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ABSTRACT

Background: Since the declaration of the coronavirus disease 2019 (COVID-19) pandemic, 
COVID-19 has affected the responses of emergency medical service (EMS) systems to cases of 
out-of-hospital cardiac arrest (OHCA). The purpose of this study was to identify the impact 
of the COVID-19 pandemic on EMS responses to and outcomes of adult OHCA in an area of 
South Korea.
Methods: This was a retrospective observational study of adult OHCA patients attended by 
EMS providers comparing the EMS responses to and outcomes of adult OHCA during the 
COVID-19 pandemic to those during the pre-COVID-19 period. Propensity score matching 
was used to compare the survival rates, and logistic regression analysis was used to assess the 
impact of the COVID-19 pandemic on the survival of OHCA patients.
Results: A total of 891 patients in the pre-COVID-19 group and 1,063 patients in the 
COVID-19 group were included in the final analysis. During the COVID-19 period, the EMS 
call time was shifted to a later time period (16:00–24:00, P < 0.001), and the presence of an 
initial shockable rhythm was increased (pre-COVID-19 vs. COVID-19, 7.97% vs. 11.95%, P 
= 0.004). The number of tracheal intubations decreased (5.27% vs. 1.22%, P < 0.001), and 
the use of mechanical chest compression devices (30.53% vs. 44.59%, P < 0.001) and EMS 
response time (median [quartile 1-quartile 3], 7 [5–10] vs. 8 [6–11], P < 0.001) increased. After 
propensity score matching, the survival at admission rate (22.52% vs. 18.24%, P = 0.025), 
survival to discharge rate (7.77% vs. 5.52%, P = 0.056), and favorable neurological outcome 
(5.97% vs. 3.49%, P < 0.001) decreased. In the propensity score matching analysis of the 
impact of COVID-19, odds ratios of 0.768 (95% confidence interval [CI], 0.592–0.995) for 
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survival at admission and 0.693 (95% CI, 0.446–1.077) for survival to discharge were found.
Conclusion: During the COVID-19 period, there were significant changes in the EMS 
responses to OHCA. These changes are considered to be partly due to social distancing 
measures. As a result, the proportion of patients with an initial shockable rhythm in the 
COVID-19 period was greater than that in the pre-COVID-19 period, but the final survival rate 
and favorable neurological outcome were lower.

Keywords: Emergency Medical Services; Out-of-Hospital Cardiac Arrest; COVID-19

INTRODUCTION

Since the World Health Organization declared the coronavirus disease 2019 (COVID-19) a 
pandemic on 11 March 2020, COVID-19 has affected not only individual patients' health but 
also public health, including the emergency medical service (EMS) system.1 According to a 
report from the United States, the number of emergency department (ED) visits declined by 
23% for myocardial infarction, 20% for stroke, and 10% for hyperglycemic crisis compared 
with the 10-week period preceding the pandemic declaration.2 This decrease and change in 
medical service use has also been reported in Korea.3,4

COVID-19 has also had a profound effect on patients with out-of-hospital cardiac arrest 
(OHCA), a time-sensitive medical emergency.5,6 In the survival of OHCA patients, when 
the “chain of survival” steps, including early recognition and activation of EMS, prompt 
provision of bystander cardiopulmonary resuscitation (CPR) and use of an automated 
external defibrillator (AED), which are well linked, successful outcomes can be expected.7 
However, the pandemic appears to have disrupted the system of care for OHCA patients, even 
in regions with a low prevalence of COVID-19.8 A study in the United States found that the 
pandemic had an indirect negative impact on OHCA patients, with less bystander CPR, delays 
in EMS response times, and reduced survival from OHCA, even in communities with a low 
incidence of COVID-19.9 Another study in France found a higher rate of OHCA at home, less 
bystander CPR, and longer delays to intervention.10

South Korea has had a low incidence of COVID-19 thus far and continues social distancing.11 
However, the impact of the COVID-19 pandemic on the OHCA system of care and outcomes 
has rarely been a focus. The purpose of this study was to identify the potential impact of 
the COVID-19 pandemic on EMS response times to OHCA and to compare the outcomes of 
OHCA patients during the pre-COVID-19 and COVID-19 periods in an area of South Korea.

