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ABSTRACT

We aimed to investigate the impact of the coronavirus disease 2019 (COVID-19) pandemic
on admissions of patients with acute myocardial infarction, stroke, and severe trauma,

and their excess mortality in emergency departments (EDs) in South Korea using registry
data from the National Emergency Department Information System (NEDIS) for patients
attending EDs of regional and local emergency medical centers. During the outbreak period
0f2020, there were 350,698 ED visits, which was lower than the total in 2019 (392,627 visits).
Multiple logistic regression revealed that, compared with 2019, there was significantly
higher ED mortality rate during the COVID-19 outbreak in 2020 (adjusted odds ratio, 1.10;
95% confidence interval, 1.07-1.13). This finding implies that during the early outbreak
period, people might have avoided seeking medical care even for acute and life-threatening
conditions, or transfer times at the scene to the hospital arrival were delayed, or treatment for
the patients in EDs were delayed.

Keywords: COVID-19; Emergency Department; Severe Emergency Patients; Mortality; Korea

In Korea, the first case of coronavirus disease 2019 (COVID-19) was detected on January

20, 2020. Since then, 29,665 people have died from the disease in Korea.! As the COVID-19
outbreak carried on and expanded globally, the Korean government raised the national
infectious disease crisis warning level to the highest level on February 23, 2020 (Serious, Red)
and strengthened social distancing policies. Mask-wearing was mandated throughout Korea,
as was social distancing of two arm lengths between individuals in public. Additionally, older
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people (aged 65 years and above) and high-risk groups were encouraged to avoid outings to
the fullest extent possible.2 Patients with respiratory symptoms and fever were asked not to
visit the hospital immediately; they were subjected to follow-up observations and COVID-19
testing after self-isolation.3 Emergency departments (EDs) in Korea were not prepared to
accommodate the high influx of patients presenting with the new communicable disease.
Many EDs were repeatedly closed for short periods as the number of confirmed COVID-19
cases increased, and medical staff and other patients in the ED were quarantined.4 It has
taken additional time to search for a hospital to accept patients because the EDs were
running out of capacity. Prehospital process times were delayed, including EMS arrival at the
scene and hospital arrival.5 To prevent nosocomial transmission of COVID-19 and distinguish
COVID-19 patients, simple interviews and screening tests were conducted in triage zone.
These additional processes delayed hospital examinations and treatment.® This had a
drastically negative impact on the emergency medical services (EMS) as the emergency care
of patients with fever was delayed, and the safety and care of all patients were threatened and
disrupted.

Previous studies have analyzed the associations between the early COVID-19 pandemic,
EMS, and urgent clinical outcomes of EMS. In Germany, a study investigating changes in
admission patterns at EDs during a national lockdown (March through June 2020) following
the onset of the pandemic found an average decline in admissions 0f 19%, compared with
the same period in 2019.7 In the early phase of the pandemic, delays in emergency care

for patients with acute myocardial infarction (AMI), stroke or transient ischemic attacks,
heart failure, chronic obstructive pulmonary disease, cholelithiasis, cholecystitis, back

pain, or mental and behavioral disorders due to use of alcohol could have led to a higher
need for admissions later on.”? AMI-associated mortality increased by about 10% during the
early COVID-19 outbreak (March and April 2020) owing to delays in treatment (particularly
arising from delays between symptom onset and first medical contact) in Berlin, Germany.8
In England, according to a study that analyzed the databases of 180 acute National Health
Service hospitals, during the early COVID-19 pandemic (March through May 2020), there was
a substantial decline in admissions of patients with AMI, and the 30-day mortality associated
with non-ST-elevation myocardial infarction (NSTEMI) was higher than it was before the
pandemic.? In Denmark, the admission rate for patients with stroke or transient ischemic
attacks decreased by 7% during the first lockdown (March and April 2020), and the 30-day
mortality rate associated with all strokes was higher during this period (crude risk ratio,
1.30; 95% confidence interval [CI], 1.03-1.59).10 In British Columbia, Canada, between 2019
and 2020, there was a 15% overall reduction in EMS calls extending to every health region in
the province.1l EMS calls for all chief complaints decreased except for calls for dyspnea and
anxiety, which increased significantly.!! Calls for critically ill patients with trauma, stroke,
and ST-segment-elevation myocardial infarction (STEMI) decreased by 9%.11 In the United
States, excess cerebrovascular mortality occurred between March and May, 2020, including
up to a 7.8% increase above expected levels during the week of April 18.12

