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Objective : Traumatic brain injury (TBI) is one of the most common injuries in patients with multiple trauma, and it associates with 
high post-traumatic mortality and morbidity. A trauma center was established to provide optimal treatment for patients with severe 
trauma. This study aimed to compare the treatment outcomes of patients with severe TBI between non-trauma and trauma centers 
based on data from the Korean Neuro-Trauma Data Bank System (KNTDBS).
Methods : From January 2018 to June 2021, 1122 patients were enrolled in the KNTDBS study. Among them, 253 patients from 
non-traumatic centers and 253 from trauma centers were matched using propensity score analysis. We evaluated baseline 
characteristics, the time required from injury to hospital arrival, surgery-related factors, neuromonitoring, and outcomes.
Results : The time from injury to hospital arrival was shorter in the non-trauma centers (110.2 vs. 176.1 minutes, p=0.012). The 
operation time was shorter in the trauma centers (156.7 vs. 128.1 minutes, p=0.003). Neuromonitoring was performed in nine 
patients (3.6%) in the non-trauma centers and 67 patients (26.5%) in the trauma centers (p<0.001). Mortality rates were lower in 
trauma centers than in non-trauma centers (58.5% vs. 47.0%, p=0.014). The average Glasgow coma scale (GCS) at discharge was 
higher in the trauma centers (4.3 vs. 5.7, p=0.011). For the Glasgow outcome scale-extended (GOSE) at discharge, the favorable 
outcome (GOSE 5–8) was 17.4% in the non-trauma centers and 27.3% in the trauma centers (p=0.014).
Conclusion : This study showed lower mortality rates, higher GCS scores at discharge, and higher rates of favorable outcomes 
in trauma centers than in non-trauma centers. The regional trauma medical system seems to have a positive impact in treating 
patients with severe TBI.
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INTRODUCTION

Trauma is the third leading cause of death in South Korea 

and, in particular, the number one cause of death for people 

under 45 years, including the economically active population17). 

Accordingly, the Ministry of Health and Welfare carried out 

the regional trauma center selection project in 2012 to lower the 

preventable trauma death rate to the level of advanced coun-

tries. As of 2022, 17 regional trauma centers have been desig-

nated and operated. A regional trauma center was established 

to provide optimal treatment for patients with severe trauma 

with facilities, equipment, and human resources19).

http://crossmark.crossref.org/dialog/?doi=10.3340/jkns.2022.0163&domain=pdf&date_stamp=2023-01-01


J Korean Neurosurg Soc 66 | January 2023

64 https://doi.org/10.3340/jkns.2022.0163

Traumatic brain injury (TBI) is defined as brain trauma 

with specific characteristics that include at least one of the fol-

lowing : loss of consciousness, post-traumatic amnesia, disori-

entation, confusion, or, in more severe cases, neurological 

signs2). TBI accounts for the highest proportion of severe trau-

ma patients, with an injury severity score of 15 or higher8). Se-

vere TBI is defined as a Glasgow coma scale (GCS) score ≤8; 

both primary and secondary brain injuries are significant 

causes of brain damage and death after severe TBI9,16). 

The Korea Neuro-Trauma Data Bank Committee collected 

2617 TBI cases using the Korean Neuro-Trauma Data Bank 

System (KNTDBS), in which 23 university hospitals partici-

pated from 2010 to 2014 and reported the research results6,10,23). 

However, the study was conducted before trauma centers were 

established nationwide. For the follow-up study, KNTDBS 

collected data on patients with severe TBI from 2018 to 2021 

from 18 hospitals across the country, including trauma cen-

ters.

We aimed to compare outcomes between non-trauma and 

trauma centers in patients with severe TBI based on data from 

the KNTDBS.

MATERIALS AND METHODS

This retrospective study was approved by the Clinical 

Research Ethics Review Committee of Gachon University Gil 

Medical Center (GBIRB2021-303). As this was a retrospective 

study, The Clinical Research Ethics Review Committee waived 

the need for informed consent. All methods were performed 

according to the relevant guidelines and regulations of the Dec-

laration of Helsinki.

