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Introduction

Coronavirus disease 2019 (COVID-19) pandemic has

resulted in 54.2%-60.0% decreases in children’s vis-

its to emergency departments (EDs)1-4). Despite this

decreasing trend of the visits, ED-based protection

system for the disease incurred an increase in work-
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Purpose: In the coronavirus disease 2019 pandemic, it is essential to supplement the changes in visiting patterns of individ-
ual emergency departments (EDs) to determine how to allocate emergency medicine resources. We compared the clinical
features of children visiting the ED before and during the pandemic.

Methods: Children younger than 18 years who visited the ED from February 2019 through December 2020, except January
2020, were enrolled, and divided into those who visited before and after January 2020 (the pre-pandemic and pandemic
groups, respectively). We compared the 2 groups in terms of the baseline characteristics (age, sex, mode and route of arrival,
cause of visit, and time of visit), chief complaint, ED diagnosis, initial acuity and its accuracy, and ED outcomes (length of
stay and disposition).

Results: The 31,036 children were categorized into the pre-pandemic (21,027 [67.8%]) and pandemic (10,009 [32.2%])
groups with a 52.4% decrease in the number of visits to the ED in the latter group. This decrease was more prominent in age
2-5 years (from 37.3% to 33.2%; P < 0.001), fever as a chief complaint (from 27.8% to 16.5%), diagnoses related to infection
or the respiratory system (from 36.8% to 14.3%) or transfer to the ED (from 8.1% to 6.4%; P < 0.001). In contrast, increases
were noted in age 12-17 years (from 14.9% to 17.4%; P < 0.001), injury (from 36.5% to 52.5%; P < 0.001), visits in the
evening (from 54.9% to 57.4%; P < 0.001), length of stay longer than 6 hours (from 3.5% to 6.3%; P = 0.033), and low acu-
ity (from 97.8% to 98.2%; P = 0.031).

Conclusion: The pandemic has brought about changes in visiting patterns of the ED. This study may help prepare strategies
for the appropriate allocation and deployment of emergency medicine resources in the pandemic era.
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load of relevant personnel. It is essential to supple-

ment the change in visiting pattern of an individual

ED to determine how to allocate emergency medicine

resources. We compared the clinical characteristics

of children visiting the ED before and during the

pandemic for 22 months.

Methods

1. Study design and patient selection

We conducted this study at the ED of an urban aca-

demic tertiary-care hospital in Korea. This 900-bed

facility, a regional emergency medical center desig-

nated by the government, had approximately 75,000

annual visits to the ED, including more than 20,000

children’s visits during the pre-pandemic period.

The hospital is the regional central hospital provid-

ing medical services for 1,000,000 people in the sur-

rounding 4 cities: Anyang, Gwacheon, Uiwang, and

Gunpo. It has pediatricians responsible for emer-

gency care 24 hours a day. This study was approved

by the institutional review board of Hallym University

Sacred Heart Hospital with a waiver for informed

consents (IRB no. 2021-06-027).

Study population was selected through a review

of medical records. All children younger than 18

years who visited the ED from February 1, 2019

through December 31, 2020 were included. This pop-

ulation was divided into the pre-pandemic (February-

December 2019) and pandemic (February-December

2020) groups according to the point of visits. January

2020 was excluded because in Korea, the first con-

firmed case of COVID-19 was announced on January

20, 2020, and the first epidemic started in February

20205). Children who had missing medical records

or visited for purposes other than medical treatment

were excluded. If 2 or more visits occurred within

the period, each visit was separately included.

2. Data collection

We obtained data regarding the following base-

line characteristics: age (year), age group (0-1, 2-5,

6-11, and 12-17 years), sex, mode (walk-in, and pub-

lic and private ambulances) and route of arrival

(direct, transfer, and via outpatient department),

cause of visit (injury and disease), and time of visit

(day [08:00-16:00], evening [16:00-24:00], and night

[24:00-08:00 on the following day]), chief com-

plaint, ED diagnosis, initial acuity and its accura-

cy by the Korean Triage and Acuity Scale (KTAS)6),

and ED outcomes (length of stay [LOS] and its inter-

vals [0-3-6 hours] and disposition [discharge, ward,

intensive care unit, transfer, discharge against med-

ical advice, and death]). The diagnosis was record-

ed using codes of the Korean Standard Classification

of Diseases and Causes of Death, 8th revision7). If

2 or more codes were assigned to a child, we chose

1 code that was clinically most relevant. The KTAS

levels were divided into the high (levels 1-2) and low

(levels 3-5) acuity. Under-triage was defined if a

follow-up KTAS level was higher than the initial

level, and over-triage is defined as the opposite.

