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Purpose: Traumatic brain injury (TBI) directly affects the survival of patients and can cause long-
term sequelae. The purpose of our study was to investigate whether the operation of a trauma center 
in a single tertiary general hospital has improved emergency care and clinical outcomes for patients 
with TBI. 
Methods: The participants of this study were all TBI patients, patients with isolated TBI, and pa-
tients with TBI who underwent surgery within 24 hours, who visited our level 1 trauma center from 
March 1, 2012 to February 28, 2020. Patients were divided into two groups: patients who visited be-
fore and after the operation of the trauma center. A comparative analysis was conducted. Differenc-
es in detailed emergency care time, hospital stay, and clinical outcomes were investigated in this 
study. 
Results: On comparing the entire TBI patient population via dividing them into the aforementioned 
two groups, the following results were found in the group of patients who visited the hospital after 
the operation of the trauma center: an increased number of patients with a good functional progno-
sis (P<0.001 and P=0.002, respectively), an increased number of surviving discharges (P<0.001 and 
P<0.001, respectively), and a reduction in overall emergency care time 
(P<0.05, for all item values). However, no significant differences existed in the 
length of intensive care unit stay, ventilator days, and total length of stay for TBI patients who visited 
the hospital before and after the operation of the trauma center. 
Conclusions: The findings confirmed that overall TBI patients and patients with isolated brain inju-
ry had improved treatment results and emergency care through the operation of a trauma center in 
a tertiary general hospital. 
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INTRODUCTION 

In Korea, trauma is the fourth leading cause of death and the 
most common cause of death for people under 40 years of age. 
Transportation accidents are the third leading cause of death 
among adolescents and young adults aged 10 to 39 years [1]. In 
addition, based on the Statistical Yearbook of the National Emer-
gency Medical Center, as of December 31, 2020, 34,318 trauma 
patients visited 17 medical institutions designated as regional 
trauma centers in Korea. The most frequent anatomical sites that 
received treatment were the head and neck (68.1%) [2]. This 
finding suggests that patients with head injury account for a large 
proportion of patients treated at trauma centers. As such, trau-
matic brain injury (TBI) is a disease that can pose a significant 
threat to life and has a high possibility of causing life-long func-
tional sequelae after an accident [3]. 

The development of the trauma care system, which started in 
developed countries such as the United States and Canada, has 
contributed to reducing preventable trauma deaths and increas-
ing the survival rate of trauma patients. Moreover, based on pre-
vious studies, the importance of specialized trauma teams and 
trauma centers in charge of treating patients with severe trauma 
is understood, and the positive effects of trauma centers and 
trauma teams on overall trauma patient treatment outcomes 
have been demonstrated [4–6]. 

Interest in treating trauma patients has increased in Korea; 
therefore, regional trauma centers have been opened and operat-
ing since 2012, and, partially because of these efforts, the prevent-
able mortality rate of patients with severe trauma is on the de-
cline [7]. Patients with TBI have an increased survival rate when 
treated at trauma centers, compared to nontrauma centers [8]. 
However, in Korea, the effect of operating a regional trauma cen-
ter on patients with TBI remains unknown. Therefore, in this 
study, we aimed to investigate how the operation of a trauma 
center affects the emergency treatment process and outcomes of 
patients with TBI. 

METHODS 

Ethical statements 
This study was approved by the Institutional Review Board Won-
ju Severance Christian Hospital (No. 2022-0441-001). Informed 
consent was waived due to the retrospective nature of the study. 

Study design 
This study featured an observational cohort design and prospec-

tive data collection. From March 1, 2012 to February 28, 2021, 
among trauma patients who visited a regional trauma center, the 
patients who were issued an injury code related to TBI were set 
as the population, and the data were collected retrospectively. To 
compare differences in patient care, based on the operation of the 
trauma centers, patients were categorized into two groups ac-
cording to the admission date: (1) the before trauma center 
group, comprising patients admitted between March 2012 and 
December 2014 and (2) the after trauma center group, compris-
ing patients admitted between January 2015 and February 2021. 
The inclusion criteria were patients with traumatic head injuries 
of at least 2 points on the Abbreviated Injury Scale (AIS) and 
who visited the emergency department within 24 hours after the 
accident. Patients with head trauma who were transferred from 
the emergency department to another hospital were excluded be-
cause their prognosis was unknown. 