METHODS

Study design
This was a retrospective observational study of adult OHCA patients attended by EMS 
providers in the Busan, Ulsan, Gyeongnam, and Changwon regions in South Korea, 
which was conducted by members of Regionalization and Research of EMS in Yeongnam 
(RREMSY), a local EMS research group. This study compared the OHCA cases during the 
COVID-19 period to those during the pre-COVID-19 period. The pre-COVID-19 and COVID-19 
periods were defined as from 1 November 2019 to 31 January 2020 and from 1 November 2020 
to 31 January 2021, respectively.
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All patients with OHCA during the study periods were eligible for inclusion. Patients were 
excluded if they were less than 18 years old, if resuscitation was not attempted due to obvious 
signs of death or if they had a valid do-not-resuscitate order. Patients who were pulseless 
because of trauma, intoxication, or drowning were excluded.

Study setting
The Busan, Ulsan, Gyeongnam, and Changwon regions, located in southeastern South Korea, 
consist of two metropolitan cities (Busan, Ulsan), one city (Changwon), and one province 
(Gyeongnam), with a total population of 792 million, spread over almost 12,369 km2.12

The EMS system in the region, which is government-based and single-tiered, provides basic 
to intermediate levels of EMS, such as supraglottic airway insertion, tracheal intubation and 
basic life support from fire agency headquarters. The EMS resuscitation protocol introduces 
multiple dispatches (two or more ambulance teams), provides on-site CPR and transports 
patients to an ED in an ambulance with ongoing CPR. EMS providers cannot stop CPR 
unless the patient has return of spontaneous circulation (ROSC), either on-site or during 
transportation to the ED, and only physicians in hospital EDs can declare death.13

After 1 November 2019, some authorized EMS providers in the region started to provide 
advanced life support by administering intravenous epinephrine under the direct medical 
oversight of medical directors via mobile video calls as a pilot project to expand the scope of 
EMS providers' services.14 Mechanical CPR devices are available for prolonged cardiac arrests 
and select patients. During both study periods, this change was applied equally.

The first confirmed case of COVID-19 in Busan was reported on 21 February 2020. To reduce EMS 
provider exposure to COVID-19, it was recommended that personal protective equipment (PPE) 
be put on before entering a scene, the number of dispatched personnel be limited, and the use 
of mechanical chest compression devices be considered. In addition, it was recommended that 
high-efficiency particulate air filter respirators be used for all ventilation procedures and that 
an EMS provider intubate with the highest chance of first-pass success and, if intubation was 
delayed, to consider the use of a supraglottic airway according to the guideline.15 Unlike EMS 
systems in other countries where the volume of confirmed COVID-19 patients was large, there 
were no significant behavior changes in the EMS and medical directions in Korea, as COVID-19 
confirmed cases in the region occurred at a level that quarantine could control.

Data sources
Prehospital data on all dispatches of EMS are collected and managed by regional fire 
agencies electronically from scene-dispatched EMS providers. For cases where resuscitation 
is performed, the EMS providers file a prehospital cardiac arrest patient care report. In this 
study, anonymous prehospital data were collected from the four headquarters of the national 
fire agencies by submitting a research proposal. In-hospital data were collected from treating 
hospital EDs (76 EDs during the pre-COVID-19 period and 69 EDs during the COVID-19 
period). Data on daily confirmed COVID-19 cases were obtained from the Korea Disease 
Control and Prevention Agency.16

Variables and measurements
Data for the patient variables of age, sex, and medical history, including a history of 
hypertension, diabetes, stroke, cardiac disease, pulmonary disease, liver disease, renal 
disease, and malignancy, were collected.
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The following data were collected as bystander variables: cardiac arrest place (residence, 
public, nursing facility, or ambulance), EMS call time (08:00-16:00, 16:00-24:00, or 00:00-
08:00), bystander-witnessed or not, bystander (family member, nonfamily member, or EMS 
provider), bystander CPR or not, and bystander AED use or not.

