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Abstract
Background: Although Korea is a high-income country, its trauma system is comparable to low- and
middle-income countries with high preventable trauma death rates (> 30%). Since 2012, Korea has
established a national trauma system based on the implementation of regional trauma centers and
improvement of the transfer system; this study aimed to evaluate its effectiveness.

Methods: We compared the national preventable trauma death rates, transfer patterns, and outcomes
between 2015 and 2017. The review of preventable trauma deaths was conducted by multiple panels and
a severity-adjusted logistic regression model was created to identify factors in�uencing the preventable
trauma death rate. We also compared the number of trauma patients transferred to emergency medical
institutions and mortality in models adjusted with injury severity scores.

Results: The preventable trauma death rate decreased from 2015 to 2017 (30.5% vs. 19.9%, p < 0.001). In
the severity-adjusted model, the preventable trauma death risk had a lower odds ratio (0.68, 95%
con�dence interval: 0.53–0.87, p = 0.002) in 2017 than in 2015. Regional trauma centers received 1.6
times more severe cases in 2017 (according to the International Classi�cation of Diseases Injury Severity
Score [ICISS]; 23.1% vs. 36.5%). In the extended ICISS model, the overall trauma mortality decreased
signi�cantly from 2.1% (1008/47806) to 1.9% (1062/55057) (p = 0.041).

Conclusions: Establishment of the national trauma system was associated with signi�cant
improvements in performance and outcomes of trauma care. This was mainly because of the
implementation of regional trauma centers and because more severe patients were transferred to regional
trauma centers. This study might be a good model for low- and middle-income countries, which lack a
trauma system.

Background
Injury, the leading cause of death in reproductive-age group individuals < 40 years, is a major public
health problem [1-3]. Each year, 10% of people die from injury, and many more are disabled [3, 4].
Although the magnitude of the burden of injury is alarming when compared with that of other diseases
[3], the interest and investment are less than those for other public health issues [5]. The burden is
especially high in low- and middle-income countries (LMICs) because more than 90% of injury-related
deaths occur in LMICs [6]. Remarkable reductions in injury-related mortality, disability, and costs have
been achieved in many healthcare jurisdictions with the introduction of trauma systems [7-12]; however,
well-organized trauma systems have only been minimally implemented in most LMICs [4].

A trauma system can be broadly de�ned as an organized, regional, multidisciplinary approach to trauma
care, although there are various de�nitions [13, 14]. Moreover, the World Health Organization (WHO) and
the American College of Surgeons provided consensus-based recommendations on the structure of
trauma systems [4, 14-16]. Many studies have evaluated the effectiveness of trauma systems;
nonetheless, it is challenging that these studies have provided low quality evidence [17]. Although the
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majority of the abovementioned studies covered an inclusive design of trauma systems, they mainly
targeted outcomes for speci�c cohort populations or organ injury on a statewide level. Few studies have
been conducted to follow up, serially and prospectively, the effect of a national trauma system (NTS) for
all emergency medical institutions (EMIs) across the country.

Although South Korea is a high-income country, its trauma system has not reached that level. Despite
trauma being one of the three major causes of death in South Korea, alongside cancer and
cardiovascular diseases, and one of the four major causes of death in the emergency department (ED) [2,
18], the preventable trauma death rate (PTDR) was high enough to exceed 30% by the 2010s, which was
similar to that in LMICs [19-21]. Although a multidisciplinary approach for the systematic establishment
of trauma systems is required to reduce the PTDR, there has been less interest or investment in the
trauma �eld than in �elds of infectious issues, oncology, and chronic disease in South Korea [22]. To
improve these circumstances, the South Korean government implemented a NTS in 2012 that was geared
towards the implementation of regional trauma centers (RTCs) nationwide and improvement in the pre-
hospital transfer system.

We planned a national follow-up survey every 2 years since the implementation of the NTS to con�rm its
effectiveness. First, a survey of PTDR based on multi-panel review was designed because the primary
goal of the NTS establishment was PTDR reduction in South Korea. In addition, nationwide emergency
medical data were analyzed to identify changes in performance and outcomes of national trauma care.
In this study, we hypothesized that following the introduction of the trauma system, patients with severe
trauma would be more concentrated in RTCs, and therefore, treatment outcomes would improve
nationwide.

