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In Korea, which still lacks a well-established trauma care system, the inability to transport
patients to adequate treatment sites in a timely manner is a cause of low trauma patient
survival. As such, this study was conducted to serve as a basis for the establishment of a
future trauma transport system. We performed a comparative analysis of the transport
time, and treatment outcomes between trauma victims transported by ground ambulance
(GAMB) and those transported via the helicopter emergency medical service (HEMS)
through the National Emergency Management Agency's 119 reporting system, which is
similar to the 911 system of the United States, from March 2011 to May 2014. The HEMS-
transported patients received treatment instructions, by remote communication, from our
trauma specialists from the time of accident reporting; in certain instances, members of
the trauma medical staff provided treatment at the scene. A total of 1,626 patients were
included in the study; the GAMB and HEMS groups had 1,547 and 79 patients,
respectively. The median transport time was different between 2 groups (HEMS, 60 min vs.
GAMB, 47 min, P< 0.001) but for all patients was 49 min (less than the golden hour).
Outcomes were significantly better in the HEMS compared to the GAMB, using the trauma
and injury severity score (survival rate, 94.9% vs. 90.5%; Z score, 2.83 vs. -1.96; W score,
6.7 vs. -0.8). A unified 119 service transport system, which includes helicopter transport,
and the adoption of a trauma care system that allows active initial involvement of trauma

medical personnel, could improve the treatment outcome of trauma patients.
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INTRODUCTION

The timely transport of trauma patients to an appropriate trau-
ma center, known as “getting the right patient to the right place
at the right time,” is critical in increasing patients’ chances of sur-
vival (1). As such, the trauma centers that can accommodate
the majority of trauma patients and the emergency transport
systems that can effectively transport such patients to the cen-
ter need to be firmly established (2). To respond to this need,
the Republic of Korea Government established a plan in 2011
to set up and operate 17 regional trauma centers around the
country, and this plan is in the process of being implemented.
Although the construction of regional trauma centers and the
creation of effective treatment guidelines at the center level
should receive due priority, establishing a network of efficient
transport to the centers is equally critical. However, challenging
circumstances, including the economic pressure under which
Korea’s complicated medical environment operates, have crip-
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pled the plans successful progress. As a result, only 2 regional
trauma centers had opened nationwide as of July 2014. In this
current atmosphere, a discussion of the transport systems for
trauma victims may very well be secondary.

It is widely known that helicopters play an important role in
transporting trauma victims. In particular, Korea’s geographical
characteristics (small land mass, high urban population densi-
ty, and scattered rural areas in mountainous terrain) render he-
licopter transport a far more effective option than regular road
transport. However, it is not being utilized effectively for reasons
of cost and safety. According to the Emergency Medical Annual
Report published by the National Emergency Medical Center
(3), only 237 patients (0.001%) of a total of 139,072 major medi-
cal emergency patients (heart attack, stroke, and major trauma
victims) were airlifted by helicopters in 2011. In 2011, the gov-
ernment launched the “Doctor Heli Project” for transporting
medical emergency patients using helicopters leased from an
airline company. Currently, it is operated by 4 different medical
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centers, but a nationwide expansion of the service is expected.
Furthermore, as the service is not limited to the transportation
of trauma victims, additional discussion is needed to facilitate
networking with the regional trauma care centers planned for
construction around the country.

Despite the current inadequate national helicopter transport
performance, our medical center has been operating a trauma
victim transport system using firefighting helicopters since March
2011; this has been in connection with the National Emergency
Management Agency, local Fire and Disaster Headquarters, and
the Aviation Team. The importance of efficient trauma victim
transport is gaining recognition, particularly the need for region-
al trauma centers. The purpose of this study was to review the
current trauma patient transport system at our institution and
to compare patient outcomes by analyzing data accumulated
over the past 3 yr.