Data for the EMS variables of the presence of an initial shockable rhythm on scene, the 
use of advanced airway management (I-gel/supraglottic airway, tracheal intubation, or no 
advanced airway management), the use of mechanical chest compression devices, the use of 
epinephrine, and EMS process time (response, scene, and transport times) were collected. 
EMS response, scene and transport times were defined as the time elapsed from the call to 
EMS to EMS arrival at the scene, from EMS arrival at the scene to EMS departure from the 
scene, and from EMS departure from the scene to EMS arrival at the ED, respectively.

Data for the hospital variables of the presence of an initial shockable rhythm, ROSC at any 
time, survival at admission, survival to discharge, and favorable neurological outcome were 
collected. ROSC at any time was defined as whether there was a pulse at any time during 
in-hospital CPR regardless of the patient's survival. Survival at admission and survival 
to discharge were defined as the case in which a patient survived until admission to the 
intensive care unit and until hospital discharge, respectively. Favorable neurological outcome 
was defined by cerebral performance category 1 or 2.17

Main outcomes
The primary outcome of the study was the neurological outcome of OHCA patients. The 
secondary outcome of the study was the survival to discharge of OHCA patients. Both the 
primary outcome and the secondary outcome were compared for the pre-COVID-19 and 
COVID-19 periods.

Statistical analysis
Descriptive analysis was performed to examine the distribution of variables. Continuous 
variables are presented as the mean and standard deviation (SD) or median and interquartile 
range (IQR), and categorical variables are presented as frequencies and proportions. In 
the comparison of the two groups, differences in continuous variables were assessed using 
the independent t-test or Mann-Whitney test, and differences in categorical variables were 
assessed using the chi-square (χ2) test as appropriate. Propensity score matching was used 
to compare the survival rates of OHCA patients in the pre-COVID-19 and COVID-19 periods. 
The variables used in matching were the following: age, sex, cardiac disease, malignancy, 
cardiac arrest place (public), bystander-witnessed, bystander CPR, bystander AED use, the 
presence of an initial shockable rhythm on scene, and EMS process time. Logistic regression 
analysis was used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) to assess 
the effect of the COVID-19 pandemic on the survival of OHCA patients. All statistical analyses 
were performed using SPSS 26.0 (SPSS, Inc., Chicago, IL) and SAS 9.4 (SAS Institute Inc., 
Cary, NC, USA). A two-sided P value of <0.05 was considered statistically significant.

Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board 
of Gyeongsang National University Changwon Hospital (approval no. 2021-02-008). The 
requirement for informed consent from patients was waived because the study was a 
retrospective analysis of existing data.
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RESULTS

A total of 2,844 adult OHCA patients were eligible for CPR during the study period. Patients 
who did not meet the inclusion criteria (448 in the pre-COVID-19 group and 442 in the 
COVID-19 group) were excluded, and 891 OHCA patients in the pre-COVID-19 group and 
1,063 in the COVID-19 group were included in the final analysis (Fig. 1).

Characteristics of adult OHCA patients during the pre-COVID-19 and 
COVID-19 periods
The COVID-19 group was older (P = 0.047) and had a lower proportion of patients with 
cardiac disease (P = 0.033) (Table 1). The daily incidences of confirmed COVID-19 cases and 
adult OHCA in the study area during the COVID-19 period are shown in Fig. 2.

Neurological outcomes of adults with OHCA during the pre-COVID-19 and 
COVID-19 periods
The favorable neurological outcome decreased from 6.06% to 3.59% (P < 0.001) (Table 1). 
After propensity score matching, it decreased from 5.97% to 3.49% (P < 0.001) (Table 2).

The survival to discharge of adults with OHCA during the pre-COVID-19 and 
COVID-19 periods
The survival to discharge rate decreased from 7.86% to 5.46% (P = 0.030) (Table 1). After 
propensity score matching, it decreased from 7.77% to 5.52% (P = 0.056) (Table 2). In the 
analysis of the impact of COVID-19 after propensity score matching, an adjusted OR of 0.693 
(95% CI, 0.446–1.007) for survival to discharge was found (Table 3). The survival outcomes 
for the two groups are shown in Fig. 3.

