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ABSTRACT

Background: This study examined the impact of the performance improvement and patient 
safety (PIPS) program implemented in 2015 on outcomes for trauma patients in a regional 
trauma center established by a government-led project for a national trauma system in Korea.
Methods: The PIPS program was based on guidelines by the World Health Organization 
and American College of Surgeons. The corrective strategies were proceeded according to 
the loop closure principle: data-gathering and monitoring, identification of preventable 
trauma deaths (PTDs), evaluation of preventable factors, analysis of findings, and corrective 
action plans. We established guidelines and protocols for trauma care, conducted targeted 
education and peer review presentations for problematic cases, and enhanced resources for 
improvement accordingly. A comparative analysis was performed on trauma outcomes over 
a four-year period (2015–2018) since implementing the PIPS program, including the number 
of trauma team activation and admissions, time factors related to resuscitation, ventilator 
duration, and the rate of PTDs.
Results: Human resources in the center significantly increased during the period; attending 
surgeons responsible for trauma resuscitation from 6 to 11 and trauma nurses from 85 
to 218. Trauma admissions (from 2,166 to 2,786), trauma team activations (from 373 to 
1,688), and severe cases (from 22.6 to 33.8%) significantly increased (all P < 0.001). Time 
to initial resuscitation and transfusion significantly decreased from 120 to 36 minutes (P 
< 0.001) and from 39 to 16 minutes (P < 0.001). Time to surgery for hemorrhage control 
and decompressive craniotomy improved from 99 to 54 minutes (P < 0.001) and 181 to 135 
minutes (P = 0.042). Ventilator duration and rate of PTDs significantly decreased from 6 to 4 
days (P = 0.001) and 22.2% to 8.4% (P = 0.008).
Conclusion: Implementation of the PIPS program resulted in improvements in outcomes at a 
regional trauma center that has just been opened in Korea. Further establishment of the PIPS 
program is required for optimal care of trauma patients.
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INTRODUCTION

Korea is classified as a high-income country. Nevertheless, its preventable trauma death rate 
(PTDR) exceeded 30% until the 2010s, and it remains a developing country with regards 
to the trauma system.1 The Korean government, therefore, established a plan to design 
a national trauma system in 2012,2 with the main goal of establishing 17 trauma centers 
nationwide. As of 2020, 17 trauma centers have been designated nationwide and 15 have been 
officially opened and are dedicated to the treatment of trauma patients. These centers are 
equipped with facilities and equipment with the government's support and receive annual 
financial support for dedicated personnel.

There have been recent reports on outcomes resulting from performance improvements in 
trauma care in institutions that opened earlier and have been operating trauma centers for 
more than 5 years.3,4 The most recently published national survey revealed that regional 
trauma centers had lower PTDRs.5 Based on these results, it is projected that national trauma 
outcomes can be improved if the operation of these trauma centers is further established and 
a system promoting the concentration of severe trauma patients in regional trauma centers is 
supported.

Since the introduction of trauma centers in Korea 8 years ago, a lack of consensus remains 
among the trauma centers in terms of operation method and composition of the trauma 
team for resuscitation. In some trauma centers, trauma patients are still being treated 
conventionally in the emergency department (ED), and the use of trauma centers remains 
debatable. In contrast, other trauma centers experience difficulties as the bypass situation 
continues with an excess of patients. At the time of the establishment of the initial trauma 
centers, the Korean government and medical community designed guidelines for trauma 
center implementation, which have been verified by evaluating the introduction of facility 
equipment and manpower composition. However, the guidelines lack detail and focus solely 
on early stage implementation. Indeed, detailed evaluation of performance improvement 
is lacking. Currently, operating trauma centers employ distinct operating methods, and 
differences exist in the operation methods of trauma teams. Therefore, performance among 
trauma centers varies. Further, instances of preventable trauma deaths (PTDs) have been 
reported, leading to social resentment.6,7

Our trauma center was designated as a regional trauma center in 2013. Following a 
preparatory process and transitional period, we commenced full operation of the trauma 
center in 2016. We hired a trauma coordinator, trauma registrar, trauma program manager 
(TPM), and other relevant personnel. All medical staff were dedicated to trauma patients 
and received government financial support. The number of beds recruited by dedicated 
trauma nursing staff was increased to approximate the world standard, working in trauma 
bays, operating rooms, intensive care units (ICUs), and general wards. In consultation with 
the government, these facilities received partial financial support. Substantial effort was 
made to benchmark a level I trauma center in terms of the composition and operation of 
the trauma team. Surgeons were recruited in a timely manner to provide definitive care to 
trauma patients. Since its establishment, we have implemented performance improvement 
activities by selecting audit filters from the American College of Surgeons Committee on 
Trauma (ACSCOT) and World Health Organization (WHO) Trauma Quality Improvement 
Program (TQIP) guidelines8,9 in addition to the guidelines suggested by the Korean Ministry 
of Health and Welfare, in accordance with the operating standards and guidelines of the US 
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level I trauma center. This study aimed to review our performance improvement activities and 
outcomes relative to performance improvement plans of domestic trauma centers, which may 
still employ controversial operational methods.

