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Objective Emergency care systems worldwide have been significantly affected by the COVID-19
pandemic. This study investigated the trend of emergency department (ED) visits for emergency
care-sensitive conditions (ECSCs) in Korea before and during the pandemic.

Methods We performed a longitudinal study using the national ED database in Korea from Jan-
uary 2019 to December 2021. We calculated the number and incidence rate of visits for ECSCs
per 100,000 ED visits, and the incidence rate ratio of 2021 relative to the value in 2019. The se-
lected ECSCs were intracranial injury, ischemic heart disease, stroke, and cardiac arrest.

Results The number of ED visits for all causes decreased by about 23% during the pandemic. The
number of ED visits for intracranial injuries decreased from 166,695 in 2019 to 133,226 in 2020
and then increased to 145,165 in 2021. The number of ED visits for ischemic heart disease and
stroke decreased in 2020 but increased to 2019 levels in 2021. In contrast, the number of ED
visits for cardiac arrest increased from 23,903 in 2019 to 24,344 in 2020 and to 27,027 in 2021.
The incidence rate and incidence rate ratio of these four ECSCs increased from 2019 to 2021,
suggesting increasing relative proportions of ECSCs in total ED visits.

Conclusion During the COVID-19 pandemic, the number of cardiac arrests seen in the EDs in-
creased, but that of other ECSCs decreased. The decrease in ED visits for ECSCs was not as pro-
nounced as the decrease in ED visits for all causes during the pandemic. Further studies are
needed to determine clinical outcomes in patients with ECSC during the pandemic.
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INTRODUCTION

After the first case of COVID-19 was reported in Wuhan, China, in December 2019, this danger-
ous epidemic spread worldwide [1]. By July 2023, the World Health Organization (WHO) report-
ed that more than 760 million people were infected with COVID-19, and more than 6.9 million
of those infected had died [2]. In regions critically impacted by COVID-19 cases, such as Europe
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What is already known

Capsule
Summary

What is new in the current study

Emergency care systems worldwide have been severely impacted by the COVID-19 pandemic.

During the COVID-19 pandemic period, the number of emergency department visits for all causes and emergency
care-sensitive conditions, including intracranial injury, ischemic heart disease, and stroke, has decreased significantly
in Korea. On the other hand, the number of cardiac arrests has increased.

and North America [3], substantial medical resources were re-
quired to respond to this situation [4]. Moreover, these efforts
had to be carried out while ensuring continued access to essen-
tial health care services [5]. However, emerging studies have sug-
gested that the COVID-19 pandemic had a negative impact on
health care utilization [6]. A study conducted in five states in the
United States [7] found that emergency department (ED) visits
decreased by 41.5% to 63.5% in the 4 months following the
pandemic outbreak compared to before the pandemic. Another
Canadian study [8] found that the decline in ED visits continued
for more than two years after the start of the pandemic. These
declines in access to EDs are raising concerns that patients with
acute life-threatening conditions such as acute myocardial in-
farction (AMI), stroke, and out-of-hospital cardiac arrest (OHCA)
may not be able to access prompt care. In fact, there was a 10%
decrease in AMI patients who visited the ED for coronary artery
revascularization during the first wave of the COVID-19 pandem-
ic in Korea [9].

Despite growing concerns, the impact of the pandemic on the
emergency care system has not been fully studied. Most studies
are limited to the first year of the pandemic, and nationwide data
are limited. Considering that the pandemic has put a strain on
the emergency care system over the past 2 years, longer-term stud-
ies are needed. Therefore, this study aims to explore the changes in
ED visits for emergency care-sensitive conditions (ECSCs) in Korea

before and during the pandemic using national data.

METHODS

Ethics statement
This study was approved by the Institutional Review Board of the
National Medical Center (No. NMC-2021-10-123). The require-
ment for informed consent was waived due to the retrospective
nature of the study.

Clin Exp Emerg Med 2024;11(1):88-93

Data source

This was a retrospective time-series study using data from the
National Emergency Department Information System (NEDIS) be-
tween 2019 and 2021. NEDIS is a nationwide information system
developed in 2003 to collect and store information on patients
visiting EDs in Korea. The NEDIS database is designed to assist
professionals and policy makers involved in emergency care at
the regional and national levels to evaluate the performance of
the emergency care system and to support future strategic plan-
ning. To this end, NEDIS provides a framework for collecting,
storing, and sharing standardized data. Through NEDIS, partici-
pating EDs transmit visit-level patient data, including demo-
graphic, administrative, and clinical information, to a central pro-
cessing facility. All patient-related information is anonymized and
transmitted electronically, and data inconsistencies are detected
manually and using computational algorithms. Detailed design
and variables of the NEDIS database have been described else-
where [9-12].

Study population

From the NEDIS database, we identified all ED patients and those
with ECSCs as the primary diagnosis between January 1, 2019,
and December 31, 2021. According to the definition of ECSC, we
selected four of 50 time-sensitive condition candidates presented
in previous studies using a multidisciplinary expert consensus
method [13,14], considering the incidence and disease burden in
Korea. The four ECSCs selected for the study were ischemic heart
disease (IHD), stroke, cardiac arrest, and intracranial injury. The
International Classification of Diseases, 10th Revision (ICD-10)
codes for ECSCs are presented in Supplementary Table 1.