Methods
Explanation of the emergency medical system in South Korea

The promulgation of the Emergency Medical Service Act in 1994 became the starting point for the
establishment of the modern emergency medical system in South Korea; the current system was
established in the 2000s [23]. This is more than 30 years behind the United States of America (USA) and
Western European countries, where separate organizations for the management of emergency patients
have operated with national support since the 1960s. The system was created by rating three levels of
EMIs according to the level of available resources or specialized care. These EMIs included the Regional
Emergency Medical Center (REMC), Local Emergency Medical Center (LEMC), and the Local Emergency
Medical Institution (LEMI). The REMC and LEMI represent the highest and lowest levels of EMIs,
respectively. The LEMCs are also subdivided into tertiary hospitals with ≥ 500 beds and general hospitals
with 300–499 as well as < 300 beds. In 2017, there were 36 REMCs, 118 LEMCs, and 261 LEMIs, and the
funding received by EMIs amounted to 250 million United States dollars (USD) [18].

Master plan for the establishment of a national trauma system in South Korea
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The South Korean government and the medical society created a master plan for NTS establishment in
2012 (Figure 1a) [24]. The law on the establishment and operation of RTCs was enacted in the
Emergency Medical Service Act and candidate institutions for RTCs, among REMCs and LEMC with ≥
500 beds that met the criteria, were publicly recruited and selected after evaluation. Essentially, each
institution would be equipped with facilities and equipment dedicated to the management of trauma
patients, including ≥ 2 resuscitation rooms, ≥ 1 operating room always available for emergency surgery,
an intensive care unit (ICU) with ≥ 20 beds, and a general ward with ≥ 40 beds. The South Korean
government provided 67 million USD per institution for the construction these facilities and equipment
and also supported labor cost for 25 dedicated trauma doctors per institution since designation. By 2017,
16 RTCs were designated and 9 RTCs were o�cially opened (Figure 1b) [18, 24].

Database used for the study

We used data from the National Emergency Department Information System (NEDIS), which collected
healthcare-related information registered by EMIs nationwide in real time based on the Emergency
Medical Service Act. In 2017, 413 of 416 EMIs nationwide transmitted data, and the total number of
transmissions was approximately 9,100,000 (See Additional �le 1). The Korean Trauma Data Bank
(KTDB) was established in 2013 to prepare the base for the trauma system by collecting information
transmitted from RTCs. The KTDB has injury severity scores registered by full-time trauma coordinators.
In 2017, 14 institutions registered information for 2,000–3,000 trauma admissions per RTC.

National survey of the preventable trauma death rate by multi-panel review

We performed a national survey on PTDR every 2 years beginning from 2015. The investigation was
conducted in the following order: design/extraction of the sample population, data collection, panel
review, reliability test for the review process, and result analysis. The criteria and review process for the
decision on preventability were mainly based on the WHO guidelines for trauma quality improvement
programs [4].

The target population for sampling was selected from trauma deaths with at least one diagnostic codes
of S, T based on the Korean Standard Classi�cation of Diseases (the Korean version of the International
Classi�cation of Disease) of 2015 and 2017 according to the NEDIS (Figure 2a). After obtaining approval
(E-1811-005-982) from the Institutional Review Board of Seoul National University Hospital, data were
collected. All medical records, including imaging studies, were obtained from the EMIs with cooperation
from the central and local governments, in accordance with the Medical Service Act. Pre-hospital
information including the data of hospitals that transferred patients were also included.

We used a structured review form, including audit �lters, for the review of medical records (see Additional
�le 2). The review form was based on the data sheet for use in preventable death panel reviews with
embedded audit �lters as in the WHO guidelines for the Trauma Quality Improvement Program (TQIP).
Designated assistants (pre-reviewers), comprising trauma coordinators (overall, 5 in 2015 and 12 in
2017) working in RTCs nationwide, investigated and recorded the general characteristics of patients,
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injury-related information, as well as transport and treatment-related information, using the review form
before the preventable death panel review. The case review panels mainly comprised trauma specialists
working at RTCs. A total of 10 teams in 2015 and �ve teams in 2017 were formed, and each team
consisted of two general surgeons, one thoracic surgeon, one neurosurgeon, and one emergency
physician. Moreover, a committee that comprised �ve trauma specialties, was responsible for developing
guidelines for the entire review process and for training reviewers. When preventability was not decided
by the multi-panel review, the committee reviewed and con�rmed the �nal decisions. Three teams were
selected to evaluate the reliability of the panel review. They repeated reviews for 5% of the overall cases
that had already been reviewed by other teams (see Additional �le 3).

