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Abstract: Background and Objectives: The ongoing coronavirus disease 2019 (COVID-19) pandemic
represents a global public health crisis that has had a serious impact on emergency department (ED)
utilization trends. The aim of this study was to investigate the collateral effects of the COVID-19
pandemic on ED utilization trends by patients with mild and severe conditions as well as on 7-day
fatality rates. Materials and Methods: We analyzed entries in the Korean National Health Insurance
claims database between 1 January 2018 and 31 December 2020. Six target patient groups were
identified using the main diagnosis codes in the 10th revision of the International Classification of
Diseases. Numbers of patients visiting the ED, their age, regional differences, 7-day fatality rate, and
rate of emergency procedures were compared between 2018 and 2019 as the control period and 2020,
when the COVID-19 pandemic was in full force. Results: During the 2020 COVID-19 pandemic, the
number of patients who visited the ED with low-acuity diseases and severe acute respiratory infection
diseases sharply decreased to −46.22% and −56.05%, respectively. However, the 7-day fatality rate
after ED visits for low-acuity diseases and severe acute respiratory infection diseases increased to
0.04% (p < 0.01), and 1.65% (p < 0.01), respectively, in 2020 compared to that in the control period.
Conclusions: During the 2020 COVID-19 pandemic, ED utilization impacted and 7-day fatality rate
after ED visit increased. Health authorities and health care providers must strive to ensure prompt
delivery of optimal care in EDs for patients with severe or serious symptoms and time-dependent
diseases, even during the ongoing COVID-19 or potential future pandemics.

Keywords: COVID-19 pandemic; emergency department; facility utilization; case fatality rate

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic is an ongoing global health crisis
marked by a constellation of effects on emergency department (ED) utilization trends.
Since the Korean “index patient” was reported on 20 January 2020, 35% of the Korean
population (18.26 million) were confirmed to have COVID-19 and 24,416 died from it as of
17 June 2022 [1–3]. While it would be ideal to allow both COVID-19 and non-COVID-19
patients to seek medical care equally, most countries shifted their public health policies
to direct medical attention to COVID-19 patients amid limited medical resources in the
early period of the pandemic [2–5]. In Korea, owing to the lack of clear guidelines for
ED triage criteria during the early days of the pandemic, a confirmation of a COVID-19
case in the ED forced a hospital to close its ED temporarily to prevent the spread of the
infection. This resulted in the temporary suspension of care in many EDs nationwide [6].
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Consequently, ED designation for emergency care for patients being transported in an
ambulance or waiting at home was delayed, unfortunately resulting in patient death [7].

Studies were conducted on changes in ED utilization during an infectious disease epi-
demic [8,9]. During the COVID-19 pandemic, ED utilization by pediatric patients, patients
with low-acuity conditions, and those with traumatic injuries dropped by 20–63%, whereas
that by patients with high-acuity conditions, such as acute myocardial infarction (AMI),
stroke, and metabolic emergencies, did not decrease as much [10–18]. However, reduced
ED visits can result in excess deaths as a result of suspended or delayed treatment of serious
or life-threatening diseases other than COVID-19 [19,20]. In addition, multiple COVID-19
waves impacted patient fatality rates, which the government has tried to overcome by
social distancing [21].

Analyzing changes in ED utilization patterns during the ongoing COVID-19 pandemic
as well as identifying the negative collateral effects of COVID-19 on patients with high-
acuity conditions and fatality rates are crucial for the management of current and future
novel infectious diseases. Therefore, the aim of this study was to investigate the effects
of the COVID-19 pandemic on ED utilization patterns and fatality rates in Korea using
claims-based National Health Insurance (NHI) data [22].

2. Materials and Methods
2.1. Study Setting and Databases

In this nationwide retrospective study, we analyzed entries in the NHI claims database
between 1 January 2018 and 31 December 2020. The NHI database is a public database,
formed by the National Health Insurance Service, which includes the entire population of
South Korea (over 50 million) [22]. The database includes age, sex, region, date of admission,
date of discharge, admission route, diagnosis codes according to the 10th revision of the
International Classification of Diseases (ICD-10), date of death, and details about which
medical services were used during hospitalization. While patient records contain one
principal, one secondary, and three additional diagnostic codes, we analyzed only the
principal code to increase the specificity of our analysis [23].

2.2. Measurement of Variables

We analyzed patients who visited the ED during the study period. A patient visiting the
ED was defined as a patient with an emergency facility fee listed in their prescription history.

We selected several major diseases and classified them into low-acuity and high-
acuity diseases, based on principal diagnostic codes. Low-acuity diseases (LAD) included
acute gastroenteritis (A08-A09), upper respiratory infections (J00-J06), and acute otitis
media (H65-H67). High-acuity diseases included severe acute respiratory infections (SARI)
(J09-J22), AMI (I21-I22), acute hemorrhagic stroke (AHS) (I60-62), acute ischemic stroke
(AIS) (I63), and cardiac arrest (CA) (I46). To increase specificity, AMI, AHS, and AIS were
included only when first diagnosed in the ED and were excluded when there was a medical
history with the same diagnosis since 2002 in the NHI database [23].