The data were obtained from electronic medical records, the 
National Emergency Department Information System (NEDIS), 
and the Korean Trauma Data Bank (KTDB). The NEDIS and 
KTDB were developed to serve as national data repositories 
managed by the Korean government. Level I trauma centers are 
required to register with the NEDIS and KTDB. To know the ba-
sic characteristics of the patients, the following were investigated: 
age, sex, history, visit route, visit method, accident mechanism, 
and time from accident occurrence until the emergency depart-
ment visit. In addition, among the clinical data, the following 
were also investigated immediately after the emergency depart-
ment visit: consciousness level, pupil reflex, pupil size, Glasgow 
Coma Scale (GCS) total score, head and neck AIS, and Injury Se-
verity Score (ISS) items. Among these, patients with incorrect or 
missing values were excluded from the analysis.  

Study outcome  
The study’s primary outcome was the difference in disability and 
mortality between the two groups. The Glasgow Outcome Scale 
(GOS) was checked on discharge to determine the patients’ dis-
ability rate. A patient’s mortality was confirmed, based on the pa-
tient’s discharge date. For the secondary outcome, we attempted 
to investigate the time elements related to emergency care and 
length of stay. Time elements related to care included the time 
from the emergency department visit until the decision to acti-
vate the trauma team, the time from the emergency department 
visit until the involvement of the neurosurgeon, the time from 
the emergency department visit until the neurosurgeon’s first 
prescription, the time from the emergency department visit until 
undergoing a head computed tomography (CT) scan, the time 
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from the emergency department visit until the issuance of the in-
patient admission, the time from the emergency department visit 
until the ward admission, and the time from the emergency de-
partment visit until entering the operating room. Our hospital 
had been operating a trauma team before the trauma center was 
opened; therefore, comparing differences in activation time of 
the trauma team before and after the opening of the trauma cen-
ter was possible. Neurosurgeon care was defined as the care ad-
ministered when the trauma team’s on-call neurosurgeon arrived 
at the emergency department and left a medical record. In the 
situation in which patients visiting the hospital had head CT data 
obtained at another hospital, the head CT scan time data were 
not included. In addition, the ventilator days of patients and the 
length of stay in the hospital or the intensive care unit (ICU) were 
checked. 

Statistical analysis 
The difference in injury severity between the two groups (i.e., be-
fore and after the operation of the trauma center) was adjusted 
through propensity score matching for the entire TBI patient 
group, the isolated TBI patient group, and the isolated TBI pa-
tient group who underwent surgery within 24 hours. The pro-
pensity score was estimated using logistic regression, and pro-
pensity score matching was conducted in the caliper 0.2 to 1:1 ra-
tio for the after trauma center group, based on the covariates and 
the calculated propensity score. Continuous variables were com-
pared in the form of the mean ± standard deviation, using the 
Student t-test and chi-square test. Fisher exact test was used, as 
appropriate, for the categorical variables. A P-value of less than 
0.05 was interpreted as statistically significant. Statistical analysis 
was conducted using IBM SPSS ver. 25.0 (IBM Corp., Armonk, 
NY, USA). 

RESULTS 

The total number of patients with TBI enrolled in the study was 
3,339. After conducting propensity score matching in a 1:1 ratio, 
775 patients were in the before trauma center group and 775 pa-
tients were in the after trauma center group (Fig. 1). 

The mean age, sex, transport route, and mechanism of injury 
did not differ between the two groups (Table 1). With regard to 
transportation, the number of patients transferred to emergency 
medical services was higher in the after trauma center group 
than in the before trauma center group, but the number of pa-
tients who visited by themselves such as by car was decreased in 
the after trauma center group (P = 0.014). The GCS score, ISS 

score, AIS score, the response on arrival at the emergency depart-
ment, the presence or absence of pupil reflexes in the right and 
left eyes, and the surgery performed on the patients were not sig-
nificantly different between the two groups. However, the pro-
portion of subdural hemorrhage patients has increased since the 
operation of trauma centers, which can be interpreted as an in-
crease in the number of transfer cases of patients with TBI who 
are considered as requiring urgent surgery at other hospitals. 