Outcomes
The primary outcome of interest was the number and incidence
rate (IR) of ED visits for ECSCs during the study period. The sec-
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ondary outcome was the incidence rate ratio (IRR) of ED visits for
ECSCs.

Statistical analysis

The number and IRs of ED visits for ECSCs were calculated for
each ECSC by calendar month. ED visit trends for ECSCs were
presented as line charts according to calendar months from 2019
to 2021. The IR of ECSC per 100,000 ED visits was defined as fol-
lows:

Monthly no. of ED visits for ECSC 5

R = Monthly no. of total ED visits

To estimate changes in ED visits for ECSCs before and during
the pandemic, 2019 was designated as the before pandemic peri-
od, while 2020 and 2021 were designated as the during pandem-
ic period. Poisson regression was used to calculate IRR and 95%
confidence intervals, which are IR comparisons for ECSCs before
and during the pandemic.

The database construction and statistical analysis were per-
formed using SAS ver. 9.4 (SAS Institute) and R ver. 4.1.1. (R
Foundation for Statistical Computing). Results with a two-tailed
P <0.05 were considered statistically significant.

RESULTS

Between 2019 and 2021, the participation rate of nationwide EDs
in the NEDIS was 99.8% (401 of 402) in 2019, 100% (403 of 403)
in 2020, and 100% (405 of 405) in 2021. From the NEDIS, we

Table 1. Number of emergency department visits for ECSC, 2019-2021

Emergency department visits during the pandemic

identified a total of 23,840,990 ED visits from January 1, 2019, to
December 31, 2021. Of these, 9,311,768 patients visited EDs be-
fore the pandemic period, and 14,529,222 patients visited EDs
during the pandemic period (Table 1). The number of ED visits for
all causes during the pandemic period decreased by about 23%
compared to the pre-pandemic period. However, the number of
ED visits for ECSCs showed a smaller decrease or even increased.
The number of ED visits for intracranial injuries decreased by
about 20% in 2020 and by 13% in 2021 compared to before the
pandemic period. The number of ED visits for IHD and stroke de-
creased in 2020 but increased to 2019 levels in 2021. In contrast,
the number of ED visits for cardiac arrest continued to increase
during the pandemic.

The IRs of ED visits for ECSCs are presented in Table 2. The IRs
of ED visits for intracranial injury per 100,000 ED visits were
1,790.2 (95% confidence interval [Cl], 1,790.1-1,790.2) in 2019,
before the pandemic period, and 1,862.3 (95% Cl, 1,862.2-
1,862.3) in 2020 and 1,968.3 (95% Cl, 1,968.2-1,968.3) in 2021,
during the pandemic period. Similar IR patterns were observed in
all ECSC diagnostic groups. The number of ED visits for ECSCs de-
creased during compared to before the pandemic. However, the
IR of ED visits for ECSCs increased because the denominator,
which is the number of ED visits for all causes, decreased by a
larger margin. This suggests that the decrease in ED visits for
ECSCs was not as pronounced as the decrease in ED visits for all
causes during the pandemic period.

The IRRs of ED visits for ECSCs are presented in Table 3. The
IRR of ED visits for intracranial injury was 1.04 (95% Cl, 1.03-

ECSC 2019 (n=9,311,768) 2020 (n=7,153,969) 2021” (n=7,375,253)
Intracranial injury 166,695 (1.8) 133,226 (1.9) 145,165 (2.0)
Ischemic heart disease 27,618 (0.3) 24,725 (0.3) 25,568 (0.3)
Stroke 102,496 (1.1) 94,684 (1.3) 99,095 (1.3)
Cardiac arrest 23,903 (0.3) 24,344 (0.3) 27,027 (0.4)
Values are presented as number (%).
ECSC, emergency care-sensitive condition.
JBefore the COVID-19 pandemic. “During the COVID-19 pandemic.
Table 2. IRs of emergency department visits for ECSCs, 2019-2021

a (9) )
— 2019” 2020" 2021%

IR 95% Cl IR 95% Cl IR 95% Cl

Intracranial injury 1,790.2 1,790.1-1,790.2 1,862.3 1,862.2-1,862.3 1,968.3 1,968.2-1,968.3
Ischemic heart disease 296.6 296.6-296.6 345.6 345.6-345.6 346.7 346.7-346.7
Stroke 1,100.7 1,100.7-1,100.7 1,323.5 1,323.5-1,323.5 1,343.6 1,343.6-1,343.6
Cardiac arrest 256.7 256.7-256.7 340.3 340.3-340.3 366.5 366.4-366.5

IR, incidence rate; ECSC, emergency care-sensitive condition; Cl, confidence interval.