Methods

Corrective strategies for performance improvement (“closing the loop”)
We established strategies for performance improvement and patient safety (PIPS) from 
2015 when the establishment of the trauma center was in full operation. As described by the 
ACSCOT and WHO TQIP guidelines,8,9 the following corrective strategies were established 
and proceeded according to the loop closure principle, which is the basis of performance 
improvement activities (Fig. 1).
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Data-gathering and monitoring
· Establishment of trauma database and dashboard
· Establishment of audit filters
· Review of preventable trauma deaths

· No established prehospital transfer
system

· No established criteria of triage
& trauma team activation 

· Delayed & unorganized resuscitation
· Delayed transfusion & surgery
· Delayed craniotomy

· Guidelines, pathways, and protocols: Triage, TTA, RSI, emergency transfusion,
MTP, EDT, REBOA, management of pelvis injury, VTE prophylaxis, ventilator,
antibiotic use, glucose control

· Targeted education: ATLS, ATCN, TCAR
· Peer review presentations: intra/inter department conferences, multi-department

trauma committees
· Action targeted at individual providers: counselling by TPM/TMD, further training

using skill station and education courses
· Enhancement of resources: medical staffing, medical devices and equipment

· Shortage of resource (esp. medical
staffing & devices dedicated to
trauma patients)

· No unified/established protocols for
critical care

· Irregular & unorganized ICU rounding
· No established training program

Identification of preventable trauma deaths & evaluation of preventable factors

Analysis of findings

Corrective action plans

Measure of performance

· Number of trauma patients & TTA
· Initial resuscitation < 1 hr
· Time until transfusion < 15 min
· Time to OR; bleeding & hypotension < 1 hr
· Time to OR; drainage of EDH or SDH < 4 hr

· ICU LOS
· Hospital LOS
· Ventilator days
· Mortality
· Preventable trauma death rate

Measure of outcomes

To reduce rate of 
preventable trauma deaths

Early deaths:
Hemorrhage, CNS injury

Late deaths: 
Sepsis/MODS, complications

Goal

Fig. 1. Flow chart outlining components of our PIPS program initiated in 2015 and study design according to principles of “closing the loop.” 
PIPS = performance improvement and patient safety, CNS = central nervous system, MODS = multiple organ dysfunction syndrome, ICU = intensive care unit, TTA 
= trauma team activation, RSI = rapid sequence intubation, MTP = massive transfusion protocol, EDT = emergency department thoracotomy, REBOA = resuscitative 
endovascular balloon occlusion of the aorta, VTE = venous thromboembolism, ATLS = Advanced Trauma Life Support, ATCN = Advanced Trauma Care for Nurses, 
TCAR = Trauma Care After Resuscitation, TPM = trauma program manager, TMD = trauma medical director, LOS = length of stay, OR = operation room, EDH = 
epidural hemorrhage, SDH = subdural hemorrhage.



Data-gathering and monitoring
We first recruited trauma coordinators and data registrars to collect, register, and monitor data. 
We established a trauma database based on the Korea Trauma Data Bank (KTDB) dictionary 
(benchmarked from NTDB) and added “dashboards” for checking the audit filters that 
originated based on our own needs. The majority of these PIPS programs were computerized to 
enable in-depth analysis and sharing of the results by all members concurrently.

Identification of PTDs, evaluation of preventable factors, and analysis of 
findings
We have performed panel reviews of trauma deaths since 2015 and established a 
multidisciplinary panel team comprising at least two general surgeons, an emergency 
physician, a cardiovascular surgeon, and a neurosurgeon. Opportunities for improvement 
(OFIs) were analyzed simultaneously at the meeting in which the preventability of trauma 
deaths was determined. Extensive effort has been made to improve the quality of trauma 
resuscitation and critical care based on these results, with the beginning of the quality 
improvement (QI) process as follows. As a result, preventable factors such as bleeding and 
central nervous system (CNS) injury due to early death, sepsis/multi-organ dysfunction 
syndrome (MODS), and complications during later stages were identified as urgent 
prerequisites. Specifically, the main preventable factors in trauma death due to bleeding were 
delayed initial resuscitation, delayed transfusion, and prolonged time to operation room 
(OR) for bleeding and hypotension. In case of CNS injury, the main preventable factor was 
delayed surgery for drainage of epidural hemorrhage (EDH) or subdural hemorrhage (SDH). 
Appropriate treatment for sepsis/MODS complications was also identified as a preventable 
factor. Manpower and equipment for initial resuscitation were insufficient and unsuitable to 
provide adequate care for multiple trauma patients. Resuscitation was not systematic, lacked 
teamwork, and was often delayed for more than an hour.

