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INTRODUCTION

The number of sudden cardiac arrest cases in Korea increased by approximately 1.6 times over
an 11-year period, from 19,480 cases in 2006 to 30,782 cases in 2019 [1]. While several studies
have been conducted on the prognosis of cardiac arrest patients during the 2019 COVID-19
pandemic [2-6], there have been no reports on mortality rates based on acute cardiac arrest
presenting to the emergency department (ED). The purpose of this commentary is to introduce
the current status of sudden cardiac arrest presenting to the ED (out-of-hospital cardiac arrest
[OHCA] and in-hospital cardiac arrest [[HCA]) from 2018 to 2022, and to discuss the appropriate
direction for future allocation of ED medical resources through comparison with data of emer-
gency medical services system (EMSS) in Korea [6].

Ethics statement
The study was approved by the Institutional Review Board of the National Medical Center (No.
NMC-2023-08-094). The requirement for informed consent was waived due to the retrospective
nature of the study.

DATA ACQUISITION

Patients with sudden cardiac arrest comprised those with cardiac arrest who presented to the
ED and were diagnosed with cardiac arrest (International Classification of Diseases, 10th Revi-
sion [ICD-10]: 146, 1460, 1469, R092) or who received cardiopulmonary resuscitation (CPR) in the
ED (OHCA and IHCA) according to the National Emergency Department Information System
(NEDIS). NEDIS is an emergency information network designed by the Ministry of Health and
Welfare of Korea and operated by the National Emergency Medical Center (Seoul, Korea); it has
been in use since 2003. NEDIS includes administrative and clinical information on all patients
who have visited one of the 410 nationwide EDs across Korea [7,8]. The NEDIS database contain
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patient information, including demographics (sex, age, address,
and insurance), symptoms (chief complaints and onset), prehospi-
tal conditions (EMS use and treatment), and ED conditions (vital
signs and level of consciousness at presentation, triage, diagnosis
codes based on the ICD-10, disposition, hospital stay after admis-
sion, and final clinical outcomes). All patient-related information
was automatically transferred from each hospital to a central
server according to established protocols. Inaccurate data were
filtered by a data processing system [3]. The numbers of emer-
gency medical facilities of level | (regional emergency medical
center), level Il (local emergency medical center), and level IlI (lo-
cal emergency medical institution) changed from 36, 118, and
248 in 2018 to 40, 126, and 244 in 2022, respectively. We ex-
tracted patients who presented to the ED within 24 hours of the
onset of their chief complaint and who met one or all of the fol-
lowing criteria: (1) cardiac arrest diagnosis in the discharge code;
or (2) a CPR code in the ED treatment. Cases of "dead on arrival
(DOA) not eligible for treatment" or "non-clinical visits" in the ED
treatment outcome field were excluded.

CURRENT STATUS OF CARDIAC ARREST
PATIENTS

Table 1 shows characteristics of cardiac arrest patients presenting
to an ED (both OHCA and IHCA) between 2018 and 2022, com-
prising 149,063 patients with sudden cardiac arrest. The age- and
sex-standardized ED visits per 100,000 population showed a
slight decrease from 57.5 in 2018 to 56.5 in 2020, followed by an
increase to 58.9 in 2022 (Fig. 1). Throughout this period, the inci-
dence rate for men ranged from 81.2% to 84.4%, which was
more than 2.2 times higher than the rate for women, ranging
from 35.5% to 37.6% (Fig. 1). By age, individuals aged 65 years
or older (with an average age of 78.4 years) represented 58.9% of
cases, significantly higher than the 1.9% for those aged 17 years
or younger (with an average age of 1.9 years).

Table 2 shows the distribution of sudden cardiac arrest cases
according to level of ED as follows: level | (40.5%), level Il
(59.4%), and level Il (0.1%) centers. The most common means of
transportation for ED visits was 119 ambulance (79.4%). In level |
centers, the proportion of transport using a 119 ambulance was
lower than that of level Il or Il centers. Instead, there was a high-
er proportion of air transport (1.4%), other medical institution
ambulances (5.0%), and other ambulances (12.5%). The median
time from cardiac arrest to arrival at an ED facility was 39 min-
utes (interquartile range [IQR], 28-61 minutes). This duration
varied by facility type: level | (45 minutes; IQR, 30-93 minutes),
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level Il (37 minutes: IQR, 27-60 minutes), and level Il (31 min-
utes; IQR, 23-46 minutes). A total of 44,930 patients (30.1%)
was hospitalized; of which 41,422 (92.2%) were admitted to in-
tensive care units and 3,486 (7.8%) to general wards after ED
treatment, and 22 individuals were classified as “other” and ad-
mitted. These admissions were distributed across level | (34.9%),
level Il (26.9%), and level Ill (22.0%) EDs. Patients who were
transferred after ED treatment were as follows: level I, 1,391 pa-
tients (2.3%); level II, 4,828 patients (5.4%); and level Ill, 27 pa-
tients (19.1%).