Patient selection
We performed a retrospective analysis of 1122 patients en-

rolled in KNTDBS from 18 hospitals between January 2018 

and June 2021. Among patients with TBI, those with a GCS 

score of 8 or less and 19 years of age or older were included in 

the KNTDBS, and those who had previously undergone head 

surgery were excluded. Of the 1122 patients, 181 with insuffi-

cient data were excluded, and 359 patients from 11 non-trau-

ma centers and 582 from seven trauma centers were included 

in the study. We performed propensity score matching to 

minimize differences in baseline characteristics between the 

non-trauma and trauma centers. We compared 253 patients 

from non-trauma centers and 253 from trauma centers, after 

excluding 435 patients who were not matched (Fig. 1).

Fig. 1. Patient selection.
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Data analysis
Data on sex, age, injury mechanism, initial vital signs, initial 

GCS score, initial pupil response, diagnosis, and Rotterdam 

computed tomography (CT) score upon admission to the 

emergency room were collected to compare baseline charac-

teristics. The vital signs included body temperature, systolic/

diastolic blood pressure, pulse rate, and respiratory rate. The 

most severe case was determined to be representative when a 

patient had multiple diagnoses. Representative diagnoses in-

clude subdural hematoma (SDH), epidural hematoma, intra-

cerebral hemorrhage/contusion, subarachnoid hemorrhage 

(SAH), diffuse axonal injury, and skull fracture. The Rotter-

dam CT score is composed of a final score of 1–6 by adding 1 

to the sum of scores for basal cisterns, midline shift, epidural 

mass lesions, and intraventricular blood or traumatic SAH14).

In comparing the time required between both centers, the 

time from injury to hospital arrival and from hospital arrival 

to brain CT was evaluated for all subjects. The time from in-

jury to surgery and hospital arrival to surgery was evaluated 

for patients who underwent surgery. The start time of surgery 

was measured based on the skin incision.

The operation type, operation time, estimated blood loss 

(EBL), blood transfusion, and postoperative complications 

were assessed as variables related to surgery. These variables 

were evaluated in patients who visited the emergency room 

and immediately underwent surgery, including craniectomy 

or craniotomy. The operation time was measured from the 

skin incision to skin closure. EBL was measured based on the 

anesthesiologist's record, and transfusion was measured in 

milliliters of red blood cells received during surgery. The oc-

currence of hemorrhage requiring surgery and surgical site 

infection (SSI) was evaluated as postoperative complications. 

Neuromonitoring was performed with respect to patient 

management. The neuromonitoring types included intracra-

nial pressure (ICP) monitoring, transcranial Doppler, and 

electroencephalogram (EEG).

Hospital stay, mortality, GCS score at discharge, and 

Glasgow outcome scale-extended (GOSE) score at discharge 

were evaluated to compare outcomes. Unfavorable outcomes 

were defined as GOSE 1–4 points and favorable outcomes as 

GOSE 5–8 points.

Statistical analysis
Continuous variables were described using means, standard 

deviations, and ranges, while categorical variables were ex-

pressed as frequencies. Also, continuous variables were com-

pared using independent and paired t-tests, while categorical 

variables were compared using Pearson's chi-square, McNe-

mar, and McNemar-Bowker tests. All tests were performed 

using the statistical significance criterion of α=0.05. Propensi-

ty score matching analysis was performed to control for and 

minimize potential bias. Variables for propensity matching 

analysis included age, sex, initial vital signs, initial pupil re-

sponse, initial GCS score, diagnosis, and Rotterdam CT score. 

Both groups, including the non-trauma and trauma center 

patients, were matched 1 : 1 based on the propensity score, 

with a standard caliper width of 0.1. Statistical analyses were 

performed using SPSS for Windows (version 23.0; IBM Corp., 

Armonk, NY, USA).