Corrective action plans
Guidelines, pathways, and protocols
To reduce pre-hospital trauma deaths, triage criteria, and trauma team activation criteria 
based on the Field Triage Decision Scheme10 were prepared to facilitate the direct transfer 
of severe cases to the trauma center. These guidelines were provided to paramedics and our 
trauma bay to promote the active admission of severe trauma patients by involving these 
personnel in gate-keeping for trauma-dedicated medical staff. For patients who visited the 
trauma bay, paramedics were required to contact the medical/nursing staff prior to arrival and 
provide instructions to await the patients' arrival.

To avoid deaths occurring in the trauma bay, guidelines were first established or reorganized. 
We first formed a trauma resuscitation team consisting of a general surgeon, an emergency 
physician, and a cardiovascular surgeon as the team leader. We unified protocols such as 
rapid sequence intubation (RSI), emergency transfusion using universal blood emergency 
transfusion protocol,11 massive transfusion protocol, resuscitative endovascular balloon 
occlusion of aorta (REBOA), management of pelvic bone fracture,12 and ED thoracotomy 
(EDT).13 Trauma team configuration for action in a trauma bay was established, and staff 
therein were trained repeatedly to enhance initial treatment ability. The emergency and 
massive transfusion protocols were established to prevent early death due to bleeding. 
Guidelines were established to prevent delays until hemostasis or intervention. For patients 
with clear hemorrhagic shock, a pathway was established for allowing access to the operating 
room or angiography room within 1 hour. For EDH and SDH that require craniotomy, a 
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protocol aiming to transfer patients to the operating room within 4 hours was established to 
reduce the mortality due to CNS injury.

To reduce late-stage preventable deaths due to sepsis/MODS or complications, several 
guidelines for intensive care were established and distributed. Guidelines to conduct 
regular rounds by a multidisciplinary team including pharmacists and dietitians were 
also established. Guidelines for venous thromboembolism (VTE) prophylaxis, ventilator 
application and weaning, antibiotic use, prevention and management of pain, agitation/
sedation, delirium, immobility, and sleep disruption (PADIS), airway management, glucose 
control, and feeding in the ICU were modified. All guidelines and protocols were evaluated 
periodically to ensure compliance and were updated in the manuals accordingly.

Targeted education
Educational activities were conducted to create an appropriate transfer system for the proper 
classification of injured patients and to enable direct transfer from the scene to the trauma 
center. We conducted official meetings for review of trauma cases with local paramedics 
and offered educational courses. Our team members underwent training courses for trauma 
resuscitation and critical care, such as Advanced Trauma Life Support (ATLS), Advanced Trauma 
Care for Nurses (ATCN), and Trauma Care After Resuscitation (TCAR). Staff occasionally 
traveled abroad to attend the courses. Educational programs and conferences comprising 
trauma-dedicated medical staff were held regularly to educate nurses in the ICU, OR, and ward 
by identifying the educational needs that were required in each department (Table 1).
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Table 1. Trauma conference and committee meeting for performance improvement in Ajou Trauma Center
Conferences Day Time Contents Attendees
Trauma PI conference

Trauma morning conference Daily (Weekdays) 07:50–08:20 Daily case review; T-Bay, TICU, and 
surgery cases

TS staff, fellow, resident, intern, NP, EMT

Trauma case conference Biweekly 07:50–08:30 Multidisciplinary case review NS, OS, TS, RAD, ANE staff
Multidisciplinary panel review Biweekly 16:00–17:00 Preventable trauma death review TS (GS, CS, EM), NS, trauma coordinators
Wound conference Weekly 07:30–07:50 Cases with wounds TS staff, fellow, resident, intern, NP, EMT, PS 

staff & resident, OS staff & resident
Trauma grand rounding Weekly 16:00–16:40 Staff lecture, nurse lecture, 

monthly M&M, case review
TS staff, fellow, resident, intern, T-Bay, TICU & 
GW nurses

Video conference Biweekly 12:00–13:00 T-Bay resuscitation video review TS staff, fellow, NP, EMT, T-Bay nurses
Prehospital EMS conference Monthly Prehospital transportation for 

trauma patients
EMS providers, TS staff

Trauma PI committee
Trauma center operating 
committee

Monthly 07:30–08:30 Issues of trauma center operating/
management

Hospital director, chief of clinical department 
(ANE, TS, NS, OS, PS, CS, GS, RAD), director 
of nursing, management team, facility 
maintenance team

Trauma center QI committee Quarterly 07:30–08:30 QI issues in trauma care Hospital director, chief of clinical department 
(ANE, TS, NS, OS, PS, CS, GS, RAD), director of 
nursing, preventive medicine

Trauma center OR committee Quarterly - Issues of trauma center OR 
operating/management

Trauma medical director, head nurse of TOR, 
ANE, TS, NS, OS, PS staff

PI = performance improvement, EMS = emergency medical system, QI = quality improvement, OR = operating room, T-Bay = trauma bay, TICU = trauma intensive 
care unit, M&M = morbidity and mortality, TS = trauma surgery, NP = nurse practitioner, EMT = emergency medical technician, NS = neurosurgeon, OS = 
orthopedic surgeon, RAD = radiologist, ANE = anesthesiologist, GS = general surgery, CS = chest surgery, EM = emergency physician, PS = plastic surgery, TOR = 
trauma operation room.