MATERIALS AND METHODS

Patient data and transport setting

Study participants were blunt trauma patients who were trans-
ported to the emergency room at our center through the 119
emergency system during the period of March 2011-May 2014.
The 119 service is an emergency service offered to residences
living in the Republic of Korea by National Emergency Manage-
ment Agency and is similar to the 911 system of the United States.
In emergency events, such as road traffic accidents, fires and
disasters, 119 service centers take the emergency calls and dis-
patch fire fighters and/or emergency medical technicians to
the scene. Upon a victim or witness placing a 119 call, the Fire
and Disaster Headquarters identifies the severity of the injury
using the Field Triage Decision Scheme and determines wheth-
er to dispatch either a ground ambulance (GAMB) or the heli-
copter emergency medical service (HEMS). If the HEMS is dee-
med necessary, the trauma specialists of our hospital are imme-
diately notified via a hotline. If it is decided that medical staff
should be dispatched, the helicopter is sent from the local Fire
and Disaster Headquaters/Aviation Team to the medical center
in order to pick up the medical staff on duty (1-2 trauma sur-
geons and 1 trauma nurse), who will provide medical care on
the scene and en route to the medical center. In the meantime,
the remaining medical staff at the center make the necessary
preparations for immediate medical tests and surgical treatment
upon the patient’s arrival.

This study was conducted using data from patients with blunt
trauma. We excluded patients with penetrating trauma or un-
known mechanisms of injury, patients transferred from other
hospitals, deaths on arrival, victims for whom resuscitation was
initiated on arrival but failed, and patients whose trauma and
injury severity score (TRISS) (4) could not be calculated owing
to insufficient data. Study participants were categorized into 2
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groups depending on whether the mode of transport to the cen-
ter was by GAMB (GAMB group) or by helicopter (HEMS group).
The patient demographics, transport time, cause of injury, and
Injury Severity Score (ISS) were compared between the GAMB
and HEMS groups. The probability of survival (Ps) was calculat-
ed using the TRISS to compare the treatment outcomes of both
groups with those of the major trauma outcome study (MTOS)

(5).

Study instruments

The TRISS is a method of predicting the prognosis of trauma
patients (4); it has become an internationally accepted tool for
determining the impact of the HEMS on trauma mortality (6-
11). It combines a physiological scoring system, the revised trau-
ma score (RTS) (12, 13), and the ISS. The MTOS (5, 14) is a study
in which the TRISS, age, and mechanism of injury were used to
calculate survival norms, using regression analysis, of 80,000
trauma patients in 139 North American hospitals. The norms
were updated in 1990 (14). Patients with a Ps of 0.5 or less are
expected to die and those with a Ps greater than 0.5 are expect-
ed to survive (10). The MTOS cohort has been widely used as a
benchmark for comparing outcomes in trauma patients using
the TRISS methodology. These data can be used to identify un-
expected outcomes in both populations and individual patients.

Statistical analysis

We used SPSS version 19 (IBM corporation) for all statistical
analyses. Continuous data are summarized by the median and
interquartile range (IQR), unless otherwise specified. We com-
pared patient demographics, ISS, and transport time using the
Mann-Whitney U test or chi-square analysis, as appropriate.
Comparisons between predicted and observed patient mortal-
ity were made using the Z, W, and M statistics (4). The Flora Z
statistic estimates the deviation of mortality in the study group
compared to the MTOS benchmark (4). The W statistic calcu-
lates the number of survivors more or less than the MTOS norm
per 100 patients analyzed (15) and provides a clinical perspec-
tive for a statistically significant Z score (13). The M statistic eval-
uates the similarity of injury severity between the study group
and the entire MTOS cohort (4).

Ethics statement

This study was approved by the institutional review board (IRB)
of Ajou University Hospital (IRB No. MED-MDB-14-250). The
requirement for informed consent was waived by the IRB be-
cause of the observational nature of this study.

RESULTS

During the study period, 1,626 patients met the inclusion crite-
ria and were included in the analysis. Of these, 49% were victims
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of traffic accidents, which were the most common source of in-
jury (Table 1). The median age was 47 yr (IQR, 31-61 yr) and
1,102 (67.8%) of the patients were male. There were 1,547 pa-
tients who were transported by GAMB (GAMB group) and 79
who were transported by helicopter (HEMS group). The trans-
port mode of all of the HEMS group patients was determined
via hotline communication between the Fire and Disaster Head-
quarters and the trauma specialists at the center. Critical care
was provided at the scene of the injury and en route to the cen-
ter through online instructions. Of the 79 patients in the HEMS
group, 19 (24.1%) received critical care directly from medical
staff dispatched to the field.