If AIS patients visited the hospital within the “golden hour” (4.5 h after onset of a
stroke), tPA (tissue plasminogen activator), a thrombolytic therapeutic agent, is adminis-
tered to those for whom treatment is indicated. Patients who received tPA treatment were
defined as those with a tPA prescription code along with an AIS diagnostic code. Among
the AMI patients, patients who underwent emergent vascular interventions (VI) treatment
were defined as those with coronary angiography, percutaneous transluminal coronary
angioplasty, stent insertion, thrombectomy, off-pump coronary artery bypass surgery, and
extracorporeal membrane oxygenation prescription code [24].

We defined 2020 as the main COVID-19 pandemic period, and 2018 and 2019 as the
control period. The outcomes were the monthly number of ED visits, ratio of ED visits in
2020 to the averaged visits from the same month in the control periods, important treatment
progress rate after visiting the ED (for patients with AMI or AIS), and monthly numbers of
7-day fatalities from among patients visiting an ED [25,26].
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Fatality rate was calculated as follows and presented as percentage (%).

Fatality rate = 100 × number of deaths within 7 days of an ED visit ÷ number of patients
who visited an ED.

To assess the degree of change in ED visit, death, and fatality rate, tPA, tPA rate, VI, VI
rate, the ratio were calculated as follows and presented as a percentage (%).

ED visit change (%) = 200 × ED visit in 2020/(ED visit in 2018 + ED visit in 2019) − 100.
Deaths change (%) = 200 × Number of deaths within 7 days of an ED visit in 2020/(number
of deaths within 7 days of an ED visit in 2018 + number of deaths within 7 days of an ED
visit in 2019) − 100.
Fatality rate change (%) = 100 × Number of deaths within 7 days of an ED visit in 2020/ED
visit of 2020 − 100 × (Number of deaths within 7 days of an ED visit in 2018 + Number of
deaths within 7 days of an ED visit in 2019)/(ED visit in 2018 + ED visit in 2019).
tPA change (%) = 200 × Number of tPA in 2020/(Number of tPA in 2018 + Number of tPA
in 2019) − 100.
tPA rate change (%) = 100 × Number of tPA in 2020/ED visit in 2020 − 100 × (Number of
tPA in 2018 + Number of tPA in 2019)/(ED visit in 2018 + ED visit in 2019).
VI change (%) = 200 × Number of VI in 2020/(Number of VI in 2018 + Number of VI in
2019 − 100.
VI rate change (%) = 100 × Number of VI in 2020/ED visit in 2020 − 100 × (Number of VI
in 2018 + Number of VI in 2019)/(ED visit in 2018 + ED visit in 2019).

2.3. Statistical Analysis

Descriptive statistics were used to describe the basic features of the data. Categorical
variables were expressed as frequency (percentage). Monthly number and trends of ED
visits and 7-day fatality rate were analyzed during the study period for low-acuity and
high-acuity diseases. Moreover, we analyzed differences according to pandemic waves.
The start point of pandemic wave was defined as the month that include the first day
with >100 new cases of COVID-19 per day for 2 consecutive days, and the end point was
defined as the month that include last day before decreasing to <100 cases per day for
≥7 days. The first wave occurred between February and April 2020, the second wave
occurred between August and September 2020, and the third wave lasted from November
to the end of December 2020. We defined January as prepandemic, May, Jun, July, and
October as inter-wave (Figure S1) [21,27]. In addition, the monthly number of tPA use for
AIS patients and vascular interventions for AMI patients were analyzed. We analyzed
differences according to patient age and region. Based on age, we divided the patients into
three groups: children (0–17 years), adults (18–75 years), and the elderly (over 75 years).
The regions we divided Korea into were Daegu and Gyeongbuk, where the first COVID-19
outbreak in Korea occurred; Seoul, Gyeonggi and Incheon, where the second wave of
the epidemic started; and other regions [21,27]. A chi-square test was used to compare
categorical variables. Data management and statistical analyses were conducted using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), and p valued < 0.05 were considered
statistically significant.

3. Results

We analyzed annual trends of patient visits to EDs for LAD, SARI, AHS, AIS, and
AMI from 2018 to 2020. The visits for LAD and SARI showed a decreasing trend over
3 years, especially decreasing sharply in 2020. The number of visits for LAD was 196,564,
174,181, and 99,692 and that for SARI was 77,660, 64,279, and 31,193 in 2018, 2019, and
2020, respectively. The visits for AHS, AIS, and AMI increased in 2019 compared to that
in 2018, but decreased in 2020. The number of visits for AHS was 4553, 4881, and 4706;
that for AIS was 10,357, 11,792, and 11,468; and that for AMI was 5351, 5594, and 5456 in
2018, 2019, and 2020, respectively. The visits for CA increased, from 3291 in 2019 to 3611 in
2019 and 3915 in 2020 (Table S1). From February 2020, when the local epidemic began, the
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number of patients with LAD who visited the ED decreased significantly. By March 2020,
visits to the ED by patients with LAD had decreased to less than 50% compared with that
during the control period, and since then, the rate has hovered around 50%. The number of
SARI patients who visited the ED decreased significantly by February 2020 to 59.29% of the
number recorded during the control period; since then, the rate remained below 50% and
decreased to only 6.46% in December 2020 (Figure 1 and Table S1).
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Figure 1. Monthly ED visit rate in 2020 compared to those in the control period. For the investigation
of monthly trends from 2018 to 2020, monthly ED visit rates after ED visits for each month in
2020 were compared with the average numbers of the corresponding months in the control period.
LAD = Low-acuity disease, SARI = Severe acute respiratory infection, AHS = Acute hemorrhagic
stroke, AIS = Acute ischemic stroke, AMI = Acute myocardial infarction, CA = Cardiac arrest,
ED = emergency department.