Peer review presentations
Reviews of videos depicting the resuscitation process in trauma bays were conducted every 
2 weeks for the personnel participating in trauma resuscitation to identify the points of 
improvement. Case presentations, topic reviews, and morbidity and mortality conferences 
were conducted periodically with orthopedic surgery, plastic surgery, neurosurgery, 
anesthesiology, radiology, and nursing departments (Table 1).

Enhancement of resources
The construction of a free-standing trauma center and designation of new trauma bays 
dedicated solely to trauma patients have solved the physical and structural problems arising 
from previous EDs in the treatment of severe trauma patients. Even after patients with severe 
trauma were properly transferred to the trauma center, the existing practice of contacting 
the medical faculty in charge after inconsistent decision-making by interns and residents 
was eliminated, thereby securing the resources necessary to attenuate trauma deaths. To 
operate the trauma center independent of the main building and emergency medical center, 
it was necessary to secure a large number of medical staff exclusively for the trauma center. 
We benchmarked the manpower composition of a developed trauma center in the United 
States that was outfitted similar to ours. We, however, customized this composition to suit 
the requirements of our medical working environment. We put in place obligatory guidelines, 
made staffing appointments of dedicated personnel, and obtained financial support from 
the government. This was made possible by procuring recommendations and after seeking 
consultations with the government on difficult to operate in-house areas under the existing 
domestic medical environment. Additionally, measures were taken to improve the financial 
performance of the center, such as a medical fee 1.5–2 times that of the existing fee for 
procedures and services performed for severe trauma patients. These efforts have made it 
possible to ensure the security and smooth operation of all human resources.

The final outcome of this survey (PTDR) was determined according to the WHO TQIP 
guidelines. First, the trauma coordinators and registrars collected the necessary data for 
the review, checked the required checklist and audit filters, and requested reviews from 
individual reviewers. The contents reviewed by individual reviewers were presented at a 
multidisciplinary panel review held every 2 weeks. Following discussion, preventability 
was determined, and OFIs were discussed. Results were collected by the QI team. The final 
decision and OFIs were organized under the leadership of the trauma medical director (TMD) 
and TPM. A corrective action plan was prepared and implemented. Feedback was provided to 
other departments and hospitals via the trauma QI committee.

Measurement of PIPS activities and outcomes
In addition to the basic characteristics of trauma patients, the number of hospitalized 
patients after the establishment of the trauma center facilities, changes in medical staffing, 
and the number of treatments and operations by trauma specialists were analyzed. Trauma 
center performance-related statistics, especially trauma resuscitation-related performance 
in the T-bay, i.e., the number of trauma team members recruited, number of patients in the 
T-bay, initial resuscitation time in the T-bay (min), time until transfusion from arrival at 
the T-bay (min), time to OR for patients with bleeding and hypotension (SBP < 90 mmHg), 
and time to OR for drainage of EDH or SDH were investigated. In addition, mechanical 
ventilation duration, ICU length of stay (LOS), hospital LOS, crude mortality, and mortality 
under risk adjustment using various injury severity scoring (ISS) systems were extracted and 
analyzed for outcome follow-up and comparison.
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Data collection and statistical analysis
In this study, we enrolled all trauma admissions recorded in the trauma registry from 2015 
to 2018 for a comparative analysis of the PIPS program implemented in our trauma center. 
The registry registered patients with one or more S or T codes as per the Korean Standard 
Classification of Diseases (KCD) 7th edition (almost identical to the 10th revision of the 
International Statistical Classification of Diseases and Related Health Problems) in their 
diagnosis while exiting the ED or hospital (excluding patients with a code for frostbite, 
addiction, intoxication, drowning, burns, other and unspecified effects of external causes, or 
complications regarding surgical and medical care). We evaluated differences in performance 
and resultant outcomes in trauma care between 2015 and 2018 using the Mann-Whitney 
U test for continuous variables and χ2 or Fisher's exact test for categorical variables. All 
statistical analyses were performed using IBM SPSS software (v 25; IBM Corp., Armonk, NY, 
USA). Differences with a P value of < 0.05 were considered statistically significant.

Ethics statement
This study was approved by the Institutional Review Board (IRB) of Ajou University (IRB No. 
AJIRB-MED-MDB-20-291). The need for obtaining informed consent was waived by the board 
due to the observational nature of the study.