When comparing the clinical results between the two groups, 
the posttrauma center group had more patients with good recov-
ery, based on GOS score at discharge, and more surviving pa-
tients than did the before trauma center group (P < 0.001 and 
P < 0.001, respectively) (Table 2). In the after trauma center 
group, the time from the patient’s visit to the emergency depart-
ment until the activation of the trauma team, the time until see-
ing a neurosurgeon, the time until undergoing a head CT scan, 
the time until the issuance of inpatient admission, the time to 
hospitalization, and the time until entering the operating room 
were all decreased (P = 0.001, P < 0.001, P < 0.001, P = 0.020, 
P< 0.001, P< 0.01, and P= 0.030, respectively). However, differ-
ences in ICU stay, ventilator days, and the total ICU stay between 
the two groups were not statistically significant. In addition, no 
difference existed between the two groups in the time from the 
occurrence of an injury until the emergency department visit and 
the ISS score. 

The subgroup analysis of patients with isolated TBI with an 
AIS score of ≤ 2 in areas other than the head and neck area re-
vealed that 621 patients visited before the operation of the trau-
ma center, and 605 patients visited after. In the after trauma cen-
ter group, the number of patients with a good recovery increased 
(P= 0.002). The proportion of survivors was increased in the af-
ter trauma center group (P< 0.001), compared to the before trau-

6,025 Traumatic brain injury patients

2,686 Exclusion
1,817 Head and neck AIS<2

556 Incomplete or missing data
182 Scene to ED>24 hr
131 Transferred at ED to other hospital

3,339 Enrolled study population

775 Before trauma  
center group

775 After trauma  
center group

Fig. 1. Study flowchart detailing the selection of traumatic brain in-
jury patients in our facility. AIS, Abbreviated Injury Score; ED, emer-
gency department.
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Table 1. Demographic characteristics of the patients with traumatic brain injury (n=1,550)

Characteristic Before trauma center group (n=775) After trauma center group (n=775) P-value
Sex 0.130
 Male 590 (76.1) 563 (72.6)
 Female 185 (23.9) 212 (27.4)
Age (yr) 51.4±22.4 51.5±22.3 0.921
Transport route 0.855
 On-scene transport 429 (55.4) 423 (54.6)
 Interhospital transport 343 (44.3) 350 (45.2)
 Others 3 (0.4) 2 (0.3)
Transport method 0.014
 EMS ambulance 323 (41.7) 361 (46.6)
 Hospital or other ambulance 282 (36.4) 299 (38.6)
 Car or walk-in 146 (18.8) 79 (10.2)
 Air transport 24 (3.1) 36 (4.6)
Injury mechanism 0.271
 TA by car/van/jeep/truck/bus/train 141 (18.2) 230 (29.7)
 TA by bike/motorcycle/pedestrian 179 (23.1) 110 (14.2)
 Fall 148 (19.1) 164 (21.2)
 Slip down 146 (18.8) 97 (12.5)
 Struck by person or object 123 (15.9) 113 (14.6)
 Others 17 (2.2) 4 (0.5)
 Unknown 21 (2.7) 57 (7.4)
Glasgow Coma Scale 13.3±3.2 13.1±3.2 0.156
Injury Severity Score 14.8±9.6 15.5±9.4 0.186
Abbreviated Injury Score
 Head and neck 3.1±0.9 3.1±0.9 0.867
 Face 0.6±0.9 0.7±0.9 0.161
 Chest 0.6±1.2 0.7±1.2 0.561
 Abdomen 0.3±0.8 0.3±0.7 0.194
 Pelvis and extremity 0.5±0.9 0.7±1.1 0.001
 External 0.1±0.3 0.0±0.2 <0.001
Response on ED arrival 0.853
 Unresponsive 34 (4.4) 40 (5.2)
 Painful response 94 (12.1) 96 (12.4)
 Verbal response 188 (24.3) 178 (23.0)
 Alert 459 (59.2) 461 (59.5)
Pupil reflex
 Righta) 0.167
  Yes 438 (87.6) 560 (88.2)
  Sluggish 4 (0.8) 10 (1.6)
  No 52 (10.4) 51 (8.0)
  Non-checkable 6 (1.2) 14 (2.2)
  Average pupil size (mm) 3.06±1.30 2.70±0.98 <0.001
 Leftb) 0.238
  Yes 436 (87.7) 563 (88.5)
  Sluggish 4 (0.8) 7 (1.1)
  No 54 (10.9) 57 (9.0)
  Non-checkable 3 (0.6) 9 (1.4)
  Average pupil size (mm) 3.06±1.37 2.67±0.99 <0.001

