
Received: October 20, 2017

Revised: October 25, 2017

Accepted: October 26, 2017

JOURNAL OF 
TRAUMA AND INJURY

ORIGINAL ARTICLE
J Trauma Inj 2017;30(4):131-139

http://doi.org/10.20408/jti.2017.30.4.131

Correspondence to 

Oh Hyun Kim, M.D., Ph.D.
Department of Emergency Medicine, Yon-
sei University Wonju College of Medicine, 
20 Ilsan-ro, Wonju 26426, Korea 
Tel: +82-33-741-1772 
Fax: +82-33-742-3030 
E-mail: ardentem@gmail.com

http://www.jtraumainj.org

eISSN 2287-1683
pISSN 1738-8767

Copyright © 2017 The Korean Society of Trauma
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted noncommercial use, distribution, and 
reproduction in any medium, provided the original work is properly cited.

Mortality Reduction in Major Trau-
ma Patients after Establishment of a 
Level I Trauma Center in Korea:  
A Single-Center Experience
Young Il Roh, M.D., Hyung Il Kim, M.D., Yong Sung Cha, M.D.,  
Kyoung-Chul Cha, M.D., Hyun Kim, M.D., Kang Hyun Lee, M.D.,  
Sung Oh Hwang, M.D., Oh Hyun Kim, M.D., Ph.D. 

Department of Emergency Medicine, Yonsei University Wonju College of Medicine, 
Wonju, Korea

Purpose: Trauma systems have been shown to decrease injury-related mortality. The 

present study aimed to compare the mortality rates of patients with major trauma (in-

jury severity score >15) treated before and after the establishment of a level I trauma 

center. 

Methods: During this 20-month study, participants were divided into pre-trauma 

center and trauma center groups, and trauma and injury severity score (TRISS) meth-

od was used to compare mortality rates during 10-month periods before and after the 

establishment of the trauma center (October 2013 to July 2014 vs. October 2014 to July 

2015). 

Results: Of the 541 total participants, 278 (51.5%) visited after the establishment of the 

trauma center. The Z and W statistics indicated better outcomes in the trauma center 

group than in the pre-trauma center group (Z statistic, 2.635 vs. -0.700; W statistic, 

4.640). The trauma center group also exhibited meaningful reductions in the time in-

terval from the emergency department (ED) visit to emergency surgery (118.0 minutes 

vs. 142.5 minutes, p=0.020) and the interval from the ED visit to intensive care unit 

admission (202.0 minutes vs. 259.0 minutes, p=0.035) relative to the pre-trauma center 

group. 

Conclusions: The TRISS and multivariate analysis revealed significant improvements 

in survival rates in the trauma center group, compared to the pre-trauma center group.

Keywords: Trauma centers; Mortality; Wounds and injuries; Injury severity score; 

Survival rate
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INTRODUCTION

Traumatic injury, the fifth leading cause of death in the 

USA, places substantial burdens on society in terms of 

losses in productivity and increases in disability and the 

use of health care resources [1]. Accordingly, standards of 

care for trauma patients have been developed to reduce 

trauma-related mortality in the USA, and optimal re-

sources have been allocated to designated trauma centers 

at three levels that account for resources, education, and 

research commitment [2]. The criteria used to categorize 

hospitals according to the resources needed to provide 

different levels of care for patients with traumatic injuries 

have been published and are increasingly applied to the 

designation of trauma centers as part of a regionalized 

approach to trauma care [3]. Several studies have revealed 

that after the implementation of a designated trauma 

system, the risk of trauma death decreased significantly 

among trauma center patients relative to pre- or undes-

ignated trauma center patients. Moreover, comparative 

studies of multiple trauma center levels reported that 

patients at level I trauma centers had markedly better sur-

vival and functional outcomes, compared to those at level 

II or undesignated trauma centers [4].