“Before the COVID-19 pandemic. ®During the COVID-19 pandemic.
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1.05) in 2020 and 1.10 (95% Cl, 1.09-1.11) in 2021. The IRR of
ED visits for each ECSC in 2021 was significantly higher than that
in 2020. This is because the IR of ED visits for ECSCs increased in
2021 compared to 2020. In particular, the IRR of cardiac arrest in
2021 was significantly higher than that in 2020.

DISCUSSION

In this study, we found that the number of overall ED visits in Ko-
rea decreased sharply during the COVID-19 pandemic. However,
the decrease was less pronounced for ECSCs. In fact, the number
of ED visits for cardiac arrest increased. The IR of ED visits for
ECSCs increased during the pandemic, and the IRR of ED visits for
ECSCs in 2021 was significantly higher than that in 2020. This
suggests that the decrease in ED visits for ECSCs was not as pro-
nounced as the decrease in ED visits for all causes during the
pandemic period. This may be because individuals with ECSCs
were more likely to seek care at the ED during the pandemic due
to the increased risk of complications from their condition. Addi-
tionally, the increase in ED visits for cardiac arrest during the
pandemic could be due to the worsening condition of patients
with originally acute conditions due to delay in seeking emergen-
cy care [15].

The decrease in ED visits may reflect a decrease in the actual
need for emergency care, a decrease in access to emergency care,
or a combination of both. Several factors may have contributed
to the decrease in ED visits for ECSCs during the pandemic peri-
od, including social distancing, public fear of COVID-19, and di-
version of patients to COVID-19-designated hospitals. For some
types of ECSCs, the decrease in ED visits may be due to a "true"
decrease in the number of cases. Korea, like other countries, has
implemented nonpharmaceutical interventions (NPIs) such as
telecommuting, travel restrictions, and gathering bans to reduce
the transmission of COVID-19 through person-to-person contact
[16]. These NPIs, known as social distancing, led to a significant
decrease in outdoor activities and public transportation use,

Table 3. IRRs of emergency department visits for ECSCs, 2019-2021

2020 2021
ECSC IRR 95% Cl IRR 950 Cl
Intracranial injury 1.04 1.03-1.05 1.10 1.09-1.11
Ischemic heart disease 117 1.15-1.19 117 1.15-1.19
Stroke 1.20 1.19-1.21 1.22 1.21-1.23
Cardiac arrest 1.33 1.30-1.35 1.43 1.40-1.45

IRRs for each year during the COVID-19 pandemic is calculated relative
to 2019 (before the COVID-19 pandemic).

IRR, incidence rate ratio; ECSC, emergency care-sensitive condition; Cl,
confidence interval.

Clin Exp Emerg Med 2024;11(1):88-93
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which can explain the decrease in ED visits due to injuries [17,18].
In our study, we found that the number of ED visits for intracra-
nial injuries decreased the most among ECSCs. This finding is
consistent with previous studies that have shown a decrease in
the incidence of traumatic brain injury following the outbreak of
the pandemic [19-22]. For other types of ECSCs, the decrease in
ED visits may be due to fear of infection and subsequent avoid-
ance of hospitals [23,24]. For example, individuals may not have
sought emergency care because of the fear of exposure to
COVID-19 in crowded emergency rooms and the concern about
the possibility of extended waiting times [25]. Finally, the Korean
government has designated and operated several hospitals only
for patients with COVID-19 [26]. However, these measures can
increase the challenge for patients with non- COVID-19 emer-
gency conditions in accessing emergency care.

The decrease in the number of ED visits suggests that a signifi-
cant number of people postponed or canceled ED visits even
though they were experiencing acute conditions. ECSC essentially
consists of time-sensitive conditions. According to a previous
study conducted in Korea [14], delays in hospital access time in
ECSCs were associated with increased mortality. Therefore, it is
necessary to study whether their long-term clinical outcomes are
worse. The decrease in ED visits for ECSCs is concerning as it may
lead to worse long-term outcomes for patients with these condi-
tions. It is important to understand the reasons for the decrease
in ED visits for ECSCs to develop strategies for mitigating the im-
pact of the pandemic on these patients.

This study has several notable limitations. First, it compared ED
visits during the pandemic to those in the year before the pan-
demic. Long-term changes in the pre-pandemic period were not
included in the study. Second, the definition of ECSCs is based
solely on ICD-10 codes. Therefore, there is a possibility of mis-
classification. Third, study populations were not assessed for se-
verity. This means that it is not possible to know the severity of
patient conditions, which could impact the results of the study.
For example, patients with more urgent conditions may be more
likely to seek care at the ED, even during a pandemic. Finally, the
study did not assess the clinical outcomes of patients with ECSCs
who delayed or canceled ED visits during the pandemic. Further
research is needed on this topic.

In conclusion, during the COVID-19 pandemic, the total ED vis-
its for all causes decreased, but the IRs of the ECSCs increased.
The number of cardiac arrests increased, but other ECSCs includ-
ing IHD, stroke, and intracranial injuries, decreased. Understand-
ing the specific conditions that led to the biggest decrease in ED
visits during the pandemic is important in planning for the next
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pandemic, regarding potential vulnerabilities in the emergency
care system.
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