National evaluation of the performance and outcomes of the new trauma system

An analysis was conducted to compare the performances and outcomes of trauma care between two
survey periods. International Classi�cation of Disease Injury Severity Score (ICISS), extended ICISS, and
Trauma and Injury Severity Score (TRISS) models were created for severity adjustments. We calculated
the probability of survival (Ps) from these models for the outcome analysis (Figure 2b). The extended
ICISS indicated an ICISS model adjusted for age and the Revised Trauma Score (RTS). To calculate the
RTS, the initial physiologic parameters on ED admission were used. The LEMIs were excluded from the
extended ICISS model because physiologic parameters in LEMIs were not registered to NEDIS. Since the
injury severity scores required for the TRISS model are only registered in the KTDB, it was possible to
create TRISS only with data collected from RTCs.

Statistical analysis

To calculate the nation’s representative PTDR and improve the e�ciency of the panel review, we selected
the target of the trauma death review through strati�ed two-stage cluster sampling. The strati�cation was
designed as a double layer (see Additional �le 4); the primary strati�ed variables were region and EMI
level, and the secondary strati�ed variables were place (timing) of death and patient age. Our initial
targeted sample sizes were 1,000 in 2015 and 1,300 in 2017; however, considering the cases to be
excluded from the panel review, the survey sample sizes were determined to be 1,131 and 1,862,
respectively (see Additional �le 5). The sample size was targeted such that stable estimation would be
possible to meet a limit of error of approximately ±4.5%p (2015) and ±3.8%p (2017) at 95% con�dence
levels for population ratio estimation.

To estimate the population PTDR, the sample weights of each hospital level and death were calculated
according to the sample design method and applied to analyze the sample-designed survey data. For
continuous data, normality testing was performed using the Kolmogorov-Smirnov test. Categorical
variables were compared using the Chi-Square and Fisher’s exact tests accordingly. Comparison between
groups was performed using the t-test and analysis of variance. The paired t-test was used to compare
differences in 2015 and 2017. To examine the association between the likelihood of preventable death
and its relating factors, we constructed multivariate logistic regression models. The goodness of �t for
the models was con�rmed through the Hosmer-Lemeshow test. The agreement between panel teams was
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evaluated using Cohen’s Kappa index. All statistical analyses were performed using SPSS (Version 18.0;
IBM Corp., Armonk, NY), and two-sided p values < 0.05 were considered to indicate statistical
signi�cance.

Results
Change in the preventable trauma death rate and in�uencing factors

Overall, trauma deaths comprised 6,988 deaths from 355 EMIs in 2015 and 8,282 deaths from 368 EMIs
in 2017 registered in the NEDIS. Of these, the number of sample cases included for the PTDR review was
975 (14.0%) from 60 EMIs in 2015 and 1,251 (15.1%) from 117 EMIs in 2017; the number of �nal
weighted data for comparative analysis was 906 in 2015 and 1,232 in 2017. In the reliability test for the
panel review, the Kappa index was 0.49 in 2015 and 0.61 in 2017, indicating moderate and substantial
agreements, respectively.

The PTDR in 2017 was lower than that in 2015 (19.9% vs. 30.5%, p <0.001) (Table 1, Figure 3a). The
PTDR in the group after admission to the �rst hospital decreased signi�cantly from 2015 to 2017 (37.1%
vs. 18.2%, p <0.001). In terms of regions, the PTDR signi�cantly decreased in all regions except Region I,
where there was a minimal change from 30.8% in 2015 to 30.2% in 2017 (Table 1, Figure 3b). Regarding
EMIs that were the destinations of hospitalization, the LEMCs and LEMIs presented signi�cantly lower
PTDRs in 2017 (all p <0.001). The PTDR signi�cantly decreased in the no transfer group from 2015 to
2017 (28.4% vs. 15.5%, p <0.001).

