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ABSTRACT

Background: The purpose of this study was to review the nationwide emergency care-related 
health policies during the coronavirus disease 2019 (COVID-19) pandemic disaster in Korea 
and to analyze the effects of the policies on the safety of patients who visit emergency 
departments (EDs) during this period.
Methods: This study is a quasi-experiment study. The study population was patients who 
visited all 402 EDs in Korea between December 31, 2019 and May 13, 2020, using the National 
Emergency Department Information System (NEDIS) database. The study period was 
classified into 5 phases according to the level of national crisis warning of infectious disease 
and the implementation of emergency care-related health policies, and all study phases were 
27 days. The primary outcome was in-hospital mortality, and the secondary outcome was 
length of stay (LOS) in the ED during the COVID-19 outbreak.
Results: The number of ED visits during the study period was 2,636,341, and the in-hospital 
mortality rate was 1.4%. The number of ED visits decreased from 803,160 in phase 1 to 496,619 
in phase 5 during the study period. For in-hospital mortality, the adjusted odds ratio (OR) (95% 
confidence interval) was 0.77 (0.74–0.79) in phase 5 compared to phase 3. Additionally, by 
subgroup, the ORs were 0.69 (0.57–0.83) for the patients with acute myocardial infarction and 
0.76 (0.67–0.87) for severe trauma in phase 5 compared to phase 3. The ED LOS increased while 
the number of ED visits decreased as the COVID-19 pandemic progressed, and the ED LOS 
declined after policy implementation (beta coefficient: −5.3 [−6.5 to −4.2] minutes in phase 5 
compared to phase 3).
Conclusion: Implementing appropriate emergency care policies in the COVID-19 pandemic 
would have contributed to improving the safety of all emergency patients and reducing in-
hospital mortality by preventing excessive deaths.
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INTRODUCTION

Since the first case of novel coronavirus disease 2019 (COVID-19) was reported in China 
on December 28, 2019, it has spread rapidly around the world.1,2 According to World 
Health Organization (WHO) report, by June 29, a total of 10,021,401 people were infected, 
and 499,913 people had died.3 Global public health is facing a crisis according to WHO 
definitions,4 and 160,000 new confirmed cases are reported worldwide a day. To mitigate the 
public health crisis caused by infectious diseases, WHO promotes cross-sectoral linkages and 
cross-governmental and cross-social integration through the Emergency and Disaster Risk 
Management for Health guidelines.5

The government response system for the public health crisis is different between countries. 
There are organizations in charge of crisis management for infectious diseases in each 
country, and several countries have implemented policies, including social or physical 
distancing, traffic restrictions, closure of schools and workplaces, or lockdown to prevent 
person-to-person transmission of COVID-19 and to reduce the burden of pandemic 
disasters.6,7 Regarding emergency care, most symptomatic and asymptomatic infected 
patients can primarily use emergency medical services (EMS). There is a need to isolate 
infected patients and appropriate emergency care in a timely manner, and it is also important 
to protect other noninfected emergency patients from infection and to provide adequate 
treatment according to acuity in disaster situations.8-11 Therefore, the importance of the EMS 
system has become more prominent in pandemic disaster situations to protect the safety of 
society.12 Several countries have published emergency care-related health policies, such as 
designating centers for exclusive COVID-19 treatment.13 In Korea, the Ministry of Health and 
Welfare (MoHW) and National Emergency Medical Center (NEMC) implemented emergency 
care-related policies to respond to the COVID-19 pandemic.

The purpose of this study was to review nationwide emergency care-related health policies 
during the COVID-19 pandemic disaster in Korea and to analyze the effects of national 
emergency care-related policies on the safety of patients who visit emergency departments 
(EDs) during this period.

METHODS

Study design and data source
This study is a quasi-experimental study that consists of a review of emergency care-related 
health policies (natural experiments) and a before-and-after design to evaluate the effects of 
emergency care-related health policies on clinical outcomes for emergency patients during 
the COVID-19 pandemic.

The study period was classified into 5 phases according to the level of national crisis warning 
of infectious disease and the implementation of emergency care-related health policies: 
warning level 1 (Attention) and 2 (Caution) period (study phase 1: December 31, 2019 to 
January 26, 2020, for 27 days), warning level 3 (Alert) period (study phase 2: January 27 
to February 22, 2020, for 27 days), warning level 4 (Serious) and preintervention (study 
phase 3: February 23 to March 20, 2020, for 27 days), warning level 4 (Serious) and run-in-
intervention (study phase 4: March 21 to April 16, 2020, for 27 days), and warning level 4 
(Serious) and postintervention (study phase 5: April 17 to May 13, 2020, for 27 days). National 
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crisis warning levels and related health policies during the COVID-19 pandemic are described 
in Supplementary Data 1.