(Continued on the next page)
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Characteristic Before trauma center group (n=775) After trauma center group (n=775) P-value
Past history
 Hypertension 128 (16.5) 209 (27.0) <0.001
 Diabetes mellitus 63 (8.1) 110 (14.2) <0.001
 Neurovascular disease 9 (1.2) 8 (1.0) 0.807
 Cardiovascular disease 2 (0.3) 18 (2.3) <0.001
 Respiratory disease 6 (0.8) 12 (1.5) 0.235
 Hepatic disease 4 (0.5) 18 (2.3) 0.004
 Chronic renal disease 2 (0.3) 8 (1.0) 0.108
 Hematology-oncology disease 3 (0.4) 32 (4.1) <0.001
Laboratory exam result
 pH 7.40±0.09 7.40±0.09 0.687
 Po2 (mmHg) 110.7±45.8 124.2 ±48.9 <0.001
 Pco2 (mmHg) 34.4±7.8 34.9±7.0 0.292
 Base excess (mmol/L) –3.19±4.36 –2.98±4.48 0.411
 Lactate (mmol/L) 2.7±2.0 3.1±2.3 <0.016
 White blood cell (109/L) 12.63±7.65 12.34±5.67 0.405
 Hemoglobin (g/dL) 13.4±2.1 13.5±2.1 0.858
 Platelet (109/L) 245.5±79.3 243.5±79.2 0.599
 Prothrombin time INR 1.03±0.45 1.08±0.53 0.085
 Partial prothrombin time (sec) 30.2±6.4 27.2±6.1 <0.001
 Glucose (mg/dL) 150.0±57.5 151.7±60.6 0.584
Main diagnosis 0.008
 Epidural hemorrhage 99 (12.8) 77 (9.9)
 Subdural hemorrhage 245 (31.6) 280 (36.1)
 Intracranial hemorrhage 166 (21.4) 144 (18.6)
 Subarachnoid hemorrhage 109 (14.1) 138 (17.8)
 Skull fracture 148 (19.1) 120 (15.5)
 No visible finding on CT 8 (1.0) 16 (2.1)
Operationc) 0.492
 Decompressive craniectomy 70 (51.9) 51 (55.4)
 Craniotomy 28 (20.7) 13 (14.1)
 Burr hole trephination 12 (8.9) 12 (13.0)
 Others (skull elevation, etc.) 25 (18.5) 16 (17.4)
Values are presented as number (%) or mean±standard deviation.
EMS, emergency medical services; TA, traffic accident; ED, emergency department; INR, international normalized ratio; CT, computer tomogra-
phy.
a)Before trauma center group, n=500; after trauma center group, n=635. b)Before trauma center group, n=497; after trauma center group, n=636.  
c)Before trauma center group, n=135; after trauma center group, n=92.

Table 1. (Continued)

ma center group (Table 3). All factors related to treatment time 
also decreased statistically significantly. No difference existed be-
tween the before trauma center and after trauma center groups in 
ICU stay and ventilator days (P= 0.647 and P= 0.302, respective-
ly), but the total length of stay decreased slightly in the after trau-
ma center group (P= 0.013). 

Finally, a subgroup analysis of patients with isolated TBI who 
underwent surgery within 24 hours of visiting the emergency de-
partment was conducted (Table 4). No difference existed in the 
severity in the before trauma center and after trauma center 

groups, based on the ISS (20.7 ± 7.7 vs. 20.7 ± 7.2, P = 0.987). 
Contrary to previous results, the before trauma center and after 
trauma center groups had no significant difference in the GOS 
score at discharge and survival at discharge (P = 0.197 and 
P= 0.444, respectively). No differences existed between the two 
groups in ICU stay, number of days on a ventilator, and length of 
stay (P= 0.329, P= 0.167, and P= 0.426, respectively). 