RESULTS

Enhancement of resources for performance improvement and patient safety
The number of medical staff dedicated exclusively to trauma patients increased over 4 
years. In particular, the number of doctors (general surgeons, emergency physicians, and 
cardiovascular surgeons) responsible for gate-keeping and initial resuscitation increased 
from 6 to 11. Furthermore, the number of orthopedic surgeons, neurosurgeons, and 
anesthesiologists recruited to perform surgical treatment following initial resuscitation 
gradually increased. Radiologists were responsible for radiologic intervention and analysis 
of major imaging records of patients who visited the trauma center. The number of trauma 
nursing staff increased 2.6-fold (from 85 to 218). In the trauma ICU, each nurse could 
cover 1.5 beds when on duty. The number of trauma nurse practitioners who assisted with 
the treatment of trauma surgeons, insufficient interns, and surgical residents increased 
annually, enabling 24/7 full-time coverage with shift work system including 5 daytime and 3 
nighttime workers per day. Up to 4 trauma coordinators and registrars, which were necessary 
to introduce and establish PIPS activities, were secured; 2 of them were subsidized by the 
government (Fig. 2).

Change of performance in trauma care
The number of trauma patients registered over 4 years, hospitalized patients (from 2,166 
to 2,786), team activations (from 373 to 1,688), and ICU admissions (from 308 to 1,481) 
significantly increased (all P < 0.001, Table 2). The number of severe trauma patients with 
an ISS score of 15 or higher significantly increased approximately 1.9-fold from 22.6% (477 
of 2,113) to 33.8% (916 of 2,714) over 4 years (P < 0.001). Significant decreases were observed 
in resuscitation time in the T-bay (from 120 to 36 minutes, P < 0.001) time to emergency 
transfusion (from 39 to 16 minutes, P < 0.001), go-to OR time to bleeding control (from 99 to 
54 minutes, P < 0.001), and go-to OR time to craniotomy (from 181 to 135 minutes, P = 0.042) 
in 2018 compared to those in 2015 (Table 3).
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Change of outcomes in trauma care
Both the number of hospitalized patients and the proportion of patients with high severity 
increased compared to that before the trauma center was established, but no significant 
difference was noted when these values were compared with those of the hospital and the ICU 
LOS. In contrast, the number of ventilator days decreased (6 vs. 4, P = 0.001). Crude mortality 
increased by 1.8% in 2018 compared to that in 2015, but severity adjustment was required for 
accurate comparison. The probability of survival calculated using trauma and injury severity 
score (TRISS) decreased from 2015 to 2018, indicating that the severity of patients treated at our 
trauma center increased. During the investigation period, the total number of deaths increased 
by 1.7-fold (from 123 to 210). The yearly comparison revealed no significant differences in basic 
characteristics such as gender, age, or pathophysiology. Assessment of ISS and TRISS revealed 
that the severity increased yearly. In the ISS, the average increased by 6 points, from 24.8 to 30.8 
(P = 0.003), and the probability of survival based on TRISS decreased by approximately 20%. 
The preventability of death was assessed via a multidisciplinary panel review of all cases of 
patients that had died. For cases excluding deaths on arrival or insufficient data for review, the 
PTDR was significantly decreased (22.2% to 8.4%, P = 0.008) (Table 4).
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DISCUSSION

Although Korea has made substantial progress in various medical fields, the trauma system 
is underdeveloped. Jung et al.5 reported that the nationwide PTDR in Korea in 2015 was 
30.5%, highlighting the need for improving the national trauma system. On investigating 
PTDs in 2006, Kim et al.14 identified that 51.1% of ED-related issues and 21.8% of pre-hospital-
related issues were directly related to deaths in the treatment process; they also highlighted 
that 58.8% of EDs faced problems with 25.4% of pre-hospital transfers and triages.1 As such, 
failure of the pre-hospital transfer system and initial resuscitation commonly accounted for a 
large proportion of preventable deaths in Korea. Fortunately, several recent reports, including 
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Table 2. Changes and characteristics of trauma presentations in Ajou Trauma Center
Variables 2015 2016 2017 2018 P valuea

No. of registered trauma patients 2,166 2,547 2,675 2,786
No. of male patients (%) 1,426 (65.8) 1,684 (66.1) 1,835 (68.6) 1,973 (70.8) < 0.001***
Mean age ± SD, yr 44.8 ± 23.9 46.0 ± 23.6 46.7 ± 23.2 47.39 ± 22.55 < 0.001***
No. of patients with blunt trauma (%) 1,941 (89.6) 2,311 (90.7) 2,471 (92.4) 2,511 (90.1) 0.549
Mechanism of injury

Traffic related 650 (30.0) 882 (34.6) 1,071 (40.0) 1,144 (41.0) < 0.001***
Falls 969 (44.7) 1,048 (41.1) 1,086 (40.6) 1,050 (37.7) < 0.001***
Cut or pierce 176 (8.1) 182 (7.1) 158 (5.9) 167 (6.0) 0.003**
Other 307 (14.2) 410 (16.1) 312 (11.7) 355 (12.7) 0.142
Unknown 64 (3.0) 25 (1.0) 48 (1.8) 70 (2.5) 0.341

No. of patients transferred from another hospital (%) 1,007 (46.5) 1,207 (47.4) 1,254 (46.9) 1,256 (45.1) 0.335
No. of trauma team activation 373 (17.2) 992 (38.9) 1,390 (52.0) 1,688 (60.6) < 0.001***
No. of patients admitted to physicians dedicated to 
trauma