The National Emergency Department Information System (NEDIS) database was 
established to measure emergency care qualities and to provide evidence for developing 
national and federal emergency care policy in 2003. The NEDIS data collected from all 402 
nationwide EDs in real time included demographics (such as gender, age, and insurance), 
symptoms (chief complaints and onset), prehospital (EMS use and treatment and means 
of transportation), and ED hospital (level of consciousness at presentation, emergency 
operative procedures, critical care requirement, disposition, hospital stay after admission and 
final clinical outcomes) information. For data quality management, the NEDIS data should 
be approved annually by Statistics Korea. NEMC, an administrative agency under the MoHW, 
is designated as an organization for managing the NEDIS data in accordance with Article 25 
of the Emergency Medical Services Act.

Study population
The study population was defined as patients who visited all 402 emergency medical 
institutions in Korea between December 31, 2019, and May 13, 2020. Patients who visited the 
ED for nonmedical purposes, such as issuing a medical certificate, were excluded. Cases who 
were classified as dead on arrival were also excluded.

Study setting
Korea has a tax-based public EMS system operated by the National Fire Agency. Qualified 
emergency medical technicians provide necessary prehospital emergency care to patients. 
There were standard operation protocols for 4 major emergency conditions: out-of-hospital 
cardiac arrest, severe trauma, acute myocardial infarction (AMI), and acute stroke. During the 
COVID-19 outbreak, the critical protocol for patients with fever (≥ 37.5°C) conditions was added.

The MoHW in Korea designed 3 levels of ED according to emergency medical resources 
and capabilities (including facilities, equipment, and medical staffs) and operated 38 Level 
1 EDs, 125 Level 2 EDs, and 239 Level 3 EDs (a total of 402 EDs) in June 2020. A Level 1 ED 
is designed to accommodate and to provide definite care to serious and severe emergency 
patients and to prepare and respond to disasters and mass casualty incidents. Level 1 EDs 
should designate special areas for isolation rooms, areas for severe and acute patients, and 
areas for pediatric patients. Before this pandemic, there were no standards of isolation beds 
for the level 2 and level 3 EDs.

The Central Accident Countermeasures Headquarters under the Ministry of Public 
Administration and Security is in charge of national disaster response in accordance with 
Article 14 of the Framework Act on the Management of Disasters and Safety. In the case of 
infectious disease, the Korea Disease Control and Prevention Agency responds to a national 
crisis warning in accordance with Article 38(2) of the Framework Act on the Management of 
Disasters and Safety.

National crisis warning level and emergency care-related health policies
On December 31, 2019, a total of 27 cases of unexplained pneumonia were reported in 
Wuhan, China, and the Korean government started the infection monitoring and surveillance 
response system (Crisis warning level 1 [Attention], study phase 1). The first COVID-19 
case in Korea was confirmed on January 20, 2020 (Crisis warning level 2 [Caution], study 
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phase 1). With the occurrence of 4 additional confirmed cases on January 27, 2020, the 
crisis warning level for infectious diseases was raised (Crisis warning level 3 [Alert], study 
phase 2). The quarantine of Korean immigrants began, and 288 medical centers operated 
separate COVID-19 screening stations (46 healthcare centers and 242 hospitals). Since some 
community infections had been identified, the level of national crisis warning had also 
been raised to the highest level to prevent the spread of COVID-19 infection nationwide on 
February 23, 2020 (Crisis warning level 4 [Serious] and national emergency care-related 
policies: preintervention, study phase 3).

Regarding emergency care, there were several shut-down events of the EDs because 
COVID-19 confirmed cases were detected among the patients admitted to the emergency 
room with the spread of the COVID-19 pandemic. It became necessary to designate EDs 
that could manage and treat suspected COVID-19 patients since the emergency care of 
patients with fever was delayed and the safety of patients was threatened. The MoHW and 
NEMC established the criteria for the designation of the Severe Emergency Medical Care 
Centers (SEMC) to treat appropriately suspected and confirmed COVID-19 patients with 
severe symptoms, to protect other uninfected emergency patients from infection and to 
provide appropriate care based on their severity; 5 or more isolation rooms with/without 
negative pressure, separate air-conditioning facilities, isolated areas for febrile patients, and 
designated triage areas in front of the emergency room. Of these level 1 and 2 EDs, 57 EDs 
were designated as the SEMC sequentially from Mar 21 to Apr 16, 2020 (Crisis warning level 
4 [Serious] and the national emergency care-related policies: run-in-intervention, study 
phase 4). A total of 57 SEMC were operated since April 17, 2020. The number of isolation 
units increased from 1,558 to 1,700 after designation of the SEMC, and 49.2% (837 among 
1,700) of isolation units belonged to the SEMC. In addition, the information on resources, 
including available isolation units and beds for suspected patients in the SEMC, was shared 
in real time through the web-based national emergency care information system (crisis 
warning level 4 [Serious] and the national emergency care-related policies: postintervention, 
study phase 5). Emergency care-related health policies during the COVID-19 pandemic are 
described in Table 1 and Supplementary Data 2.

