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INTRODUCTION

Traumatic brain injury (TBI) is a major public health problem worldwide. Each year, approximate-
ly 27 to 69 million people are diagnosed with TBI worldwide, with an estimated incidence of 351
to 939 cases per 100,000 population [1,2]. Additionally, the age-standardized incidence of TBl in
Korea in 2017 was approximately 476 per 100,000 people [3]. According to the most recent re-
port from the Centers for Disease Control and Prevention (CDC) [3], TBI is a leading cause of
death and disability, with approximately 210,000 TBI-related hospitalizations in 2020 and
69,000 TBI-related deaths in 2021.

The majority of TBIs is preventable, and TBI is influenced not only by injury-related policies,
but also by the environment and societal policies such as those regarding COVID-19 [4,5]. Epi-
demiological studies on TBI are needed to serve as a basis for targeted prevention and effective
treatment of patients with brain injury [6]. Therefore, we aimed to assess the epidemiologic
characteristics of patients with TBI presenting to the national emergency department (ED) using
the National Emergency Department Information System (NEDIS), specifically to identify chang-
es in the COVID-19 pandemic era. We also investigated population-based TBI incidence and
mortality trends to support future injury-related policy establishments.

Ethics statement
This study was approved by the Institutional Review Board of the National Medical Center (No.
NMC-2023-08-094). The requirement for informed consent was waived due to the retrospective
nature of the study.

DATA SOURCES AND STUDY POPULATION

The study utilized Korea's NEDIS database established in 2003 and managed by the National
Emergency Medical Center (NEMC; Seoul, Korea) and the Ministry of Health and Welfare of Ko-
rea. NEDIS is a mandatory and comprehensive data collection system from 402 nationwide EDs
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Table 1. Characteristics of traumatic brain injury-related ED visits by age group in Korea (2018-2022)

. Age group
Chisees iz Pediatric (0-17 yr) Adult (18-64 yr) Elderly (=65 yr)
No. of patients 157,864 (100) 10,014 (6.3) 70,591 (44.7) 77,259 (48.9)
Age (mean+SD) (yr) 59.8+21.7 6.7+5.7 489+12.8 76.7+7.3
Sex
Male 106,009 (67.2) 6,498 (64.9) 53,205 (75.4) 46,306 (59.9)
Female 51,855 (32.8) 3,516 (35.1) 17,386 (24.6) 30,953 (40.1)
Time from onset to arrival (median [IQR]) (min) 60 (35-180) 62 (34-195) 60 (32-144) 68 (39-217)
Type of ED
Level | 68,177 (43.2) 4,479 (44.7) 31,156 (44.1) 32,542 (42.1)
Level Il 89,504 (56.7) 5,526 (55.2) 39,347 (55.7) 44,631 (57.8)
Level Il 183 (0.1) 9(0.1) 88 (0.1) 86 (0.1)
Route of arrival
Direct visit 122,278 (77.5) 8,192 (81.8) 55,850 (79.1) 58,236 (75.4)
Transferred from other hospital 34,361 (21.8) 1,783 (17.8) 14,385 (20.4) 18,193 (23.5)
Referred from outpatient clinic 1,192 (0.8) 39 (0.4) 342 (0.5) 811 (1.0)
Other 23 (0.0) 0(0) 11 (0.0) 12 (0.0)
Unknown 10 (0.0) 0(0) 3(0.0) 7 (0.0)
Transport
119 Ambulance 95,311 (60.4) 3,077 (30.7) 45,073 (63.9) 47,161 (61.0)
Other medical institution ambulance 5782 (3.7) 261 (2.6) 2,333 (3.3) 3,188 (4.1)
Other ambulance 21,954 (13.9) 744 (7.4) 9,523 (13.5) 11,687 (15.1)
Police or official transport 152 (0.1) 4(0.0) 95 (0.1) 53 (0.1)
Air transport 1,357 (0.9) 47 (0.5) 713 (1.0) 597 (0.8)
Ambulatory 33,132 (21.0) 5,874 (58.7) 12,779 (18.1) 14,479 (18.7)
Unknown 176 (0.1) 7(0.1) 75 (0.1) 94 (0.1)
Length of ED stay
Mean +SD (min) 303.8+398.8 222.6+254.7 292.1+383.3 325.1+425.3
Median (IQR) (min) 186 (110-340) 149 (79-263) 176 (104-333) 201 (120-356)
0-6 hr 121,323 (76.9) 8,470 (84.6) 54,649 (77.4) 58,204 (75.3)
6-12 hr 23,574 (14.9) 1,054 (10.5) 10,428 (14.8) 12,092 (15.7)
12-24 hr 10,019 (6.3) 437 (4.4) 4,372 (6.2) 5210 (6.7)
>24 hr 2,939 (1.9) 53 (0.5) 1,136 (1.6) 1,750 (2.3)
Unknown 9(0.0) 0(0) 6 (0.0) 3(0.0)
Mechanism of injury
Traffic accident 41,566 (26.3) 2,477 (24.7) 22,104 (31.3) 16,985 (22.0)
Fall 28,245 (17.9) 3,540 (35.4) 13,763 (19.5) 10,942 (14.2)
Slip 37,068 (23.5) 1,682 (16.8) 13,276 (18.8) 22,110 (28.6)
Struck 12,366 (7.8) 1,568 (15.7) 6,571 (9.3) 4,227 (5.5)
Penetrating injury 431(0.3) 17 (0.2) 252 (0.4) 162 (0.2)
Machine 154 (0.1) 0(0) 113 (0.2) 41 (0.1)
Burn 35(0.0) 1(0.0 25(0.0) 9(0.0)
Drowning or submersion 33(0.0) 1(0.0) 21 (0.0 11 (0.0)
Intoxication 147 (0.1) 1(0.0 75 (0.1) 71 (0.1)
Asphyxia 86 (0.1) 5(0.0) 61(0.1) 20 (0.0)
Other 1,669 (1.1) 76 (0.8) 839 (1.2) 754 (1.0)
Unknown 36,064 (22.8) 646 (6.5) 13,491 (19.1) 21,927 (28.4)
ED disposition
Discharge 21,502 (13.6) 3,469 (34.6) 9,861 (14.0) 8,172 (10.6)
Admission” 119,954 (76.0) 5,821 (58.1) 53,391 (75.6) 60,742 (78.6)
General ward” 44,325 (37.0) 3,404 (58.5) 17,943 (33.6) 22,978 (37.8)
Intensive care unit” 75,583 (63.0) 2,416 (41.5) 35,434 (66.4) 37,733 (62.1)
Transfer 13,792 (8.7) 632 (6.3) 6,134 (8.7) 7,026 (9.1)
Hopeless discharge 135 (0.1) 0(0) 20 (0.0) 115 (0.1)
Death 2,355 (1.5) 87 (0.9) 1,103 (1.6) 1,165 (1.5)
Unknown 126 (0.1) 5(0.0) 82 (0.1) 39 (0.1)
Hospital disposition
Discharge 94,861 (60.1) 8,452 (84.4) 43,409 (61.5) 43,000 (55.7)
Transfer 46,005 (29.1) 1,191 (11.9) 20,666 (29.3) 24,148 (31.3)
Hopeless discharge 236 (0.1) 2 (0.0 56 (0.1) 178 (0.2)
Death 14,773 (9.4) 284 (2.8) 5,598 (7.9) 8,891 (11.5)
Unknown 1,989 (1.3) 85 (0.8) 862 (1.2) 1,042 (1.3)

