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Objective Assessing the severity of injury and predicting outcomes are essential in traumatic
brain injury (TBI). However, the respiratory rate and Glasgow Coma Scale (GCS) of the Revised
Trauma Score (RTS) are difficult to use in the prehospital setting. This investigation aimed to de-
velop a new prehospital trauma score for TBI (NTS-TBI) to predict mortality and disability.

Methods We used a nationwide trauma database on severe trauma cases transported by fire
departments across Korea in 2013 and 2015. NTS-TBI model 1 used systolic blood pressure <90
mmHg, peripheral capillary oxygen saturation <90% measured via pulse oximeter, and motor
component of GCS. Model 2 comprised variables of model 1 and age >65 years. We assessed
discriminative power via area under the curve (AUC) value for in-hospital mortality and disability
defined according to the Glasgow Outcome Scale with scores of 2 or 3. We then compared AUC
values of NTS-TBI with those of RTS.

Results In total, 3,642 patients were enrolled. AUC values of NTS-TBI models 1 and 2 for mortal-
ity were 0.833 (95% confidence interval [CI], 0.815 to 0.852) and 0.852 (95% Cl, 0.835 to 0.869),
respectively, while AUC values for disability were 0.772 (95% Cl, 0.749 to 0.796) and 0.784 (95%
Cl, 0.761 to 0.807), respectively. AUC values of NTS-TBI model 2 for mortality and disability were
higher than those of RTS (0.819 and 0.761, respectively) (P<0.01).

Conclusion Our NTS-TBI model using systolic blood pressure, motor component of GCS, oxygen
saturation, and age was feasible for prehospital care and showed outstanding discriminative
power for mortality.
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What is already known

Capsule
Summary

What is new in the current study

Assessing injury severity and predicting outcomes are essential in traumatic brain injury (TBl). However, the respiratory
rate and Glasgow Coma Scale of the Revised Trauma Score are difficult to use in the prehospital setting.

We developed a new prehospital trauma score for TBI model using systolic blood pressure, motor component of
Glasgow Coma Scale, oxygen saturation, and age that was feasible for prehospital care. The new prehospital trauma
score for TBI showed outstanding discriminative power for mortality with area under the curve values higher than 0.8.

INTRODUCTION

Traumatic brain injury (TBI) is among the major causes of mortal-
ity and disability worldwide." In the United States, approximately
1.7 million patients with TBI were taken to the emergency depart-
ment annually, and 52,000 patients died.? Moreover, 5.3 million
patients have TBl-associated disability, which results in a socio-
economic burden.®*

Assessing injury severity and swift transport of the patient to
the designated trauma center are essential to reduce the mortali-
ty in patients with severe trauma.”® The mortality rate increased
by two-fold when a patient with moderate to severe TBI was not
transported to the designated trauma center according to pre-
hospital field triage." Therefore, measuring the injury severity and
predicting the clinical outcome of TBI patients are critical to re-
duce secondary insult and improve outcome.

There are scoring systems to assess injury severity and predict
outcome for TBI patients,'>"® but most include variables that are
not commonly available in the routine prehospital setting, such
as CT findings or laboratory results.''*'> Recent studies reported
that prehospital hypoxia and hypotension in patients with TBI in-
creased mortality'®'®; thus, systolic blood pressure (SBP) is a fea-
sible indicator of mortality during the prehospital phase, and oxy-
gen saturation measured via pulse oximeter is more objective and
feasible than the respiratory rate (RR) included in the Revised
Trauma Score (RTS).2%* The Glasgow Coma Scale (GCS) is a prac-
tical method for assessing neurologic function, and the predictive
power of the motor component of the GCS (motor GCS) is equiv-
alent to that of the total GCS,***® which is used as a physiologic
indicator in field triage.””-*®

This study aimed to develop a new trauma score optimized for
prehospital care patients with TBI (NTS-TBI) to predict mortality
and disability using motor GCS, hypotension, and hypoxia instead
of total GCS, SBP, and RR of the RTS.