In the most valid logistic regression model, ICISSs, RTSs, and Region IV were found to be factors that
signi�cantly in�uenced preventable death (Figure 4). In the severity-adjusted model, the risk of
preventable death indicated a signi�cantly lower odds ratio (0.68, 0.53-0.87) in 2017 than in 2015.
Additionally, Region III had a signi�cantly different odds ratio (0.58, 0.37-0.89) than Region I. Region III
employed the greatest number of beds according to the population (8.5 beds/106) and the number of
trauma ICU beds per the number of patients with severe trauma (7.6 beds/100) in 2017.

Changes in the transfer patterns and outcomes of trauma patients

According to the NEDIS, 1,790,165 and 1,914,731 patients with trauma in 2015 and 2017, respectively,
visited EMIs. Of these, 4,288 (0.24%) in 2015 and 4,789 (0.25%) in 2017 were severe trauma patients who
had Ps < 0.5 according to the ICISS model (Table 2). Based on the extended ICISS model, there were 3,306
(6.9%) severe cases in 2015 and 3,891 (7.1%) in 2017 with Ps < 0.75 among trauma patients (47,806 in
2015 and 55,057 in 2017) who visited RTCs, REMCs, and LEMCs. In RTCs, 744 (17.5%) severe trauma
patients with Ps < 0.75 in 2015 and 1,120 (18.6%) in 2017 were treated based on the TRISS model.
Distinguishing per the type of EMI, 11.3% of all trauma patients in 2015 visited an REMC or RTC; the
percentage increased to 19.7% in 2017 (Figure 5a). Meanwhile, the number of ICISS-based severe trauma
patients increased by 21.6% points (from 30.7% in 2015 to 52.3% in 2017) in REMCs and RTCs. In
particular, the percentage of severe trauma patients received in RTCs in 2017 (36.5%) was 1.6 times
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higher than that received in 2015 (23.1%); thus, accounting for more than 1/3 of the total number of
severe cases (Figure 5b).

Compared with that in 2015, the severity-adjusted trauma mortality rate was lower in 2017. In the
extended ICISS model, the overall mortality decreased signi�cantly from 2.1% (1,008/47,806) in 2015 to
1.9% (1,062/55,057) in 2017 (p = 0.041). The reduction rate was the greatest in severe cases with Ps <
0.25 from 2015 to 2017, although insigni�cant (53.2% vs. 49.9%, p = 0.079) (Figure 5c). In the TRISS
model, the overall mortality rate of severe trauma patients did not signi�cantly change from 2015 to 2017
(4.7% to 4.4%; p = 0.455), and the mortality rate of cases with Ps < 0.25 decreased by 6.3%, although
insigni�cant (56.5% vs. 50.2%, p = 0.091) (Figure 5d).

Discussion
Although it is emphasized that the trauma system should be built as an inclusive design [7-12], it is not
easy to do so on a national level. Furthermore, it is di�cult to prove the effectiveness of trauma systems.
Studies have evaluated the effectiveness of the NTS; however, most studies have provided low quality
evidence [17]. The biggest problem has been adequately adjusting for referral bias. In this study, we
adopted a different approach; the PTDR was estimated through multi-panel reviews since the purpose of
this project was to lower the PTDR in South Korea; an analysis was performed on all trauma patients
using the existing database.

Preventability judgments may be subjective, and there may be variations in reliability between different
panel assessments; nonetheless, death panel reviews remain a straightforward method of accomplishing
the goal of assessing and improving the quality of care [4]. Despite the lack of quantitative precision,
these reviews are often a major stimulus for improvements in trauma care [25, 26]. In this study, the
de�nition of preventability and the review methodology essentially followed the WHO TQIP guidelines,
and the results of reliability evaluations among team panels showing moderate to substantial agreement
were comparable to those of previous studies [19-21, 27].