Compared with the control period, ED visit change in 2020 was −46.22% for LAD,
−56.05% for SARI, −0.23% for AHS, 3.55% for AIS, −0.30% for AMI, and 13.45% for CA.
Compared with the control period, 7-day fatality rate in 2020 increased to 0.04% for LAD
(p < 0.01), 1.65% for SARI (p < 0.01), 0.62% for AHS (p = 0.25), 0.25% for AIS (p = 0.12), 0.23%
for AMI (p = 0.58), and 0.46% for CA (p = 0.50) (Table 1 and Table S2). According to the
analysis of the epidemic wave period, the 7-day fatality rate increased in all disease groups
during total epidemic wave periods and inter-wave periods, but only LAD (p < 0.01) and
SARI (p < 0.01) showed statistical significance (Table 2).

The number of patients who were treated for AIS as the main diagnosis in the ED was
10,357 in 2018, 11,792 in 2019, and 11,468 in 2020. Of those patients who visited the ED
and were diagnosed with AIS during the study period, 915 were administered tPA in 2018,
1151 in 2019, and 1081 in 2020. Accordingly, the tPA treatment rates were 8.83%, 9.76%,
and 9.43%, respectively. Of all patients who visited the ED and were treated for AMI as the
main diagnosis, 4589 underwent vascular interventions in 2018, 4822 in 2019, and 4717 in
2020. Thus, the vascular intervention rates were 85.76%, 86.20%, and 86.46%, respectively,
but there was no statistical significance (Table 3).



Medicina 2023, 59, 90 5 of 10

Table 1. Deaths within 7 days of an ED visit from 2018 to 2020 listed by diagnosis.

2018 2019 2020 2020 vs. 2018 & 2019

ED Visit, n Deaths, n
(Fatality, %) ED Visit, n Deaths, n

(Fatality, %) ED Visit, n Deaths, n
(Fatality, %)

ED Visit
Change, %

Death
Change, %

Fatality

Rate
Change, % p-Value

LAD 196,564 69 (0.04) 174,181 58 (0.03) 99,692 71 (0.07) −46.22 11.81 0.04 <0.01 **

SARI 77,660 979 (1.26) 64,279 931 (1.45) 31,193 935 (3.00) −56.05 −2.09 1.65 <0.01 **

AHS 4553 466 (10.24) 4881 490 (10.04) 4706 506 (10.75) −0.23 5.86 0.62 0.25

AIS 10,357 211 (2.04) 11,792 231 (1.96) 11,468 258 (2.25) 3.55 16.74 0.25 0.12

AMI 5351 374 (6.99) 5594 371 (6.63) 5456 384 (7.04) −0.30 3.09 0.23 0.58

CA 3291 2833 (86.08) 3611 3163 (87.59) 3915 3419 (87.33) 13.45 14.04 0.46 0.50

** p < 0.01. ED = emergency department, LAD = low-acuity disease, SARI = severe acute respiratory in-
fection, AHS = acute hemorrhagic stroke, AIS = acute ischemic stroke, AMI = acute myocardial infarction,
CA = cardiac arrest.

Table 2. Comparison between epidemic wave in COVID-19 pandemic and control periods.

Prepandemic 1st Wave 2nd Wave 3rd Wave Total Wave a Inter-Wave

LAD ED visit change, % 29.42 −52.44 −58.1 −60.38 −56.47 −48.58
Deaths change, % 20.00 11.11 −31.43 84.62 4.00 24.32

Fatality rate change, % 0.00 0.04 0.03 0.08 0.05 0.04
p-Value 0.03 * <0.01 ** 0.14 <0.01** <0.01 ** <0.01 **

SARI ED visit change, % 33.61 −66.05 −63.14 −89.67 −77.06 −66.89
Deaths change, % −3.64 −11.29 18.03 −2.11 −1.77 −2.03

Fatality rate change, % −0.28 2.40 4.47 6.62 4.00 3.87
p-Value <0.01 ** <0.01 ** <0.01** <0.01** <0.01 ** <0.01 **

AHS ED visit change, % −7.66 0.08 10.48 −5.81 0.83 −0.07
Deaths change, % −30.53 6.56 25.18 −5.62 7.31 14.67

Fatality rate change, % −2.73 0.65 1.35 0.02 0.65 1.46
p-Value 0.14 0.54 0.33 0.99 0.36 0.13

AIS ED visit change, % 18.87 −1.53 1.74 1.33 0.29 5.52
Deaths change, % 33.33 23.21 2.94 −15.29 5.66 33.33

Fatality rate change, % 0.25 0.54 0.02 −0.36 0.11 0.49
p-Value 0.66 0.14 0.95 0.36 0.92 0.08

AMI ED visit change, % 10.69 −1.57 −0.90 −7.06 −3.07 1.77
Deaths change, % 6.90 11.6 −6.56 −7.44 0.94 5.70

Fatality rate change, % −0.22 0.93 −0.39 −0.03 0.28 0.27
p-Value 0.87 0.29 0.70 0.98 0.62 0.71

CA ED visit change, % 14.56 8.23 15.00 12.48 11.37 17.05
Deaths change, % 9.61 6.48 19.00 13.12 11.84 19.57

Fatality rate change, % −3.84 −1.41 2.96 0.50 0.37 1.86
p-Value 0.08 0.30 0.09 0.74 0.67 0.12

Changes in incidence of ED visits, deaths, and fatality by epidemic wave in 2020 compared to the average of
corresponding periods in 2018 and 2019. a Total wave: February, March, April, August, September, November,
and December. * p < 0.05, ** p < 0.01. ED = emergency department, LAD = low-acuity disease, SARI = severe acute
respiratory infection, AHS = acute hemorrhagic stroke, AIS = acute ischemic stroke, AMI = acute myocardial
infarction, CA = cardiac arrest.