Clin Exp Emerg Med 2019;6(2):152-159

METHODS

Study design and setting

This was a retrospective, cross-sectional study that used an emer-
gency medical services (EMS)-based severe trauma database oper-
ated by the Korea Center for Disease Control (KCDC) across South
Korea. This study was approved by the study site's institutional
review board and the KCDC (H-1206-024-412). Informed consent
was waived due to the retrospective nature of the study.

In South Korea, the EMS system is a nationwide public and
single-tiered model operated by the fire department. Emergency
departments are categorized into three levels: level 1, regional
emergency medical center; level 2, local emergency medical cen-
ter; and level 3, institutions not designated as regional or local
emergency center across Korea.?® Each province has designated
regional trauma centers that are similar to level 1 trauma centers
in the United States. Prehospital trauma care is provided by inter-
mediate emergency medical technicians (EMT). EMTs used the
field triage scheme to assess injury severity and transport patients
to the designated facility. The field triage scheme used in Korea is
similar to that developed by the Centers for Disease Control and
Prevention in the United States.”®

Data source

The EMS-based severe trauma database (EMS-ST-DB) is a data
source operated by the KCDC. Every case transported by the fire
department categorized as a severe trauma case according to the
field triage scheme is registered in the EMS-ST-DB.

The database collects prehospital information from the EMS
run-sheets and in-depth severe trauma registry written by the
EMTs of the fire department. Experienced medical record review-
ers trained by the KCDC then visit the hospital receiving the se-
vere trauma cases and collect in-hospital information and input
final outcomes in the EMS-ST-DB. In 2013, the EMS-ST-DB col-
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lected information on cases from 10 provinces across Korea and
expanded to all 17 provinces across Korea thereafter.

For quality improvement, a project quality management com-
mittee in the KCDC holds monthly meetings. This committee con-
sisted of emergency physicians, epidemiologists, statistical experts,
fire department representatives, and medical record reviewers.
The quality management committee established the standard op-
erational protocols for extracting data from the medical records
and provided consultation and feedback to the medical record
reviewers.

Study population

Among those enrolled in the EMS-ST-DB in 2013 and 2015, pa-
tients older than 18 years with TBI were included in the study. TBI
was defined as a head injury according to the Abbreviated Injury
Scale. The Abbreviated Injury Scale is a scoring system to mea-
sure the severity of injury for six body parts independently and is
used for calculating Injury Severity Score.*® We excluded patients
who had prehospital traumatic arrest or those with non-trau-
matic injury. The exclusion criteria were as follows: (1) severe dis-
ability before the accident; (2) unknown or missing information
on the variables in the NTS-TBI model, including SBP, RR, motor
GCS, and age; and (3) a Glasgow Outcome Scale (GOS) of 2 or 3
before the injury. Briefly, the GOS is a global scale used to assess
functional outcome; the score ranges from 1 to 5, with 1 indicat-
ing dead; 2, vegetative state; 3, severely disabled, dependent for
daily support due to mental or physical disability, or both; 4, mod-
erately disabled, able to work in a sheltered environment, and travel
by public transportation; and 5, good recovery, resumption of nor-
mal life.

Model development and validation
We developed two NTS-TBI models using data from the EMS-ST-
DB collected from 10 provinces in 2013. The first model of the
NTS-TBI (NTS-TBI model 1) comprised motor GCS score, presence
of shock defined as SBP <90 mmHg, and presence of hypoxia de-
fined as oxygen saturation below 90% measured on pulse oxime-
ter on initial assessment at the scene.”*' The second version of
the NTS-TBI (NTS-TBI model 2) included all variables in model 1
and age older than 65 years. Old age was used in the second
model as the elderly have been shown to have poor outcomes in
previous research.” The cut-off for old age was set to > 65 years
based on the World Health Organization definition of the elderly*
We internally validated the predictive performance of NTS-TBI
models 1 and 2 using the original data set used for model devel-
opment. External validation was conducted using the EMS-ST-DB
data collected from all 17 provinces in 2015.
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Outcomes

The primary outcome was the predictive power of the NTS-TBI for
in-hospital mortality, while the secondary outcome was the dis-
criminative power of the model to predict severe disability at
hospital discharge. Severe disability was defined as GOS score of
2 or 3 at hospital discharge. Cases with GOS score of 1 were ex-
cluded in the analysis of severe disability.