In the time items related to emergency care, the time from vis-
iting the emergency department until receiving a prescription 
from a neurosurgeon and the time taken to make the decision to 
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Table 2. Clinical outcomes of before and after trauma center groups (n=1,550)

Outcome Before trauma center group (n=775) After trauma center group (n=775) P-value
Time (min)
 From injury to ED visit 182.1±265.0 181.9±250.9 0.985
 From ED visit to trauma team calla) 15.83±26.3 8.15±13.9 0.001
 From ED visit to NS specialist consultationb) 23.9±29.4 13.0±16.7 <0.001
 From ED visit to order documentation by NS physicianc) 185.2±270.6 121.0±158.0 <0.001
 From ED visit to brain CT acquisitiond) 103.4±527.0 44.2±32.4 0.020
 From ED visit to admission decisione) 195.5±214.1 118.8±312.2 <0.001
 From ED visit to admission 385.4±343.9 289.8±508.2 <0.001
 From ED visit to operation roomf) 1,640.4±4,751.5 4,931.4±13,801.8 0.030
Length of ICU stay (day) 6.6±14.0 6.5±13.7 0.892
Ventilation (day) 2.2±6.9 2.3±7.4 0.889
Length of hospital stay (day) 25.1±35.2 22.7±31.3 0.182
GOS score at dischargeg) <0.001
 5 (Good recovery) 86 (33.1) 287 (48.9)
 4 (Moderate disability) 105 (40.4) 174 (29.6)
 3 (Severe disability) 32 (12.3) 82 (14.0)
 2 (Vegetative) 2 (0.8) 0
 1 (Dead) 35 (13.5) 44 (7.5)
Prognosis <0.001
 Survival 593 (76.5) 685 (88.4)
 Death 72 (9.3) 48 (6.2)
 Dead on arrival 3 (0.4) 6 (0.8)
 Unknown 107 (13.8) 36 (4.6)
Values are presented as mean±standard deviation or number (%).
ED, emergency department; NS, neurosurgeon; CT, computer tomography; ICU, intensive care unit; GOS, Glasgow Outcome Scale.
a)Before trauma center group, n=150; after trauma center group, n=509. b)Before trauma center group, n=103; after trauma center group, n=452.  
c)Before trauma center group, n=575; after trauma center group, n=605. d)Before trauma center group, n=435; after trauma center group, n=166.  
e)Before trauma center group, n=622; after trauma center group, n=720. f)Before trauma center group, n=135; after trauma center group, n=92.  
g)Before trauma center group, n=260; after trauma center group, n=587.

be hospitalized were decreased in the after trauma center group 
(P= 0.001 and P= 0.001, respectively), but no difference existed 
otherwise. 

DISCUSSION 

The purpose of our study was to investigate whether the opera-
tion of a trauma center in a single tertiary general hospital has 
improved emergency care and clinical outcomes of patients with 
TBI. Our findings confirmed that the establishment of trauma 
centers has had a beneficial effect on treatment results and the 
emergency care of patients with traumatic brain injuries. We be-
lieve this study is the first study in Korea to confirm the effect of 
establishing trauma centers on patients with TBIs. 

In previous studies, age, GCS, pupil reflex, and CT findings 
were strong predictors of treatment outcomes in patients with 
TBI [9]. In our study, propensity score matching was conducted 

so that no statistical difference existed in these baseline charac-
teristics in the groups before and after the operation of the trau-
ma center. Moreover, we identified an improvement in the dis-
ability and survival rates of patients with a TBI in the after trau-
ma center group, even with the selection bias reduced through 
propensity score matching. Some reports have shown that pa-
tients with severe TBI treated at a level I trauma center had better 
survival rates and clinical outcomes than patients treated at a 
lower level trauma center [10,11]. Our study also showed that the 
survival rate and the functional prognosis of patients with TBI 
improved after the operation of the trauma center, which was 
consistent with results reported in previous study [4]. The differ-
ence in prognosis was not statistically significant between the two 
groups in patients with isolated TBI who underwent surgery 24 
hours after visiting the emergency department, although the pro-
portion of patients who survived and were discharged after the 
operation of the trauma center was higher than that before the 
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operation of the trauma center. The proportion slightly increased 
(before, 75.6% vs. after, 80.0%). 

One purpose of this study was to investigate in more detail 
how a trauma center affects the emergency treatment process of 
trauma patients via the analysis of time items related to emergen-
cy treatment. It was observed that the time from the visit of the 
trauma patient until the activation of the trauma team and the 
treatment and prescription by the neurosurgeon was faster after 
the operation of the trauma center, which is presumedly because 
of improvement in the trauma team activation system. In our 
hospital, after starting the trauma center, the trauma care system 
was improved in such a way that surgical specialists from each 
department, including neurosurgeons belonging to the trauma 
team, could quickly treat patients and make treatment plans im-
mediately after visiting trauma patients in the emergency depart-
ment. As a result, discussions among specialists regarding the ini-

tial diagnosis and treatment plan of trauma patients have become 
active, and the actual treatment start time seems to have been 
shortened. 