RESULTS

Baseline characteristics
The baseline characteristics were analyzed before and after 

propensity score matching. Before propensity score matching, 

variables including age, injury mechanism, body temperature, 

pulse rate, initial pupil response, initial GCS score, and diag-

nosis were significantly different between non-trauma and 

trauma centers. After propensity score matching, there were 

no differences in the baseline characteristics between the two 

groups. Slips were the most common injury mechanism in 

both centers, and more than half of the patients showed bilat-

eral unreactive pupils. The average initial GCS score was 5.4, 

and the initial Rotterdam CT score was 4.1. The most com-

mon initial diagnosis when the patients visited the non-trau-

ma or trauma centers was acute SDH (Table 1).

The time required
The time from injury to hospital arrival was significantly 

shorter in the non-trauma centers : 110.2 minutes for the non-

trauma centers and 176.1 minutes for the trauma centers 

(p=0.012). There was no difference between the centers re-

garding the time from hospital arrival to brain CT. In the pa-

tients who underwent surgery, the time from injury to surgery 

was significantly shorter in the non-trauma centers : 270.2 

minutes in the non-trauma centers and 389.8 in the trauma 

centers (p=0.006). The time from hospital arrival to surgery 
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was shorter in the trauma centers : 181.1 minutes in the non-

trauma centers and 147.9 in the trauma centers (p=0.051) (Ta-

ble 2).

Surgery-related factors
After visiting the emergency room, 102 patients in the non-

trauma centers and 104 patients in the trauma centers under-

went emergency surgery; regarding the type of surgery, crani-

ectomy accounted for >70% of the cases in both centers. The 

operation time was significantly shorter in the trauma centers : 

156.7 minutes in the non-trauma centers and 128.1 in the 

trauma centers (p=0.003). EBL and transfusion did not differ 

between the centers. Postoperative complications, including 

hemorrhage occurrence and SSI, did not differ between cen-

ters (Table 3).

Table 1. Baseline characteristics (before and after propensity score matching)

Before propensity score matching After propensity score matching

Non-trauma 
center (n=359)

Trauma center 
(n=582)

p-value
Non-trauma 

center (n=253)
Trauma center 

(n=253)
p-value

Age (years) 62.7±16.6 57.0±17.8 <0.001 62.2±17.1 62.6±15.8 0.773

Sex, female 86 (24.0) 142 (24.4) 0.878 60 (23.7) 64 (25.3) 0.764

Injury mechanisms <0.001 0.935

Slip down 134 (37.3) 94 (16.2) 93 (36.8) 89 (35.2)

Fall 43 (12.0) 152 (26.1) 33 (13.0) 28 (11.1)

Traffic accident 94 (26.2) 272 (46.7) 77 (30.4) 81 (32.0)

Assault 5 (1.4) 8 (1.4) 5 (2.0) 4 (1.6)

Etc. 24 (6.7) 5 (0.9) 5 (2.0) 5 (2.0)

Unknown 59 (16.4) 51 (8.8) 40 (15.8) 46 (18.2)

Initial vital sign

Body temperature 36.4±0.9 36.1±0.9 <0.001 36.4±0.8 36.4±0.9 0.913

Systolic blood pressure 142.9±34.9 139.0±40.5 0.118 142.8±36.3 143.5±38.9 0.819

Diastolic blood pressure 82.9±21.1 84.6±22.8 0.244 83.1±20.8 83.0±20.8 0.967

Pulse rate 90.5±23.1 95.6±26.0 0.002 89.0±21.8 88.4±23.5 0.789

Respiratory rate 20.5±5.1 21.0±14.7 0.393 20.5±5.3 20.4±14.8 0.904

Initial pupil response 0.011 0.583

Reactive pupils 129 (35.9) 212 (36.4) 98 (38.7) 95 (37.5)

Unilateral unreactive pupils 27 (7.5) 78 (13.4) 21 (8.3) 16 (6.3)

Bilateral unreactive pupils 197 (54.9) 289 (49.7) 131 (51.8) 139 (54.9)