Values are presented as number (%), unless otherwise indicated. Percentages may not total 100 due to rounding.
ED, emergency department; SD, standard deviation; IQR, interquartile range.
IData for the “other" category are not presented. b)Proportion among total admissions.
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Table 2. Characteristics of traumatic brain injury-related ED visits by level of ED in Korea (2018-2022)

CEEM

. Type of ED
Characteristic Total Level | Level Il Level Il
No. of patients 157,864 (100) 68,177 (43.2) 89,504 (56.7) 183 (0.1)
Age (mean £ SD) (yr) 59.2+21.8 60.3+21.7 59.7+19.7 =
Sex
Male 106,009 (67.2) 46,877 (68.8) 59,002 (65.9) 130 (71.0)
Female 51,855 (32.8) 21,300 (31.2) 30,502 (34.1) 53 (29.0)

Time from onset to arrival (median [IQR]) (min)

Route of arrival
Direct visit

Transferred from other hospitals
Referred from outpatient clinics

Other

Unknown
Transport

119 Ambulance

Other medical institution ambulance

Other ambulance

Police or official transport

Air transport
Ambulatory
Unknown

Length of ED stay
Mean +SD (min)
Median (IQR) (min)
0-6 hr
6-12 hr
12-24 hr
224 hr
Unknown

Mechanism of injury
Traffic accident
Fall
Slip
Struck
Penetrating injury
Machine
Burn
Drowning or submersion
Intoxication
Asphyxia
Other
Unknown

ED disposition
Discharge
Admission

General ward”
Intensive care unit”

Transfer
Hopeless discharge
Death
Unknown

Hospital disposition
Discharge
Transfer
Hopeless discharge
Death
Unknown

a)

60 (35-180)

122,278 (77.5)
34,361 (21.8)
1 192 (08)
23(0.0)

10 (0.0)

95,311 (60.4)

5782 (3.7)

21,954 (13.9)

152 (0.1)

1,357 (0.9)

33,132 (21.0)
(.