Despite the challenges brought about by the COVID-19 pandemic, EMS must be prepared

to respond appropriately to time-sensitive emergencies, including AMI, stroke, and

severe trauma, and thus optimize patients with three major emergency diseases to all
communities.!3 We aimed to investigate the impact of the COVID-19 pandemic on emergency
care utilization and mortality in Korea in 2020, in comparison with 2019. The National
Emergency Department Information System (NEDIS) is an official nationwide database of
ED visits in Korea. NEDIS reports have been released annually since 2013 by the National
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Emergency Medical Center of the National Medical Center.14 The NEDIS includes a
nationwide registration system that captures clinical and administrative data for all ED visits.
Data from almost all EDs in Korea are captured in the NEDIS reports: 408 of 413 EDs (98.8%)
in 2016, 413 0f 416 (99.3%) in 2017, 399 of 401 (99.5%) in 2018, 401 of 402 (99.8%) in 2019,
and 403 of 403 (100%) in 2020.14

We analyzed NEDIS data for ED visits of regional and local emergency medical centers during
the COVID-19 outbreak (from January 1 to December 31, 2020) and compared them with
those of the previous year (from January 1 to December 31, 2019). We extracted the data of
patients who met the ICD-10 criteria for a diagnosis of AMI (121-121.9) or stroke (I60-160.9 or
161-162.9 or 163-164) or whose international classification of diseases injury severity scores
(ICISS) were < 0.9, indicating severe trauma.

The analyzed variables were age, gender (male/female), level of emergency medical center
(regional/local), pathway to ED visit (direct visit/transferred-in/via outpatient department),
means of transportation (119 ambulance/ambulance/car), types of diseases (AMI, stroke,
severe trauma and coexistence of diseases) and Korean Triage and Acuity Scale (KTAS) levels
(1-5). The KTAS is a system used to triage patients who visit the ED, with higher scores
indicating decreasing severity. Among severe emergency diseases managed for AMI, stroke,
and severe trauma in 2020 and 2019, final medical outcomes were classified as transfers out,
hospitalizations, or deaths and compared according to year.

Descriptive statistics are presented, with categorical variables presented in terms of counts
and percentages. Statistical significance was tested by y? analysis for differences between

the years in terms of categorical variables (age, gender, level of emergency medical center,
pathway to ED visit, means of transportation, KTAS level, distribution of three major
emergency disease and final medical outcome). For the analysis of mortality, multiple logistic
regression was conducted after adjusting for covariates (year, age, gender, level of emergency
medical center, pathway to ED visit, means of transportation, and KTAS levels). Types of
diseases were excluded from the multiple logistic model due to the multicollinearity with

the KTAS levels. All statistical analyses were performed using SPSS Statistics for Windows,
version 27 (IBM Corp., Armonk, NY, USA) and R, version 4.1.2 (R Foundation for Statistical
Computing, Vienna, Austria). Pvalues < 0.05 were considered statistically significant.

Table 1 shows the descriptive statistics of ED visits for patients with three major emergency
diseases of regional and local emergency medical centers in Korea in 2019 compared with
those in 2020. The two periods were significantly different from one another in terms of all

of the investigated variables. During the outbreak period of 2020, there were 350,698 ED
visits, which was lower than the total in 2019 (392,627 visits). In 2020, the proportion of

visits by patients aged > 65 years was 49.2%, which was approximately 1.8% higher than the
proportion in 2019 (47.4%). The proportion of visits by male patients significantly increased
in 2020 relative to 2019. The proportion of visits to regional emergency medical center was
0.6% lower in 2020 than in 2019. In terms of the healthcare system navigation to the ED, most
patients reached the ED via direct visits, with a 1.2% increase in 2020 (76.7%) compared with
2019 (75.5%). In 2020, nearly half of the visits were facilitated by 119 ambulance drop-offs
(46.9%), with a 3.1% higher proportion relative to 2019. Conversely, the proportion of visits
wherein patients arrived at the ED by car dropped between 2019 (39.9%) and 2020 (38.0%). In
terms of KTAS level, the proportions of visits classified as level 1, 2, and 3 during the COVID-19
outbreak period increased by 0.2%, 0.8%, and 2.1% compared with 2019, respectively.
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Table 1. General characteristics of patients® who attended emergency departments of regional and local emergency medical centers before (2019) and during
(2020) the COVID-19 era

