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ABSTRACT

Objective: This study aimed to describe the incidence and status of acute management of
traumatic brain injuries (TBIs) in Korea.

Methods: We utilized nationwide administrative data from the National Emergency
Department Information System (2016-2018), focusing on patients with TBIs who visited
emergency medical centers within 7 days of injury and were treated in neurosurgery.
Results: The study included 117,830 patients, indicating an annual crude incidence of 79.4
TBIs per 100,000 persons. The highest incidence was in the age groups 0-4 and 7579
years, with men experiencing TBIs more often than women (79.3 vs. 60.4). Traffic accidents
were the most common cause (34.2%). Ambulance transport accounted for 65.4% of cases,
with a median hospital arrival time of 62 minutes. Only 7.6% of patients were admitted to
trauma care units, showing significant regional variations. Craniotomy or craniectomy was
performed in 4.8% of cases. Normal discharge occurred in 69.3% of patients, and the overall
in-hospital mortality rate was 5.3%, higher in men (3.9% vs. 1.5%).

Conclusion: In Korea, the incidence of TBIs vary by age, sex, and regions. Current status

of management of TBIs also differs by regions, especially between metropolitan city and
province. Tailored strategies for TBI management are needed based on these differences.

Keywords: Craniotomy; Incidence; Traumatic brain injury; Trauma centers

INTRODUCTION

Traumatic brain injuries (TBIs) are a major global public health concern. Severe traumatic
injuries are often accompanied with TBIs, which directly lead to poor patient outcomes. In
fact, in Europe, approximately 37% of all injury-related deaths are related to TBIs.®) Many
TBIs are associated not only with death and severe neurological sequelae, but also with
psychological problems. This can result in significant socioeconomic losses and burdens.'®*¥
In fact, the healthcare costs related to TBIs is difficult to calculate not only because of the
burden of acute treatment but also because of rehabilitation and time over a lifetime, and
post-treatment community management is more important than acute treatment.>'2V
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In addition, the economic impact of TBIs is difficult to estimate based on official statistics,
although TBIs are generally known to cost the global economy US $400 billion annually.*

As with other diseases, the social environment surrounding patients with TBIs, such as income
level, access to medical care, and race, can affect the accessibility of medical institutions and
resources, and thus may impact the prognosis of such patients.*>* Traffic incidents are the
primary cause of TBIs in low- and middle-income countries, whereas falls in older adults are
the main cause of TBIs in high-income countries. Therefore, emphasis on whether to focus on
the maintenance of road traffic systems as a preventive measure for TBIs or on the prevention
of alcohol misuse and frailty will impact the outcome and incidence of TBIs."?

Consequently, many countries have focused on prevention and response measures. One such
initiative is the International Traumatic Brain Injury Research, formed in Canada, Europe,
and the United States as part of this effort." Since the publication of the Lancet Neurology
Commission report on TBIs in 2017, a steady interest in subsequent research, comprehensive
resource care for clinical care, and policy development has been observed. In Korea, interest
in trauma care, particularly after the treatment of casualties during the Aden Emergency,

has also increased. Policy support for regional trauma centers has been initiated, leading

to improvements in trauma patient care. Hence, many regional trauma centers have been
established nationwide. The country has 17 designated regional trauma centers, mainly
located around metropolitan areas, which provide medical care to both large and small cities.
National policy discussions on management strategies for TBIs and individual strategies
between metropolitan cities and provinces are important for improving the prognosis of
patients with TBIs. Therefore, obtaining baseline data on TBIs, including the incidence,
pre-hospital care, and current status of TBI management in Korea, is necessary. However, to
date, nationwide data on the incidence, management, and outcomes of patients with TBIs
are limited. Thus, this study aimed to describe the incidence and current status of the acute
management of TBIs in Korea.

MATERIALS AND METHODS

Study population

National Emergency Department Information System (NEDIS) data from January 2016 to
December 2018 were used. The NEDIS, which was established in 2016 as a registry involving
>95% of emergency medical centers (EMCs) or institutions in Korea, stores nationwide
administrative data. This study was based on the 20162018 data of the NEDIS collected from
approximately 414 EMCs in Korea: regional (36 hospitals) or local EMCs (118 hospitals),

local emergency medical institutes (260 hospitals) located in seven metropolitan cities
(Seoul, Incheon, Busan, Daegu, Gwangju, Daejeon, and Ulsan), and nine regional provinces
(Gangwon, Chungnam, Chungbuk, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and Jeju).