In Korea, trauma injury is the fourth leading cause of 

death and the leading cause of death among individu-

als aged ≤40 years [5]. The proportions of preventable 

deaths among all trauma deaths were 50.4% between 

1996 and 1997, 39.6% between 2003 and 2004, and 29.8% 

between 2009 and 2010 [6]. Despite the decreasing trend, 

the preventable death rate remain higher in Korea than 

in other developed countries, indicating the need for im-

provements in the quality of emergency medical service 

triage and training, the treatment and training provided 

by trauma care facilities, and the organization of the trau-

ma system [7].

In Korea, the absence of a trauma team or trauma cen-

ter represents a significant limitation in the treatment of 

patients with severe trauma. Most cases of preventable 

death in Korea (51.9%) can be attributed to events oc-

curring in the emergency department (ED). Specifically, 

71.3% of these events involving treatment in the ED rep-

resented serious issues with the treatment of severe trau-

ma patients [8].

Accordingly, policymakers began to develop national 

policies regarding the establishment of a trauma system, 

and designated several level I trauma centers while taking 

into account the accessibility and equity of healthcare ser-

vice delivery in each region. Sixteen hospitals have been 

designated as level I trauma centers since 2014, and 9 cen-

ters are currently in operation, including a level I trauma 

center established at our institution in October 2014.

Despite the significant investment of medical and hu-

man resources into the development of a Korean national 

trauma system, previous studies have not evaluated the 

effectiveness of these trauma centers. Accordingly, the 

present study aimed to comparatively evaluate the mor-

tality rates of patients with major trauma (injury severity 

score [ISS] >15) treated before and after the establishment 

of a level I trauma center.

METHODS

Establishment of the trauma center
A trauma center in Korea is a regional medical center with 

health professionals and specialized resources that allow 

for the round-the-clock care of victims with critical in-

juries. These centers employ trauma teams to respond to 

severely injured patients within 10 minutes of activation 

and provide integrated and essential injury management. 

The ability to provide prompt and appropriate medical 

treatment to serious trauma patients immediately upon 

arrival, which is conferred by the presence of independent 

equipment, manpower, and space, is the most important 

characteristic of a trauma center. 

 First, a trauma center in Korea is required to dedicate 

facilities specifically for major trauma patients. These fa-

cilities include dedicated emergency resuscitation rooms, 

2 operation rooms, a 40-bed ward, and a 20-bed inten-

sive care unit, as well as an intervention room only for 

severely injured patients. The trauma center also operates 

exclusive computed tomography and X-ray rooms and 

is equipped with tools to perform advanced techniques 

such as ultrasound, continuous renal replacement thera-

py, and extracorporeal membrane oxygenation. Second, 

the trauma center must also employ a dedicated medical 

staff comprising an emergency physician, trauma sur-
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geon, thoracic surgeon, neurosurgeon, orthopedic sur-

geon, anesthesiologist, and radiologist, as well as 2 nurses 

tasked with the resuscitation of major trauma patients. 

These professionals remain on standby 24 hours per day 

and serve only trauma patients, Third, the medical staff 

of the trauma center must plan to improve their trauma 

treatment capabilities through trauma quality manage-

ment, trauma database construction management, and 

professional workforce training projects. To meet these 

requirements, 16 billion won (50% each from the central 

government and our institution) were spent to equip our 

facilities for trauma center establishment. Additionally, 

the annual expenses associated with maintaining a ded-

icated medical team for trauma patients total 2 billion 

won. 

Patient population
We collected data of patients with major trauma (ISS >15) 

who were treated at our institution (Supplementary Table 

1). Patients were categorized into two groups according 

to the admission date: the pre-trauma center group com-

prised patients admitted between October 2013 and July 

2014, and the trauma center group comprised patients 

admitted between October 2014 and July 2015. The fol-

lowing exclusion criteria were applied to the 19,409 trau-

ma patients admitted during the study period: an ISS <15, 

lack of vital signs on admission and declaration of death 

within 30 minutes of arrival at the ED (n=18,822), an 

elapsed time from injury to ED arrival of >24 hours (n=6), 

and missing or incomplete data (n=40) (Fig. 1). Finally, 

541 patients were included in this study. Of these, 263 

(48.5%) and 278 (51.5%) patients were included in the 

pre-trauma center and trauma center groups, respectively.