Uncheckable 6 (1.7) 3 (0.5) 3 (1.2) 3 (1.2)

Initial GCS 5.4±1.8 5.1±1.7 0.007 5.4±1.8 5.4±1.7 0.811

Diagnosis <0.001 0.764

aSDH 236 (65.7) 335 (57.6) 164 (64.8) 161 (63.6)

EDH 37 (10.3) 43 (7.4) 25 (9.9) 27 (10.7)

ICH/contusion 32 (8.9) 53 (9.1) 24 (9.5) 21 (8.3)

SAH 43 (12.0) 69 (11.9) 33 (13.0) 40 (15.8)

DAI 9 (2.5) 64 (11.0) 6 (2.4) 3 (1.2)

Skull fracture 2 (0.6) 18 (3.1) 1 (0.4) 1 (0.4)

Initial Rotterdam CT score 4.1±1.2 4.1±1.4 0.691 4.1±1.2 4.2±1.4 0.795

Values are presented as the mean±standard deviation or number (%). GCS : Glasgow coma scale, aSDH : acute subdural hematoma, EDH : epidural 
hematoma, ICH : intracerebral hemorrhage, SAH : subarachnoid hemorrhage, DAI : diffuse axonal injury, CT : computed tomography
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Neuromonitoring
Neuromonitoring was performed in nine patients (3.6%) in 

the non-trauma centers and 67 patients (26.5%) in the trauma 

centers (p<0.001). In the non-trauma centers, only ICP moni-

toring was performed in all nine patients. ICP monitoring was 

the most common in the trauma centers, with 27 patients 

(10.7%), followed by EEG (7.5%). Two or more types of neuro-

monitoring were performed in 5.6% of patients (Table 4). 

Table 2. Comparison of time required

All patients Patients who underwent surgery

Non-trauma 
center (n=253)

Trauma center 
(n=253)

p-value
Non-trauma 

center (n=102)
Trauma center 

(n=104)
p-value

Time from injury to hospital arrival (minutes) 110.2±136.8 176.1±387.3 0.012

Time from hospital arrival to brain CT (minutes) 37.6±63.8 44.3±119.0 0.434

Time from injury to surgery (minutes) 270.2±153.3 389.8±404.5 0.006

Time from hospital arrival to surgery (minutes) 181.1±162.1 147.9±45.2 0.051

Values are presented as the mean±standard deviation. CT : computed tomography

Table 3. Comparison of patients who underwent surgery

Non-trauma center 
(n=102)

Trauma center  
(n=104)

p-value

Operation type 0.719

Craniectomy 77 (75.5) 82 (78.8)

Craniotomy 25 (24.5) 22 (21.2)

Operation time (minutes) 156.7±68.4 128.1±61.3 0.003

Estimated blood loss (mL) 1466.5±1229.7 1277.0±1379.3 0.352

Transfusion (mL) 857.6±991.5 819.7±1260.2 0.850

Postoperative complications

Occurrence of hemorrhage* 18 (17.6) 16 (15.4) 0.710

Surgical site infection 3 (2.9) 0 (0.0) 0.250

Values are presented as the mean±standard deviation or number (%). *Hemorrhages including subdural hematoma, epidural hematoma, and 
intracerebral hemorrhage requiring surgery

Table 4. Neuromonitoring

Non-trauma center  
(n=253)

Trauma center  
(n=253)

p-value

Neuromonitoring <0.001

No 244 (96.4) 186 (73.5)

Yes 9 (3.6) 67 (26.5)

TCD 0 (0.0) 7 (2.7)

EEG 0 (0.0) 19 (7.5)

ICP monitor 9 (3.6) 27 (10.7)

TCD + EEG 0 (0.0) 10 (4.0)

TCD + ICP monitor 0 (0.0) 3 (1.2)

TCD + ICP monitor + EEG 0 (0.0) 1 (0.4)