Outcome variables and statistics
The primary outcome was in-hospital mortality, and the secondary outcome was length of stay 
(LOS) in the ED during the COVID-19 outbreak. In-hospital mortality was defined as death at 
the time of discharge from the ED or hospital and did not include hopeless discharge.

Study subgroups were defined as emergency patients with clinically important diagnoses at 
discharge from the ED and/or hospital among those who visited the ED within 7 days from 
the onset of the symptoms and who were aged 15 years old or older; AMI included I21.0–I21.9; 
acute ischemic stroke included I63.0–I63.9; acute hemorrhagic stroke included I60.0–I62.9; 
severe trauma included any S or T code and ICD-derived injury severity score less than 0.9.14

The characteristics and outcomes of the study population and subgroups were compared by 
study phase. The descriptive analysis for the study subject was compared using univariate 
analysis. The χ2 test for categorical variables and the Wilcoxon signed-rank test method for 
nonnormally distributed continuous variables were used.

Multivariable logistic regression analysis and general linear models were conducted to 
evaluate the effects of the study phase on study outcomes. Adjusted odds ratios (aORs) with 
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95% confidence intervals (CIs) were calculated for in-hospital mortality, and beta coefficients 
and 95% CIs were calculated for ED LOS.

Regarding the regional variation of COVID-19 outbreak, the subgroup analyses were 
conducted for 1) Daegu Metropolitan City and Gyeongsangbuk-do (hereafter, Daegu and 
Gyeongbuk), where cluster infection occurred among a religious group called “Shincheonji” 
at the time of the initial COVID-19 outbreak, and 2) Other 15 provinces (Supplementary 
Tables 1 and 2). All statistical analyses were performed using SAS software ver. 9.4 (SAS 
Institute Inc., Cary, NC, USA).

Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board 
of National Medical Center (approval No. NMC-2007-026). Informed consent was waived 
because of the retrospective nature of the study.
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Table 1. The implementation of the policy by crisis alert level
National crisis warning National public health policies Emergency care-related policies
Level 1 (December 31, 
2019–January 19, 2020)

Initiation of Korean government infection monitoring and 
surveillance response (December 31)

Level 2 (January 20–
January 26, 2020)

The first confirmed COVID-19 case in Korea was detected 
(January 20)

Level 3 (January 27–
February 22, 2020)

Operation of the Central Disease Control Headquarters 
(January 27)

Survey and support for operation of the separate COVID-19 
screening stations (January 28)

Provision of special immigration procedures and quarantine of 
Korean immigrants (January 28)

Monitoring and sharing information on ED shutdowns (January 29)

Operation of the separate COVID-19 screening stations (46 
health centers and 242 medical institutions) (January 28)
Expansion of the indications for the COVID-19 screening test 
(February 6)

Establishment of prehospital transport protocols related to 
COVID-19 (February 3)

Initiation of “Self-Quarantine Safety Protection App” or “Self-
Diagnosis App” to monitor for quarantine (February 6)

System development for detecting COVID-19 related patient 
information (February 5)
Implementation of administrative measures to support operating 
the separate COVID-19 screening station (February 19)
Preparation of installation of a 100-bed mobile hospital in Daegu 
(February 21, operation on March 4)

Level 4 (February 23, 
2020–end of the year)

Installation of the Central Disaster and Safety Countermeasure 
Headquarters headed by the Prime Minister (February 23)
Implementation of a policy to increase the negative pressure in 
isolation units and isolation units in hospitals (February 23)
Designation of 43 dedicated COVID-19 hospitals (February 27)
Designation of 127 public relief hospitals (February 27)
Initiation of the social distancing program (February 29)
Designation of the living treatment centers for patients with 
mild symptoms in each province (March 1)

Preparation for criteria for the designation of the Severe 
Emergency Medical Care centers (such as 5 or more isolation 
beds, individual air-conditioning facilities, isolation device 
installation, and designated triage areas in front of the emergency 
room) (March 2)

Designation of 67 infectious disease hospitals (March 3) On-site inspection for tentative EDs (March 3)
Establishment of the information system on operational 
isolated units (March 6)

Designation of 57 Severe Emergency Medical Care centers (March 
13)

Declaration of COVID-19 pandemic (March 12) Real-time sharing of the information resources of the Severe 
Emergency Medical Care center (March 17)

Establishment of control system for the long-term care 
facilities (March 20)
Strengthened social distancing program (March 22)
Introduction of 14-day self-isolation quarantine for all travelers 
entering Korea (April 1)

COVID-19 = coronavirus disease 2019, ED = emergency department.