The inclusion criteria were International Classification of Diseases, 10th revision discharge
codes S06.0 (cerebral concussion), S06.1 (traumatic cerebral edema), S06.2 (diffuse

cerebral injury), S06.3 (focal cerebral injury), S06.4 (traumatic epidural hemorrhage), S06.5
(traumatic subdural hemorrhage), S06.6 (traumatic subarachnoid hemorrhage), S06.7
(intracranial injury with persistent coma), S06.8 (other intracranial injuries), or S06.9
(unclassified intracranial injuries); managed by the Department of Neurosurgery in an EMC;
and presented within 7 days of the onset of head injury. On visiting the EMC, all patients were
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triaged based on the Korean Triage and Acuity Scale (KTAS) and managed according to their
KTAS level.

Data collection

The NEDIS data included age, sex, type and region of EMC, onset of injury, arrival date and
time, insurance, injury mechanism, visited route, transportation mode, initial response on
admission, KTAS level, level of EMC, specialist care, disposition, admission route, main
department, check-out date, admission and discharge date, discharge outcome, check-out
diagnostic code, discharge diagnostic code, and each corresponding electronic data interchange
code of the National Health Insurance regarding radiological examinations and surgery.

We extracted the following baseline information on the patients from the NEDIS data: age;
sex; metropolitan city or province; trauma center; injury mechanism; insurance status; injury
type; use of ambulance; initial alert, verbal, painful, and unresponsive (AVPU) scale; KTAS
level; presence of specialist or neurosurgeon; management by the neurosurgery department
of an EMC; computed tomography scan; endotracheal intubation; cardiopulmonary
resuscitation; hypothermia therapy; admission to ward or intensive care unit (ICU) admission
or trauma care unit or trauma ICU; transfer to the other hospitals; death in the EMC;
emergency surgery; surgery including intracranial pressure monitoring, craniotomy or
craniectomy, burr-hole surgery, cranioplasty, shunt surgery, and tracheostomy; and discharge
outcomes including normal discharge to home, transfer to rehabilitation or nursing hospitals
and death on discharge. Patients with KTAS levels 1-3 were considered emergent.')

We also calculated the following in-hospital information from the NEDIS data: arrival time at
the hospital, EMC stay, and hospital stay.

Statistical analysis

Categorical variables are presented as frequencies (percentages), and continuous variables
are presented as medians with interquartile ranges (IQRs). The y? and Mann-Whitney

U tests were used for categorical and non-parametric variables, respectively. The annual
crude incidence of TBIs is presented as the annual rate per 100,000 individuals. The annual
incidence and in-hospital mortality of TBIs are expressed as medians and IQRs. Statistical
analyses were performed using SPSS (version 27.0; IBM Corp., Armonk, NY, USA).

Ethics statement

This study was approved by the Institutional Review Board of the Eulji University (IRB No.
2021-02-004). The NEDIS provided demographic, hospital, and clinical data, from which
information on personal and hospital identification was removed.

RESULTS

General characteristics

Data 0f 117,830 patients recorded in the NEDIS between 2016 and 2018 were analyzed. FIGURE 1
presents a flowchart describing inclusion and exclusion of the data. The median age of patients
with TBIs is 55-59 years, and older adults accounted for >60% of the patients. TBIs were more
common in men (63.3%) than in women. Cerebral concussion (37.0%) and traumatic subdural
hemorrhage (35.3%) were the most two common types of TBIs in Korea. Approximately half
of the TBI (43.2%) cases were recorded in the Seoul metropolitan area, including Incheon and
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Initial data of NEDIS of 2016-2018 ICD 10th,
primary check-out diagnostic code in emergency room
or primary discharge diagnostic code S06-S09
(n=714,717)

Managed by

Emergency medicine (n=305,114),
Orthopedic surgery (n=23,436),
Plastic surgery (n=15,241),
Thoracic surgery (n=6,190),
Trauma surgery (n=5,290),
Surgery (n=5,138),

Pediatrics (n=2,926),
Neurology (n=2,780),
Ophthalmology (n=2,732),
Other departments (n=13,955),
Missing data (n=210,291)

A
Subjects managed by neurosurgery
(n=121,624)

Beyond 1 week of the onset of injury
(n=3,400)
Missing data (n=394)

A
Finally selected subjects
(n=117,830)

FIGURE 1. Flowchart describing inclusion and exclusion of the data.
NEDIS: National Emergency Department Information System, ICD: International Classification of Diseases.