Among patients with sudden cardiac arrest that occurred at
EDs in Korea during the study period, a total of 115,020 (77.2%)
died in hospital (Table 2). In-hospital mortality increased from
75.2% in 2018 to 79.4% in 2021, followed by a decrease to
78.1% in 2022 (Fig. 2A). The mortality rate for female patients
ranged from 78.5% to 83.0%, while that for male patients ranged
from 73.3% to 77.3% (Fig. 1B). The mortality rate for women was
consistently higher than that for men across the study period (Fig.
2A). Additionally, the standardized mortality rate increased from
245.5 per 100,000 population who visited the ED in 2018 to
329.0 in 2021, before decreasing again to 308.3 in 2022.
Throughout this period, the age- and sex-standardized mortality
rate per 100,000 ED visits for men ranged from 315.6 to 423.7,
which was approximately 2.0 times higher than that for women,
ranging from 175.7 to 234.4 (Fig. 2B)

DISCUSSION

The data of cardiac arrest patients used in this study differ from
the information typically gathered for the national OHCA registry
database from the Korea Disease Control and Prevention Agency
(KDCA), which are usually collected by the EMSS for ambulance
transport. Instead, this dataset consisted of patients who received
CPR at level I, I, or Il domestic EDs. The significance if the study
lies in its emphasis on evaluating ED resources rather than pro-
viding an overall assessment of the national EMSS.

When reviewing the data of sudden cardiac arrest patients
transported by the EMSS, there was an observable trend of an in-
crease of occurrence from 59.5 per 100,000 population in 2018
to 64.7 in 2021. However, the rate decreased from 57.5 in 2018
to 56.5 in 2020, before again increasing to 58.2 in 2021 [9]. Ap-
proximately 20.6% of patients visited the ED by means of trans-
portation other than the 119 ambulance examples, but the num-
ber of cardiac arrest patients reported was lower than the num-
ber of patients transported by EMSS. The observed differences are
likely attributed to the exclusion of DOA patients in this study
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Table 1. Cardiac arrest patient demographics, ED visit characteristics, and outcome according to age