Impact of the COVID-19 Pandemic at ED in Korea

Variables Before COVID-19 era During COVID-19 era b P value
(January to December 2019) (January to December 2020)
Total 392,627 (100.0) 350,698 (100.0)
Age, yr 433.97 <0.001
0-18 15,511 (4.0) 11,874 (3.4)
19-34 39,658 (8.3) 27,903 (8.0)
35-49 53,213 (13.6) 44,341 (12.6)
50-64 105,068 (26.8) 93,919 (26.8)
> 65 186,177 (47.4) 172,661 (49.2)
Gender 53.57 <0.001
Male 295,891 (57.5) 204,712 (58.4)
Female 166,736 (42.5) 145,986 (41.6)
Level of emergency medical center 31.79 <0.001
Regional 147,263 (37.5) 129,316 (36.9)
Local 945,364 (62.5) 291,382 (63.1)
Pathway to ED visit 253.85 <0.001
Direct visit 296,306 (75.5) 269,030 (76.7)
Transferred in 89,945 (22.9) 75,282 (21.5)
Via OPD 6,285 (1.6) 6,307 (1.8)
Other or unknown 91 79
Means of transportation 761.83 <0.001
119 ambulance 172,039 (43.8) 164,461 (46.9)
Ambulance 61,874 (15.8) 50,982 (14.5)
car 156,760 (39.9) 133,281 (38.0)
Other 1,954 (0.5) 2,004 (0.6)
KTAS level 972.69 <0.001
Level 1 12,939 (3.3) 12,440 (3.5)
Level 2 75,640 (19.3) 70,384 (20.1)
Level 3 194,280 (49.5) 18,995 (51.6)
Level 4 97,295 (24.8) 76,868 (21.9)
Level 5 12,473 (3.2) 10,011 (2.9)
Types of diseases 295.88 <0.001
AMI 36,204 (9.2) 34,009 (9.7)
Stroke 119,782 (28.7) 105,630 (30.1)
Severe trauma 235,380 (60.0) 203,353 (58.0)
Coexistence of two and more major emergency 8,261 (2.1) 7,706 (2.2)
diseases
Final medical outcome 164.37 <0.001

Transferred out
Hospitalized
Died

76,016 (19.6)
295,397 (75.2)
16,482 (4.2)

65,951 (19.0)
264,023 (76.2)
16,719 (4.8)

Values are presented as number (%o).

COVID-19 = coronavirus disease 2019, ED = emergency department, OPD = outpatient department, KTAS = Korean Triage and Acuity Scale, AMI = acute

myocardial infarction

2patients with three major emergency diseases included those with acute myocardial infarction, stroke, or severe trauma.

https://jkms.org

As shown in Table 1, ED visits in each major emergency disease also were lower in 2020 than
those in 2019. The proportion of visits with final outcomes of transferred-out decreased by
0.6% in 2020 compared with 2019 (18.8% from 19.4%), while the mortality rate increased by
0.6% during the COVID-19 outbreak period compared with 2019 (4.8% from 4.2%, P < 0.001).
Table 2 shows the multiple logistic regression analysis results for ED mortality among
patients with three major emergency diseases in 2020 during the COVID-19 outbreak in
Korea. There was a significantly higher ED mortality rate in 2020 compared with 2019 (odds

ratio, 1.10; 95% CI, 1.07-1.13; P < 0.001).