Our age comparison shows that ED visits for LAD and SARI were significantly reduced
in those aged under 18 years compared with those in the other age groups (Table S3).

In the regional comparison, the ED visit rate of LAD groups in the Daegu–Gyeongbuk
region in February 2020, when the COVID-19 epidemic started, centered on Daegu and
Gyeongbuk region and showed a tendency to decrease more than that in other regions,
and in the second epidemic period, centered on Seoul, Gyeonggi and Incheon region and
showed a tendency to decrease more than that in other regions (Tables S4 and S5, and
Figure S2).
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Table 3. Changes in the urgent management for patients with acute ischemic stroke and myocardial
infarction in the ED from 2018 to 2020.

Prepandemic 1st Wave 2nd Wave 3rd Wave Total Wave a Inter-Wave Total

AIS 2018 ED visit, n 815 2408 1700 1853 5961 3581 10,357
tPA, n (%) 73 205 158 159 522 320 915

Rate, % 8.96 8.51 9.29 8.58 8.76 8.94 8.83

2019 ED visit, n 918 2765 1970 2063 6798 4076 11,792
tPA, n 88 278 192 199 669 394 1151

Rate, % 9.59 10.05 9.75 9.65 9.84 9.67 9.76

2020 ED visit 1030 2547 1867 1984 6398 4040 11,468
tPA 117 250 189 166 605 359 1081

Rate, % 11.36 9.82 10.12 8.37 9.46 8.89 9.43

Change ED visit, % 18.87 −1.53 1.74 1.33 0.29 5.52 3.55
tPA, % 45.34 3.52 8.00 −7.26 1.60 0.56 4.65
Rate, % 2.07 0.48 0.59 −0.78 0.12 −0.44 0.10
p-Value 0.12 0.54 0.53 0.37 0.80 0.48 0.79

AMI 2018 ED visit 436 1339 832 932 3103 1812 5351
VI 365 1150 718 790 2658 1566 4589

Rate, % 83.72 85.88 86.30 84.76 85.66 86.42 85.76

2019 ED visit 453 1276 940 1009 3225 1916 5594
VI 391 1098 803 865 2766 1665 4822

Rate, % 86.31 86.05 85.43 85.73 85.77 86.90 86.20

2020 ED visit 492 1287 878 902 3067 1897 5456
VI 418 1136 772 769 2677 1622 4717

Rate, % 84.96 88.27 87.93 85.25 87.28 85.50 86.46

Change ED visit, % 10.69 −1.57 −0.90 −7.06 −3.07 1.77 −0.30
VI, % 10.58 1.07 1.51 −7.07 −1.29 0.40 0.24

Rate, % −0.08 2.30 2.09 −0.01 1.57 −1.17 0.47
p-Value 0.99 0.60 0.69 1.00 0.57 0.74 0.82

Numbers of patients who were administered tPA among those diagnosed with acute ischemic stroke and numbers
of patients who underwent vascular intervention among those diagnosed with acute myocardial infarction in the
ED from 2018 to 2020. a Total wave: February, March, April, August, September, November, and December. ED =
emergency department, AIS = acute ischemic stroke, AMI = acute myocardial infarction, tPA = tissue plasminogen
activator, VI = vascular intervention.

4. Discussion

This study is the first study to analyze changes in ED utilization pattern during the
ongoing COVID-19 pandemic among various patients with low-acuity and high-acuity
conditions in Korea using claims-based NHI data. There was a sharp decrease in the
number of ED visits for low-acuity conditions, while there a was relatively small change in
the number of ED visits for acute and time-dependent diseases, such as AMI, AIS, AHS,
and CA (Figure 1).

According to Korea’s National Emergency Department Information System annual
statistical report, the total volume of ED visits has declined by 26.07% in 2020 (since the
outbreak of COVID-19) compared with that in 2018 and 2019, and ED utilization by pediatric
patients, patients with mild traumatic injuries, and those with LAD has also decreased
markedly [28]. The observed reduction in ED visits in Korea is, however, relatively small
compared with the 20–60% decrease in ED volume observed in other countries during the
COVID-19 pandemic (Table S6) [10–18].

The global decrease in total ED volume as a result of the COVID-19 pandemic can be
attributed to several causes, such as pure lockdown effects, fear and uncertainty about the
novel infectious disease, concerns about the possibility of extended wait times and reduced
infection due to improved personal hygiene, public health campaigns to discourage people
from overburdening the healthcare system, restricted access to emergency medical care
owing to overburdened healthcare facilities, care shifts to other venues and administration
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methods including telemedicine, and misinterpretation of COVID-19 symptoms [3,6]. It is
speculated that the fear of contracting the virus at a hospital is the greatest cause of reduced
ED visits by non-COVID-19 patients. Reduced ED utilization for relatively mild causes and
non-emergency diseases, such as for patients with minor traumatic injuries or respiratory
diseases and pediatric patients, can be considered a positive effect of the pandemic since it
alleviates crowding of EDs and thus allows the direction of resources to COVID-19 patients
and those with severe conditions. However, it can increase fatality in patients who consider
themselves non-emergency and have delayed ED visits.