Gyeonggi. TABLE 1 summarizes the baseline data of 117,830 TBI patients from 414 EMCs or
institutions in Korea. Traffic accidents (34.2%) were the most common cause of TBIs across all
age groups and individual regions in Korea. However, falls were the significantly most common
cause of TBIs in patients aged >75 years. Among traffic accidents, in-car accidents (17.5%) were
the most common, followed by pedestrian traffic accidents (7.3%), and motorcycle accidents
(3.7%). FIGURE 2 presents the causes of TBI in Korea.

Incidence of TBIs

The annual crude incidence of TBIs in Korea was 79.4 per 100,000 (IQR, 61.5-118.7). The two
peak incidences of TBI were at 0—4 years and 7579 years, and the lowest incidence of TBIs
was at 10-14 years. A modest increase in the incidence of TBIs tended to occur after the age of
40 years, followed by a sharp rise until the age of 65-80 years. The annual incidence in men
(79.3/100,000 [IQR, 63.7-110.7]) was higher than that in women (60.4 per 100,000 persons
[IQR, 42.3-82.6]).

Distinct regional differences exist in the annual incidence of TBIs in Korea. Jeonbuk,
Daejeon, Gwangju, and Gangwon had the highest TBI incidence. The incidence of falls
tended to increase at the age of >45 years, and traffic accidents had a peak incidence at the
age of 7579 years. Jeonbuk had the highest peak incidence of TBIs owing to traffic accidents
and falls. FIGURE 3 illustrates age or region-specific incidence of TBIs in Korea.
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TABLE 1. The baseline data of 117,830 patients with traumatic brain injuries from 414 EMCs in Korea

Variables Values (n=117,830)
Age, 5 years 55-59 (40-44, 70-74)
Age 265 years 73,437 (62.3)
Male 74,594 (63.3)
Injury mechanism
Traffic accident 40,288 (34.2)
Slipping down 26,325 (22.3)
Fall 17,473 (14.8)
Struck by person or object 11,520 (9.8)
Others 29,9924 (18.9)
Insurance status
National health insurance 72,612 (61.6)
Car insurance 32,978 (28.0)
Medical aid 6,850 (5.8)
Industrial accident compensation insurance 1,430 (1.2)
No insurance 3,364 (2.9)
Injury type
Cerebral concussion 43,612 (37.0)
Traumatic subdural hemorrhage 41,597 (35.3)
Traumatic subarachnoid hemorrhage 10,715 (9.1)
Cerebral contusion 9,442 (8.0)
Traumatic epidural hemorrhage 7,962 (6.8)
Others 4,502 (3.8)
Initial AVPU scale
Alert 93,332 (79.9)
Verbal response 11,026 (9.4)
Painful response 10,364 (8.8)
Unresponsive 3,108 (2.6)
Initial KTAS
Level 1 2,797 (4.3)
Level 2 10,011 (15.5)
Level 3 26,906 (41.6)
Level 4 23,250 (35.9)
Level 5 1,766 (2.7)

Values are presented as median (interquartile range) or number (%) unless otherwise indicated.
EMC: emergency medical center, AVPU: alert, verbal, painful, and unresponsive, KTAS: Korean Triage and Acuity Scale.

Causes of traumatic brain injury
251 22.3

20 - 17.5 16.9

14.8

%

FIGURE 2. Causes of traumatic brain injuries in Korea.
TA: traffic accident.
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Pre-hospital care of TBIs