Comparison of the performance of the NTS-TBI and RTS

We compared the discriminative power for mortality and disability
between the RTS and NTS-TBI models using the following equa-
tion: RTS=(0.9368 x GCS score category)+(0.7326 x SBP)+(0.2908
x RR).# The variables of RTS included in the equation were those
measured by EMTs upon first contact with the patient at the field.

Statistical analysis

We performed descriptive analysis for demographic characteris-
tics. Quantitative variables were reported as mean with standard
deviation or median with interquartile range, and categorical vari-
ables were reported as number and percentage. We conducted
the chi-square test of Fisher exact test for categorical variables
and the t-test for continuous variables. To assess the predictive
power of each model, we measured the area under the receiver
operating characteristic curve and 95% confidence interval of
each model. To compare the performance of the NTS-TBI and RTS,
we compared the AUC value of each model and measured the sig-
nificance of difference. Significance was set at P-values of 0.01,
and all statistical analyses were performed using SAS ver. 9.4 (SAS
Institute, Cary, NC, USA).

RESULTS

There were 13,508 cases enrolled in the EMS-ST-DB during the
study period; of these, 3,642 cases were included for model de-
velopment and internal validation according to the inclusion cri-
teria (Fig. 1). A total of 426 (11.7%) of the 3,642 cases died, and
452 cases had severe disability (Table 1). Mortality was higher in
urban areas, during daytime, and in level 1 emergency depart-
ments. Mortality was also higher in the shock group than that in
the non-shock group (28.2% vs. 10.5%, P<0.01) (Table 2) and in
the hypoxia group than that in the non-hypoxia group (36.0% vs.
9.3%, P<0.01). The incidence of severe disability was also higher
in the shock and hypoxia groups.

We assessed the discriminative power of NTS-TBI models 1 and
2 by using the original data set (Table 3). The AUC value of NTS-
TBI models 1 and 2 for in-hospital mortality was 0.833 (95% Cl,
0.815 to 0.852) and 0.852 (95% Cl, 0.835 to 0.869), respectively.

www.ceemjournal.org
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13,508 Patients enrolled in EMS-based severe trauma

database during 2013

12,434 Adult patients older than 18 years old

9,909 Patients with traumatic injury mechanism

4,753 Patients with traumatic brain injury

4,151 Patients arrived in ED without traumatic arrest

4,139 Patients without severe disability before injury

3,642 Final study population to develop NTS-TBI model

CEEM

1,074 Age <18
2,525 Non-traumatic injury mechanism
5,156 Patients without TBI
602 Prehospital traumatic arrest
12 Severe disability before injury

497 Missing data of model components
1 Age, 276 SBP, 161 SPO,, 114 GCS,
12 GOS

Fig. 1. Inclusion criteria. EMS, emergency medical service; TBI, traumatic brain injury; ED, emergency department; SBP, systolic blood pressure; SPO, ox-
ygen saturation; GCS, Glasgow Coma Scale; GOS, Glasgow Outcome Scale; NTS-TBI, new prehospital trauma score for traumatic brain injury.

The AUC of NTS-TBI models 1 and 2 for predicting severe disabili-
ty was also higher than 0.75, indicating that the NTS-TBI model
showed excellent performance in predicting outcome.

We also conducted an external validation by analyzing 4,497
of the 32,841 cases registered in the EMS-ST-DB from 17 prov-
inces in 2015 (Table 4). The AUC value of NTS-TBI models 1 and 2
for in-hospital mortality was 0.779 (95% Cl, 0.762 to 0.800) and
0.802 (95% Cl, 0.786 to 0.828), respectively. The AUC for NTS-TBI
models 1 and 2 to predict severe disability was also higher than
0.7, indicating that the NTS-TBI model showed good performance
in predicting outcome.