894 (41.3) 1,312 (51.5) 1,697 (63.4) 1,907 (68.4) < 0.001***

No. of patients admitted to TICU 308 (14.2) 891 (35.0) 1,094 (40.9) 1,481 (53.2) < 0.001***
No. of patients with mechanical ventilator 325 (15.0) 432 (17.0) 592 (22.1) 671 (24.1) < 0.001***
Hospital LOS, days, median (IQR) 10 (5–21) 10 (5–20) 11 (5–20) 11 (5–21) 0.36
ICU LOS, days, median (IQR) 4 (2–9) 3 (2–8) 4 (2–10) 3 (2–7) 0.198
Ventilator days, median (IQR) 6 (2–17) 5 (2–15) 5.5 (2–15) 4 (2–12) 0.001***
ISS, mean ± SD (n = 12,169) 9.9 ± 9.7 (n = 2,113) 10.0 ± 9.6 (n = 2,491) 11.5 ± 11.1 (n = 2,603) 12.7 ± 10.5 (n = 2,714) < 0.001***
No. of patients with ISS ≥ 9 1,021 (48.3) 1,220 (49.0) 1,436 (55.2) 1,729 (63.7) < 0.001***
No. of patients with ISS ≥ 15 477 (22.6) 566 (22.7) 730 (28.0) 916 (33.8) < 0.001***
No. of deaths with ISS ≥ 15 (%) 53 (11.1) 78 (13.8) 133 (18.2) 128 (14.0) 0.132
No. of trauma deaths (%) 123 (5.7) 140 (5.5) 213 (8.0) 210 (7.5) 0.010*
Mean TRISSb (probability of survival, %) ± SD (n = 4,645) 96.3 ± 10.2 (n = 994) 95.9 ± 11.2 (n = 1,126) 95.5 ± 11.8 (n = 1,202) 94.5 ± 12.4 (n = 1,323) < 0.001***

All continuous variables are shown as a median (IQR) and compared, using the Mann-Whitney U test and all categorical variables are shown as a number 
(percentage) and compared using the χ2 test.
SD = standard deviation, TICU = trauma intensive care unit, LOS = length of stay, ICU = intensive care unit, ISS = Injury Severity Score.
aP value for comparison between 2015 and 2018. *P < 0.05, **P < 0.01, ***P < 0.001.
bTRISS was calculated in patients who were able to have the initial physiologic parameters and ISS confirmed among cases who directly visited the trauma center.

Table 3. Goals and improvements in primary components of performance improvement and patient safety program for trauma resuscitation in trauma bay
Variables Goal 2015 (n = 332) 2016 (n = 823) 2017 (n = 1,286) 2018 (n = 1,518) P valuea

Initial resuscitation time, min 60 min 120 (76–191)  
(n = 332)

60 (42–92)  
(n = 823)

46 (33–71)  
(n = 1,286)

36 (28–49)  
(n = 1,518)

< 0.001***

Time until transfusion from arrival, min 15 min 39 (26–69)  
(n = 149)

15 (8–27)  
(n = 213)

12 (12–28)  
(n = 204)

16 (9–30)  
(n = 216)

< 0.001***

Time to OR; bleeding and hypotension  
(SBP < 90), min

60 min 99 (63–149)  
(n = 110)

79 (49–159)  
(n = 148)

63 (43–107)  
(n = 186)

54 (39–96)  
(n = 238)

< 0.001***

Time to OR; drainage of EDH or SDH, min 240 min 181 (115–335)  
(n = 60)

144 (94–307)  
(n = 75)

116 (91–216)  
(n = 95)

135 (95–244)  
(n = 92)

0.042*

All continuous variables are shown as a median (interquartile range) and compared, using the Mann-Whitney U test and all categorical variables are shown as a 
number (percentage) and compared using the χ2 test.
OR = operation room, SBP = systolic blood pressure, EDH = epidural hemorrhage, SDH = subdural hemorrhage.
aP value for comparison between 2015 and 2018 (*P < 0.05, **P < 0.01, ***P < 0.001).



this one, have demonstrated that several Korean regional trauma centers have been successfully 
established and have contributed to the improvement of local trauma performance.3,5 
Nevertheless, differences exist in the quality and extent of trauma care at the 15 regional trauma 
centers that have officially been operating. According to Jung et al.,5 initial trauma centers have 
reported good outcomes, but trauma centers that have just commenced operating or have yet to 
open face difficulties in securing manpower and establishing relevant systems.

The authors' hospital was designated as a regional trauma center at the end of 2013. Following 
a preparation process, a trauma system was installed via new independent buildings and 
personnel reinforcement from 2015. Although the official opening was in June 2016, we 
started developing and applying our QI program in 2015 by referring to the ACSCOT and WHO 
TQIP guidelines. As the purpose of trauma QI was to reduce the PTDR, mortality conferences 
were held regularly to select places and elements where the most urgent problems occurred, 
and a QI program was established based on literature reviews and discussions. Our hospital 
encountered similar problems as other aforementioned trauma centers in Korea, and we 
performed performance improvement activities for initial resuscitation.