TABLE 2 presents the pre-hospital, hospital, and clinical characteristics of the 117,830 patients
with TBIs. After TBI onset, 76.5% of patients visited an EMC directly without going to other
hospitals. Overall, inter-hospital transfer after TBI was 22.7% (12.0% from secondary
hospitals, 6.6% from primary hospitals, and 2.5% from tertiary hospitals, respectively) and
was significantly higher in metropolitan cities than in provinces (26.3% vs. 19.7%, p<0.001).
Gwangju is the local region with the largest number of patients transferred from other
hospitals. Hospital transportation by ambulance was 65.4%. Among them, only one-third
used public ambulances, and transportation by other vehicles was frequent. Use of ambulance
was significantly higher in metropolitan cities than in provinces (69.5% vs. 62.0%, p<0.001).
The median time to hospital arrival from the onset of injury was 62 min (IQR, 32-293). Daegu
and Gwangju were the 2 regions with cases that took the longest to reach EMCs. Significant
regional differences were observed in the use of ambulances and interhospital transfers in
patients with TBIs in Korea. FIGURE 4 presents the use of ambulances, interhospital transfer,
and arrival time to hospital in patients with TBIs in Korea.

General management of TBIs

Upon arrival at EMCs, all patients were triaged using the KTAS system and prioritized
depending on KTAS level. The incidence of KTAS levels 1-3, which suggest urgency, was 63.4%.
Initial management by specialists in EMC was 80.8%. The percentage of non-requirement

of specialist care in EMCs was 16.2%, which was approximately twice higher in metropolitan
cities than in provinces (21.7% vs. 11.6%, p<0.001). Patients with TBIs spent a median of 158
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TABLE 2. Pre-hospital, hospital and clinical characteristics of 117,830 patients with TBIs

Variables Total (n=117,830) Metropolitan city (n=53,110) Province (n=64,730) p
Inter-hospital transfer 26,706 (22.7) 13,949 (26.3) 12,757 (19.7) <0.001
Use of ambulance 77,027 (65.4) 36,888 (69.5) 40,139 (62.0) <0.001
Time to arrival (minutes) 62 (32-293) 67 (32-342) 60 (31-255) <0.001
Severity of injury
KTAS 3(3-4) 3(3-4) 3(3-4) <0.001
Level 1-3 of KTAS 74,752 (63.4) 35,038 (66.0) 39,714 (61.4) <0.001
Specialist care in EMC
Absence of specialist 19,036 (16.2) 11,497 (21.7) 7,539 (11.6) <0.001
Presence of specialist 91,170 (77.4) 37,475 (77.4) 53,695 (83.0) <0.001
Presence of neurosurgeon 34,894 (29.6) 14,741 (27.8) 20,153 (31.1) <0.001
Presence of specialist and neurosurgeon 30,935 (26.3) 12,176 (22.9) 18,759 (29.0) <0.001
General care in EMC
Computed tomography scan 67,445 (57.2) 29,202 (55.0) 38,243 (59.1) <0.001
Endotracheal intubation 7,065 (6.0) 3,468 (6.5) 3,597 (5.6) <0.001
Cardiopulmonary resuscitation 495 (0.4) 213 (0.4) 212 (0.3) 0.036
Disposition
Trauma care units or trauma ICU 8,989 (7.6) 5,334 (10.0) 3,655 (5.6) <0.001
Other ICUs 40,349 (34.2) 19,966 (37.6) 20,383 (31.5) <0.001
Transfer to other hospitals 6,369 (5.4) 3,012 (5.7) 3,357 (5.2) <0.001
Death in EMC 486 (0.4) 214 (0.4) 272 (0.4) 0.647
Acute management of TBI
Emergent surgery 10,247 (8.7) 4,994 (9.4) 5,253 (8.1) <0.001
Intracranial pressure monitoring 1,427 (1.2) 813 (1.5) 614 (0.9) <0.001
Hypothermia therapy 8(0.0) 5(0.0) 3(0.0) 0.322
Craniotomy or craniectomy 5,668 (4.8) 2,823 (5.3) 2,845 (4.4) <0.001
Burr-hole surgery 5,609 (4.8) 3,090 (5.8) 2,519 (3.9) <0.001
Cranioplasty 1,116 (0.9) 607 (1.1) 509 (0.8) <0.001
Shunt surgery 360 (0.3) 208 (0.4) 152 (0.2) <0.001
Tracheostomy 2,793 (2.3) 1,646 (3.1) 1,077 (1.7) <0.001
Discharge outcomes
EMC stay (min) 158 (96-277) 172 (104-299) 146 (90-258) <0.001
Hospital stay (days) 6 (1-15) 7 (1-16) 5(1-14) <0.001
Normal discharge to home 61,376 (52.1) 27,008 (50.9) 34,368 (53.1) <0.001
Transfer to rehabilitation hospitals 15,873 (13.5) 8,376 (15.8) 7,497 (11.6) <0.001
Death on discharge 5,787 (4.9) 3,119 (5.9) 2,668 (4.1) <0.001