Studies in other countries reported widely varying changes in ED utilization for
AMI, stroke, or Emergency Severity Index level 1–2 conditions, at 10–40% [11–15,19].
However, the incidence of high-acuity diseases, such as AMI and stroke, remained largely
unchanged during the pandemic, in contrast to that of minor injuries, pediatric conditions,
and respiratory diseases; as the former are time-dependent diseases that require prompt
ED visits and care, it is crucial to analyze the causes of even small decreases in ED visits
for such diseases and develop measures to address them. At the hospital level, extended
prehospital time intervals, increased ED length of stay (LOS), delayed procedures or the
inability to provide procedures for stroke and AMI, and delayed intensive care unit (ICU)
admissions lead to an exacerbation of neglected pathological conditions and healthcare
damage [13,19,20]. Furthermore, patients with non-ST segment elevation myocardial
infarction or angina have shown a greater decline in ED utilization than those with AMI,
due to the relatively less severe symptoms of the former or due to symptoms being mistaken
for COVID-19, and this has been reported to result in delayed treatment and consequent
exacerbation of such conditions [19,20]. In our study, the numbers of ED visits with AIS
and AMI did not change statistically signifantly. In addition, no statistically significant
changes were found in tPA or vascular intervention. However, the numbers of ED visits
with LAD and SARI decreased significantly, the fatality rate of LAD and SARI increased
statistical significantly (Tables 2 and 3). Fatality rate could be associated with avoidance of
or delayed ED visits by patients.

The all-cause fatality recorded in Korea in 2020 is similar to that recorded for the
previous 10 years, but there was excess in-hospital mortality among patients who visited
EDs [29,30]. Most patients who died from COVID-19 or its complications dies in the ICU
or the isolation ward, rather than in the ED. Moreover, according to Korea’s National
Emergency Department Information System annual statistical report, the number of deaths
in the ED increased by approximately 8%, which is the most concerning collateral effect of
the COVID-19 pandemic on EDs [28]. These increase in deaths are confirmed in published
data and studies from various countries, including the United States, as per the Centers
for Disease Control and Prevention [31,32]. We speculate that the reasons for the elevated
ED and 7-day fatality rate compared with a 26.07% decrease in ED volume are increased
ED LOS, inability to admit patients into the ICU or ward; delays of planned surgeries,
procedures, and chemotherapy; prehospital delays; limited health care staffing; and limited
facility resources. The fact that many hospitals voluntarily closed down their EDs upon
suspicion or confirmation of a COVID-19 case in the early phase of the COVID-19 pandemic
amid a lack of clear guidelines to prevent the spread of the disease, which resulted in
suspension of ED care, may also be another cause [4]. There is an imperative need for
research on more accurate ED triage criteria for infectious disease-related and non-infectious
disease-related ED visits in preparation of potential outbreaks of novel infectious diseases
to prevent such ED closures in the future. Moreover, additional research on the causes of
increase in deaths in the ED and measures to address them is crucial to reduce collateral
damage from infectious-disease epidemics.

This study has some limitations. First, we used the official NHI data and final principal
diagnosis. Moreover, cases with past diagnosis of high-acuity disease were excluded to
increase specificity. That could rule out acute relapses of the same disease, leading to
an under-extraction of the entire study population. Second, while we report an increase
in 7-day fatality rate, the diagnoses, causes, and pre-existing conditions related to these
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deaths were not analyzed. Therefore, further research is needed to determine the specific
causes underlying the increased fatality rate. Further, studies should examine additional
factors, such as time of disease onset, time of visit, ED LOS, time from admission to test
and procedure, time of ICU admission, and relevance to COVID-19, which may have an
impact on the cause of death. Additionally, studies should examine and analyze other
high-acuity conditions, such as cancer, metabolic emergencies, and major trauma, to obtain
more objective data on increase in deaths. Third, this study is a retrospective study, and the
COVID-19 pandemic is ongoing; fluctuations in the actual numbers of patients therefore
need to be considered. Finally, changes in the cost of ED visits, an important part of the
impact of COVID-19, have not been studied.

5. Conclusions

During the COVID-19 pandemic in Korea, ED utilization and 7-day fatality rate after
ED visits changed. ED utilization for LAD and SARI sharply decreased, but the 7-day
fatality rate increased. Changes in ED utilization could be associated with changes in
fatality rate. Based on our findings, we propose the following crucial measures for ensuring
appropraite care for patients and lowering fatality. First, health care providers and health
authorities must increase public awareness of the importance of seeking immediate ED care
for severe symptoms, diseases, and injuries. Second, infection control measures to protect
patients and health care providers are essential to prevent patients from avoiding ED visits
due to a fear of infection. Finally, in order to prepare for another potential pandemic,
further investigations should be conducted to analyze the causes of the increase in the
fatality rate after ED visit.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/medicina59010090/s1, Figure S1: Daily COVID-19 Incidence,
Republic of Korea; Figure S2: Changes in the incidence of ED visit in 2020 compared to the average
incidence in the control group; Table S1: Numbers of patients who visited an ED from 2018 to 2020
listed by diagnosis; Table S2: Deaths within 7 days of an ED visit from 2018 to 2020 listed by diagnosis;
Table S3: Monthly incidence of ED visits by age in 2020 compared to the average incidence during
the control period; Table S4: Monthly incidence of ED visits by region in 2020 compared with that
during the control period; Table S5: Changes in incidence of ED visits by regions in 2020 compared to
the average incidence during the control period; Table S6: Numbers of ED visits, admissions, and
deaths reported in the 2018–2020 NEDIS Statistical Yearbook.