Recent status of sudden cardiac arrests

. Age group
Variable Total Pediatric (0-17 yr) Adult (18-64 yr) Elderly (2 65 yr)
No. of patients 149,063 (100) 2,895 (1.9) 58,435 (39.2) 87,733 (58.9)
Age (mean £SD) (yr) 66.0+18.4 69+65 504+ 11.3 784+77
Sex
Male 95,523 (64.1) 1,728 (59.7) 43,187 (73.9) 50,608 (57.7)
Female 53,540 (35.9) 1,167 (40.3) 15,248 (26.1) 37,125 (42.3)
Time from onset to visit (median [IQR]) (min) 39 (28-65) 35 (24-60) 39 (28-64) 40 (29-66)
Type of ED
Level | 60,330 (40.5) 1,456 (50.3) 24,641 (42.2) 34,233 (39.0)
Level Il 88,592 (59.4) 1,436 (49.6) 33,735 (57.7) 53,421 (60.9)
Level llI 141 (0.1) 3(0.1) 59 (0.1) 79 (0.1)
Route of arrival
Direct visit 125,805 (84.4) 2,531 (87.4) 49,485 (84.7) 73,789 (84.1)
Transfer from other hospital 20,963 (14.1) 328 (11.3) 7,928 (13.6) 12,707 (14.5)
Referral from outpatient clinic 2,180 (1.5) 32(1.1) 982 (1.7) 1,166 (1.3)
Other 70 (0.0) 4(0.1) 20 (0.0) 46 (0.1)
Unknown 45(0.0) 0(0) 20 (0.0) 25(0.0)
Mode of transport
119 Ambulance 118,423 (79.4) 2,309 (79.8) 46,303 (79.2) 69,811 (79.6)
Other medical institution ambulances 4,351 (2.9) 65 (2.2) 1,577 (2.7) 2,709 (3.1)
Other ambulance 13,252 (8.9) 164 (5.7) 4,854 (8.3) 8,234 (9.4)
Police or official transport 173 (0.1) 2(0.1) 127 (0.2) 44(0.1)
Air transport 953 (0.6) 19(0.7) 523 (0.9) 411 (0.5)
Ambulatory 11,422 (7.6) 330 (11.4) 4,892 (8.4) 6,200 (7.0)
Unknown 489 (0.3) 6(0.2) 159 (0.3) 324 (0.4)
ED time
Mean £ SD (min) 273.7 £506.0 175.9+266.8 282.8+511.3 270.9+508.1
Median (IQR) (min) 122 (65-264) 110 (67-192.5) 129 (69-273) 117 (62-261)
0-6 hr 122,091 (81.9) 2,629 (90.8) 47,567 (81.4) 71,895 (81.9)
6-12 hr 14,936 (10.0) 185 (6.4) 5,935 (10.2) 8,816 (10.0)
12-24 hr 7,856 (5.3) 62 (2.1) 3,214 (5.5) 4,580 (5.2)
>24 hr 4,137 (2.8) 19 (0.7) 1,696 (2.9) 2,422 (2.8)
Unknown 43 (0.0) 0(0) 23 (0.0) 20 (0.0)
ED disposition
Discharge 3,920 (2.6) 57 (2.0) 2,347 (4.0) 1,516 (1.7)
Admission” 44930 (30.1) 886 (30.6) 21,675 (37.1) 22,369 (25.5)
General ward” 3,486 (7.8) 94 (10.6) 1,640 (7.6) 1,752 (7.8)
Intensive care unit” 41,422 (92.2) 792 (89.4) 20,026 (92.4) 20,604 (92.1)
Transfer 6,246 (4.2) 253 (8.7) 2,955 (5.1) 3,038 (3.5)
Hopeless discharge 147 (0.1) 0(0) 44 (0.1) 103 (0.1)
Death 93,755 (62.9) 1,696 (58.6) 31,386 (53.7) 60,673 (69.2)
Other or unknown 65 (0.0) 3(0.1) 28 (0.0) 34 (0.0)
Hospital disposition
Discharge 19,616 (13.2) 383(13.2) 11,547 (19.8) 7,686 (8.8)
Transfer out 12,972 (8.7) 345 (11.9) 6,023 (10.3) 6,604 (7.5)
Hopeless discharge 358 (0.2) 7(0.2) 132 (0.2) 219 (0.2)
Death 115,020 (77.2) 2,130 (73.6) 40,264 (68.9) 72,626 (82.8)
Other or unknown 1,097 (0.7) 30(1.0) 469 (0.8) 598 (0.7)