For patients with AMI, stroke, or severe trauma, during the outbreak period in 2020, there
were 350,698 ED visits, which was lower than the 2019 total 0f 392,627. Regarding the final
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Table 2. aOR of patients with three major emergency diseases® for mortality in emergency departments during
the COVID-19 outbreak period (2020) relative to before the COVID-19 outbreak period (2019) at regional and local
emergency medical centers adjusting covariates by multiple logistic regression

Variable aORs 95% ClI Pvalue
Year
2019 (before COVID-19 era) Reference
2020 (during COVID-19 era) 1.10 1.07-1.13 <0.001
Age, yr
0-18 Reference
19-34 1.10 0.96-1.27 0.157
35-49 1.41 1.24-1.60 <0.001
50-64 1.72 1.52-1.94 <0.001
> 65 3.64 3.23-4.10 <0.001
Gender
Male 1.02 0.99-1.05 0.149
Female Reference
Level of emergency medical center
Regional Reference
Local 1.10 1.07-1.13 <0.001
Pathway to ED visit
Direct visit 1.49 0.64-3.45 0.351
Transferred in 1.56 0.67-3.60 0.302
Via OPD 1.92 0.82-4.48 0.131
Other or unknown Reference
Means of transportation
119 ambulance 1.94 1.59-2.38 <0.001
Ambulance 2.22 1.81-2.73 <0.001
Car 0.84 0.68-1.02 0.085
Other Reference
KTAS level
Level 1 68.69 58.63-80.46 <0.001
Level 2 7.89 6.74-9.23 <0.001
Level 3 2.52 2.15-2.95 <0.001
Level 4 0.75 0.63-0.88 0.001
Level 5 Reference

aOR = adjusted odds ratio, COVID-19 = coronavirus disease 2019, CI = confidence interval, ED = emergency
department, OPD = outpatient department, KTAS =Korean Triage and Acuity Scale

2patients with three major emergency diseases included those with acute myocardial infarction, stroke, or severe
trauma.

outcomes among these patients with three major emergency diseases, compared with 2019,
the proportion of visits during which patients were transferred out decreased by 0.6%, and
the proportion of visits during which patients died increased by 0.6% in 2020 relative to
2019. The COVID-19 outbreak in 2020 was significantly associated with ED mortality among
these patients. These findings are consistent with those of previous studies.”12 The plausible
explanations for the increase in the mortalities of three major emergency diseases during
the COVID-19 pandemic period of 2020 include the decreased healthcare-seeking behaviors
by members of the general public for acute, life-threatening conditions, such as stroke,
when strict social distancing was implemented,15 or delaying accident report of patients and
transfer process of EMS personnel including arrival at the scene and hospital arrival when
EDs were repeatedly closed for short periods (pre-hospital phase),> or patients who should
stay for ED until the results of COVID-19 screening tests in triage zone were checked before
treatment in ED (in-hospital phase).6

Our study had several limitations. First, while most previous related studies considered the

first half of 2020 as the early COVID-19 period, this study included all of 2020 in the outbreak
period. Given that there was a rebound in EMS uptake for patients with AMI and stroke during

https://doi.org/10.3346/jkms.2023.38.€243 5/7
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the latter half of 2020,16 our study may have comparatively underestimated the epidemic-
associated reduction in ED visits and increase in mortality. Second, we did not include other
covariates such as residence of patients (urban vs rural) in multiple logistic models to examine
the association between the mortality and the COVID-19 outbreak in 2000 and not consider
the other periods such as 2018 and 2021 year. Third, during the COVID-19 outbreak in 2020,
the emergency patients with mild symptom were less likely to directly visit the EDs. Thus, it
could contribute to the lower mortality in 2020 than in 2019. Fourth, we adjusted the severity
of disease using the KTAS levels in multiple logistic models. However, given that KTAS was
developed to triage patients who visit ED, it could not be sufficient to reflect the severity of
severe emergency disease. Lastly, most previous studies analyzed mortality within 30 days
after ED admission, but our study only analyzed mortality in the ED. These differences should
be considered when comparing our findings with those of previous studies.

Impact of the COVID-19 Pandemic at ED in Korea

In conclusion, during the early COVID-19 era in Korea, there were fewer ED visits and more
ED deaths among patients with three major emergency diseases, namely those with AMI,
stroke, or severe trauma. It needs to be considered that timely EMSs are well prepared to
deliver for severe emergency disease when strict social distancing measures are necessitated
by infectious disease epidemics, and to educate patients on what to do during the pandemic.

Ethics statement

This study protocol was approved by the Institutional Review Board of the National Medical
Center (IRB No. NMC-2022-04-033). All data analyzed for this study were collected in
anonymized forms.
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