Table 2 displays the baseline characteristics of the GAMB and
HEMS groups with respect to age, gender, ISS, and transport
time. The HEMS group had a significantly higher proportion of
men (78.5% vs. 67.2%) and a significantly longer median trans-
port time (60 min vs. 47 min) than the GAMB group.

The Ps for study participants was determined using the TRISS
method. The Z, W, and M statistics were calculated and com-
pared with the MTOS norms (Table 3). The results of this analy-
sis indicate that, overall, the Ps for patients in this study was slight-
ly lower than that of the MTOS baseline (90.7% and 91.2%, re-
spectively). Based on the W-score, it appears that 0.5 more pa-
tients died per 100 transports, but this difference was not statis-
tically significant (Z statistic = -1.15, P = 0.25). The M score for
all patients was 0.970, matched with the MTOS baseline Ps in-
crement (Table 4).

The Z, M, and W statistics were also compared for patients in

Table 1. Blunt trauma injury mechanisms of 1,626 patients enrolled in the study

: All patients, GAMB, HEMS,
Mechanisi % N=1626 n=1547 n=79
Motor vehicle accident 49.0 797 766 31

Occupant 22.2 361 335 26
Pedestrian 121 197 196 1
Motorcyclist 7.7 126 125 1
Bicyclist 3.5 57 56 1
Transport, other 3.4 56 54 2
Slip or rolling down 21.4 348 331 17
Fall 149 243 224 19
Machinery 1.3 21 15 6
Unspecified/NEC 13.3 217 211 6

the GAMB and HEMS groups (Table 3). In both groups, the out-
comes were significantly different from the MTOS norms. The
survival rate in the GAMB group was 90.5%, significantly lower
than the MTOS norm (MTOS 91.4%; Z statistic = -1.96, P = 0.05).
When expressed using the W score, there were 0.8 more deaths
per 100 transports. The M score in the GAMB group (0.973) was
very similar to the MTOS baseline Ps increment (Table 4). In
the HEMS group, the survival rate was 94.9%, which was statis-
tically significantly different from that in the MTOS group (81.2%;
Z statistic = 2.83, P = 0.005). When expressed as a W score, there
were 6.7 more survivals per 100 transports. However, the M score
of this group was 0.863, which was lower than the MTOS base-
line Ps increment (Tables 3 and 4).

To summarize, blunt trauma victims who were transported
directly to the center through the 119 system, and who arrived
within an hour of the accident, had treatment outcomes similar

Table 3. Comparison of survival between GAMB and HEMS groups and the MTOS
using Z, W, and M statistics

Parameters All patients GAMB HEMS
n=1626 n=1547 n=79
Actual number of survivors 1,475 1,400 75

Actual survival rate (%) 90.7 90.5 949

Predicted number of survivors 1,483 1,414 70
(from baseline)

Probability of survival (%) 91.2 91.4 88.2

Z statistic -1.15 -1.96 2.83

Pvalue* 0.25 0.05 0.005

W statistic -0.5 -0.8 6.7

M statistic 0.970 0.973 0.863

*The significance level for values of Z. MTOS, major trauma outcome study; GAMB,
ground ambulance; HEMS, helicopter emergency medical service.

Table 4. Comparison of survival probabilities of the Major Trauma Outcome Study
cohort and our study population

Increment of MTOS All patients GAMB HEMS

Ps range cohort n=1,626 n=1,547 n=79
0.96-1.00 0.828 0.800 0.805 0.696
0.91-0.95 0.045 0.059 0.058 0.076
0.76-0.90 0.044 0.044 0.042 0.089
0.51-0.75 0.029 0.033 0.030 0.076
0.26-0.50 0.017 0.016 0.016 0.013
0.00-0.25 0.036 0.049 0.048 0.051

GAMB, ground ambulance; HEMS, helicopter emergency medical service; NEC, not
elsewhere classifiable.