Study design and data acquisition
This study featured an observational cohort design and 

prospective data collection. The data were obtained from 

electronic medical records, the National Emergency De-

partment Information System (NEDIS), and the Korean 

Trauma Data Bank (KTDB). The NEDIS and KTDB were 

developed to serve as national data repositories and are 

managed by the Korean government. Level I trauma cen-

ters are required to register with the NEDIS and KTDB. 

The following data were collected: systolic blood pressure 

(SBP), diastolic blood pressure, pulse rate, respiratory rate 

(RR), and Glasgow coma score (GCS) on arrival (mea-

sured as part of the initial ED assessment). The following 

time intervals to outcomes were also measured: time from 

injury to ED arrival, time from ED visit to emergency sur-

gery, time from ED admission to intensive care unit (ICU) 

admission, and ICU length of stay (days) or total hospi-

talization time. We also included variables regarding the 

injury mechanism, the abbreviated injury scale, and ISS. 

Calculation of the trauma and injury severity score 
(TRISS)
In this study, we applied the TRISS because this method 

offers a standard approach for tracking and evaluating the 

outcome of trauma cares, provides an excellent screening 

tool for case identification in a quality assurance review, 

and allows the comparison of outcomes among different 

populations or trauma patients [9]. The TRISS score is 

calculated from anatomic, physiologic, and age character-

istics and used to quantify the probability of survival (Ps) 

in patients with major trauma. Three factors (ISS, revised 

trauma scale [RTS], and age) are needed to calculate the 

TRISS. The RTS can be calculated from the initial vital 

signs of SBP, RR, and GCS. The Z score and W statistics 

were also calculated. The Z statistic, first described by Flo-

ra, quantifies the difference between the actual number of 

deaths (or survivors) in a subset (e.g., institution) and the 

predicted number of deaths (or survivors), according to 

the baseline [10]. 

Statistical analyses
Statistical analyses were performed using SPSS version 

Fig. 1. Study flow diagram of the selection of trauma patients from the 
Korean Trauma Data Bank at our facility. ISS: injury severity score, ER: 
emergency  room.
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20 (IBM Corp., Armonk, NY, USA) and SAS software 

version 9.4 (SAS, Inc., Cary, NC, USA). Continuous data 

are summarized as proportions, means, and medians with 

interquartile ranges (IQRs). We compared the patients’ 

demographic characteristics and outcome variables using 

a chi-square analysis or independent t-test. Both the pre-

dicted and actual patient mortality were compared using 

Z and W statistics. The Z statistic is to compare the actual 

number of survivors of the medical institutions under 

evaluation with the number of expected survival patients 

based on existing quality standards. Generally, when the 

number of patients to be surveyed is 150 or more, when 

the Z-statistic exceeds +1.96 or -1.96, the mortality rate is 

statistically higher or lower than the existing quality stan-

dard. Because the ability to detect statistically significant 

differences in survival rates by Z statistics is strongly influ-

enced by the number of patients surveyed, the quality of 

emergency medical institutions cannot be assessed solely 

by the Z-statistics. W statistic was developed to accurate-

ly estimate the magnitude of the difference in survival 

probability. The W statistic estimates the number of sur-

vivors expected using the Major Trauma Outcome Study 

(MTOS) norm per 100 patients analyzed and allows more 

accurate comparisons between different institutions or 

systems [9,11,12]. Additionally, a multiple logistic regres-

sion model was used to examine the adjusted associations 

between trauma center establishment and trauma patient 

survival.

Ethics statement
This study was approved by our institutional review board 

(IRB No.: CR317038). The requirement for informed con-

sent was waived by the IRB because of the observational 

nature of this research.