Values are presented as numbers (%). TCD : transcranial Doppler, EEG : electroencephalogram, ICP : intracranial pressure
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Outcomes
The hospital stay was 37.7 days in the non-trauma centers 

and 30.1 in the trauma centers; there was no difference be-

tween the centers. Mortality was significantly lower in the 

trauma centers (47.0%) than in the non-trauma centers 

(58.5%) (p=0.014). The average GCS score at discharge was 

significantly higher in the trauma centers : 4.3 in the non-

trauma centers and 5.7 in the trauma centers (p=0.011). For 

GOSE at discharge, the unfavorable outcomes (GOSE 1–4) 

were 82.6% in the non-trauma centers and 72.7% in the trau-

ma centers. Favorable outcomes (GOSE 5–8) accounted for 

17.4% of cases in the non-trauma centers and 27.3% in the 

trauma centers (p=0.014) (Fig. 2 and Table 5).

DISCUSSION

Trauma centers in South Korea are distributed nationwide 

to enable patients with severe trauma to be treated within an 

hour anywhere in the country19). The advantages offered by 

trauma center care may be related to the treatment intensity, 

experience, or care coordination. Trauma centers have staff, 

resources, and protocols designed to care for injured pa-

tients3,12). At trauma centers, multidisciplinary treatment is 

provided by trauma specialists in various fields, including 

neurosurgery, emergency medicine, general surgery, and tho-

racic surgery. In addition, trauma centers in South Korea op-

erate dedicated facilities for trauma, including a CT room, op-

erating room, angiography room, and intensive care unit. And 

Table 5. Comparison of outcomes

Non-trauma center (n=253) Trauma center (n=253) p-value

Hospital stay (days) 37.7±78.0 30.1±49.3 0.189

Death 0.014

No 105 (41.5) 134 (53.0)

Yes 148 (58.5) 119 (47.0)

GCS at discharge 4.3±5.7 5.7±6.2 0.011

GOSE at discharge 0.014

Unfavorable outcome (GOSE 1–4) 209 (82.6) 184 (72.7)

Favorable outcome (GOSE 5–8) 44 (17.4) 69 (27.3)

Values are presented as the mean±standard deviation or number (%). GCS : Glasgow coma scale, GOSE : Glasgow outcome scale-extended

Fig. 2. Comparison of Glasgow outcome scale-extended at discharge.
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professional trauma personnel, including trauma nurse spe-

cialists and coordinators, participate in patient care and the 

construction of the national trauma system data.

Patients with severe TBI are treated according to established 

TBI guidelines4,7,20). However, there may be differences in clin-

ical outcomes depending on the systematic differences be-

tween non-trauma and trauma centers. Several studies have 

compared the outcomes between both centers3,9,12). Kaufman 

et al.12) analyzed the data of 62198 patients with severe and iso-

lated head injuries. They reported that favorable discharge was 

5.8% higher, and mortality of patients over 65 years was 3.4% 

lower in the trauma centers than in the non-trauma centers. 

DuBose et al.5) compared the American College of Surgeons-

designated level 1 and 2 trauma centers. They reported that 

level 2 centers showed higher mortality rates, higher rates of 

complications, and higher rates of progression of an initial 

neurological insult than level 1 centers. In our study, the trau-

ma centers showed lower mortality rates, higher GCS scores at 

discharge, and higher rates of favorable outcomes than the 

non-trauma centers. Variables such as age, GCS, injury mech-

anism, and time to surgery have been reported to be related to 

outcomes in patients with TBI1,18,24,25). However, controllable 

factors are associated with pre-hospital and hospital care after 

injury. Analyzing and improving these factors is significant 

for lowering mortality and improving outcomes in patients 

with severe TBI. In this study, we evaluated controllable fac-

tors related to outcomes by comparing non-trauma and trau-

ma centers and found that some variables were associated 

with outcomes. 