Prehospital response to adult OHCA during the pre-COVID-19 and COVID-19 
periods
In the COVID-19 period, there were more EMS calls in the 16:00-24:00 and 00:00-08:00 time 
periods than in the pre-COVID-19 period (P < 0.001). In the COVID-19 period, the use of tracheal 
intubation was decreased (P < 0.001), and the use of mechanical chest compression devices was 
increased (P < 0.001). The EMS response and transport times were increased (P < 0.001) (Table 1).

DISCUSSION

This study found significant changes in the prehospital response to and outcomes of adult OHCA 
during the COVID-19 period in an area of South Korea. To the best of our knowledge, this is the first 
study to identify prehospital responses to and outcomes of adult OHCA in South Korea during the 
COVID-19 period. Although the difference was small, the COVID-19 group of OHCA patients was 
older. During the COVID-19 period, the numbers of OHCA patients with an initial shockable rhythm 
on scene and EMS calls in the later time period were higher than those in the pre-COVID-19 period. 
Furthermore, during the COVID-19 period, there were changes in the practices of EMS providers, 
such as a decrease in the number of tracheal intubations and an increase in the use of mechanical 
chest compression devices and EMS response time. As a result, survival rates decreased.

In this study, an increased number of cardiac arrests in residences and a decreased number of 
cardiac arrests in public places were observed during the COVID-19 period, and these results 
are consistent with those of other studies. In a study in Australia in which the incidence of 
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1,339 OHCA patients attended to by EMS

1,036 Adult OHCA patients attended to by EMS

1,062 Adult patients with cardiac arrest of medical etiology

Busan 591 Ulsan 149 Gyeongnam 445 Changwon 154

277 Excluded due to
trauma, intoxication, drowning,
obvious death, pediatrics, DNR

Busan 503 Ulsan 108 Gyeongnam 335 Changwon 116

26 Excluded as they occurred
in health care facility

staffed with a physician

8 Excluded with obvious death on ED arrival

1,028 Adult OHCA patients attended to by EMS
137 Excluded with 
duplicate data (3)

missing inhospital dataa (27)
refusal to provide data (107)

891 Adult OHCA patients attended to by EMS were enrolled

Study cohort during the pre-COVID-19 periodA

1,505 OHCA patients attended to by EMS

1,181 Adult OHCA patients attended to by EMS

1,214 Adult patients with cardiac arrest of medical etiology

Busan 636 Ulsan 193 Gyeongnam 503 Changwon 173

291 Excluded due to
trauma, intoxication, drowning,
obvious death, pediatrics, DNR

Busan 537 Ulsan 152 Gyeongnam 389 Changwon 136

33 Excluded as they occurred
in health care facility

staffed with a physician

12 Excluded with
obvious death on ED arrival (10) and DNR (2)

1,169 Adult OHCA patients attended to by EMS
106 Excluded with 
duplicate data (5)

missing inhospital dataa (12)
refusal to provide data (89)

1,063 Adult OHCA patients attended to by EMS were enrolled

Study cohort during COVID-19 periodB

Fig. 1. Definition of the study cohort. (A) Study cohort during the pre-COVID-19 period. (B) Study cohort during COVID-19 period. 
OHCA = out-of-hospital cardiac arrest, EMS = emergency medical service, ED = emergency department, DNR = do not resuscitate. 
aPrehospital emergency medical service data exist, but no record of patients visiting the ED exists.



COVID-19 was low, the rate of public-place cardiac arrests decreased from 20.8% to 10.0%.18 
The increase in the number of cardiac arrests in residences would have been because patients 
stayed at home more with the emphasis on social distancing. Before COVID-19, older 
people, in particular, were able to spend time at senior centers. However, since the COVID-19 
pandemic began, many of these facilities have closed.
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Table 1. Characteristics of adult out-of-hospital cardiac arrest during the pre-COVID-19 and COVID-19 periods
Variables Pre-COVID-19 group (n = 891) COVID-19 group (n = 1,063) P value
Patient variables