RESULTS

In a comparison of the pre-trauma center and trauma 

center groups, we observed no significant differences in 

sex, median age, level of hypotension on arrival, GCS 

score, and median ISS value (Table 1). In addition, there 

were no intergroup differences in the time from injury 

to ED attendance among patients who visited the hos-

Table 1. Comparison of general patient characteristics before and after the establishment of the level I trauma center 

Total (n=541) Pre-trauma center group (n=263) Trauma center group (n=278) p-value

Men 191 (72.6) 212 (76.3) 0.332

Age (years) 54 (41-69) 57 (41-69) 0.557

SBP

  Normotension (SBP ≥90 mmHg) 233 (88.6) 249 (89.6) 0.716

  Hypotension (SBP <90 mmHg) 30 (11.4) 29 (10.9)

GCS

   >14 175 (66.5) 180 (64.7)

   9-13 49 (18.6) 48 (17.3) 0.599

   3-8 39 (14.8) 50 (18.0)

ISS 22 (17-26) 21 (17-25) 0.597

Transport type

   Direct transport 148 (56.3) 128 (46.0) 0.017

   Inter-hospital transport 115 (43.7) 150 (54.0)

Average time from injury to arrival ED (minutes)

   Direct transport 44 (24-78) 44 (25-71) 0.396

   Inter-hospital transport 183 (122-292) 224 (148-360) 0.015

Values are presented as median (interquartile range) or number (%).
SBP: systolic blood pressure, GCS: Glasgow coma scale, ISS: injury severity score, ED: emergency department.
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pital directly after injury (44 minutes in the pre-trauma 

center group vs. 44 minutes in the trauma center group). 

However, this time interval differed significantly between 

the groups among cases involving inter-hospital trans-

portation (224 minutes in the trauma center group vs. 

183 minutes in the pre-trauma center group; p=0.015) 

(Table 1). By contrast, the time interval from ED arrival 

to emergency surgery commencement and ED arrival to 

intensive care unit admission were significantly short-

er in the trauma center group (118.0 minutes vs. 142.5 

minutes in the pre-trauma center group, p=0.020 and 

202.0 minutes vs. 259.0 minutes in the pre-trauma center 

group, p=0.035), respectively (Table 2). In both groups, 

the most common injury mechanism was motor vehicle 

accident, followed by fall, and this parameter did not dif-

fer significantly between the groups. Although no inter-

group differences were observed in the mean ISS and RTS 

values, a sub-group analysis according to survival found 

that the trauma center group had a lower RTS value than 

the pre-trauma center group (7.26±1.00 vs. 7.45±0.77, 

p=0.018), although the differences were insignificant 

among non-survival patients (Table 3). 

The predicted and actual survival rates of patients in 

the pre-trauma center group were 88.3% and 87.1%, re-

spectively, yielding a 1.2% decrease. In the trauma center 

group, the predicted and actual survival rates were 86.3% 

and 89.9%, respectively, yielding a 3.6% increase. In an 

intergroup comparison of Z and W statistics, the trauma 

center group was revealed a significant mortality reduc-

tion with an increase of 4.64 survivors per 100 patients 

relative to the pre-trauma center group (Z statistics, 2.635 

vs. -0.700; W statistics, 4.640) (Table 3). Therefore, the 

trauma center group exhibited a significant increase in 

survival, compared to the pre-trauma center group. By 

contrast, the ICU stays of 4 days (IQR, 1.0-11.8) in the 

pre-trauma center group and 5 days (IQR, 1.0-12.0) in the 

trauma center group did not differ significantly. Similarly, 

the total lengths of hospitalization were similar, with 22 

days (IQR, 10.0-41.0) in the pre-trauma center group and 

23 days (IQR, 10.0-38.5) in the trauma center group.

To clarify our findings, we used a multiple logistic 

regression model adjusted for potential confounders 

(baseline patient and general characteristics and injury 

severity) to evaluate the association between trauma cen-

ter establishment and risk-adjusted survival in the study 

population (Table 4). Accordingly, we found that the 

trauma center group had an odds ratio for survival of 1.91 

(95% confidence interval [CI], 1.03-3.61) relative to the 

pre-trauma center group. The regression model used in 

this study exhibited excellent discrimination (C statistic, 

0.880).