To function as a trauma center, we focused on increasing the trauma volume and reducing 
deaths due to bleeding. A trauma hotline was established for smooth communication via 
conferences with paramedics, and medical consulting was sought for emergency procedures 
and triage. Paramedics in the field, headquarters of the firefighting department, and trauma 
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Table 4. Characteristics and changes of outcomes in mortality cases
Variables 2015 2016 2017 2018 P valuea

No. of registered trauma deaths 123 140 213 210
No. of male patients (%) 84 (68.3) 101 (72.1) 153 (71.8) 154 (73.3) 0.326
Mean age ± SD, yr 54.5 ± 21.3 52.9 ± 21.3 54.0 ± 22.0 56.1 ± 21.3 0.427
No. of patients with blunt trauma (%) 115 (93.5) 134 (95.7) 206 (96.7) 201 (95.7) 0.375
Mechanism of injury

Traffic related 50 (40.7) 72 (51.4) 111 (52.1) 106 (50.5) 0.083
Falls 53 (43.1) 52 (37.1) 72 (33.8) 73 (34.8) 0.130
Cut or pierce 3 (2.4) 2 (1.4) 6 (2.8) 9 (4.3) 0.383
Other 11 (8.9) 10 (7.1) 13 (6.1) 11 (5.2) 0.189
Unknown 6 (4.9) 4 (2.9) 11 (5.2) 11 (5.2) 0.885

No. of patients transferred from another hospital (%) 52 (42.3) 46 (32.9) 72 (33.8) 65 (31.0) 0.037**
Mean ISS ± SD (n = 450) 24.8 ± 14.4 (n = 72) 29.3 ± 14.3 (n = 92) 33.0 ± 18.0 (n = 145) 30.8 ± 14.9 (n = 141) 0.003**
Mean TRISSb (probability of survival, %) ± SD (n = 202) 77.1 ± 29.6 (n = 28) 62.2 ± 28.9 (n = 41) 59.2 ± 29.8 (n = 52) 58.2 ± 29.3 (n = 81) < 0.001***
Multidisciplinary panel review of preventability

No. of patients reviewed by multidisciplinary panel 123 140 213 210
No. of deaths on arrival (%) 50 (40.7) 42 (30.0) 86 (40.4) 74 (35.2) 0.324
No. of patients excluded due to insufficient data 
for review

9 0 0 5

No. of patients included for decision on 
preventability of death (A)

64 98 127 131

No. of PDs (%) (P) 2 (3.1) 4 (4.1) 3 (2.4) 0 (0.0) 0.042*
No. of PPDs (%) (PP) 12 (18.8) 11 (11.2) 11 (8.7) 11 (8.4) 0.035*
No. of non-PDs (%) (NP) NA 44 (44.9) 63 (49.6) 59 (45.0) NA
No. of non-preventable, but with care that could 
have been improved deaths (%) (NPCI)

NA 39 (39.8) 50 (39.4) 61 (46.6) NA

PTDR ([PD+PPD]/A) 21.90% 15.30% 11.00% 8.40% 0.008**

All continuous variables are shown as a mean ± SD and compared, using the Mann-Whitney U test and all categorical variables are shown as a number 
(percentage) and compared using the χ2 test.
SD = standard deviation, ISS = injury severity score, TRISS = trauma and injury severity score, PD = preventable death, PPD = potentially preventable death, PTDR 
= preventable trauma death rate, NA = not available.
aP value for comparison between 2015 and 2018 (*P < 0.05, **P < 0.01, ***P < 0.001).
bTRISS was calculated in patients who were able to have the initial physiologic parameters and ISS confirmed among cases who directly visited the trauma center.



surgeons were contacted directly. Direct transfer to the trauma center was recommended, 
and relevant education was provided to circumvent the need to stop at a local hospital. As a 
result, the number of patients who visited the trauma center and the number of trauma team 
activations increased. Trauma surgeons and trauma bay nurses completed the basic ATLS 
and ATCN education modules and were repeatedly trained to reduce the time spent in the 
resuscitation room, thereby strengthening the capabilities of the trauma resuscitation team. 
Further, analysis of resuscitation process-related issues was performed via video conferences. 
Efforts were made to reduce the resuscitation time.

In this process, protocols such as RSI protocol and EDT indication were established, and 
OR resuscitation indications were set via continuous conferences with anesthesiologists 
and operating rooms and communicated to enable rapid movement to the operating room. 
In addition, for rapid transfusion in bleeding patients with low blood pressure, O Rh (+) 
blood was placed in the resuscitation room for the first time in Korea to enable an immediate 
commencement of transfusion.11 The time to transfusion was significantly shortened, 
and a more efficient protocol for massive transfusion was designed. Through consultation 
with the blood bank, balanced transfusion was implemented. In addition, via inter/multi-
department conferences and committees involving neurosurgeons, orthopedic surgeons, 
plastic surgeons, anesthesiologists, and nursing staff, guidelines were established and 
disagreements were resolved. Further, designated treatments and clinical pathways were 
reorganized and integrated. This protocol reorganization and improved initial resuscitation 
promoted a reduction in deaths due to bleeding and time until craniotomy, thereby 
increasing patient survival.