We compared the predictive power of the NTS-TBI and RTS for
mortality and severe disability (Table 5). The discriminative power
of the NTS-TBI models 1 and 2 for mortality were 0.833 and 0.852,
respectively, and they were significantly higher than that of the
RTS (P<0.01). The AUC of the NTS-TBI models 1 and 2 for pre-
dicting severe disability was 0.772 and 0.784, respectively. NTS-
TBI model 2 showed significantly better performance than that of
RTS (AUC, 0.761) (P<0.01).

Clin Exp Emerg Med 2019;6(2):152-159

DISCUSSION

We developed a new scoring system to predict the clinical out-
come for TBI patients and optimized it to be implemented in the
prehospital care. We used motor GCS scores and oxygen satura-
tion values obtained via pulse oximeter instead of total GCS score
and RR used in the RTS. Motor GCS and oxygen saturation mea-
sured by pulse oximeter could be easily and objectively integrated
into prehospital care. We developed two versions of the NTS-TBI
model using the nationwide trauma registry operated by the KC-
DC. Both NTS-TBI models showed excellent performance as a
predictor for mortality and good power for predicting severe dis-
ability in TBI patients. The discriminative power of NTS-TBI was
significantly higher than that of RTS.

RTS has been used to predict outcomes for trauma patients,
and the components of RTS are included in the first step of as-
sessment in the field triage scheme.””?*** However, some variables
in the RTS are not easily available in the field. Thus, to improve
ease of use and discriminative power, we developed an NTS-TBI.
First, we replaced the GCS with the motor GCS, which has been
shown to have a predictive power equivalent to that of total GCS

155



CE E M Prehospital scoring system for TBI

Table 1. Demographic characteristics of the study population

Outcome
Total
Survived Mortality P-value GOS score 4-5 GOS score 2-3 P-value

Number 3,642 (100) 3,216 (88.3) 426 (11.7) 2,764 (75.9) 452 (12.4)
Age (yr) 53.2+17.7 523+17.6 60.5+17.0 <0.01 51.9+17.6 545+17.6 <0.01
Sex, male 2,630 (72.2) 2,321(88.3 309 (11.7) 0.87 1,958 (74.4) 363 (13.8) <0.01
Mode of injury 0.01 0.10

Traffic accident 2,274 (62.4) 2,027 (89.1) 247 (10.9) 1,747 (76.8) 280 (12.3)

Fall/slip 1,188 (32.6) 1,021 (85.9) 167 (14.1) 864 (72.7) 157 (13.2)

Blunt 146 (4) 137 (93.8) 9(6.2) 122 (83.6) 15 (10.3)

Penetrating 26 (0.7) 24 (92.3) 2(7.7) 24 (92.3) 0(0)

Machine 8(0.2) 7 (87.5) 1(12.5) 7 (87.5) 0(0)

Polytrauma 2,756 (75.7) 2,452 (89) 304 (11) 0.03 2,125 (77.1) 327 (11.9) 0.01
Region

Rural 2,086 (57.3) 1,870 (89.6) 216 (10.4) <0.01 1,622 (77.8) 248 (11.9) <0.01

Urban 1,556 (42.7) 1,346 (86.5) 210 (13.5) 1,142 (73.4) 204 (13.1)
Season

Spring 894 (24.5) 815 (91.2) 79 (8.8) <0.01 702 (78.5) 113 (12.6) <0.01

Summer 885 (24.3) 757 (85.5) 128 (14.5) 656 (74.1) 101 (11.4)

Autumn 821 (22.5) 707 (86.1) 114 (13.9) 577 (70.3) 130 (15.8)

Winter 1,042 (28.6) 937 (89.9) 105 (10.1) 829 (79.6) 108 (10.4)
Day/night time

Night time 1,652 (45.4) 1,487 (90.0) 165 (10.0) <0.01 1,274 (77.1) 213 (12.9) 0.01