RESULTS

Demographics of emergency patients during the COVID-19 pandemic
The number of ED visits during the study period was 2,636,341. Compared to phase 1, the 
number of ED visits decreased rapidly according to the COVID-19 outbreak: 803,160 (30.5%) 
in phase 1, 551,903 (20.9%) in phase 2, 377,212 (14.3%) in phase 3, 407,447 (15.5%) in phase 4, 
and 496,619 (18.8%) in phase 5. The median and interquartile range of ED LOS were 92 (43–162) 
minutes in phase 1, 95 (43–174) minutes in phase 2, 94 (37–185) minutes in phase 3, 95 (38–188) 
minutes in phase 4, and 93 (36–183) minutes in phase 5, respectively (P-for-trend 0.04). In-
hospital mortality rates were 1.4% during the study period, 1.1% in phase 1, 1.4% in phase 2, 
1.9% in phase 3, 1.7% in phase 4, and 1.5% in phase 5 (P-for-trend < 0.01) (Table 2). The trends 
of daily ED visits and COVID-19 confirmed patients during the study period are shown in Fig. 1.

The proportion of emergency patients with clinically important diagnoses among ED visits 
increased significantly (all P-for-trends < 0.01). For AMI, the in-hospital mortality rate was 
10.0% during the study period (10.1% in phase 1 and 8.3% in phase 5); for acute ischemic 
stroke, the in-hospital mortality rate was 5.3% (5.3% in phase 1 and 5.0% in phase 5); for 
acute hemorrhagic stroke, the in-hospital mortality rate was 14.2% (13.3% in phase 1 and 
14.9% in phase 5); and for severe trauma, the in-hospital mortality rate was 2.1% (2.1% in 
phase 1 and 1.9% in phase 5) (all P-for-trend < 0.01) (Table 3).
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Table 2. Characteristics of the study population according to national crisis warning level and intervention
Variables Total Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 P value
Crisis warning level 1 & 2 3 4 4 4 -
Intervention - - Before Run-in After -
Total visits 2,636,341 803,160 551,903 377,212 407,447 496,619 < 0.001
Age, yr

0–17 374,847 (14.2) 148,744 (18.5) 77,327 (14.0) 40,403 (10.7) 47,126 (11.6) 61,247 (12.3) < 0.001
18–64 1,619,528 (61.4) 479,554 (59.7) 339,843 (61.6) 240,789 (63.8) 253,287 (62.2) 306,055 (61.6) < 0.001
65–120 641,927 (24.3) 174,852 (21.8) 134,723 (24.4) 96,014 (25.5) 107,027 (26.3) 129,311 (26.0) < 0.001

Gender, female 1,286,477 (48.8) 408,335 (50.8) 268,936 (48.7) 178,716 (47.4) 192,685 (47.3) 237,805 (47.9) < 0.001
Insurance, medicaid 167,370 (6.3) 44,002 (5.5) 35,457 (6.4) 26,115 (6.9) 28,160 (6.9) 33,636 (6.8) < 0.001
Reason for visits, injury 667,511 (25.3) 161,259 (20.1) 130,586 (23.7) 99,870 (26.5) 123,171 (30.2) 152,625 (30.7) < 0.001
EMS use 468,894 (17.8) 111,590 (13.9) 99,858 (18.1) 77,977 (20.7) 85,099 (20.9) 94,370 (19.0) < 0.001
Transferred in 202,481 (7.7) 52,927 (6.6) 46,165 (8.4) 31,680 (8.4) 33,425 (8.2) 38,284 (7.7) < 0.001
Initial BT, ≥ 37.5°C 290,807 (11.0) 117,187 (14.6) 58,609 (10.6) 35,034 (9.3) 37,006 (9.1) 42,971 (8.7) < 0.001
Initial triage, KTAS 1 & 2 140,499 (5.3) 34,369 (4.3) 29,429 (5.3) 23,877 (6.3) 25,118 (6.2) 27,706 (5.6) < 0.001
Triage

Appropriate 2,438,388 (92.5) 740,668 (92.2) 506,702 (91.8) 348,641 (92.4) 379,214 (93.1) 463,163 (93.3) < 0.001
Undertriage 70,869 (2.7) 18,414 (2.3) 15,238 (2.8) 10,917 (2.9) 12,131 (3.0) 14,169 (2.9) < 0.001
Overtriage 34,173 (1.3) 11,294 (1.4) 7,344 (1.3) 4,624 (1.2) 5,030 (1.2) 5,881 (1.2) < 0.001