An accepted fact is that patients with TBI need a head CT scan 
as immediately as possible to confirm the degree of brain damage 
and to determine whether the lesion requires surgical treatment 
[12]. Furthermore, a CT scan significantly shortens the time 
spent in the emergency department, including the time for inter-
ventions such as surgery [13,14]. In addition, based on the results 
of a previous study, the mortality rate in patients with TBI aged 
70 years or older increases in proportion to a delay in brain inju-
ry diagnosis [13]. To reduce the waiting time for CT scans, a CT 
scan room for trauma patients was newly established in the trau-
ma center. In addition, this CT imaging room is operated with 
the highest priority for trauma patients visiting the emergency 
department and patients admitted to the trauma ward via coop-

Table 3. Clinical outcomes of before and after trauma center groups except for patients with area other than the head AIS≤2 (n=1,226)

Outcome Before trauma center group (n=621) After trauma center group (n=605) P-value
Time (min)
 From injury to ED visit 192.7±275.3 187.6±262.6 0.744
 From ED visit to trauma team calla) 17.1±25.7 9.2±14.7 0.004
 From ED visit to NS specialist consultationb) 26.2±30.0 14.0±16.2 <0.001
 From ED visit to order documentation by NS physicianc) 181.6±272.2 116.6±158.7 <0.001
 From ED visit to brain CT acquisitiond) 107.6±518.1 43.7±34.0 0.022
 From ED visit to admission decisione) 186.3±206.2 133.4±350.0 0.003
 From ED visit to admission 371.4±335.7 310.7±562.5 0.022
 From ED visit to operation roomf) 1,335.4±3,749.6 4,987.7±12,403.8 0.018
Length of ICU stay (day) 5.7±13.6 5.3±13.3 0.647
Ventilation (day) 1.7±6.5 1.4±5.1 0.302
Length of hospital stay (day) 23.5±33.4 19.0±26.3 0.013
GOS score at dischargeg) 0.002
 5 (Good recovery) 77 (35.8) 245 (52.9)
 4 (Moderate disability) 91 (42.3) 137 (29.6)
 3 (Severe disability) 27 (12.6) 54 (11.7)
 2 (Vegetative) 2 (0.9) 0
 1 (Dead) 18 (8.4) 27 (5.8)
Prognosis <0.001
 Survival 496 (79.9) 545 (90.1)
 Death 35 (5.6) 28 (4.6)
 Dead on arrival 1 (0.2) 2 (0.3)
 Unknown 89 (14.3) 30 (5.0)
Values are presented as mean±standard deviation or number (%).
AIS, Abbreviated Injury Score; ED, emergency department; NS, neurosurgeon; CT, computer tomography; ICU, intensive care unit; GOS, Glasgow 
Outcome Scale.
a)Before trauma center group, n=100; after trauma center group, n=356. b)Before trauma center group, n=69; after trauma center group, n=317. c)Be-
fore trauma center group, n=458; after trauma center group, n=464. d)Before trauma center group, n=352; after trauma center group, n=127. e)Be-
fore trauma center group, n=495; after trauma center group, n=561. f)Before trauma center group, n=109; after trauma center group, n=71. g)Before 
trauma center group, n=215; after trauma center group, n=463.
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eration with the hospital’s computer system and radiology de-
partment. Based on the results of one study, the reduction in CT 
waiting time for trauma patients after visiting a trauma center 
may reflect the development of facilities and systems for trauma 
patient treatment [15]. In addition, the time from visiting the 
emergency department until a hospital admission letter was is-
sued and the length of hospitalization were shortened via estab-
lishing a ward dedicated to trauma patients. 

However, no significant difference existed between the two 
groups in the length of ICU stay, number of days on a ventilator, 
and the length of hospital stay. Nevertheless, one reason that the 
operation of a trauma center improved the overall survival rate 
and the functional prognosis of patients with TBI was that the 
waiting time until the hospitalization of trauma patients was 
shortened by the establishment of a general ward and an ICU ex-
clusively for trauma patients. This situation has made it possible 

to provide early overall monitoring and high-quality care for 
trauma patients. In general, patients with severe TBI require pro-
fessional care such as real-time intracranial pressure monitoring, 
and cerebral perfusion pressure management, in addition to the 
monitoring conducted in the ICU [12]. 