303.8+398.8
186 (110-340)
121,323 (76.9)
23,574 (14.9)
10,019 (6.3)
2,939 (1.9)
9(0.0)

41,566 (26.3)
28,245 (17.9)
37,068 (23.5)
12,366 (7.8)
431(0.3)
154 ©.1)

35 (0.

33 (0.
147 (0.1)
(.
1,669 (1.1)
36,064 (22.8)
21,502
119,954
44,325
75,583
13,792
135
2,355
126

13.6)
76.0)
37.0)
63.0)
8.7)
0.1)
1.5)
0.1)

— o —

94,861
46,005
236 (0.1)
14,773 (9.4)
1,989 (1.3)

60.1)
29.1)

N

69 (41-186)

47,974 (70.4)

19,672 (28.9)
519 (0.8)
8(0.0)
4(0.0)

39,690 (58.2)
3,873 (5.7)
12,052 (17.7)

56 (0.1)
1,270 (1.9)
11,153 (16.4)

83 (0.1)

3240+4249
201 (118-360)
51,089 (74.9)
10,934 (16.0)
4,654 (6.8)
1,493 (2.2)
7 (0.0)

20,854 (30.6)
13,146 (19.3)
14,575 (21.4)
4,857 (7.1)
127 (0.2)
88 (0.1)
20 (0.0)
16 (0.0)
57 (0.1)
41 (0.1)
577 (0.8)
13,819 (20.3)

7,524 (11.0)
55,238 (81.0)
16,338 (29.6)
38,880 (70.4)

3,867 (5.7)

127 (0.2)

1,388 (2.0)

33 (0.0)

36,508 (53.5)

22,644 (33.2)
197 (0.3)

7,739 (11.4)
1,089 (1.6)

60 (32-174)

74,153 (82.8)
14,658 (16.4)
672 (0.8)
15 (0.0)
6 (0.0)

55,505 (62.0)
1,906 (2.1)
9,879 (11.0)

96 (0.1)

87 (0.1)
21,938 (24.5)

93 (0.1)

288.6+377.2
176 (104-324)
70,085 (78.3)
12,617 (14.1)
5,355 (6.0)
1,445 (1.6)
2(0.0)

20,671 (23.1)
15,070 (16.8)
22,447 (25.1)
7,492 (8.4)
302 (0.3)
66 (0.1)
15 (0.0)
17 (0.0)
90 (0.1)
45 (0.1)
1,089 (1.2)
22,200 (24.8)

13,960 (15.6)
64,577 (72.1)
27,926 (43.2)
36,625 (56.7)
9,900 (11.1)

8(0.0)

966 (1.1)

93 (0.1)

58,243 (65.1)

23,301 (26.0)
38 (0.0)
7,026 (7.8)
896 (1.0)

52 (30-153.5)

151 (82.5)
31(169)
1(0.5)
0(0)
0(0)

116 (63.4)
3(1.6)
23 (12.6)

0(0)
0(0)
41 (22.4)
0(0)

228.2+287.6
131 (77-219)
149 (81.4)
23 (12.6)
10 (5.5)
1(0.5)
0(0)

41 (22.4)
29 (15.8)
46 (25.1)
17 (9.3)
2(1.1)

18 (9.8)
139 (76.0
61 (43.9
78 (56.1
25(13.7
0(0)
1(0.5)
0(0)

)
)
)
)

110 (60.1)
60 (32.8)
1(0.5)
8(4.4)
4(2.2)

Values are presented as number (%), unless otherwise indicated. Percentages may not total 100 due to rounding.
ED, emergency department; SD, standard deviation; IQR, interquartile range.

“Data for the "other” category are not presented. b’Proportion among total admissions.
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established in 2020 that includes demographics, symptoms, and
prehospital and ED-hospital information. Patient data are auto-
matically transferred to a central server, and coordinators from
the NEMC oversee hospital-based monitoring and feedback [7].
In addition, EDs participating in NEDIS are divided into three
types based on facilities to provide effective emergency medical
services according to injury severity: level | (regional emergency
medical centers and regional trauma centers), level Il (local emer-
gency medical centers), and level Ill (local emergency medical
agencies) [8].

The eligible population included only patients presenting to the
ED due to TBI from January 2018 to December 2022 who arrived
within 24 hours of injury and excluded patients who died before
arriving to the ED. TBI was defined as any of the diagnostic codes
of the International Classification of Diseases, 10th revision (ICD-
10), that met the TBI definition by the Korea Disease Control and
Prevention Agency (KDCA) and were entered into the NEDIS data
(S06.1-506.9) [9].