ED LOS, min, mean (STD) 163.0 (275.2) 149.0 (256.7) 159.6 (268.0) 174.3 (298.1) 176.8 (291.3) 169.2 (279.2) < 0.001
ED LOS, min, median (IQR) 93 (40–175) 92 (43–162) 95 (43–174) 94 (37–185) 95 (38–188) 93 (36–183) < 0.001
ED Disposition

Discharge 2,055,396 (78.0) 660,693 (82.3) 428,238 (77.6) 282,132 (74.8) 304,020 (74.6) 380,313 (76.6) < 0.001
Transfer out 45,243 (1.7) 11,913 (1.5) 10,107 (1.8) 7,201 (1.9) 7,580 (1.9) 8,442 (1.7) < 0.001
Admission 504,765 (19.1) 124,632 (15.5) 107,515 (19.5) 80,978 (21.5) 89,796 (22.0) 101,844 (20.5) < 0.001
Death 12,375 (0.5) 2,567 (0.3) 2,401 (0.4) 2,483 (0.7) 2,478 (0.6) 2,446 (0.5) < 0.001
Unknown 18,562 (0.7) 3,355 (0.4) 3,642 (0.7) 4,418 (1.2) 3,573 (0.9) 3,574 (0.7) < 0.001

ICU Admission 77,874 (3.0) 17,142 (2.1) 16,346 (3.0) 13,846 (3.7) 14,918 (3.7) 15,622 (3.1) < 0.001
Operation 30,423 (1.2) 6,552 (0.8) 6,161 (1.1) 5,507 (1.5) 5,976 (1.5) 6,227 (1.3) < 0.001
In-hospital mortality, total 37,982 (1.4) 8,496 (1.1) 7,845 (1.4) 7,170 (1.9) 7,128 (1.7) 7,343 (1.5) < 0.001

ED 12,375 (0.5) 2,567 (0.3) 2,401 (0.4) 2,483 (0.7) 2,478 (0.6) 2,446 (0.5) < 0.001
Ward 25,607 (1.0) 5,929 (0.7) 5,444 (1.0) 4,687 (1.2) 4,650 (1.1) 4,897 (1.0) < 0.001

Data are presented as number (%).
EMS = emergency medical services, BT = body temperature, KTAS = Korean triage and acuity scale, ED = emergency department, LOS = length of stay, STD = 
standard deviation, IQR = interquartile range, ICU = intensive care unit.



Effects of emergency care interventions on safeties for emergency patients
For in-hospital mortality among the study population, compared to the study phase 3, the 
adjusted ORs (95% CIs) were 0.63 (0.61–0.65) for phase 1, 0.77 (0.74–0.79) for phase 2, 0.90 
(0.87–0.93) for phase 4, and 0.77 (0.74–0.79) for phase 5. By subgroup for region, for the 
patients in Daegu and Gyeongbuk, the adjusted ORs (95% CIs) were 0.78 (0.71–0.87) for 
phase 4 and 0.57 (0.51–0.64) for phase 5 compared to phase 3, and for other 15 provinces, the 
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Fig. 1. Daily number of ED visits and confirmed COVID-19 patients during the study period. 
ED = emergency department, COVID-19 = coronavirus disease 2019.

Table 3. Characteristics of patients with clinically important diagnoses according to the study phase
Variables Total Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 P value
Crisis warning level 1 & 2 3 4 4 4 -
Intervention - - Before Run-in After -
Total visits 2,636,341 803,160 551,903 377,212 407,447 496,619 -
Acute myocardial infarction

Total 13,778 (0.5) 3,131 (0.4) 3,011 (0.5) 2,257 (0.6) 2,533 (0.6) 2,846 (0.6) < 0.001
In-hospital mortality 1,371 (10.0) 317 (10.1) 299 (9.9) 262 (11.6) 256 (10.1) 237 (8.3) < 0.001
ICU admission 7,878 (57.2) 1,725 (55.1) 1,684 (55.9) 1,342 (59.5) 1,528 (60.3) 1,599 (56.2) < 0.001
ED LOS, min, mean (STD) 318.6 (444.0) 312.9 (436.2) 291.8 (444.2) 308.2 (428.1) 327.0 (434.9) 353.9 (469.9) < 0.001
ED LOS, min, median (IQR) 161 (71–356) 166 (75–343) 153 (69–316) 149 (66–349) 162.5 (67–378) 172 (75–421) < 0.001