3. Statistical analyses

The normality of the data distributions was eval-

uated using the Kolmogorov-Smirnov tests for the

selection of appropriate parametric and non-para-

metric statistical methods. Categorical variables were

expressed as total numbers (percentages), and ana-

lyzed using the chi-square or Fisher exact tests.

Continuous variables were expressed as medians

(interquartile ranges), and analyzed using the Mann-

Whitney U-tests. For all comparisons, the tests were

2-tailed and between-group differences were con-

sidered significant at P < 0.05. Statistical Package

for the Social Sciences for Windows ver. 18.0.0

(SPSS Inc., Chicago, IL) was used for the analyses.

Results

The study population (n = 31,036) was catego-

rized into the pre-pandemic (21,027 [67.8%]) and

pandemic (10,009 [32.2%]) groups (Table 1). No chil-
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dren were excluded. Fig. 1 shows the impact of

COVID-19 on the monthly number of ED visits. In

both groups, the median age was 4 years, but 75

percentiles increased from 8 to 9 years. The pro-

portions of age 2-5 years decreased from 37.3% to

33.2%, while that of age 12-17 years increased from

14.9% to 17.4%. The ratio of transfer decreased from

8.1% to 6.4%, while the ratio of injury and evening

visit increased from 36.5% to 52.5% and from 54.9%

to 57.4%.

Tables 2 and 3 show increases in facial and limb

injuries as chief complaints (from 28.6% to 41.2%)

and in the “Injury, poisoning, and certain other con-

sequences of external causes (S00-S99, T00-98)”as

diagnoses (from 34.5% to 52.2%). Conversely, decreas-

es were found in fever as a chief complaint (from

27.8% to 16.5%) and in the “Diseases of the respira-

tory system (J00-J99)”and “Certain infections and

parasitic diseases (A00-B99)”as diagnoses (from

36.8% to 14.3%).

As shown in Table 4, there was a significant dif-

ference in the initial KTAS level between the pre-

and pandemic groups. The proportion of low acu-

ity minimally increased from 97.8% to 98.2%, espe-

cially in KTAS 4 from 47.9% to 57.8%. The accura-

cy of initial acuity was not different between the 2

groups. Between injury and disease, only disease

showed a significant difference in composition of the

KTAS levels between the 2 groups (Appendices 1

and 2, https://doi.org/10.22470/pemj.2021.00381).

Table 5 demonstrates the significant difference

in the ED outcomes between the pre-pandemic and

pandemic groups. Compared with the former group,

the latter’s median LOS decreased from 97 to 87 min-

utes, while their proportion of staying for longer than

6 hours increased from 3.5% to 6.3%. As for the dis-

position, the percentages of discharge and hospital-

ization to the ward decreased in the pandemic group.
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Table 1. Baseline characteristics

Variable
Total Pre-pandemic Pandemic

P value(N = 31,036) (N = 21,027) (N = 10,009)

Age, y 0004.0 (2.0-9.0) 0004.0 (2.0-8.0) 0004.0 (2.0-9.0) < 0.001
Age group, y < 0.001

0-1 8,500 (27.4)0 5,717 (27.2)0 2,783 (27.8)0
2-5 11,174 (36.0)00 7,851 (37.3)0 3,323 (33.2)0
6-11 6,492 (20.9)0 4,332 (20.6)0 2,160 (21.6)0
12-17 4,870 (15.7)0 3,127 (14.9)0 1,743 (17.4)0

Girls 13,033 (42.0)00 8,829 (42.0)0 4,204 (42.0)0 < 0.098
Mode of arrival < 0.486

Walk-in 28,273 (91.1)00 19,181 (91.2)00 9,092 (90.8)*
Public ambulance 2,722 (8.8)00 1,820 (8.7)00 .902 (9.0)*
Private ambulance .41 (0.1) .26 (0.1) 0.15 (0.1)*

Route of arrival < 0.001
Direct 28,301 (91.2)00 19,212 (91.4)00 9,089 (90.8)0
Transfer 2,349 (7.6)00 1,711 (8.1)00 638 (6.4).
Via outpatient department 386 (1.2). 104 (0.5). 282 (2.8).