The survival rate of patients with severe TBI requiring urgent 
surgical intervention is time-dependent [16]. However, in this 
study, survival rates did not differ between the groups of patients 
who underwent surgery within 24 hours before and after the 
opening of the trauma center. One of the main reasons for this 
result is the failure to effectively reduce the time from the emer-
gency department visit to the operating room. This reflects one 
problem of the head injury-treatment system at this trauma cen-
ter; therefore, robust quality management is required to improve 
the prognosis of patients with life-threatening head injuries who 
require surgery within 24 hours. 

Table 4. Clinical outcomes of before and after trauma center groups except for patients with area other than the head AIS≤2 and surgery done within 
24 hours (n=180)

Outcome Before trauma center group (n=90) After trauma center group (n=90) P-value
Time (min)
 From injury to ED visita) 157.0±249.1 175.9±218.1 0.590
 From ED visit to trauma team callb) 6.0±4.7 6.6±9.2 0.751
 From ED visit to NS specialist consultationc) 12.8±7.9 14.3±16.2 0.690
 From ED visit to order documentation by NS physiciand) 137.1±168.9 66.8±91.0 0.001
 From ED visit to brain CT acquisitione) 52.0±101.5 41.5±30.0 0.512
 From ED visit to admission decisiona) 107.5±118.0 58.5±67.0 0.001
 From ED visit to admission 201.9±163.7 177.9±153.1 0.312
 From ED visit to operation roomf) 345.5±312.1 325.3±274.0 0.987
Length of ICU stay (day) 17.6±24.6 27.4±91.9 0.329
Ventilation (day) 5.5±6.2 7.4±9.7 0.167
Length of hospital stay (day) 46.3±53.3 56.3±106.9 0.426
GOS score at dischargeg) 0.197
 5 (Good recovery) 8 (25.0) 12 (27.9)
 4 (Moderate disability) 5 (15.6) 11 (25.6)
 3 (Severe disability) 7 (21.9) 11 (25.6)
 2 (Vegetative) 3 (9.4) 0
 1 (Dead) 9 (28.1) 9 (20.9)
Prognosis <0.444
 Survival 68 (75.6) 72 (80.0)
 Death 15 (16.7) 13 (14.4)
 Unknown 7 (7.8) 5 (5.6)
Values are presented as mean±standard deviation or number (%).
AIS, Abbreviated Injury Score; ED, emergency department; NS, neurosurgeon; CT, computer tomography; ICU, intensive care unit; GOS, Glasgow 
Outcome Scale.
a)After trauma center group, n=89. b)Before trauma center group, n=25; after trauma center group, n=68. c)Before trauma center group, n=20; after 
trauma center group, n=64. d)Before trauma center group, n=84; after trauma center group, n=80. e)Before trauma center group, n=48; after trauma 
center group, n=22. f)Before trauma center group, n=89; after trauma center group, n=89. g)Before trauma center group, n=32; after trauma center 
group, n=43.
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This study had several limitations. First, in this study, factors 
influencing the prognosis of patients with TBI after the operation 
of the trauma center were primarily associated with the time fac-
tor. Therefore, additional research is warranted because surgery 
or ICU treatment also affects the prognosis of patients with TBI. 
Second, the clinical results comparing the isolated TBI patient 
group who underwent surgery 24 hours after visiting the emer-
gency department included 180 of 3,339 study participants who 
met the aforementioned criteria. Thus, the sample size was small. 
Therefore, future multicenter studies should be considered. 
Third, many values were missing in the data related to trauma 
patients before the operation of the trauma center, primarily until 
early 2013. Therefore, care should be taken in interpreting the re-
sults. 

In this study, the survival rate was increased and a good recov-
ery rate in the GOS score was higher in the after trauma center 
group than in the before trauma center group. In addition, the 
emergency treatment time for patients with TBI who visited the 
hospital was significantly reduced through the operation of the 
trauma center. However, the survival and disability rates for pa-
tients who underwent brain surgery within 24 hours did not im-
prove. Future studies should focus on finding ways to improve 
the prognosis of patients with TBI who require surgical treat-
ment within a short time in this regard. 
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