Ischemic stroke
Total 27,169 (1.0) 6,114 (0.8) 5,578 (1.0) 4,749 (1.3) 5,071 (1.2) 5,657 (1.1) < 0.001
In-hospital mortality 1,428 (5.3) 324 (5.3) 277 (5.0) 271 (5.7) 273 (5.4) 283 (5.0) < 0.001
ICU admission 7,250 (26.7) 1,572 (25.7) 1,460 (26.2) 1,294 (27.2) 1,426 (28.1) 1,498 (26.5) < 0.001
ED LOS, min, mean (STD) 306.7 (387.1) 290.5 (384.5) 273.8 (337.7) 309.5 (411.7) 325.6 (396.9) 337.2 (401.8) < 0.001
ED LOS, min, median (IQR) 196 (124–328) 192 (124–310) 189 (120–300) 189.5 (121–316) 203 (125–356) 209 (130–382) < 0.001

Hemorrhagic stroke
Total 11,460 (0.4) 2,505 (0.3) 2,437 (0.4) 2,046 (0.5) 2,213 (0.5) 2,259 (0.5) < 0.001
In-hospital mortality 1,633 (14.2) 333 (13.3) 338 (13.9) 292 (14.3) 333 (15.0) 337 (14.9) < 0.001
ICU admission 7,554 (65.9) 1,604 (64.0) 1,616 (66.3) 1,394 (68.1) 1,482 (66.7) 1,458 (54.5) < 0.001
ED LOS, min, mean (STD) 259.3 (398.3) 231.8 (381.2) 235.9 (352.0) 261.7 (401.4) 283.1 (415.0) 289.9 (439.1) < 0.001
ED LOS, min, median (IQR) 143 (92–249) 138 (88–232) 135 (90–232) 142 (93–245) 146 (94–267) 155 (95–278) < 0.001

Severe trauma, ICISS < 0.90
Total 111,345 (4.2) 25,641 (3.2) 22,729 (4.1) 17,851 (4.7) 20,929 (5.1) 24,195 (4.9) < 0.001
In-hospital mortality 2,341 (2.1) 527 (2.1) 488 (2.1) 444 (2.5) 430 (2.1) 452 (1.9) < 0.001
ICU admission 10,804 (9.7) 2,236 (8.7) 2,204 (9.7) 1,935 (10.8) 2,181 (10.4) 2,248 (9.3) < 0.001
ED LOS, min, mean (STD) 199.3 (281.1) 190.6 (273.4) 188.0 (276.1) 208.7 (299.2) 210.9 (288.1) 201.9 (273.3) < 0.001
ED LOS, min, median (IQR) 117 (63–224) 114 (61–214) 114 (62–213) 121 (65–229) 121 (64–236) 117 (63–231) < 0.001

Data are presented as number (%).
ICU = intensive care unit, ED = emergency department, LOS = length of stay, STD = standard deviation, IQR = interquartile range.



adjusted ORs (95% CIs) were 0.93 (0.90–0.97) for phase 4 and 0.81 (0.78–0.84) for phase 5 
compared to phase 3. By subgroup for diagnosis, for the patients with AMI, the adjusted ORs 
(95% CIs) were 0.69 (0.57–0.83) for phase 5 compared to phase 3, and for severe trauma, the 
adjusted ORs (95% CIs) were 0.83 (0.73–0.95) and 0.76 (0.67–0.87) for phase 4 and phase 
5, respectively, compared to phase 3. For acute ischemic stroke and hemorrhagic stroke, the 
effect measures were not significant during any of the study phases (Table 4).

For ED LOS among the study population, compared to the study phase 3, the adjusted 
coefficients (95% CIs) were −18.1 (−19.2 to −17.1) minutes for phase 1, −12.3 (−13.5 to −11.2) 
minutes for phase 2, 1.7 (0.52 to 2.9) minutes for phase 4, and −5.3 (−6.5 to −4.2) minutes 
for phase 5. By subgroup analysis, for severe trauma, the ED LOS decreased by −5.7 (−11.0 to 
−0.3) minutes in phase 5 compared to phase 3. Compared to phase 3, the ED LOS in phase 
5 was increased by 45.8 (21.3 to 70.2) minutes for the patients with AMI, 27.3 (12.4 to 42.2) 
minutes for acute ischemic stroke, and 28.5 (4.7 to 52.3) minutes for acute hemorrhagic 
stroke (Table 5).