Table 2. Baseline characteristics of the study population

Ps, survival probability; MTOS, major trauma outcome study; GAMB, ground ambu-
lance; HEMS, helicopter emergency medical service.

o All patients GAVB HEMS .
Characteristics n=1626 n=1547 n=79 Pvalues
Age, median (IQR), yr 47 (31-61) 47 (31-61) 0 (42-57) 0.425
Men, n (%) 1,102 (67.8) 1,040 (67.2) 62 (78.5) 0.037
ISS, median (IQR) 9 (4-17) 9 (4-17) 9 (4-22) 0.313
Transport time, median (IQR), min 49 (30-60) 47 (30-60) 60 (55-90) <0.001

*We compared data between GAMB and HEMS using the Mann-Whitney U test or chi-square analysis, as appropriate. GAMB, ground ambulance; HEMS, helicopter emergency

medical service; IQR, interquartile range; ISS, injury severity score.
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to that of the MTOS norms. However, when the patients were
divided into 2 groups by transport mode, the GAMB group had
a shorter transport time (median 47 min vs. 60 min), but poorer
outcomes (survival rate 90.5% vs. 94.9%; Z score -1.96 vs. 2.83;
W score -0.8 vs. 6.7) than the HEMS group.

DISCUSSION

Timely transport and medical care within the golden hour is
well known to increase trauma victims’ chances of survival. How-
ever, an effective trauma care system in Korea has not yet been
firmly established, and most trauma patients are transported to
the nearest local hospital, as opposed to a trauma center. As a
result, these patients fail to receive critical trauma care during
the golden hour (16). In response to this need, 17 specialized
trauma centers have been established around the country since
2011, to which trauma patients can be directly transported from
the scene of an accident to receive specialized trauma care with-
in the critical period. However, it might be a while before such a
system becomes widely used because of a number of obstacles.

One of the many issues is the lack of a streamlined transport
system from the scene of an accident to a trauma center. Cur-
rently, the nation’s emergency medical care system lacks appro-
priate transport protocols, such that trauma patients are regu-
larly transported to the nearest local hospital, a problem that
has been pointed out several times (16-19). Although fire de-
partment ambulances are most commonly used in the trans-
port of trauma patients, a significant number of private ambu-
lance transport services and other modes of transportation are
also used, in which case no medical staff or intervention is pro-
vided until arrival at the nearest local hospital. Furthermore,
necessary critical care for trauma patients, such as tracheal in-
tubation and intravenous fluid maneuvers, are delayed. In our
study, to minimize the potential confounding factors associated
with transport time and transport processes, study participants
were limited to blunt trauma victims who were transported to
the center through the 119 system. These comprised 1,626 pa-
tients during the study period of 38 months. During this period
of time, approximately 1,200 trauma patients were transported
without use of the 119 system, indicating that about two-thirds
of trauma patients in need of transport use the 119 system.

In our study population, the median transport time for all
trauma patients appeared to be within 1 hr of the accident. Such
findings show that transporting trauma patients from the scene
of an accident to a final trauma center through the 119 system is
currently a viable option for facilitating medical care within the
golden hour. The median transport time in the GAMB group was
47 min, 13 min shorter than that observed in the HEMS group.
This is similar to the median transport time of 40 min observed
during similar research conducted by the center in 2011 (16).
The transport time by helicopter was longer than ground trans-
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port time and this corresponded with the results of previous
studies (20-22). The longer median transport time in the HEMS
group (60 min) may be attributable to the time required to pre-
pare for helicopter takeoff and landing (e.g., loading and scoping
for the landing site). In addition, of the 79 patients in the HEMS
group, medical staff boarded the craft to provide critical care
on-site in 19 cases; this may have contributed to the longer trans-
port time compared to the GAMB group. Another possible rea-
son for this is distance from the scene to hospital. In general,
helicopter transport is requested for the patient in a longer dis-
tance travel such as from rural or mountain area. On the other
hand, ground transport would be used for the patient in urban
area, which is relatively short distance to the hospital. To get a
firm evidence for this, regional distribution was investigated,
which was not successful due to the lack of supporting data. Ne-
vertheless, the median transport time of both groups fell within
the golden hour range, indicating that trauma victim transport
was effective. Despite the longer median transport time, the
HEMS group exhibited better treatment outcomes, which can
be attributed to the immediate professional medical attention
made available through the hotline, beginning at the point of
accident reporting.