Here, we noted that the PTDR signi�cantly decreased by 10% from 2015 to 2017, indicating that the
national goal of < 20% decrease by 2020 has already been achieved. However, we realized that there were
many factors that could be improved because the rate of de�nitively preventable deaths did not decrease
when compared with that of potentially preventable deaths. One of the prominent points in the
comparison of the PTDR was the differences among regions. There was no PTDR difference in Region I
(Seoul), whereas the remaining four regions experienced a signi�cant decrease, showing similar declines
of 10%–15%. This indicates that the trauma care system has not improved in Seoul, which was the only
region where RTCs have not hitherto operated. In severity-adjusted models, Region III had a signi�cantly
lower odds ratio than Region I for PTDR, probably because Region III secured the greatest number of
trauma ICU beds in the region.

The role of RTCs in decreasing the PTDR between 2015 and 2017 was not statistically remarkable. This
may be owing to the limitations of the PTDR calculation method. A type of EMI, which was recorded as a



Page 9/20

�nal-destined hospital for trauma deaths, was not attributed solely to the responsibility of PTDR. Rather,
we had to consider the injury severity and errors occurring at the pre-hospital or inter-hospital stage. In the
severity-adjusted model, the RTCs tended to have lower odds ratio than other EMIs, although insigni�cant.
Nevertheless, the effectiveness of the NTS establishment in South Korea is evident as the year 2017 had
a lower odds ratio of PTDR at 68% than 2015.

The national trauma incidence increased by 125,000 cases in 2 years, and the number of severe cases
with Ps < 50% increased by 500. These trauma patients were commonly transferred to RTCs; this trend
was more pronounced for severe cases (at least 50% were transferred to REMCs or RTCs and at least 33%
to RTCs). The outcome of severity-adjusted trauma mortality was better in 2017 than in 2015. Severe
trauma patients with lower Ps showed greater outcome improvements in EMIs other than LEMIs; however,
the number of cases was not enough to show a signi�cant reduction in RTCs. Consequently, it is
assumed that the transfer of severe cases to RTCs increased as a result of trauma system establishment;
this would have contributed to outcome improvements.

There has been controversy regarding the appropriate number of trauma centers, even in the USA where
an inclusive trauma system has been established for more than 50 years [28-32]. Although a different
standard should be applied in South Korea, which has different injury mechanisms and a different
geographical environment from the USA, 17 RTCs seem insu�cient to cover trauma patients nationwide.
Nevertheless, we believe that the implementation of these RTCs is the starting point for trauma outcome
improvement. Establishing these RTCs would be the basis for building an inclusive NTS when integrating
with other EMIs. When enacting the law to establish trauma systems, the South Korean government
announced its plan to extend the number and scale of RTCs, and included the designation of lower level
trauma centers that would be considered for recruitment among REMC and LEMC with > 300 beds. If the
NTS is further established in this way, approximately 90% of severe trauma patients will be covered by
the system.

This study has some limitations. First, the retrospective study design precluded the analysis of
unrecorded factors or missing values. Second, the evaluation of preventability relied entirely on analysis
by expert panels, which has limitations in objective reproducibility. Third, there were slight differences in
sampling methods and panel reviews between 2015 and 2017. The number of EMIs and cases targeted
for sampling increased in 2017. The panels had to visit EMIs to review medical records, and follow-up
review was possible only for data recorded on the review forms in 2015, whereas all data from EMIs were
reviewed in one place in 2017. Thus, repeated reviews were possible for all data in 2017. Hence, 10 teams
were required for panel review in 2015 and only �ve teams in 2017. Fourth, the extended ICISS model
could not be applied for LEMIs because LEMIs did not register initial ED physiologic parameters in the
NEDIS. Fifth, the standards of Ps for severe cases in the severity-adjusted models (<0.5 in the ICISS, <0.25
in the extended ICISS and TRISS) were arbitrary. They were decided by the authors considering that
higher standards should be applied to higher level EMIs. Finally, we replaced age group, transfer (yes/no),
and place of death with continuous values of age, RTS, and ICISS when creating the logistic regression
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model. This was owing to the di�culty in obtaining a statistically valid model when the strati�cation
variables used for sampling were applied to the logistic regression model.

