Grunau B, Scheuermeyer 
F, Cheskes S, et al. Time to epinephrine administration and surviv-
al from nonshockable out-of-hospital cardiac arrest among chil-
dren and adults. Circulation 2018;137:2032-40.

21. Goto Y, Maeda T, Goto Y. Effects of prehospital epinephrine during 

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

22. Funada A, Goto Y, Tada H, Shimojima M, Hayashi K, Kawashiri 
MA, et al. Effects of prehospital epinephrine administration on 
neurologically intact survival in bystander-witnessed out-of-hospi-
tal cardiac arrest patients with non-shockable rhythm depend on 
prehospital cardiopulmonary resuscitation duration required to 
hospital arrival. Heart Vessels 2018;33:1525-33.

23. Fukuda T, Ohashi-Fukuda N, Inokuchi R, Kondo Y, Taira T, Kukita I. 
Timing of intravenous epinephrine administration during out-of-
hospital cardiac arrest. Shock 2021;56:709-17.

24. Coute RA, Nathanson BH, Kurz MC, McNally B, Mader TJ. The as-
sociation between scene time interval and neurologic outcome 
following adult bystander witnessed out-of-hospital cardiac ar-
rest. Am J Emerg Med 2021;46:628-33.

25. Park HA, Ahn KO, Lee EJ, Park JO, on behalf of the Korean Cardiac 
Arrest Research Consortium KoCARC Investigators. Association 
between survival and time of on-scene resuscitation in refractory 
out-of-hospital cardiac arrest: a cross-sectional retrospective study. 
Int J Environ Res Public Health 2021;18:496.

26. Goto Y, Maeda T, Nakatsu-Goto Y. Neurological outcomes in pa-
tients transported to hospital without a prehospital return of spon-
taneous circulation after cardiac arrest. Crit Care 2013;17:R274.

27. Jang DH, Jo YH, Park SM, Lee KJ, Kim YJ, Lee DK. Association of 
the duration of on-scene advanced life support with good neuro-
logical recovery in out-of-hospital cardiac arrest. Am J Emerg Med 
2021;50:486-91.

 