In order to effectively compare the treatment outcomes of
trauma victims, the patients’ injury severity needs to be quanti-
fied. The most commonly used measure is the ISS, based on the
Abbreviated Injury Scale (23) introduced in 1971, which is known
to correlate well with the mortality rate (24, 25). However, the
ISS is an anatomical scoring system, which is limited owing to
the exclusion of physiological predictors. The RTS, developed
in 1989, uses physiological data, including systolic blood pres-
sure, respiratory rate, and the Glasgow Coma Scale (12, 13). De-
spite the rather complex computation process, the RTS helped
to establish the TRISS system, and it complements the ISS (4).
The TRISS also has limitations, but it is currently accepted as
the most effective measure for evaluating trauma outcome (26).
In particular, it is the most widely used measure for comparing
outcomes for the evaluation of the transport process, including
the medical treatment provided en route (10, 11, 15, 20, 27-32).
Currently, however, research on emergency helicopter trans-
port is lacking in Korea, and TRISS-based outcome analysis of
helicopter-transported trauma patients is yet to be conducted.

Results of the TRISS analysis in this study matched the MTOS
norms, indicating that a comparison of the GAMB and HEMS
groups is warranted. Using the Z and W statistics suggested by
the MTOS, we found that, although the Ps M score for the HEMS
group was 0.88 or less, the treatment outcomes for all patients
was not greatly different from the MTOS norm. When we com-
pared the HEMS and GAMB groups, the HEMS group exhibited
positive treatment outcomes whereas the GAMB group did not.
In the study that introduced the TRISS method, Boyd et al. (4)
stated that values of M < 0.88 indicate a disparity in the injury
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severity between groups. The Z values associated with lower M
values (< 0.88) should be viewed with some skepticism. The low
M value does not explain whether the study group was more or
less severely injured than the baseline population. Therefore,
the statistical significance of the HEMS group Z and W scores in
the present study should not be taken at face value; some dis-
cretion is warranted. However, on considering the distribution
and range of the Ps of all subjects (Table 4), the HEMS group Ps
distribution did tend to be towards the lower end of the range;
from this, it can be inferred that the patients with lower Ps, that
is, with a greater severity of injury, displayed superior treatment
outcomes. Although other variables may need to be considered,
it can be presumed that the difference in outcome between the
groups is due to the transport mode used. Transport mode was
the only variable factor in this study, considering that all study
subjects were transported to the center through the 119 system
and received the same level of treatment by the same medical
staff who followed the same protocol. In other words, the treat-
ment outcome of patients that were transported within the gold-
en hour, without stopping at another hospital, corresponds with
the standards in the United States from 1980 to 1990, which es-
tablished its trauma system prior to Korea (the MTOS was an-
nounced in 1990). However, our results suggest that when medi-
cal personnel became involved in treatment more expeditious-
ly and aggressively, as is the case with the use of a helicopter,
improved survival of up to 6.7 more patients for every 100 trans-
ports can be achieved.

The first major comparison of outcomes following air trans-
port of trauma patients was published by Baxt and Moody (10)
in 1983 and showed that air transport contributed to a 53% re-
duction in the death rate. Since then, numerous studies have
been published on the benefits of medical emergency helicop-
ter transport. According to a recent multicenter trial by Thomas
etal. in 2002 (33), patients transported by helicopters exhibit up
to a 24% reduction in mortality rate when controlling for severi-
ty of injury and medical center factors. A study by Biewener et
al. (21) in 2004 showed a 50% reduction in the mortality rate
when patients were transported to a trauma center by helicop-
ter, as opposed to transfer to a regular medical center via GAMB.
In 2007, Mitchell et al. (34) conducted a 5-yr TRISS analysis on
a Canadian cohort of blunt trauma patients with an ISS above
12. In that study, patients transported by helicopter had a W
score of 6.4. In Japan, the Doctor-Heli system has been used
since 2000 for transporting severe trauma patients when the
lead-time is expected to be 30 min or longer. Of the 2,888 trau-
ma patients transported through the system in 2003, 168 pa-
tients (10%) were reported to have been transported directly to
a trauma center from the scene, which resulted in an increased
survival rate and decreased disability rate (35). Despite the rela-
tively small sample size in comparison with the aforementioned
research, our TRISS analysis in this study also demonstrates the
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effectiveness of helicopter transport. We observed a survival
rate of 94.9%, which is significantly greater than the predicted
survival rate of 88.2%. When expressed as a W score, we found
that 6.7 more lives were saved per 100 transports, compared to
the MTOS norm.