Conclusions
The government-led establishment of the NTS (including �nancial investment) was associated with a
signi�cant improvement in the performance and outcomes of trauma care nationwide in South Korea.
Trauma outcomes improved as RTCs became operational nationwide, and more severe cases were
transferred to RTCs. Based on these results, we can expect a further decrease in the PTDR in South Korea
when RTCs mature and more severe cases are concentrated at EMIs with high levels of trauma care. The
results of this study may provide a good model for LMICs currently lacking a trauma system.
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Figure 1

Master plan for the establishment of a national trauma system in South Korea (a) shows the master plan
for the establishment of a national trauma system in South Korea. The South Korean government and
medical society created the master plan in 2012. It was based on the implementation of regional trauma
centers and improvement in the prehospital transfer system for transferring the majority of severe trauma
patients to trauma centers. (b) shows that 16 regional trauma centers were designated and nine regional
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trauma centers were o�cially operational by 2017 after a preparation period of 1–3 years from 2012 to
2016. It also shows the number of trauma intensive care unit beds per population and severe trauma
patients in 2017 according to the �ve regions (divided in consideration of the population and the
administrative district classi�cation in South Korea). No, number; REMC, Regional Emergency Medical
Center; LEMC, Local Emergency Medical Center; LEMI, Local Emergency Medical Institution; ICU, intensive
care unit. Note: The designations employed and the presentation of the material on this map do not imply
the expression of any opinion whatsoever on the part of Research Square concerning the legal status of
any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.
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Figure 2

A �ow chart of the study design (a) is a �ow chart for the comparative analysis of the preventable trauma
death rate via a multi-panel review; (b) is a �ow chart for the analysis of the changes in performance,
including the transfer patterns of trauma patients and the outcomes of trauma care in the emergency
medical system in South Korea. RTC, Regional Trauma Center; REMC, Regional Emergency Medical
Center; LEMC, Local Emergency Medical Center; LEMI, Local Emergency Medical Institution; ICU, intensive
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care unit; NEDIS, National Emergency Department Information System; ICISS, International Classi�cation
of Disease Injury Severity Score; Ps, probability of survival; TRISS Trauma and Injury Severity Score.

Figure 3

Comparison of the preventable trauma death rates between 2015 and 2017 (a) and (b) show the results
of the comparison of the preventable trauma death rates according to a multi-panel review (between
2015 and 2017).
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Figure 4

Multivariate analysis of risk factors for preventable trauma deaths Baseline characteristics were
compared between two groups using the chi-square or Fisher’s exact tests. Logistic regression was used
to explain the relationship between preventable trauma deaths and in�uencing factors. We con�rmed that
the goodness of �t for logistic regression was satisfactory using the Hosmer–Lemeshow test. Two-sided
P values of 0.05 or less were considered to indicate statistical signi�cance. The likelihood of preventable
trauma death according to related factors was expressed as odds ratios and 95% con�dence intervals
relative to the reference value. ICISS, International Classi�cation of Disease Injury Severity Score; RTS,
Revised Trauma Score; RTC, Regional Trauma Center; REMC, Regional Emergency Medical Center; LEMC,
Local Emergency Medical Center.



Page 19/20

Figure 5

Changes in performance and outcomes of trauma patients between 2015 and 2017 (a) and (b) are based
on the ICISS model targeted to all emergency medical institutions in South Korea. (c) shows the results of
the severity-adjusted trauma mortality model using an extended ICISS model targeted for emergency
medical institutions other than LEMIs. (d) is a TRISS model resulting from data registered by RTCs. RTC,
Regional Trauma Center; REMC, Regional Emergency Medical Center; LEMC, Local Emergency Medical
Center; LEMI, Local Emergency Medical Institution; ICISS, International Classi�cation of Disease Injury
Severity Score; TRISS, Trauma and Injury Severity Score; Ps, probability of survival.

Supplementary Files



Page 20/20

This is a list of supplementary �les associated with this preprint. Click to download.

Additional�le1.docx

Additional�le2.docx

Additional�le3.docx

Additional�le4.docx

Additional�le5.docx

https://assets.researchsquare.com/files/rs-372078/v1/3874458a4a4f1c24afaf5310.docx
https://assets.researchsquare.com/files/rs-372078/v1/3095287e6e6accf266607a53.docx
https://assets.researchsquare.com/files/rs-372078/v1/f60a6ec6bfc5955884254463.docx
https://assets.researchsquare.com/files/rs-372078/v1/6a91a8c86f3c182270960730.docx
https://assets.researchsquare.com/files/rs-372078/v1/d5bd88b9ca4058525aea8e5c.docx