Values are presented as median (interquartile range) or number (%) unless otherwise indicated.
KTAS: Korean Triage and Acuity Scale, EMC: emergency medical center, ICU: intensive care unit, TBI: traumatic brain injury.

https://kjnt.org

min (IQR, 96-277) in EMCs. Transfer to other hospitals after initial management in EMC was
5.4%. Decision of patients or family members to visit high-level hospitals (46.0%) and lack
of ICUs (17.6%) were the two common causes of transfer from other hospitals to EMCs. Lack
of wards or ICUs was significantly higher in metropolitan cities than in provinces (2.2% vs.
0.7%, p<0.001). However, impossibility of emergency surgery or procedures did not indicate
a significant difference between metropolitan cities and provinces (0.7% vs. 0.9%).

Only 7.6% of patients with TBIs were admitted to specialized trauma care units or trauma
ICUs. The utilization of trauma care units or ICUs varied greatly by region which was
significantly twice higher in metropolitan cities than in provinces (10.0% vs. 5.6%, p<0.001).
Among them, Daejeon and Ulsan were the two regions where trauma center management
was most frequently performed (48.6% and 46.1%, respectively). Especially, Ulsan (43.2%)
was the only region with the highest number of admissions into trauma ICUs. FIGURE 5
illustrates the utilization of trauma centers and ICUs for patients with TBIs in Korea.
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FIGURE 4. Regional trends in transfer status for traumatic brain injury patients in Korea. Use of ambulance (A) and
inter-hospital transfer and arrival time (B) in patients with traumatic brain injuries in Korea.

Acute management of TBIs

In the patients with TBIs, craniotomy or craniectomy and burr-hole surgery were performed
in 4.8% and 4.8%, respectively, and tended to increase with age until the age of 80 years,
especially after the age of 60 years. Intracranial pressure monitoring was performed in 1,427
(1.2%) of the patients, and hypothermic therapy was performed in only 8 patients (0.0%).

A clear variation in the annual volume of cranial surgeries was observed by region among
patients with TBIs in Korea. Craniotomies or craniectomies were the most frequently
performed procedures in Gwangju and Ulsan. However, the overall volume of craniotomies
or craniectomies performed did not demonstrate a definite difference between metropolitan
cities and provinces (5.3% vs. 4.4%). FIGURE 6 illustrates the age-related and regional
variations in the volume of cranial surgeries performed in patients with TBIs in Korea.

In-hospital outcomes of TBIs

The median length of hospital stay was 6 days (IQR, 1-15). The overall normal discharge to
home in EMC or after admission was 69.3%, and tended to a decrease with age. Transfer
to other rehabilitation centers or nursing hospitals was 13.5%, which tended to increase in
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FIGURE 5. Regional trends in intensive care for traumatic brain injury patients in Korea. Trauma center
management (A) and trauma intensive care unit admission (B) in patients with traumatic brain injuries in Korea.
ICU: intensive care unit.

proportion to age. The overall in-hospital mortality rate of TBIs was 5.3% (male 3.9% vs.
female 1.5%), which tended to increase with age. In-hospital mortality was significantly
higher in metropolitan cities than in provinces (6.3% vs. 4.5%, p<0.001).

DISCUSSION

This study describes the incidence and management of TBIs using the nationwide NEDIS
data. Since the designation of regional trauma centers began in 2012, 15 out of the current

17 centers were designated by 2016, when our data collection started. No additional centers
have been designated since 2017. Therefore, after the first four years of enthusiastic operation
of the regional trauma centers, this study aims to assess the current situation and analyze
whether there are any additional issues to consider in the management of TBI, which
significantly impacts the prognosis of trauma patients. The goal is to discuss the future
efficiency of resource allocation, both human and material, for specialized neurosurgical
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Surgery by traumatic brain injury by age
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FIGURE 6. Surgical treatment of traumatic brain injuries in Korea. (A) Ages and (B) regions.
ICP: intracranial pressure.

care. In Korea, the incidence of TBIs peaks with age and varies by geographic region.
Craniotomy or craniectomy was performed in 4.8% of the patients with TBIs; however,
intracranial pressure monitoring (1.2%) and hypothermic therapy (0.0%) was performed
in few patients. Regional differences were observed in the volume of craniotomies and
craniectomies performed in patients with TBIs. The utilization of trauma care units or
trauma ICUs was only 7.6% and varied greatly by regions. To the best of our knowledge, this
study is the first to analyze incidence and current status of management of the TBI patients
from the nationwide NEDIS data.