DICCUSSION

The present study demonstrated a significant increase in 

the survival rate of patients with severe trauma (ISS >15) 

after the establishment of the level I trauma center at our 

institution. The positive Z statistic (z=2.635) calculated in 

this study indicates that the performance of this center ex-

Table 2. Comparison of clinical outcomes between the pre-trauma center and trauma center groups

Outcome Pre-trauma center group (n=263) Trauma center group (n=278) p-value

ED to operation time (minutes) 142.5 (101.3-238.0) 118.0 (78.0-193.0) 0.020

ED to ICU time (minutes) 259.0 (181.5-422.0) 202.0 (145.0-276.0) 0.035

ICU stay (days) 4 (1.0-11.8) 5 (1.0-12.0) 0.771

Total number of admission days 22 (10.0-41.0) 23 (10.0-38.5) 0.928

Actual survival rate 229 (87.1) 250 (89.9) -

Predicted survival rate 232 (88.3) 237 (86.3) -

Z statistics -0.700 2.635 -

W statistics - 4.640 -

Values are presented as median (interquartile range) or number (%).
ED: emergency department, ICU: intensive care unit.
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ceeds the national standard (USA) for hospitals that pro-

vide trauma care. By including multiple covariates reflec-

tive of injury severity (e.g., ISS, physiologic characteristics, 

and transport type), we further identified more favorable 

survival outcomes in the trauma center group (Table 4). 

Furthermore, we demonstrated that this trauma cen-

ter-related improvement in survival persisted despite the 

lower RTS scores of trauma center group survivors relative 

to their pre-trauma center group counterparts (Table 3). 

As no other changes to the diagnostic or therapeutic pro-

cedures applied to trauma patients were made during this 

period, the reduction in mortality in this study is attribut-

ed to the effects of the trauma center. Furthermore, this is 

the first Korean study to report a reduction in mortality 

among patients with major trauma treated at a level I 

trauma center. As the actual effectiveness of a trauma care 

system can be assessed by its impact on mortality among 

severely injured patients who would otherwise be expect-

ed to die without timely diagnosis and management, this 

study also evaluated the effect of trauma center care on 

the outcomes of patients with an ISS of ≥15 and com-

pared these results with the MTOS data from 1987 [12,13]. 

Numerous studies in developed countries have demon-

strated an association between the establishment of level I 

trauma centers and decreased mortality following major 

trauma. A TRISS-like analysis of Stewart’s study revealed 

a significant increase in the Z-score from +1.34 pre-des-

ignation to +2.97 post-designation [14]. Champion et al. 

[15] found that an increased institutional commitment 

to excellence in trauma care and the establishment of a 

trauma system in the hospital area were associated with 

significantly improved outcomes among trauma patients. 

MacKenzie et al. [3] reported that after adjusting for dif-

ferences among cases, the in-hospital mortality rate was 

significantly lower at trauma centers than at pre-trauma 

centers (7.6% vs. 9.5%; relative risk; 0.80; 95% CI, 0.60-

0.95). The effect of treatment at a trauma center varied ac-

cording to the severity of injury, with evidence suggesting 

that differences in mortality rates were primarily confined 

to patients with more severe injuries. Despite a lack of di-

rect comparison between trauma centers and pre-trauma 

centers, Demetriades et al. [4] reported that patient mor-

tality was significantly lower at level I centers than at oth-

er-level trauma centers and undesignated hospitals (25.3% 

vs. 29.3%). In that study, a multivariate analysis adjusted 

for age (≤65 and >65 years), mechanism of injury (blunt 

Table 3. Comparison of injury mechanisms, ISS, and RTS scores before and after the establishment of the level I trauma center

Total (n=541) Pre-trauma center group (n=263) Trauma center group (n=278) p-value

Injury mechanism

Motor vehicle accident 129 (49.0) 137 (49.3)

Pedestrian injury 16 (6.1) 7 (2.5)

Fall 49 (18.6) 45 (16.2)

Slip down 14 (5.3) 30 (10.8) 0.204

Blunt injury 40 (15.2) 35 (12.6)

Penetrating injury 6 (2.3) 4 (1.4)

Machinery-related injury 0 (0.0) 2 (0.7)