Other researchers have not found improved outcomes for
helicopter-transported patients, and some have argued that the
injuries suffered by these patients were not severe. Schiller et al.
(36) in 1988, reported no difference in outcomes between blunt
trauma patients transported by GAMB or by helicopter. Cun-
ningham et al. (37) in 1997, reported advantages in helicopter
transport, based on the ISS and trauma score, although they
concluded that helicopter transport alone could not be used as
a predictor of survival. Other researchers have reported that the
majority of patients transported by helicopter suffer from mi-
nor injuries, resulting in overtriage. A meta-analysis conducted
by Bledsoe et al. (38) showed that 1 out of 4 patients are discharg-
ed from the medical center within 24 hr, and 60%-70% of pati-
ents have non-life-threatening trauma injuries. Most of these
studies were conducted in an urban setting, with generally more
advanced treatment systems and shorter transport times than
in rural areas, which may have had an effect on the results. In
this urban medical center study, we found that the median trans-
port time in the GAMB group was 47 min, shorter than the me-
dian time of 60 min in the HEMS group. While accident site and
transport distance should be controlled for in the analysis, the
HEMS group (n = 79) had relatively few participants than the
GAMB group (n = 1,547), which prohibited a uniform compari-
son. Furthermore, the study was limited by inaccurate accident
location data in the GAMB group. We estimate that, in general,
GAMB group patients were transported from within the city
limits, whereas many of the HEMS group patients were trans-
ported from mountainous or rural areas. A follow-up study is
planned once helicopter transport cases accumulate over time,
and it will include stringently collected medical record data to
obtain accurate accident location and transport distance data.
In this study, we attempted to compare transport distances by
comparing non-distinguishable median values, without differ-
entiation according to transport distance, which limits the in-
terpretation of our results.

Recently, a large-scale study reported that helicopter trans-
port of severe trauma victims was associated with a higher sur-
vival rate than that of patients transported by GAMB (39). This
study included only the patients transported directly from the
scene to our center, and thus the median ISS was not high. In
other studies, which also included transport between facilities
(40), 58.9% of the patients in the HEMS group exhibited scores
of 15 and above. In particular, a high mean ISS of 25 was observ-
ed when medical staff were present in the aircraft. These data
indicate that overtriage issues can be resolved at the scene with
improved patient selection and classification. Currently, the
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country has 26 firefighting helicopters equipped with emergen-
cy medical service (EMS) capacity (http://www.prism.go.kr/
homepage/researchCommon/retrieveResearchDetailPopup.
do;jsessionid = F44FE4793B773F712B3725A35692BB65.node
02?research_id = 1351000-201100053). However, considering
their low usage rate, a discussion of the costs associated with
helicopter transport seems to be premature. Nevertheless, an
effective transport network utilizing the 26 EMS firefighting he-
licopters in connection with the regional trauma centers will
clearly contribute to improved survival rates.

Our medical center transported a total of 191 trauma victims
by helicopters between March 2011 and May 2014. Of these pa-
tients, 79 blunt trauma victims directly transported from the
scene were included in this study; interfacility transported and
penetration wound patients were excluded, which made the
proportion of helicopter transported patients appear extremely
low in comparison with other countries. However, a statistically
higher survival rate than the MTOS norm was observed in our
TRISS-based analysis. Our data indicate that establishing a stre-
amlined medical emergency transport system centered on the
119 system, which already has the capacity for an integrated
transport system, including helicopters, will effectively increase
the chances of survival for trauma victims, especially consider-
ing the currently limited national resources. A system in which
medical staff specialized in trauma care are actively involved,
from classifying patients to providing critical care, appears to be
a necessity because Korean EMS providers are not as qualified
as those in other countries to provide adequate critical care.
Therefore, an effective medical emergency transport network
that utilizes the 119 reporting system needs to be established, in
which trauma victims will be effectively and accurately identi-
fied and classified at the scene, and transported directly to the
trauma centers currently under construction. If arrival within
the golden hour is not expected or in cases of severe trauma pa-
tients, every effort should be made for efficient transport and
successful resuscitation, with active involvement of the medical
staff on board.
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