Incidence of TBIs

According to statistics on the types and causes of injuries released by the Korea Center

for Disease Control and Prevention in 2021, 58,361 cases of TBIs were recorded, with 966
deaths, equivalent to 1,700 cases per 100,000 people. Furthermore, those aged >70 years
accounted for 42.8% of the cases. In Europe, TBIs result in 2 million hospital admissions and
82,000 deaths annually." In our findings, the two peak incidence patterns suggest a higher
occurrence of TBIs among individuals who required assistance from others, emphasizing
vulnerability. Additionally, regional variations in the incidence of TBIs may indicate
underlying socioeconomic disparities.” Considering the elevated TBI rates in physically and
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economically vulnerable populations, policy strategies aimed at reducing the incidence of
TBIs should be tailored to address these specific populations.

Pre-hospital care of TBIs

The rates of referral and ambulance utilization were higher in metropolitan cities than

in provinces. The higher utilization of ambulances and referral in metropolitan cities
compared to provinces may be attributed to the fact that, in provinces, patients are often
directly transported for specialized treatment to centers from the accident site, whereas

in metropolitan cities, patients are first taken to EMCs. Through the pre-hospital public
transport service. After diagnosis, they are transferred to other EMCs, where therapeutic
functions can be performed. Ultimately, this indicates a significant gap not only in roles
between EMCs through pre-hospital public transport service and specialized trauma centers
treating patients with TBIs, but also in medical facilities or resources between metropolitan
cities and provinces. Several referrals naturally lead to delayed arrival times at treatment
hospitals, which can impact outcomes. Therefore, these issues need to be addressed to
ensure timely access to treatment hospitals and to potentially improve patient outcomes.
However, the presence of a trauma center may contribute to such situations. This may
paradoxically contribute to the higher transfer rate in metropolitan cities than in provinces,
as trauma centers are concentrated in specific hospitals, which may result in longer transport
times for patients with severe TBIs who first visit a hospital that is not a trauma center. This
could potentially delay aggressive treatment, especially in patients with severe TBIs requiring
emergency surgery, which cannot be predicted in the pre-hospital stage.

In-hospital management of TBIs

Our results revealed that metropolitan cities have higher in-hospital mortality rates, longer
hospital stays, and lower rates of normal discharge, which may reflect a higher severity

of TBIs than provinces. This is supported by the higher rates of intracranial pressure
monitoring, craniotomy, or craniectomy among patients in metropolitan cities than those
in provinces. However, intracranial pressure monitoring and hypothermia treatment, which
are now widely used for patients with severe traumatic brain injury and elevated intracranial
pressure, showed usage rates of only 0%-1% in the data analyzed at the time, with no
significant regional differences observed. Several randomized controlled trials have reported
that hypothermia treatment did not improve outcomes in patients with elevated intracranial
pressure following TBIs.”® However, recent guidelines strongly recommend targeted
temperature management with controlled normothermia (36.0°C —37.5°C) as a therapeutic
option to consider in intracranial pressure management.'? In South Korea, several factors
may contribute to the low utilization rates of targeted temperature management, including
issues related to insurance coverage, device costs, limited experience with the procedure,
and insufficient hospital infrastructure for monitoring multiple parameters required for
goal-directed therapy compared to the past. Furthermore, even when these supports are
available, some studies have advocated for an “All-in-One” strategy, where all available
treatment methods are mobilized simultaneously to avoid missing the “golden time” in TBI
management.'?