Author Contributions: Conceptualization, D.-E.L. and J.-K.K.; data curation, W.-K.L. and I.-H.Y.;
formal analysis, J.-K.K.; methodology, Y.-J.K. and C.-H.K.; software, W.-K.L. and Y.-J.C.; validation,
Y.-J.C., J.-B.P., K.-S.S. and B.-H.Y.; investigation, J.-Y.C., J.-B.P., K.-S.S. and B.-H.Y.; visualization, I.-H.Y.;
writing—original draft: I.-H.Y. and J.-K.K.; writing—review & editing: I.-H.Y., J.-K.K. and D.-E.L. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Patient-Centered Clinical Research Coordinating Center
(PACEN) and the COVID-19 Public Health Research, funded by the Ministry of Health & Welfare,
Republic of Korea, grant numbers: HI19C0481 and HC20C0026.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of the Medicity Daegu (no. 2020-10-001).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the
study and the use of anonymized data.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/medicina59010090/s1
https://www.mdpi.com/article/10.3390/medicina59010090/s1


Medicina 2023, 59, 90 9 of 10

References
1. Korea Disease Control and Prevention Agency. Coronavirus Disease-19. Available online: https://ncov.mohw.go.kr/en (accessed

on 17 June 2022).
2. Emanuel, E.J.; Persad, G.; Upshur, R.; Thome, B.; Parker, M.; Glickman, A.; Zhang, C.; Boyle, C.; Smith, M.; Phillips, J.P. Fair

Allocation of Scarce Medical Resources in the Time of COVID-19. N. Engl. J. Med. 2020, 382, 2049–2055. [CrossRef] [PubMed]
3. Jeffery, M.M.; D’Onofrio, G.; Paek, H.; Platts-Mills, T.F.; Soares, W.E., 3rd; Hoppe, J.A.; Genes, N.; Nath, B.; Melnick, E.R. Trends in

Emergency Department Visits and Hospital Admissions in Health Care Systems in 5 States in the First Months of the COVID-19
Pandemic in the US. JAMA Intern. Med. 2020, 180, 1328–1333. [CrossRef] [PubMed]

4. Hartley, D.M.; Perencevich, E.N. Public Health Interventions for COVID-19: Emerging evidence and implications for an evolving
public health crisis. JAMA 2020, 323, 1908–1909. [CrossRef] [PubMed]

5. Pan, A.; Liu, L.; Wang, C.; Guo, H.; Hao, X.; Wang, Q.; Huang, J.; He, N.; Yu, H.; Lin, X.; et al. Association of public health
interventions with the epidemiology of the COVID-19 outbreak in Wuhan, China. JAMA 2020, 323, 1915–1923. [CrossRef]
[PubMed]

6. Chung, H.S.; Lee, D.E.; Kim, J.K.; Yeo, I.H.; Kim, C.; Park, J.; Seo, K.S.; Park, S.-Y.; Kim, J.H.; Kim, G.; et al. Revised Triage and
Surveillance Protocols for Temporary Emergency Department Closures in Tertiary Hospitals as a Response to COVID-19 Crisis in
Daegu Metropolitan City. J. Korean Med. Sci. 2020, 35, e189. [CrossRef] [PubMed]

7. Lee, D.E.; Ro, Y.S.; Ryoo, H.W.; Moon, S. Impact of temporary closures of emergency departments during the COVID-19 outbreak
on clinical outcomes for emergency patients in a metropolitan area. Am. J. Emerg. Med. 2021, 47, 35–41. [CrossRef] [PubMed]

8. Kim, Y.J.; Choe, J.Y.; Kwon, K.T.; Hwang, S.; Choi, G.-S.; Sohn, J.H.; Kim, J.K.; Yeo, I.H.; Cho, Y.J.; Ham, J.Y.; et al. How to keep
patients and staff safe from accidental SARS-CoV-2 exposure in the emergency room: Lessons from South Korea’s explosive
COVID-19 outbreak. Infect. Control Hosp. Epidemiol. 2021, 42, 18–24. [CrossRef] [PubMed]

9. Kuhn, A. How A South Korean City Is Changing Tactics to Tamp Down Its COVID-19 Surge. Available online: https:
//www.npr.org/sections/goatsandsoda/2020/03/10/812865169/how-a-south-korean-city-is-changing-tactics-to-tamp-
down-its-covid-19-surge (accessed on 30 April 2022).