Other 9 (3.4) 18 (6.5)

ISS 22.62±6.65 22.96±8.52 0.598

Survival 21.66±5.16 21.96±6.82 0.580

Non-survival 29.06±10.83 31.89±14.98 0.392

RTS 7.25±1.00 7.14±1.14 0.200

Survival 7.45±0.77 7.26±1.00 0.018

Non-survival 5.94±1.36 6.05±1.65 0.770

Values are presented as mean±standard deviation or number (%).
ISS: injury severity score, RTS: revised trauma score.
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and penetrating), hypotension on admission (SBP <90 

mmHg), and ISS (>25) revealed that the adjusted mortal-

ity among patients admitted to level I trauma centers was 

significantly lower than that of patients admitted to level 

II trauma centers. The authors also reported that level I 

centers were associated with significantly better functional 

outcomes at discharge.

The time to definitive care is very important for severe-

ly injured patients, and the immediate availability of an 

operating facility and personnel may be critical to surviv-

al. Treatment failure often occurs in patients with severe 

injuries who are not prioritized in terms of the use of 

hospital medical resources and subjected to with needless 

delays; ultimately, this neglect may result in death due to 

exsanguination or intracranial hemorrhage [16]. A study 

by Shackford also found that surgery is one of the most 

frequently needed early interventions among major trau-

ma patients, thus supporting the use of a dedicated, fully 

staffed operation room that is available at all times for the 

care of patients with trauma [17]. Similarly, we observed 

significant decreases in the ED to operation time and the 

ED to ICU time in our trauma center group. Although 

many variables may have affected these improvements 

in trauma care outcomes during the study period, the 

above-mentioned reductions in time may be related to 

the provision of optimal management to injured patients 

and subsequently reduced mortality among patients treat-

ed after the establishment of a trauma center.

After the trauma center was established, we observed a 

significant increase in the proportion of patients referred 

by inter-hospital transport from 46% to 54% (p=0.017). 

We can only speculate the reasons for this increase. Al-

though surrounding hospitals may seek to admit more 

critically injured patients to the trauma center, we also 

observed an increased time from injury to ED arrival 

following inter-hospital transport in the trauma center 

group. This finding is problematic in light of the postula-

tion that a decreased time between injury and definitive 

care improves trauma outcomes. The American College 

of Surgeons recommends that severely injured patients 

should ideally arrive at the ED within the ‘golden hour’ 

[18]. A study by Young also found that fewer unexpected 

deaths occurred among patients transferred directly to the 

trauma center, compared to those in the inter-hospital 

transport group. Among patients who survived for >24 

hours, the ICU and hospital stay lengths were significant-

ly shorter in the direct transport group [19]. A study of 

the pre-hospital times of patients with acute traumatic 

subdural hemorrhage found those who arrived promptly 

at the designated trauma center from the scene of injury 

were more likely to survive [20]. This finding supported 

the concept of the ‘golden hour’ in terms of the outcomes 

of severely injured patients, particularly those with severe 

brain injuries. Therefore, we aim to increase the propor-

Table 4. Adjusted model for survival prediction in severely 
injured patients

Variable OR (95% CI) p-value

Center

Pre-Trauma center group 1.00

Trauma center group 1.91 (1.03-3.61) 0.046

Age

<55 1.00

≥55 0.23 (0.11-0.47) <0.001

Sex

Male 1.00

Female 0.54 (0.25-1.16) 0.112

ISS

<25 1.00

≥25 0.25 (0.12-0.49) <0.001

GCS 1.00

>14 0.31 (0.14-0.68)

9-13 0.08 (0.04-0.18) 0.004

≤8 0.08 (0.04-0.18) <0.001

SBP

Normotension 1.00

Hypotension 0.369 (0.17-0.79) 0.010

Transport type

Direct transport 1.00

Inter-hospital transport 0.52 (0.18-1.49) 0.222

Average time from injury to arrival ED 

<30 minutes 1.00

≥30 minutes 0.87 (0.38-1.97) 0.730

C-statistic 0.880

OR: odds ratio, CI: confidence interval, ISS: injury severity score, GCS: 
Glasgow coma scale, SBP: systolic blood pressure, ED: emergency de-
partment.
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tion of patients transported directly to the trauma center 

in our catchment area. Under these circumstances, we 

anticipate that the survival outcomes will improve among 

patients with major trauma. 