Injury 12,934 (41.7)00 7,679 (36.5)0 5,255 (52.5)0 < 0.001
Time of visit < 0.001

Day 8,503 (27.4)0 5,787 (27.5)* 2,716 (27.1)0
Evening 17,299 (55.7)00 11,554 (54.9)*0 5,745 (57.4)0
Night 5,234 (16.9)0 3,686 (17.5)* 1,548 (15.5)0

Values are expressed as medians (interquartile ranges) or numbers (%).
* The sums of proportions are not equal to 100% due to rounding.



Discussion

This study has the following implications. First,

during the COVID-19 pandemic period, there was a

52.4% decrease in the number of children’s visits

to the ED. This decrease was more prominent in the

children who were aged 2-5 years, had fever as a

chief complaint or diagnoses related to infection or

the respiratory system or were transferred to the

ED. Second, despite this decreasing trend, there

were increases in the children who were aged 12-

17 years, had injury, and visited in the evening. Third,

the changes in most outcomes were clinically min-

imal despite the reported statistical significance

except the increases in the emergency department

LOS longer than 6 hours, KTAS 4, and low acuity.

The 52.4% decrease reported in this study approx-
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Fig. 1. Monthly trend of visits to the ED in 2020. Bars indicate the monthly numbers of patients, including adults, with newly diag-
nosed COVID-19 in Korea. Gray and black lines respectively indicate the monthly numbers of children who visited the ED in 2019
and in 2020 (A). Gray and black lines respectively indicate the monthly numbers of children with disease and with injury who visit-
ed the ED (B). COVID-19: coronavirus disease 2019, ED: emergency department.

B

A

Table 2. Top 5 chief complaints

Rank Pre-pandemic (N = 21,027) Pandemic (N = 10,009)

1 Fever 5,855 (27.8) Facial injury 2,465 (24.6)
2 Facial injury 3,351 (15.9) Limb injury 1,660 (16.6)
3 Limb injury 2,659 (12.6) Fever 1,649 (16.5)
4 Abdominal pain 1,949 (9.3)0 Abdominal pain 1,157 (11.6)
5 Vomiting 1,337 (6.4)0 Skin lesion .522 (5.2)

Values are expressed as numbers (%).



imates to the previously reported COVID-19 pan-

demic-related decrease in the visits to EDs ranging

from 54.2% to 60.0%1-4). This decrease might be relat-

ed to the guardians’concern about the nosocomial

exposure to severe acute respiratory syndrome-

coronavirus 2. This hesitation to visit EDs can be

strengthened by healthcare providers’concerns

about the pandemic8). A German study reported that

the fear of contracting COVID-19 was a major cause

of the decline in ED visits among children9). The

trough of non-COVID-19 visits to 2 Italian EDs cor-

responded to the peak of daily COVID-19 mortal-
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Table 3. Top 9 emergency department diagnoses as per the diagnostic codes of the Korean Standard Classification of Diseases and
Causes of Death, 8th revision

Rank Pre-pandemic (N = 21,027) Pandemic (N = 10,009)

1 Injury, poisoning, and certain other 7,248 (34.5) Injury, poisoning, and certain other 5,221 (52.2)
consequences of external causes consequences of external causes
(S00-S99, T00-98) (S00-S99, T00-98)

2 Diseases of the respiratory system (J00-J99) 4,495 (21.4) Certain infections and parasitic diseases .868 (8.7)
(A00-B99)

3 Certain infections and parasitic diseases 3,228 (15.4) Viral infections characterized by skin and .858 (8.6)
(A00-B99) mucous membrane lesions (B00-B09)

4 Viral infections characterized by skin and 1,836 (8.7)0 Diseases of the digestive system (K00-K93) .784 (7.8)
mucous membrane lesions (B00-B09)

5 Diseases of the skin and subcutaneous tissue .869 (4.1) Diseases of the respiratory system (J00-J99) .560 (5.6)
(L00-L99)

6 Symptoms, signs, and abnormal clinical and .739 (3.5) Diseases of the genitourinary system .429 (4.3)
laboratory findings, not elsewhere classified (N00-N99)
(R00-R99)

7 Diseases of the digestive system (K00-K93) .585 (2.8) Diseases of the skin and subcutaneous .410 (4.1)
tissue (L00-L99)

8 Diseases of the genitourinary system .515 (2.4) Symptoms, signs, and abnormal clinical .295 (2.9)
(N00-N99) and laboratory findings, not elsewhere

classified (R00-R99)
9 Diseases of the eye and adnexa/ear and .472 (2.2) Diseases of the musculoskeletal system .128 (1.3)

mastoid process (H00-H59, H60-H95) and connective tissue (M0-M99)

Values are expressed as numbers (%).