DISCUSSION

Using a nationwide emergency patient database, we investigated the effects of emergency 
care-related health policies on the safety and clinical outcomes of emergency patients during 
the COVID-19 pandemic. In Korea, emergency care-related health policies aimed to treat 
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Table 4. Adjusted odds ratios and 95% CIs for in-hospital mortality for the study population
Variables Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Crisis warning level 1 & 2 3 4 4 4
Intervention - - Before Run-in After
Total 0.63 (0.61–0.65) 0.77 (0.74–0.79) 1.00 0.90 (0.87–0.93) 0.77 (0.74–0.79)
Region

Daegu and Gyeongbuk 0.49 (0.44–0.54) 0.66 (0.60–0.73) 1.00 0.78 (0.71–0.87) 0.57 (0.51–0.64)
Other 15 provinces 0.66 (0.64–0.69) 0.79 (0.76–0.82) 1.00 0.93 (0.90–0.97) 0.81 (0.78–0.84)

Clinically important diagnosis
Acute myocardial infarction 0.82 (0.69–0.98) 0.82 (0.69–0.98) 1.00 0.86 (0.71–1.03) 0.69 (0.57–0.83)
Ischemic stroke 0.90 (0.76–1.07) 0.85 (0.71–1.01) 1.00 0.93 (0.71–1.11) 0.86 (0.72–1.02)
Hemorrhagic stroke 0.92 (0.78–1.09) 0.97 (0.82–1.15) 1.00 1.07 (0.90–1.27) 1.07 (0.91–1.27)
Severe trauma 0.85 (0.74–0.96) 0.88 (0.77–1.00) 1.00 0.83 (0.73–0.95) 0.76 (0.67–0.87)

Data are presented as adjusted odds ratios (95% CI).
Odds ratios were adjusted for age and gender.
CI = confidence interval.

Table 5. Multivariable regression analysis for length of stay in emergency departments (minutes) for the study population
Variables Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Crisis warning level 1 & 2 3 4 4 4
Intervention - - Before Run-in After
Total −18.1 (−19.2 to −17.1) −12.3 (−13.5 to −11.2) Ref. 1.7 (0.52 to 2.9) −5.3 (−6.5 to −4.2)
Region

Daegu and Gyeongbuk −36.4 (−42.8 to −30.0) −17.1 (−23.9 to −10.3) Ref. 6.2 (−1.1 to 13.5) 2.0 (−5.0 to 9.0)
Other 15 provinces −14.6 (−15.8 to −13.5) −11.6 (−12.9 to −10.3) Ref. 1.9 (0.6 to 3.2) −4.6 (−5.9 to −3.3)

Clinically important diagnosis
Acute myocardial infarction 2.0 (−21.9 to 25.9) −17.5 (−41.7 to 6.6) Ref. 19.2 (−5.9 to 44.2) 45.8 (21.3 to 70.2)
Ischemic stroke −19.9 (−34.5 to −5.2) −36.2 (−51.1 to −21.2) Ref. 15.6 (0.3 to 30.9) 27.3 (12.4 to 42.2)
Hemorrhagic stroke −30.8 (−53.9 to −7.5) −26.6 (−50.0 to −3.2) Ref. 20.8 (−3.1 to 44.7) 28.5 (4.7 to 52.3)
Severe trauma −18.0 (−23.3 to −12.7) −20.4 (−25.8 to −14.9) Ref. 3.1 (−2.4 to 8.7) −5.7 (−11.0 to −0.3)

Data are presented as β coefficients (95% CI).
Beta coefficients were adjusted for age and gender.
CI = confidence interval.



suspected and confirmed COVID-19 patients with severe symptoms appropriately, to protect 
other uninfected emergency patients from infection and to provide appropriate care based 
on their severity in disaster situations. The number of ED visits during the study period 
decreased from 803,160 in phase 1 to 496,619 in phase 5. The in-hospital mortality rate 
increased from 1.1% in phase 1 to 1.9% in phase 3, as the COVID-19 pandemic progressed, 
and decreased to 1.5% in phase 5 after policy implementation (adjusted OR [95% CI], 0.77 
(0.74–0.79) in phase 5 compared to phase 3). The ED LOS increased while the number of 
ED visits decreased as the COVID-19 pandemic progressed, and the ED LOS declined after 
policy implementation (beta coefficient: −5.3 minutes in phase 5 compared to phase 3). 
Implementing appropriate emergency care policies in the COVID-19 pandemic would have 
contributed to improving the safety of all emergency patients and reducing in-hospital 
mortality by preventing excessive deaths for not only for infected patients but also for 
uninfected patients.

During the COVID-19 pandemic, the number of emergency visits decreased, but the 
proportion of emergency patients with clinically important diagnoses among ED visits 
increased significantly. In previous studies, the number of medical visits decreased, but 
mortality rates in patients with specific diseases, including cancer, increased during the 
COVID-19 pandemic.15,16 These phenomena were explained by several hypotheses; because of 
the risk and fear of transmission of COVID-19, the patients with acute emergency symptoms 
would be hesitant to visit the ED, even if the patient needed immediate emergency care, 
which may have increased the time delay before medical contact and delayed treatment.17 
In addition, the lack of medical resources in the ED to treat emergency patients other than 
COVID-19 would be one of the possibilities. Because the treatment of COVID-19 patients 
requires more medical resources, in a pandemic disaster situation, there may be insufficient 
space and resources to provide adequate care to other emergency patients, which can 
increase in-hospital mortality and threaten safety.18 For this reason, public health policies 
must be implemented to ensure adequate emergency medical use for severe emergency 
disease patients, even in the COVID-19 pandemic situation.