In addition, efforts were made to increase the number of nursing staff. ICU medical attention 
guidelines were re-established and applied in a cohesive manner with medical and nursing 
staff during ICU rounding. For example, VAP prophylaxis guidelines, ventilator application, 
evacuation and management guidelines, PADIS guidelines, surviving sepsis campaigns, and 
VTE prophylaxis protocols were established, and relevant educational material was provided. 
As a result, although the total number of patients and the number of severely ill patients 
increased, the number of ventilator days was reduced. As the trauma volume increased, 
resuscitation and the quality of ICU medical attention improved, which naturally led to a 
decrease in treatment errors and contributed to the reduction in preventable mortality.

The literature on the trauma system in the US and Western Europe highlights the need to focus 
on studies related to patient survival rates and PIPS programs. According to Shafi et al.,15 
improving the overall outcome of trauma patients had a greater impact on the mortality rate of 
adult trauma patients admitted to level 1 or 2 trauma centers than the provision of specialized 
treatment. Davenport et al.16 reported that several multidisciplinary professional trauma 
services and PIPS programs at a trauma center in the UK facilitated improvements in trauma 
outcomes and reduced the mortality of severely injured patients. Similar improvements were 
noted in a study by DiRusso et al.,17 in which the overall mortality and mortality of severely 
injured patients improved, hospital LOS decreased, and even cost reduction was observed, 
whereby full-time trauma critical care surgeons were added, and quality control and education 
were conducted for trauma care-oriented management following level 1 trauma center 
verification. Based on this evidence, we have been striving to introduce and establish PIPS 
activities from the time of the establishment of the trauma center. To put it concretely, based on 
the existing guidelines, corrective strategies were established and OFIs were identified through 
data-gathering and monitoring. New guidelines, pathways, and protocols tailored to suit varied 
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requirements were established, delivered, and shared through targeted education, peer review 
presentations, etc. Moreover, we tried to secure resources and maintain them to ensure that 
these corrective action plans were properly implemented at an appropriate time. Consequently, 
although the number of patients admitted to the trauma center as well as the proportion of 
severely ill patients increased, the trauma team was actively functioning, and the resuscitation 
time, stay time, time to blood transfusion and to surgery, number of ventilator days, etc., 
decreased. Thus, the final goal of reducing the PTDR was achieved. In this study, we report 
encouraging results showing improvements in trauma outcomes.

This study had several limitations. First, bias may have existed due to the characteristics of 
retrospective reviews based on medical records and databases. Second, as the QI program 
was not fully installed from the beginning, a proportion of data for each year may have 
been missing, which may have biased the comparisons. Third, as the QI programs did not 
commence at a uniform timepoint, precise comparisons by year are limited due to various 
confounding factors not covered in the text. Fourth, because the investigations of preventable 
death were conducted by our panel discussion, bias may have existed in the judgment of 
preventable deaths. However, no changes were observed in the composition of the panel 
for the multidisciplinary review during the study period, and decisions were made after 
final review by a super-panel, TMD, and TPM to reduce bias. In addition, we attempted to 
reduce the subjectivity of opinions among reviewers by employing a structured review form 
including audit filter lists in a checklist format. Fifth, DOA patients were excluded from 
the PTDR. A panel review was conducted for all the trauma deaths that occurred here after 
admission, but due to emotional and social barriers in Korea, autopsies were not performed 
extensively, and detailed records of the mechanisms of accidents or situations were lacking.18 
As such, the exact cause of death could not be determined, so the data were excluded from 
PTDR calculation. To improve this, policies are being proposed to encourage autopsies to be 
performed when the causes of the accident or death are unknown and to link the records of 
paramedics in the pre-hospital stage with hospital and trauma center records.

Despite these limitations, this study is the first report on the PIPS program conducted by a 
government-led trauma center in Korea. Based on the ACSCOT and WHO TQIP guidelines, 
several QI indicators required for gold-standard trauma centers were introduced by 
benchmarking. Our data analysis indicated that the trauma outcomes improved over time. 
The volume of trauma patients, especially those with severe trauma, and the number of 
trauma team activations increased accordingly, and the overall quality indicators from initial 
resuscitation to ICU medical attention also improved. As a result, the PTDR was reduced. 
Our study demonstrates that in countries or regions such as Korea that lack an established 
trauma system, trauma centers should be installed with the support of local or central 
governments, and the established trauma centers should utilize existing QI indicators to 
ensure the provision of gold standard care. Establishing improvement activities will facilitate 
the reduction in the preventable death rate of trauma patients.
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