Age, yra 70.07 ± 15.06 71.05 ± 14.98 0.047*
Age, yrb 73 (60–81) 75 (62–82)
Sex (male %) 577 (64.76) 647 (60.87) 0.076
Medical history

Hypertension 235 (26.37) 305 (28.69) 0.254
Diabetes 175 (19.64) 193 (18.16) 0.403
Stroke 77 (8.64) 74 (6.96) 0.166
Cardiac disease 159 (17.85) 152 (14.3) 0.033*
Pulmonary disease 52 (5.84) 90 (8.47) 0.026*
Liver disease 16 (1.8) 20 (1.88) 0.888
Renal disease 38 (4.26) 40 (3.76) 0.572
Malignancy 76 (8.53) 121 (11.38) 0.037*

Bystander variables
Cardiac arrest place 0.079

Residence 592 (66.44) 761 (71.59)
Public 192 (21.55) 204 (19.19)
Nursing facility 41 (4.6) 37 (3.48)
Ambulance 66 (7.41) 61 (5.74)

EMS call time (24 hr) < 0.001***
08:00–16:00 396 (44.44) 351 (33.02)
16:00–24:00 290 (32.55) 435 (40.92)
00:00–08:00 205 (23.01) 277 (26.06)

Bystander-witnessed 414 (46.46) 470 (44.21) 0.320
Bystander 0.061

Family member 517 (58.02) 666 (62.65)
Nonfamily member 280 (31.43) 283 (26.62)
EMS provider 94 (10.55) 114 (10.72)

Bystander CPR 541 (60.72) 636 (59.83) 0.690
Bystander AED use 97 (10.89) 91 (8.56) 0.083

EMS variables
Initial shockable rhythm 71 (7.97) 127 (11.95) 0.004*
Advanced airway management < 0.001***

I-gel/supraglottic airway 638 (71.6) 952 (89.56)
Tracheal intubation 47 (5.27) 13 (1.22)
No advanced airway 
management

206 (23.12) 98 (9.22)

Mechanical chest compression 
device

272 (30.53) 474 (44.59) < 0.001***

Epinephrine use 147 (16.5) 190 (17.87) 0.423
EMS process time, minb

1) EMS response time 7 (5–10) 8 (6–11) < 0.001***
2) EMS scene time 14 (10–18) 14 (11–18) 0.627
3) EMS transport time 6 (4–10) 7 (4–12) < 0.001***

Hospital variables
Initial shockable rhythm 104 (11.67) 72 (6.77) < 0.001***
ROSC at any time 271 (30.42) 291 (27.38) 0.004**
Survival at admission 201 (22.56) 196 (18.44) 0.024*
Survival to discharge 70 (7.86) 58 (5.46) 0.030*
Favorable neurological outcome 54 (6.06) 38 (3.57) < 0.001***

Variables are presented as the mean ± standard deviationa, median (quartile 1-quartile 3)b and number (%). 
COVID-19 = coronavirus disease 2019, EMS = emergency medical services, CPR = cardiopulmonary resuscitation, 
AED = automated external defibrillator, ROSC = return of spontaneous circulation.



The EMS call time shifted to a later time period in the COVID-19 period. In addition, the 
number of cases in which a family member was the first responder increased. However, the 
number of witnessed cardiac arrests decreased. In cases in which the family member was the 
first responder, it is presumed that the family member arrived home after work, found the 
patient, and called EMS. Several studies have reported that the number of witnessed cardiac 
arrests declined during the COVID-19 pandemic, even though many people stayed at home. 
According to a study in the United States, during the COVID-19 pandemic, the number of 
cardiac arrests in residences increased from 63% to 76%, while the number of witnessed 
cardiac arrests decreased from 53% to 50%.9 The witnessing of cardiac arrests in residences 
by nonfamily members is rare. In particular, older people are often alone at home during the 
daytime. One study found that the daytime OHCA survival rate was higher than the nighttime 
OHCA survival rate.19 The changes in prehospital responses to OHCA in this study are 
thought to be consequences of social distancing measures.