Values are presented as number (%), unless otherwise indicated. Percentages may not total 100 due to rounding.
ED, emergency department; SD, standard deviation; IQR, interquartile range.
“Data for the “other” category are not presented. “Proportion among total admissions.
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Fig. 1. Age- and sex-standardized incidence rate per 100,000 population
Table 2. Patient demographics, ED visit characteristics, and outcome according to level of the centers
. Type of ED
Variable Total Level | Level II Level Il
No. of patients 149,063 (100) 60,330 (40.5) 88,592 (59.4) 141 (0.1)
Age (mean +SD) (yr) 65.0+18.8 66.7+18.1 63.9+19.5 -
Sex
Male 95,523 (64.1) 38,993 (64.6) 56,429 (63.7) 101 (71.6)
Female 53,540 (35.9) 21,337 (35.4) 32,163 (36.3) 40 (28.4)
Time from onset to visit (median [IQR]) (min) 39 (28-65) 45 (30-93) 37 (27-60) 31 (23-46)
Route of arrival
Direct visit 125,805 (84.4) 46,544 (77.1) 79,135 (89.3) 126 (89.4)
Transfer from other hospital 20,963 (14.1) 12,828 (21.3) 8,122 (9.2) 13(9.2)
Referral from outpatient clinic 2,180 (1.5) 934 (1.5) 1, 244 (1.4) 2(1.4)
Other 70 (0.0) 20 (0.0) 50 (0.1) 0(0)
Unknown 45 (0.0) 4(0.0) 41 (0.0 0(0)
Mode of transport
119 Ambulance 118,423 (79.4) 44,355 (73.5) 73,951 (83.5) 117 (83.0)
Other medical institution ambulances 4,351 (2.9) 3,004 (5.0) 1,345 (1.5) 2(1.4)
Other ambulance 13,252 (8.9) 7,534 (12.5) 5, 710 (6.4) 8(5.7)
Police or official transport 173 (0.1) 101 (0.2) 72 (0.1) 0(0)
Air transport 953 (0.6) 850 (1.4) 103 (0.1) 0(0)
Ambulatory 11,422 (7.6) 4,330 (7.2) 7,079 (8.0) 13(9.2)
Unknown 489 (0.3) 156 (0.3) 332 (0.4) 1(0.7)
ED time
Mean +SD (min) 273.7 £506.0 322.1£557.0 241.1+£465.7 101.6+100.5
Median (IQR) (min) 122 (65-264) 150 (78-326) 106 (59-223) 65 (38-126)
0-6 hr 122,091 (81.9) 46,759 (77.5) 75,198 (84.9) 134 (95.0)
6-12 hr 14,936 (10.0) 7,539 (12.5) 7,390 (8.3) 7 (5.0)
12-24 hr 7,856 (5.3) 3,914 (6.5) 3,942 (4.4) 0(0)
>24 hr 4,137 (2.8) 2,106 (3.5) 2, 031 (2.3) 0(0)
Unknown 43 (0.0) 12 (0.0) 31(0.0) 0(0)
ED disposition
Discharge 3,920 (2.6) 1,727 (2.9) 2,189 (2.5) 4(2.8)
Admission” 44,930 (30.1) 21,062 (34.9) 23,837 (26.9) 31(22.0)
General ward” 3,486 (7.8) 1,448 (6.9) 2,035 (8.5) 3(9.7)
Intensive care unit” 41,422 (92.2) 19,603 (93.1) 21,791 (91.4) 28 (90.3)
Transfer 6,246 (4.2) 1,391 (2.3) 4,828 (5.4) 27 (19.1)
Hopeless discharge 147 (0.1) 137 (0.2) 10 (0.0) 0(0)
Death 93,755 (62.9) 36,005 (59.7) 57, 671 (65.1) 79 (56.0)
Other or unknown 65 (0.0) 8(0.0) 57 (0.0) 0(0)
Hospital disposition
Discharge 19,616 (13.2) 9,400 (15.6) 10,204 (11.5) 12 (8.5)
Transfer 12,972 (8.7) 4,774 (7.9) 8, 162 (9.2) 36 (25.5)
Hopeless discharge 358 (0.2) 289 (0.5) 69 (0.1) 0(0)
Death 115,020 (77.2) 45,481 (75.4) 69,447 (78.4) 92 (65.2)
Other or unknown 1,097 (0.7) 386 (0.6) 710 (0.8) 1(0.7)

Values are presented as number (%), unless otherwise indicated. Percentages may not total 100 due to rounding.
ED, emergency department; SD, standard deviation; IQR, interquartile range.
“Data for the "other” category are not presented. “Proportion among total admissions.
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Fig. 2. Age- and sex-standardized mortality rate. (A) In-hospital mortality. (B) Mortality per 100,000 emergency department visits.

and to missing inclusion of the time of onset of chief complaints
in level Ill EDs in the NEDIS data transmission. Thus, given that
this study excluded patients who presented to the ED more than
24 hours after the onset of their chief complaint, it is highly likely
that patients with cardiac arrest who visited level Ill EDs (both
OHCA and IHCA) were excluded. Therefore, despite combining
data for OHCA and IHCA patients who visited the ED, the inci-
dence rate may be lower than the OHCA data of the CDC.
However, both in-hospital mortality rate and age- and
sex-standardized mortality rate per 100,000 ED visits, with the
exception of 2022, increased from 2018 to 2021. Two potential
explanations can be considered for this trend. First, the trend
could be related to a comparative study of in-hospital mortality
before and after 2020, a year when COVID-19 produced a higher
in-hospital mortality rate among patients seeking ED care [3].
Additionally, there have been reports of a decrease in return of
spontaneous circulation rate prior to hospital arrival during this
period [4]. Through this, we can estimate that the in-hospital
mortality rate of cardiac arrest patients due to COVID-19 peaked
in 2021 and subsequently decreased. However, a limitation of this
study is the inability to analyze long-term neurological outcomes
related to the mortality rates of CPR performed in domestic ED

S40

during the study period. Additionally, the lack of data for the year
2023 prevented us from determining whether the in-hospital
mortality rate continued to decrease after 2022.

CONCLUSION

The in-hospital mortality rate of sudden cardiac arrest patients
who presented to the ED exhibited an increasing trend from 2018
to 2021, but decreased from 2022 onward. Furthermore, to better
allocate and efficiently utilize in-hospital emergency medical re-
sources, it is important to analyze not only OHCA patients trans-
ferred via the EMSS, but also data from sudden cardiac arrest pa-
tients who presented to the ED (both OHCA and IHCA).
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