Day time? 1,990 (54.6) 1,729 (86.9) 261 (13.1) 1,490 (74.9) 239 (12.0)
Level of ED

1 671 (18.4) 554 (82.6) 17 (17.4) <0.01 462 (68.9) 92 (13.7) <0.01

2 1,615 (44.3) 1,368 (84.7) 247 (15.3) 1,203 (74.5) 165 (10.2)

3 1,356 (37.2) 1,294 (95.4) 62 (4.6) 1,099 (81) 195 (14.4)

Values are presented as number (%) or mean + standard deviation.
GOS, Glasgow Outcome Scale; ED, emergency department.
“Day time was defined as EMS call time between 7 a.m. and 7 p.m. and night time as EMS call between 7 p.m. and 7 a.m.

Table 2. Variables of NTS-TBI model, RTS, and ISS

Outcome
Total
Survived Died P-value GOS score 4-5 GOS score 2-3 P-value
Number 3,642 (100) 3,216 (88.3) 426 (11.7) 2,764 (75.9) 452 (12.4)
Motor GCS score 5 (4-6) 6 (4-6) 2 (1-4) <0.01 6 (4-6) 3(1-5) <0.01
1 577 (15.8) 377 (65.3) 200 (34.7) 227 (39.3) 150 (26)
2 101 (2.8) 63 (62.4) 38 (37.6) 35 (34.7) 28 (27.7)
3 190 (5.2) 136 (71.6) 54 (28.4) 87 (45.8) 49 (25.8)
4 566 (15.5) 494 (87.3) 72 (12.7) 398 (70.3) 96 (17)
5 417 (11.4) 389 (93.3) 28 (6.7) 337 (80.8) 52 (12.5)
6 1,791 (49.2) 1,757 (98.1) 34(1.9) 1,680 (93.8) 77 (4.3)
SBP (mmHg)
<90 3,404 (93.5) 3,045 (89.5) 359 (10.5) <0.01 2,623 (77.1) 422 (12.4) <0.01
290 238 (6.5) 171 (71.8) 67 (28.2) 141 (59.2) 30 (12.6)
Oxygen saturation
<90% 3,311 (90.9) 3,004 (90.7) 307 (9.3) <0.01 2,617 (79.0) 387 (11.7) <0.01
>90% 331(9.1) 212 (64.0) 119 (36.0) 147 (44.4) 64 (19.6)
Age group (yr)
18-64 2,558 (70.2) 2,331 (91.1) 227 (8.9) <0.01 2,032 (79.4) 299 (11.7) <0.01
265 1,084 (29.8) 885 (81.6) 199 (18.4) 732 (67.5) 153 (14.1)
RTS 6.71+1.46 6.92+1.31 5.08+1.53 <0.01 7.11+£1.16 5.75+1.52 <0.01
ISS 11.85+9.7 10.6£9.0 21.6+9.1 <0.01 9.2+8.1 19.0+9.9 <0.01

Values are presented as number (%), median (interquartile range), or mean + standard deviation.
NTS-TBI, new prehospital trauma score for traumatic brain injury; RTS, Revised Trauma Score; ISS, Injury Severity Score; GOS, Glasgow Outcome Scale; GCS, Glasgow Coma
Scale; SBP, systolic blood pressure.
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Table 3. Internal validation of NTS-TBI

Hosmer-
Model Num-—Out=" o geopcl  Lemeshow V3
ber  come 2

Mortality
NTS-TBI model 1 3,642 426 0.833 0.815-0.852 113 0.045
NTS-TBI model 2 3,642 426 0.852 0.835-0.869  15.6 0.016
Severe disability
NTS-TBI model 1 3,216 452 0.772 0.749-0.796 1.3 0.854
NTS-TBI model 2 3,216 452 0.784 0.761-0.807 49 0.553

NTS-TBI, new prehospital trauma score for traumatic brain injury; AUC, area un-
der the curve; Cl, confidence interval.