Table 4. Initial acuity and accuracy by the Korean Triage and Acuity Scale

Variable
Pre-pandemic Pandemic

P value(N = 21,027) (N = 10,009)

Initial acuity < 0.001
1 00.37 (0.2) 0.22 (0.2)
2 0.417 (2.0) .157 (1.6)
3 10,233 (48.7) 3,881 (38.8)
4 10,080 (47.9) 5,789 (57.8)
5 0.260 (1.2) .160 (1.6)

Low acuity* 20,573 (97.8) 9,830 (98.2) < 0.031
Accuracy of initial triage < 0.233

Under-triage 00.65 (0.3) 0.33 (0.3)
Over-triage 0000.7 (0.03) 000.7 (0.07)

Values are expressed as numbers (%).
* Refer to the data collection section.



ity trend10). Along with the Italian study, our find-

ings suggest ambivalent implications; overuse by

non-emergency children and delayed consultations

with relevant specialists.

Our study shows the increase in proportion of low

acuity, which is contradictory to situations in the

pandemic. We found a disproportionate decrease in

disease-related visits (e.g., fever). A similar trend

was observed in a United States study on children’s

visits to 148 EDs during the COVID-19 pandemic11).

Fig. 1 shows a wider range of change in disease-

related visits than that in injury-related ones as

per the monthly trend of newly diagnosed COVID-

19 in Korea. Appendices 1 and 2 show that in con-

text of more prominent decrease in disease-relat-

ed visits, the parallel decreases in the absolute val-

ues of the KTAS 4 children with injury and with

disease (2,190 and 2,101, respectively) resulted in

the overall increase in proportion of KTAS 4.

During the pandemic, emergency practice for chil-

dren with fever or respiratory symptoms is con-

ducted in an isolated area. This spatial limitation

rendered the ED difficult to accommodate children

with such symptoms, as shown by the decrease in

transfer to the ED (Table 1). This difficulty is exem-

plified by the decreases in visits for fever and the

diagnostic codes related to infection or the respi-

ratory system (Tables 2, 3). This change in the

codes is consistent with the corresponding

changes in a recent Korean study2).

The proportions of LOS for shorter than 3 hours

and for 6 hours or longer in the pandemic group

tended to increase compared to the pre-pandemic

group. For hospitalization in the pandemic era, chil-

dren need negative results of COVID-19 regardless

of the presence of fever or respiratory symptoms.

Time required for this process might affect the

increase in the proportion of LOS for 6 hours or

longer.

Our study has several limitations. First, its sin-

gle-center, retrospective design might lead to

selection bias. Second, only children who visited

the ED during the study period were analyzed with-

out a sample size calculation. Third, the diagnos-

tic codes assigned by clinicians might incur mis-

classification bias. Finally, compared to other stud-

ies3,11), our study showed a higher proportion of injury.

This flaw was possibly owing to a lack of emergency

care facility for injured children other than the ED.

In conclusion, the number of children visiting the

ED has decreased since the onset of pandemic, par-

ticularly, in the proportions of age 2-5 years, vis-

its for fever or respiratory symptoms, and trans-

fer to the ED. The pandemic has brought the ED the

changes in visiting patterns. This study may help

prepare strategies for the appropriate allocation and
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Table 5. Emergency department outcomes

Variable
Pre-pandemic Pandemic

P value(N = 21,027) (N = 10,009)

Length of stay
Total, min 00000-97 (47-167) 0000-87 (43-161) < 0.001
< 3 h 16,513 (78.5) 7,919 (79.1) < 0.238
≥ 3 h, < 6 h 03,785 (18.0) 1,462 (14.6) < 0.001
≥ 6 h 0.729 (3.5) .628 (6.3) < 0.033

Disposition*
Discharge 18,576 (88.3) 9,023 (90.1) < 0.001
Ward 02,312 (11.0) .917 (9.2) < 0.001
Intensive care unit 00.27 (0.1) 0.18 (0.2) < 0.235
Transfer 00.56 (0.3) 0.23 (0.2) < 0.550
Discharge against medical advice 00.53 (0.3) 0.23 (0.2) < 0.711
Death 0000.3 (0.01) 000.5 (0.05) < 0.122

Values are expressed as medians (interquartile ranges) or numbers (%).
* The sums of proportions are not equal to 100% due to rounding.
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deployment of emergency medicine resources in the

pandemic era.
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