The decrease in the use of tracheal intubation and increase in the use of mechanical 
chest compression devices by EMS providers are considered to be in accordance with the 
recommendations of the prehospital management guideline since the onset of the COVID-19 
pandemic. In South Korea, when EMS providers' intubation skills are not proficient, they 
should not be forced to attempt intubation.20 However, mechanical chest compression 
devices have been continuously supplied since 2014, and all EMS providers can use them 
without guidance from a medical director. Thus, the use of mechanical chest compression 
devices was likely to have increased.21

The increase in EMS process time during the COVID-19 period in this study is consistent 
with the findings of other studies. In a Japanese study, it was reported that the prehospital 
processing time increased from 32.2 ± 10.8 minutes before the COVID-19 outbreak to 33.8 ± 
11.6 minutes (P < 0.001) after the COVID-19 outbreak, and the response and scene times were 
especially increased.22 In a study in the United States, it was also found that the response 
and scene times increased from 9.1 ± 5.5 to 9.2 ± 5.3 minutes and from 15.7 ± 9.5 to 18.3 
± 10.8 minutes, respectively, but the transport time decreased from 14.1 ± 9.1 to 13.2 ± 8.3 
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Fig. 2. The daily incidence of adult OHCA patients and confirmed COVID-19 during the study period. 
OHCA = out-of-hospital cardiac arrest, COVID-19 = coronavirus disease.



minutes.23 Each country has a different scope and range of EMS provider skills, so there will 
be variation in scene times. However, an approximately 1-minute increase in response time 
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Table 2. Propensity score matching analysis of adult out-of-hospital cardiac arrest patients during the pre-
COVID-19 and COVID-19 periods
Variables Pre-COVID-19 period (n = 888) COVID-19 period (n = 888) P value
Patient variables

Age, yra 70.07/15.07 70.70/15.17 0.234
Age, yrb 73 (60–81) 74 (61–82)
Sex (male %) 574 (64.64) 570 (64.19) 0.843
Medical history

Hypertension 235 (26.46) 251 (28.27) 0.394
Diabetes 175 (19.71) 165 (18.58) 0.546
Stroke 77 (8.67) 68 (7.66) 0.435
Cardiac disease 156 (17.57) 146 (16.44) 0.528
Pulmonary disease 52 (5.86) 81 (9.12) 0.009**
Liver disease 16 (1.8) 16 (1.8) 1.000
Renal disease 36 (4.05) 36 (4.05) 1.000
Malignancy 76 (8.56) 88 (9.91) 0.325

Bystander variables
Cardiac arrest place 0.832

Residence 592 (66.67) 609 (68.58)
Public 191 (21.51) 184 (20.72)
Nursing facility 41 (4.62) 37 (4.17)
Ambulance 64 (7.21) 58 (6.53)

EMS call time (24 hr) < 0.001***
08:00–16:00 394 (44.37) 294 (33.11)
16:00–24:00 290 (32.66) 358 (40.32)
00:00–08:00 204 (22.97) 236 (26.58)

Bystander-witnessed 411 (46.28) 412 (46.4) 0.962
Bystander 0.127

Family member 517 (58.22) 540 (60.81)
Nonfamily member 279 (31.42) 242 (27.25)
EMS provider 92 (10.36) 106 (11.94)

Bystander CPR 538 (60.59) 537 (60.47) 0.961
Bystander AED use 94 (10.59) 87 (9.8) 0.583

EMS variables
Initial shockable rhythm 71 (8.00) 83 (9.35) 0.312
Advanced airway management < 0.001***

I-gel/supraglottic airway 637 (71.73) 792 (89.19)
Tracheal intubation 47 (5.29) 11 (1.24)
No advanced airway 
management

204 (22.97) 85 (9.57)

Mechanical chest compression 
device

272 (30.63) 393 (44.26) < 0.001***

Epinephrine use 147 (16.55) 160 (18.02) 0.415
EMS process time, minb

1) EMS response time 7 (5–10) 8 (6–10) < 0.001***
2) EMS scene time 14 (10–18) 14 (11–18) 0.820
3) EMS transport time 6 (4–10) 6 (4–10) 0.142