Table 5. Comparison of discriminative power of NTS-TBI and RTS

CEEM

Table 4. External validation of NTS-TBI

Num-  Out Hosmer-
Model AUC 95% Cl  Lemeshow P-value
ber  come 2

Mortality
NTS-TBI model 1 4,497 721 0779 0.762-0.800 16.2 0.006
NTS-TBI model 2 4,497 721 0.802 0.786-0.828 85 0.292
Severe disability
NTS-TBI model 1 3,777 682 0.748 0.733-0.763 89 0.112
NTS-TBI model 2 3,777 682 0.763 0.749-0.778 0.8 0.997

NTS-TBI, new prehospital trauma score for traumatic brain injury; AUC, area un-
der the curve; Cl, confidence interval.

AUC Difference of AUC with RTS
Model
Value 95% Cl Estimate 95% Cl P-value

Mortality

RTS 0.819 0.799-0.839 Reference

NTS-TBI model 1 0.833 0.815-0.852 0.013 0.004 0.022 <0.01

NTS-TBI model 2 0.852 0.835-0.869 0.032 0.021 0.043 <0.01
Severe disability

RTS 0.761 0.737-0.785 Reference

NTS-TBI model 1 0.772 0.749-0.796 0.012 -0.002 0.026 0.09

NTS-TBI model 2 0.784 0.761-0.807 0.023 0.008 0.038 <0.01

NTS-TBI, new prehospital trauma score for traumatic brain injury; RTS, Revised Trauma Score; AUC, area under the curve; Cl, confidence interval.

in previous research. Moreover, the logistic model showed a more
linear relationship with the outcome.?®?® Second, hypoxia or hy-
potension during prehospital transport was included in the mod-
els as they have been shown to cause worse clinical outcomes
such as mortality in recent studies.'®'® Hypotension before emer-
gency department arrival has a linear correlation with mortality.'
Prehospital hypotension in TBI patients causes a 2.5-fold increase
in mortality, and hypoxia results in a 3.0-fold increase. If com-
bined, hypoxia and hypotension increased the risk of mortality by
6.1-fold."” Thus, assessing hypoxia and hypotension is essential
during prehospital care to predict outcome. Third, RR has been
used as a physiologic indicator to assess the severity of trauma.
Given that it is difficult to measure the RR accurately in the pre-
hospital stage,**** the pulse oximeter has been used as an objec-
tive tool to measure hypoxic status in diverse clinical settings,*2*
oxygen saturation reflects the patient's respiratory function more
objectively and efficiently.**' The NTS-TBI included oxygen satu-
ration instead of RR so that it can obtain more objective data and
be used easily in the prehospital setting.

We reviewed diverse parameters for NTS-TBI. Age, GCS, RR,
pupillary reactivity, hypotension, hypoxia, Injury Severity Score,
injury mechanism, computed tomography images, and laboratory
findings have been used to develop a trauma scoring system for

Clin Exp Emerg Med 2019;6(2):152-159

TBI patients.'>'31536-3 However, the Injury Severity Score, com-
puted tomography images, and laboratory findings are not rou-
tinely available in the prehospital phase; thus, we developed a
model that included variables that can be easily but objectively
assessed during this phase.

This study has several limitations. First, the generalizability of
the results is limited. Because we used data only from the EMS-
ST-DB in Korea, and different trauma care systems vary among
countries and could affect the performance of NTS-TBI. Second,
there are inherent biases that may not have been eliminated due
to the retrospective nature of the study. We retrospectively re-
viewed the medical records of each hospital and EMS run-sheet.
Although we performed regular quality assessment, the quality of
the raw medical record depends on each institution. Third, the
variables in the NTS-TBI were limited to those in the EMS-ST-DB.
For example, pupillary reactivity was not included and tested for
model development.

In conclusion, the new trauma scoring system we developed to
predict outcomes for TBI patients showed excellent performance to
predict mortality. The NTS-TBI included variables that can be eas-
ily and objectively assessed in the pre-hospital setting, namely,
motor GCS, hypoxia assessed using a pulse oximeter, shock, and
age.
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