10. Paek, S.H.; Kim, D.K.; Lee, J.H.; Kwak, Y.H. The Impact of Middle East Respiratory Syndrome Outbreak on Trends in Emergency
Department Utilization Patterns. J. Korean Med. Sci. 2017, 32, 1576–1580. [CrossRef] [PubMed]

11. Chen, W.-K.; Cheng, Y.C.; Chung, Y.-T.; Lin, C.-C. The Impact of the SARS Outbreak on an Urban Emergency Department in
Taiwan. Med. Care 2005, 43, 168–172. [CrossRef]

12. Lucero, A.D.; Lee, A.; Hyun, J.; Lee, C.; Kahwaji, C.; Miller, G.; Neeki, M.; Tamayo-Sarver, J.; Pan, L. Underutilization of the
Emergency Department During the COVID-19 Pandemic. West J. Emerg. Med. 2020, 21, 15–23. [CrossRef]

13. Rangé, G.; Hakim, R.; Motreff, P. Where have the ST-segment elevation myocardial infarctions gone during COVID-19 lockdown?
Eur. Heart J. Qual. Care Clin. Outcomes 2020, 6, 223–224. [CrossRef] [PubMed]

14. Metzler, B.; Siostrzonek, P.; Binder, R.K.; Bauer, A.; Reinstadler, S.J. Decline of acute coronary syndrome admissions in Austria
since the outbreak of COVID-19: The pandemic response causes cardiac collateral damage. Eur. Hear. J. 2020, 41, 1852–1853.
[CrossRef] [PubMed]

15. Reschen, M.E.; Bowen, J.; Novak, A.; Giles, M.; Singh, S.; Lasserson, D.; O’Callaghan, C.A. Impact of the COVID-19 pandemic on
emergency department attendances and acute medical admissions. BMC Emerg. Med. 2021, 21, 143. [CrossRef] [PubMed]

16. Lange, S.J.; Ritchey, M.D.; Goodman, A.B.; Dias, T.; Twentyman, E.; Fuld, J.; Schieve, L.A.; Imperatore, G.; Benoit, S.R.; Kite-Powell,
A.; et al. Potential Indirect Effects of the COVID-19 Pandemic on Use of Emergency Departments for Acute Life-Threatening
Conditions—United States, January–May 2020. Morb. Mortal. Wkly. Rep. 2020, 69, 795–800. [CrossRef]

17. Sung, H.K.; Paik, J.H.; Lee, Y.J.; Kang, S. Impact of the COVID-19 Outbreak on Emergency Care Utilization in Patients with Acute
Myocardial Infarction: A Nationwide Population-based Study. J. Korean Med. Sci. 2021, 36, e111. [CrossRef]

18. Ahn, J.Y.; Ryoo, H.W.; Cho, J.W.; Kim, J.H.; Lee, S.-H.; Jang, T.C. Impact of the COVID-19 outbreak on adult out-of-hospital
cardiac arrest outcomes in Daegu, South Korea: An observational study. Clin. Exp. Emerg. Med. 2021, 8, 137–144. [CrossRef]

19. Boserup, B.; McKenney, M.; Elkbuli, A. The impact of the COVID-19 pandemic on emergency department visits and patient safety
in the United States. Am. J. Emerg. Med. 2020, 38, 1732–1736. [CrossRef]

20. Pines, J.M.; Zocchi, M.S.; Black, B.S.; Celedon, P.; Carlson, J.N.; Moghtaderi, A.; Venkat, A.; US Acute Care Solutions Research
Group. The effect of the COVID-19 pandemic on emergency department visits for serious cardiovascular conditions. Am. J.
Emerg. Med. 2021, 47, 42–51. [CrossRef]

21. Kim, R.B.; Kim, H.S.; Kang, D.R.; Choi, J.Y.; Choi, N.-C.; Hwang, S.; Hwang, J.Y. The Trend in Incidence and Case-fatality of
Hospitalized Acute Myocardial Infarction Patients in Korea, 2007 to 2016. J. Korean Med. Sci. 2019, 34, e322. [CrossRef]

22. Cheol Seong, S.; Kim, Y.-Y.; Khang, Y.-H.; Heon Park, J.; Kang, H.-J.; Lee, H.; Do, C.-H.; Song, J.-S.; Hyon Bang, J.; Ha, S.; et al.
Data Resource Profile: The National Health Information Database of the National Health Insurance Service in South Korea. Int. J.
Epidemiol. 2017, 46, 799–800. [CrossRef]

23. Park, J.; Kwon, S.; Choi, E.-K.; Choi, Y.-J.; Lee, E.; Choe, W.; Lee, S.-R.; Cha, M.-J.; Lim, W.-H.; Oh, S. Validation of diagnostic codes
of major clinical outcomes in a National Health Insurance database. Int. J. Arrhythmia 2019, 20, 5. [CrossRef]