Hospital variables
Initial shockable rhythm 103 (11.6) 57 (6.42) < 0.001***
ROSC at any time 270 (30.41) 238 (26.8) 0.008**
Survival at admission 200 (22.52) 162 (18.24) 0.025*
Survival to discharge 69 (7.77) 49 (5.52) 0.056
Favorable neurological outcome 53 (5.97) 31 (3.49) < 0.001***

Variables included in propensity score matching analysis are age, sex, cardiac disease, malignancy, cardiac arrest 
place (public), bystander-witnessed, bystander CPR, bystander AED use, the presence of an initial shockable 
rhythm on scene, and EMS process time. Variables are presented as athe mean ± standard deviation, bmedian 
(quartile 1-quartile 3) and number (%).
COVID-19 = coronavirus disease 2019, EMS = emergency medical service, CPR = cardiopulmonary resuscitation, 
AED = automated external defibrillator, ROSC = return of spontaneous circulation.



after COVID-19 was a commonly reported change in many studies. This increase would be the 
time it took for EMS providers to put on PPE before dispatching.

A remarkable finding of this study is the presence of an initial shockable rhythm on scene 
during both study periods. In OHCA, the presence of a shockable rhythm during resuscitation 
was associated with higher odds of survival than a sustained nonshockable rhythm.24 During 
the pre-COVID-19 period, the percentages of patients with shockable rhythms on scene and 
at hospital arrival were 7.97% and 11.67%, respectively; however, during the COVID-19 period, 
these percentages were 11.95% and 6.77%, respectively. In a previous study of EMS response 
time, for every minute of added ambulance response time, the odds of the patient having a 
shockable rhythm decreased by 8%.25 However, in this study, even though the response time 
increased by approximately 1 minute during the COVID-19 period, the rate of the presence of 
a shockable rhythm was higher than that in the pre-COVID-19 period.
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Table 3. The impact of COVID-19 on the hospital outcomes
Group Survival at admission Survival to discharge

Total Survival Incidence Adjusted OR (95% CI) Total Survival Incidence Adjusted OR (95% CI)
Total patient group

Pre-COVID-19 891 (45.60) 201 (50.63) 22.56 Reference 891 (45.60) 70 (54.69) 7.86 Reference
COVID-19 1,063 (54.40) 196 (49.37) 18.44 0.776 (0.605–0.996) 1,063 (54.40) 58 (45.31) 5.46 0.677 (0.442–1.034)

Propensity groupa

Pre-COVID-19 888 (50.00) 200 (55.25) 22.52 Reference 888 (50.00) 69 (58.47) 7.78 Reference
COVID-19 888 (50.00) 162 (44.75) 18.24 0.768 (0.592–0.995) 888 (50.00) 49 (41.53) 5.52 0.693 (0.446–1.077)

Variables are presented as the number (%).
COVID-19 = coronavirus disease 2019, OR = odds ratio, CI = confidence interval, CPR = cardiopulmonary resuscitation, AED = automated external defibrillator, 
EMS = emergency medical service.
aThe variables included in propensity score matching analysis are age, sex, cardiac disease, malignancy, arrest place (public), bystander-witnessed, bystander 
CPR, bystander AED use, the presence of an initial shockable rhythm on scene, and EMS process time.

891 Adult OHCA patients 
attended to by EMS arrived at ED

70 Patients with survival to discharge 

201 Patients with survival at admission

271 Patients with ROSC

134 Patients with survival at admission 
at primary hospital

54 Patients with CPC1,2 16 Patients with CPC3,4,5

70 Patients with re-arrest and expired

67 Transferred to other hospital for 
post-resuscitation carea

64 Patients with expired   
after admission 

1,063 Adult OHCA patients 
attended to by EMS arrived at ED

Pre-COVID-19 period COVID-19 periodA B

58 Patients with survival to discharge 

196 Patients with survival at admission

291 Patients with ROSC

132 Patients with survival at admission 
at primary hospital

38 Patients with CPC1,2 20 Patients with CPC3,4,5

95 Patients with re-arrest and expired

64 Transferred to other hospital for 
post-resuscitation carea

74 Patients with expired
after admission 

Fig. 3. Neurological outcomes and survival results of adult OHCA patients during the study period. (A) Pre-COVID-19 period. (B) COVID-19 period. 
OHCA = out-of-hospital cardiac arrest, EMS = emergency medical service, ED = emergency department, ROSC = return of spontaneous circulation, CPC = 
cerebral performance category. 
aThe data of transferred patients was not traceable.