Limitations
This study had several limitations of note. First, season-

al variations in the mechanism of injury among patients 

with trauma have been well recognized in Korea, which 

has 4 seasons. However, the observation period used in 

this study (10 months) did not comprise a full year. To 

minimize seasonal bias, subjects in both groups were 

enrolled during the same span of months. Second, al-

though nine level I trauma centers are currently operating 

in Korea, our study describes only the experiences at a 

single center. Furthermore, as this study examined sur-

vival outcomes of patients at a suburban trauma center, 

our findings cannot readily be applied to other rural or 

urban areas in Korea. Therefore, our findings should be 

generalized with caution. Third, we were unable to obtain 

comparable data from other medical institutions in our 

region that treat trauma patients and therefore could not 

conduct an analysis of differences among the institutions. 

Fourth, this study relied on data from a registry, NEDIS, 

and KTDB, which attempt to aggregate a large variety of 

mechanisms and locations of injury, degrees of physio-

logic reserve, and causes of death into legitimate analytic 

categories over time. Furthermore, scoring systems un-

avoidably introduce biases via their data structures and 

changes in diagnostic acumen. For example, the ISS is a 

measure of anatomic injury that limits the maximization 

of scores in any given anatomic region, thus obscuring 

the impacts of multiple-organ, single-region injuries [21]. 

Analysis of the ISS-dependent identification of all injuries 

and vary with time and the skills of individual trauma 

registrars. However, the study design is strengthened 

by the data analysis derived from consecutive patients. 

Injury descriptions were consistently coded by a limited 

number of persons selected by the government, who re-

ceived specific training. In more detail, the registrars in 

our institution are a dedicated trauma physician on duty 

and reviewed by trauma coordinator and the dedicated 

physician again, nevertheless this potential bias cannot 

be completely excluded [22]. Fifth, this study was limit-

ed by the RTS system. In intubated patients admitted to 

the ED, the number of spontaneously breathing patients 

may not be accurately determined, leading to the loss of 

data and exclusion of patients from the study. However, 

this limitation equally affected the pre-trauma center and 

the trauma center groups; additionally, incomplete data 

accounts for <8% of cases, according to the RTS. Accord-

ingly, a countermeasure is needed for intubated patients. 

Sixth, we used the TRISS method for comparing effective-

ness but, the TRISS method has some limitations for mea-

surement of survival rate. TRISS relies on physiological 

parameters and has several problems such as missing data 

from data sets and the fact that the use of the GCS score 

in trauma patients has poor interobserver agreement and 

requires adjustment of scores for intubated patients. It 

has been poorly predictive of outcomes in the elderly. It 

also has significant limitation for comparing outcomes 

in the Korean population with those in the MTOS pop-

ulation from the 1980s. Despite these limitations, the 

TRISS is commonly used as the gold standard method for 

evaluating results in trauma patients. Seventh, this study 

relied on mortality as an adequate measure of trauma 

care effectiveness. Outcome measures used to evaluate 

the effects of a trauma center and trauma system should 

also incorporate variables such as disability after trauma, 

rehabilitation, quality of life, and long-term prognosis. 

Finally, the cost-effectiveness of trauma centers remains 

unexplored in Korea, and future analyses should include 

an evaluation of the functional outcomes of survivors of 

major trauma. 

CONCLUSION

Standard TRISS and multivariate analyses of patients 

admitted before and after the establishment of the level 

I trauma center revealed that patients in the latter group 

had an improved survival rate, compared to those in the 

former group. We attribute this finding to the integration 

of optimal trauma care, a team-based approach to patient 

care, and the 24-hour availability of surgery in the trauma 

center. In conclusion, this study revealed that the survival 

rate of patients with severe trauma was improved after 

establishment of a single level I trauma center.
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