https://ncov.mohw.go.kr/en
http://doi.org/10.1056/NEJMsb2005114
http://www.ncbi.nlm.nih.gov/pubmed/32202722
http://doi.org/10.1001/jamainternmed.2020.3288
http://www.ncbi.nlm.nih.gov/pubmed/32744612
http://doi.org/10.1001/jama.2020.5910
http://www.ncbi.nlm.nih.gov/pubmed/32275299
http://doi.org/10.1001/jama.2020.6130
http://www.ncbi.nlm.nih.gov/pubmed/32275295
http://doi.org/10.3346/jkms.2020.35.e189
http://www.ncbi.nlm.nih.gov/pubmed/32419401
http://doi.org/10.1016/j.ajem.2021.03.038
http://www.ncbi.nlm.nih.gov/pubmed/33756131
http://doi.org/10.1017/ice.2020.376
http://www.ncbi.nlm.nih.gov/pubmed/32729441
https://www.npr.org/sections/goatsandsoda/2020/03/10/812865169/how-a-south-korean-city-is-changing-tactics-to-tamp-down-its-covid-19-surge
https://www.npr.org/sections/goatsandsoda/2020/03/10/812865169/how-a-south-korean-city-is-changing-tactics-to-tamp-down-its-covid-19-surge
https://www.npr.org/sections/goatsandsoda/2020/03/10/812865169/how-a-south-korean-city-is-changing-tactics-to-tamp-down-its-covid-19-surge
http://doi.org/10.3346/jkms.2017.32.10.1576
http://www.ncbi.nlm.nih.gov/pubmed/28875599
http://doi.org/10.1097/00005650-200502000-00010
http://doi.org/10.5811/westjem.2020.8.48632
http://doi.org/10.1093/ehjqcco/qcaa034
http://www.ncbi.nlm.nih.gov/pubmed/32348457
http://doi.org/10.1093/eurheartj/ehaa314
http://www.ncbi.nlm.nih.gov/pubmed/32297932
http://doi.org/10.1186/s12873-021-00529-w
http://www.ncbi.nlm.nih.gov/pubmed/34800973
http://doi.org/10.15585/mmwr.mm6925e2
http://doi.org/10.3346/jkms.2021.36.e111
http://doi.org/10.15441/ceem.21.008
http://doi.org/10.1016/j.ajem.2020.06.007
http://doi.org/10.1016/j.ajem.2021.03.004
http://doi.org/10.3346/jkms.2019.34.e322
http://doi.org/10.1093/ije/dyw253
http://doi.org/10.1186/s42444-019-0005-0


Medicina 2023, 59, 90 10 of 10

24. Mahmud, E.; Dauerman, H.L.; Welt, F.G.; Messenger, J.C.; Rao, S.V.; Grines, C.; Mattu, A.; Kirtane, A.J.; Jauhar, R.; Meraj, P.; et al.
Management of Acute Myocardial Infarction During the COVID-19 Pandemic: A position statement from the Society for
Cardiovascular Angiography and Interventions (SCAI), the American College of Cardiology (ACC), and the American College of
Emergency Physicians (ACEP). J. Am. Coll. Cardiol. 2020, 76, 1375–1384. [CrossRef] [PubMed]

25. Saposnik, G.; Hill, M.; O’Donnell, M.; Fang, J.; Hachinski, V.; Kapral, M.K. Variables Associated With 7-Day, 30-Day, and 1-Year
Fatality After Ischemic Stroke. Stroke 2008, 39, 2318–2324. [CrossRef]

26. Seong, H.; Hyun, H.J.; Yun, J.G.; Noh, J.Y.; Cheong, H.J.; Kim, W.J.; Song, J.Y. Comparison of the second and third waves of
the COVID-19 pandemic in South Korea: Importance of early public health intervention. Int. J. Infect. Dis. 2021, 104, 742–745.
[CrossRef] [PubMed]

27. Domingo, L.; Comas, M.; Jansana, A.; Louro, J.; Tizón-Marcos, H.; Cos, M.L.; Roquer, J.; Chillarón, J.J.; Cirera, I.; Pascual-Guàrdia,
S.; et al. Impact of COVID-19 on Hospital Admissions and Healthcare Quality Indicators in Non-COVID Patients: A Retrospective
Study of the First COVID-19 Year in a University Hospital in Spain. J. Clin. Med. 2022, 11, 1752. [CrossRef]

28. National Emergency Medical Center Statistical. Yearbook. Available online: https://www.e-gen.or.kr/nemc/statistics_annual_
report.do (accessed on 30 April 2022).

29. Shin, M.S.; Sim, B.; Jang, W.M.; Lee, J.Y. Estimation of Excess All-cause Mortality during COVID-19 Pandemic in Korea. J. Korean
Med. Sci. 2021, 36, e280. [CrossRef]

30. Jung, E.; Ro, Y.S.; Ryu, H.H.; Shin, S.D.; Moon, S. Interaction Effects between COVID-19 Outbreak and Community Income Levels
on Excess Mortality among Patients Visiting Emergency Departments. J. Korean Med. Sci. 2021, 36, e100. [CrossRef]

31. Centers for Disease Control and Prevention. Excess Deaths Associated with COVID-19. Available online: https://www.cdc.gov/
nchs/nvss/vsrr/covid19/excess_deaths.htm (accessed on 30 April 2022).

32. Magnani, C.; Azzolina, D.; Gallo, E.; Ferrante, D.; Gregori, D. How Large Was the Mortality Increase Directly and Indirectly
Caused by the COVID-19 Epidemic? An Analysis on All-Causes Mortality Data in Italy. Int. J. Environ. Res. Public Heal. 2020,
17, 3452. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.jacc.2020.04.039
http://www.ncbi.nlm.nih.gov/pubmed/32330544
http://doi.org/10.1161/STROKEAHA.107.510362
http://doi.org/10.1016/j.ijid.2021.02.004
http://www.ncbi.nlm.nih.gov/pubmed/33556610
http://doi.org/10.3390/jcm11071752
https://www.e-gen.or.kr/nemc/statistics_annual_report.do
https://www.e-gen.or.kr/nemc/statistics_annual_report.do
http://doi.org/10.3346/jkms.2021.36.e280
http://doi.org/10.3346/jkms.2021.36.e100
https://www.cdc.gov/nchs/nvss/vsrr/covid19/excess_deaths.htm
https://www.cdc.gov/nchs/nvss/vsrr/covid19/excess_deaths.htm
http://doi.org/10.3390/ijerph17103452

	Introduction 
	Materials and Methods 
	Study Setting and Databases 
	Measurement of Variables 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