EMS providers use AEDs on scene, and they would have performed appropriate shocks for 
all patients with shockable rhythms. Therefore, the differences in EMS intervention during 
the two study periods were due only to the decrease in the number of tracheal intubations 
and the increase in the use of mechanical chest compression devices and EMS process time. 
However, in a previous study in Japan, prehospital advanced airway management (AAM) was 
not related to the survival of shockable rhythm OHCA patients (survival rate with AAM vs. 
with no AAM, 19.2% vs. 18.6%; adjusted risk ratio 1.00, 95% CI, 0.93-1.07). This finding was 
related to the survival of nonshockable rhythm OHCA patients (survival rate with AAM vs. 
with no AAM, 2.3% vs. 1.8%; adjusted risk ratio 1.27, 95% CI, 1.20-1.30).26 Therefore, it is 
unlikely that the decline in the number of tracheal intubations during the COVID-19 period 
was mainly responsible for the lower survival rate despite the high percentage of patients 
with an initial shockable rhythm. To date, the evidence in humans on whether the use of 
mechanical chest compression devices during CPR is associated with benefit or harm is 
insufficient to draw conclusions.27 Some studies have reported that the use of mechanical 
chest compression devices during CPR does not improve survival.28,29 However, it has been 
reported that shortening the EMS response time increases witnessed OHCA survival. The 
result of this study—a higher incidence of an initial shockable rhythm during COVID-19 but a 
lower final survival rate—is probably due to the increase in EMS response time.

A recent study using machine learning confirmed that the most important predictor of 
OHCA survival was the presence of an initial shockable rhythm, followed by age, time to the 
initiation of CPR, EMS response time and the place of cardiac arrest.30 In particular, among 
patients found with a shockable rhythm, the five most important predictors were the time 
to defibrillation, age, defibrillation (yes/no), place of cardiac arrest, and time from cardiac 
arrest to the initiation of CPR. In our study, although the COVID-19 group had a higher 
incidence of an initial shockable rhythm than the pre-COVID-19 group, they were older and 
had fewer cases of cardiac arrest in public places, fewer cases of bystander CPR and AED use, 
and delayed EMS response time. All of these factors would have contributed to the decline in 
survival rates. In this study, EMS response time was used in propensity score matching. If this 
factor had been excluded from matching, there would have been a slightly larger difference in 
survival rates. However, this study tried to report the difference in the survival rate between 
the two groups after strictly controlling for this factor.

Postmortem COVID-19 testing in OHCA patients is not routine practice and is not included 
in quarantine statistics in Korea. Therefore, it was not possible to obtain accurate data on 
the number of postmortem COVID-19 tests in the region during the COVID-19 study period. 
However, to the best of our knowledge, there was one postmortem confirmed COVID-19 case 
for OHCA patients.

There are some limitations of this work. First, this study had a limited sample size from one 
area, and the COVID-19 study period was only 3 months. However, the results of this study are 
impressive enough and highlight the changes that occurred during the study periods. Second, 
some patients were excluded from data collection due to refusal to provide data, and patients 
who survived at admission but were transferred to another hospital were excluded from 
data analysis (Figs. 1 and 3). Therefore, the actual survival to discharge rate and favorable 
neurological outcomes could be slightly higher. Third, it has been reported that the incidence 
of a shockable rhythm decreases when cardiac arrest occurs in a residence.31 However, this 
study found the opposite result. Further studies are needed to determine whether this result 
is due to factors other than the study period setting.
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In conclusion, during the COVID-19 period, there were significant changes in the prehospital 
responses that affected the outcomes of OHCA patients. These changes were considered to 
be partly due to social distancing measures. As a result, the presence of an initial shockable 
rhythm, with which favorable outcomes can be expected, was higher in the COVID-19 period, 
but the final survival rate was lower.
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