Moreover, patients with TBIs with KTAS levels of 1-3 visited EMCs more frequently in
metropolitan cities than those in provinces. Furthermore, metropolitan cities, including
Daejeon and Ulsan, generally demonstrated more effective specialized trauma center
management compared to provinces. Thus, in metropolitan cities, even patients with high
TBI severity can receive treatment at appropriate medical institutions, indicating that these
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institutions are fulfilling their roles effectively. By contrast, in provinces, hospitals tend to
admit patients with TBIs with lower levels of severity; however, for patients with moderate-
to-severe conditions in these areas, the tendency to transfer them to high-level hospitals

or large trauma centers in metropolitan cities was higher. However, despite treating more
severely ill patients in metropolitan cities than in provinces, lower rates of neurosurgical
interventions at the EMC level were observed in metropolitan cities than in provinces.

This may reflect a shortage of neurosurgeons, making it challenging to distribute them
evenly across all metropolitan hospitals. The concentration of regional trauma centers in
metropolitan cities and the likelihood that neurosurgeons are primarily concentrated within
trauma centers even within urban regions may have contributed to these findings. Since the
establishment of regional trauma centers, there has been a statistically significant increase
in direct visits to specialized trauma centers, and I believe that the success of this model may
positively impact patient outcomes.”

In-hospital outcomes of TBIs

Increasing age was associated with a higher transfer rate to nursing hospitals and a higher
in-hospital mortality rate, underscoring the correlation between poor prognosis and age.
Moreover, the higher proportion of patients with severe TBIs in metropolitan cities can lead
to an increased in-hospital mortality rate. In essence, both the severity of TBIs itself and
age may indicate a poor prognosis, yet these factors remain unalterable from the moment
of TBI onset. Consequently, to enhance outcomes, our endeavors should be directed toward
improving medical accessibility for patients with TBIs and expanding the availability of
neurosurgeons for this purpose.

Studies comparing regional disparities have typically demonstrated that the avoidable
mortality rate in provinces is higher than that in metropolitan cities because of social issues
such as limited access to medical resources for vulnerable populations, including women
and older adults, and highlight inequality in preventable deaths.>>?? Compared to previous
studies that focused on regional disparities, our study revealed paradoxical results of higher
avoidable mortality rates in metropolitan cities, indicating that in metropolitan cities, a
higher proportion of interhospital transfers and moderate-to-severe TBI cases was observed
among patients with TBIs compared to its incidence. Hence, improving access to specialized
trauma care in provinces and increasing the number of neurosurgeons in metropolitan cities
are necessary to expand the access to neurosurgical treatment for TBIs at the EMC level.

An adequate number of neurosurgeons is clearly needed to perform direct neurosurgical
interventions at the EMC level in small- and medium-sized hospitals in metropolitan cities.
Previous reports have indicated that specialized neurointensive care is related to improved
survival rates in patients with TBIs, highlighting the importance of ensuring sufficient access
to neurosurgical care for all patients regardless of hospital or city.'***) Many previous studies
have emphasized the need for political investment at this point.>*%»)

Study limitations

First, the NEDIS data used the AVPU scale and KTAS levels and did not provide the Glasgow
Coma Scale score or follow-up data after discharge. We did not estimate the exact degree

of severity or long-term outcomes of patients with TBIs. Further studies on KTAS levels

and TBI outcomes are required. Second, the incidence of TBIs according to individual
regions was not identified because of interhospital transfers between individual regions.
The incidence in metropolitan cities may likely be exaggerated, whereas that in provinces
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is likely to be underestimated. Lastly, the causes of regional inequality in the incidence and
current status of management of patients with TBIs demonstrated in this study were not

investigated. Further research considering the primary source of interhospital transfers and
regional differences in medical facilities and resources is necessary. Additionally, as the data
include nationwide emergency medical center records, it has been reported that a significant
proportion of patients with mild trauma who do not require trauma care unit utilization are
treated in other ICUs without being transferred. The underlying causes of this phenomenon
should be further investigated through qualitative research, as the limitations of the NEDIS
data preclude an in-depth analysis.

CONCLUSION

In Korea, the incidence of TBIs varies definitely according to age, sex, and geographic
regions. The current status of the acute management of TBIs may also differ markedly
between individual regions, especially between metropolitan cities and provinces. The use

of specialized trauma care facilities and devices may be low nationwide. These findings
suggest not only regional inequality in the acute management of TBIs but also the insufficient
utilization of trauma centers and lack of awareness of specialized intensive care in Korea.
Strategies for acute management of TBIs should be established considering the incidence and
current status in individual regions. Further studies are necessary to consider interhospital
transfers and regional differences in medical facilities and resources.
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