Regarding the time required, the time from injury to hospi-

tal arrival was approximately an hour longer in the trauma 

center. Jung et al.11) reported that the percentage of direct visits 

to all patients, including non-trauma and trauma centers, was 

67.6%. Park19) reported that the admission route to the trauma 

centers was 60.7% direct visits and 38.4% transfers. Based on 

these results, the ratio of transfers for the admission route was 

higher in trauma centers than in non-trauma centers. This 

may be the leading cause of increased time from injury to 

hospital arrival.

For the same reason, it is thought that the time from injury 

to surgery is longer in trauma centers. However, the time from 

hospital arrival to surgery was approximately 30 minutes 

shorter in the trauma centers. The trauma centers receive pri-

or contact from paramedics for direct visits and from control 

centers for transfers. Therefore, immediate treatment can be 

initiated because trauma specialists stay in advance before the 

patient arrives at the trauma center. In addition, if surgery or 

angiography is needed, it can be rapidly performed because 

there are dedicated operating and angiography rooms for 

traumas available at all times. These factors can reduce the 

time from hospital arrival to surgery.

In patients who underwent surgery, the operation time was 

approximately 30 minutes shorter in the trauma centers than 

in the non-trauma centers. In trauma centers, trauma-special-

ized neurosurgeons perform surgery. In addition, a trauma 

team consisting of neurosurgeons, anesthesiologists, and 

nurses participated in the overall treatment of patients from 

the emergency room through surgery to the intensive care 

unit. Although there may be a bias according to the surgeon's 

experience, it is thought that the composition, teamwork, and 

collaboration of trauma-specialized human resources signifi-

cantly influenced the reduction in operation time.

Neuromonitoring plays an important role in TBI manage-

ment because it can assess multiple aspects of cerebral physi-

ology and guide therapeutic interventions to prevent or mini-

mize secondary injury13,15,22). Various monitoring techniques 

are available for clinical use, including ICP, cerebral oxygen-

ation, cerebral autoregulation, cerebral blood f low, cerebral 

microdialysis, and electroencephalography22). In this study, 

the rate of neuromonitoring for the overall cohort was as low 

as 15%. However, various neuromonitoring procedures were 

performed in the trauma centers rather than non-trauma cen-

ters. Neuromonitoring of patients with severe TBI is mainly 

performed in the intensive care unit. This study showed that 

neuromonitoring could be performed actively in the trauma 

centers because various types of monitoring equipment relat-

ed to trauma were more available in the trauma intensive care 

unit.

Study limitations
This study has some limitations. First, we could not identify 

the number of patients with TBI who were not registered in 

the KNTDBS database; therefore, we cannot rule out the pos-

sibility of a selection bias in our data. Further, we could not 

analyze only patients with isolated TBI because of the lack of 

evaluation of other injury sites. To get accurate results, the pa-

tients who injured other sites except the head should be ex-

cluded from the study because the patients with severe TBI 



J Korean Neurosurg Soc 66 | January 2023

70 https://doi.org/10.3340/jkns.2022.0163

often have multiple injuries, and severe damage to other sites 

can significantly affect the outcomes. Collecting data on dam-

age to other sites in future data bank systems is necessary. Ad-

ditionally, the items used to evaluate the outcomes were insuf-

ficient. Various items inf luencing TBI outcomes can be 

evaluated, such as the period of intensive care unit stay, period 

of ventilator use, disability rating scale score, and functional 

independence measure score21). This can provide diverse and 

accurate analyses of the outcomes of patients with severe TBI. 

CONCLUSION

A trauma center was established to provide optimal treat-

ment for patients with severe trauma based on facilities, 

equipment, and human resources. We found lower mortality 

rates, higher GCS scores at discharge, and higher rates of fa-

vorable outcomes in trauma centers than in non-trauma cen-

ters. There were also differences between non-trauma and 

trauma centers in terms of the operation time, application of 

neuromonitoring, and the time from injury to hospital arrival, 

injury to surgery, and hospital arrival to surgery. The regional 

trauma medical system seems to have a significant positive ef-

fect in treating patients with severe TBI. 
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