In this study, implementation of emergency care-related health policies increased the 
number of isolation units and ICU beds in SEMC and enabled the web-based real-time 
sharing of resource information. The in-hospital mortality rates for all emergency patients 
decreased after policy implementation (phase 5 compared to phase 3), for not only Daegu 
and Gyeongbuk but also other 15 provinces. However, the effects of health policies varied 
among subgroups of emergency patients with clinically important diagnoses. Despite the 
designation of the SEMC, ED LOS increased in patients with AMI and stroke, probably due to 
the rapid increase in the number of COVID-19 confirmed patients with severe illness leading 
to a shortage of ICU beds. The mortality rates of emergency patients with clinically important 
diagnoses increased during the COVID-19 pandemic19-22 and the length of hospital stay for 
patients with the diseases increased23-26 in several countries with no relevant health policies. 
The in-hospital mortality rates of AMI and severe trauma, which increased during the early 
phase of COVID-19 outbreak, could be reduced by implementing the emergency care-related 
health policies.

During the COVID-19 pandemic, the mortality rates of confirmed cases were different for 
each country, from over 16% in France to less than 0.3% in Singapore.27,28 Such broad 
variation implies that there are factors, such as government response, other than patient 
characteristics that determine COVID-19 mortality.29 Effective government policies responded 

9/12https://jkms.org https://doi.org/10.3346/jkms.2021.36.e121

Emergency Care Policies during COVID-19



to the COVID-19 pandemic proactively to ensure a sufficient supply of personal protective 
equipment, provision of good public health services in treating infected patients, and quick 
implementation of screening programs.30,31 In addition, emergency care-related health 
policies could address not only reduced accessibility to healthcare services but also a shortage 
of human and economic resources that strain the healthcare system for uninfected emergency 
patients. Korea was the second-largest country with confirmed COVID-19 patients, which 
was due to the rapid increase in COVID-19 patients in March 2020, but it is evaluated as one 
of the countries that is currently successfully carrying out COVID-19 prevention with a strong 
preemptive response. Since the ED is a place where many patients with various diseases are 
concentrated, it is necessary to establish a system to respond properly to disaster situations. 
The emergency care-related health policies, including the designation of 57 SEMC, expansion 
of isolation units, and real-time sharing of resource information of SEMC on the NEMC 
portal (portal.nemc.or.kr), would have allowed timely provision of appropriate care and quick 
determination of ED disposition after acute care for not only for infected patients but also 
for uninfected patients. As the COVID-19 pandemic is currently underway, it is necessary 
to analyze further the impact of emergency care-related health policies in the COVID-19 
pandemic on the safety of all emergency patients after the end of the pandemic. Our findings 
have important implications for implementing emergency care policies in the potential risk of 
chronic COVID-19 pandemics or other communicable disease outbreaks.

The limitations of this study are as follows. First, this is a quasi-experimental study and does 
not use a randomization controlled trial. Types of selection bias that can occur in quasi-
experimental studies include maturation bias and instrumentation bias. These bias effects 
may have different outcomes by country and circumstance. Second, study subgroups were 
defined by the Korean Standard Classification of Diseases-7 code. Misclassification bias in 
subgroups was possibly present in studies. Therefore, it is necessary to conduct detailed 
studies on changes before and after the COVID-19 outbreak through future research. As 
the COVID-19 pandemic is currently underway, it is necessary to analyze further the impact 
of emergency care-related health policies on the safety of patients after the end of the 
communicable disease pandemic.

During the COVID-19 pandemic, implementing emergency care-related health policies 
would contribute to improving the safety of all emergency patients and reducing in-hospital 
mortality by preventing excessive deaths in critically ill patients visiting EDs. Implementing 
a multidisciplinary approach and evidence-based policy in a disaster situation will be the 
driving force to protect the safety and lives of the people despite the ongoing threat.

SUPPLEMENTARY MATERIALS

Supplementary Data 1
National crisis warning and health policies during the COVID-19 pandemic

Click here to view

Supplementary Data 2
National experiments: Emergency care-related health policies during the COVID-19 pandemic

Click here to view
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Supplementary Table 1
Characteristics of the study population in Daegu and Gyeongbuk according to national crisis 
warning level and intervention

Click here to view

Supplementary Table 2
Characteristics of the study population in other 15 provinces according to national crisis 
warning level and intervention

Click here to view
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