CHARACTERISTICS OF TBI-RELATED ED
VISITS BY AGE GROUP

From 2018 to 2022, the total number of ED visits within 24 hours
due to TBI was 157,864 (Table 1). Overall, the most common
method of transportation for visiting the ED was 119 ambulance
(60.4%). However, unlike adults, the pediatric group were trans-
ported most often by car or walked to the ED (58.7%). In addi-
tion, the proportion of ED discharge was high, at 34.6%, in the
pediatric group compared to the other groups. In the elderly
group, the proportion of death among hospital discharge (11.5%)
was highest. Previous reports have also revealed that adults aged
75 years and older have the highest rates of TBl-related ED visits

98.8
100 - 95.4

80 1

No. of patients

67.5 65.0
56.9 58.4
60
39.8 38.4
20 132 36.0 366
201
0 m

Trends of traumatic brain injuries in Korea

with the highest rates of hospitalization and death [10]. Falls are
the leading cause of TBI in older age, and our study demonstrated
that the proportion of falls (14.2%), including slips (28.6%), was
highest in the elderly group, as in previous results [10,11]. There-
fore, considering that the population is gradually aging, policies
to reduce falls are needed to prevent TBI. Falls are also a major
cause of pediatric TBI. However, because the cause and location
of falls vary depending on age, detailed prevention strategies are
needed by age [12].

CHARACTERISTICS OF TBI-RELATED ED
VISITS BY LEVEL OF ED

Table 2 shows that level | and level Il EDs account for 43.2% and
56.7% of all ED visits due to TBI, respectively. However, we evalu-
ated patients with TBI who presented within 24 hours of injury,
and it is possible that some level lIl patients were missed because
the time to injury is not a required input for such injury. Never-
theless, considering that most patients with ICD-10 codes from
S06.1 to S06.9, excluding those with concussion, are transferred
to level | or level Il EDs, there appears to be no issue estimating
the total patient volume. In both level Il and level Il EDs, patients
transferred from other hospitals accounted for approximately
16%; in level |, the proportion of patients transferred from other
hospitals was higher at 28.9%. The median length of ED stay was
longest in level | at 201 minutes (interquartile range, 118-360
minutes), and the lower was the ED level, the shorter was the ED
stay. Considering that level | has a high hospitalization propor-
tion, especially for intensive care unit admissions, and a high pro-
portion of deaths as a result of final treatment, it can be assumed
that level | EDs are treating patients with greater severity. How-
ever, as this group accounts for more than 40% of all TBI ED vis-

84.2 84.1 84.6

58.8

2018 2019

M Total

2020 2021 2022
Year

Male Female

Fig. 1. Age- and sex-adjusted emergency department visits due to traumatic brain injury per 100,000 population in Korea.
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Fig. 2. In-hospital mortality rate of traumatic brain injury in Korea.
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Fig. 3. Age and sex-adjusted mortality per 100,000 emergency department visits due to traumatic brain injury in Korea.

its, in addition to severity, the high patient volume may also have
influenced the length of ED stay [13].

AGE-STANDARDIZED TBI INCIDENCE AND
MORTALITY OVER TIME, 2018-2022

Fig. 1 shows the trends of age- and sex-standardized TBI inci-
dence rate per 100,000 population. Men continue to exhibit
higher incidence rates of TBI compared to women, and previous
studies have shown that men are nearly twice as likely to be hos-
pitalized and three times more likely to die from a TBI than wom-
en [3]. Moreover, the incidence of TBIs revealed a decreasing
trend. In particular, during the COVID-19 period, the incidence
rate decreased from 67.5 in 2018 to 56.9 in 2020. The main basis
for these results is believed to be the reduction in traffic acci-
dents, which are thought to be the main cause of TBIs, due to

Clin Exp Emerg Med 2023;10(S):563-568

lockdowns and work-from-home strategies during the pandemic
[14-17]. However, the in-hospital mortality rate tended to in-
crease from 9.3% in 2018 to 10.1% in 2022 (Fig. 2). Similarly, the
age- and sex-standardized mortality rate of TBIs per 100,000 ED
visits increased from 36.0 in 2018 to 39.1 in 2022 (Fig. 3). The
differences in incidence and mortality trends may be due to in-
creased rates of fatal TBIs, such as falls, especially in older age
groups [9,18]. Furthermore, mortality trends appear to differ by
sex, suggesting priority areas for TBl-related prevention.

This analysis highlights the high proportion of fatal TBIs in the
elderly adult group, with falls being the leading cause in all age
groups. Additional research is needed to determine whether
changes in TBI incidence and mortality rates observed during the
COVID-19 period are due to environmental and policy influences.
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