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ARTICLE INFO ABSTRACT

Keywords: Background: There are several trauma scoring systems with varying levels of accuracy and reli-
Pre-hospital emergency ability that have been developed to predict and classify mortality in trauma patients in the
I\OA“tCOTe hospital admission. Considering the importance of the country’s emergency organization and the
Airi?e;ttys World Health Organization in the category of traffic accidents, we used this information in the

study. The objective of this study is to evaluate and compare the predictive power of three scoring
systems (R-GAP, GAP, and NTS) on traffic accident injuries.

Methods: In an analytical cross-sectional study, all the data related to the mission of traffic ac-
cidents at the pre-hospital emergency management of Mashhad University of Medical Sciences in
2022 were extracted from the automation system, and the outcome of the patients in the hospital
was recorded from the integrated hospital system. Then, GAP, R-GAP, and New Trauma Scores
(NTS) were calculated, and their results were compared using ROC curve and logistic regression.
Results: In this study, 47,971 injuries from traffic accidents were evaluated. Their average age was
30.16 + 10.93 years. R-GAP showed negligible difference than GAP and NTS scores (the area
under the curve equals 0.904, 0.935, and 0.884, respectively), and the average scores of R-GAP,
GAP, and NTS are equal to 22.45/45 + 1/9, 22.25 + 1.5, and 22.49 =+ 1.3, respectively. Injury
severity based on R-GAP, GAP, and NTS scores was mild in most patients. The effect of these
models on the patient outcome based on OR values, R-GAP, GAP, and NTS models showed high
values. All analysis was performed in SPSS 26.

Conclusion: According to the study results, it seems that R-GAP, GAP, and NTS, have the highest
power to predict death in traffic accident injuries. It is recommended to include these points in the
electronic file of the pre-hospital emergency for the injured. Also, the severity and outcome of the
patient can be predicted by these scores, which play an important role in the triage of the injured
and determining the appropriate treatment center.

* Corresponding author.
E-mail address: toktamakbari61 @gmail.com (T.A. Khalaj).

https://doi.org/10.1016/j.heliyon.2024.e36004

Received 4 February 2024; Received in revised form 5 August 2024; Accepted 7 August 2024

Available online 8 August 2024

2405-8440/© 2024 The Authors.  Published by Elsevier Ltd.  This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:toktamakbari61@gmail.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e36004
https://doi.org/10.1016/j.heliyon.2024.e36004
https://doi.org/10.1016/j.heliyon.2024.e36004
http://creativecommons.org/licenses/by-nc-nd/4.0/

T. Kenarangi et al. Heliyon 10 (2024) e36004

1. Introduction

In the management of trauma patients from traffic accidents, timely and accurate assessment is crucial, as the majority of deaths
occur before ambulance arrival or in the early hours following injury [1]. Traffic accidents remain a significant global health concern,
with the World Health Organization (WHO) projecting that they will become the second leading cause of death and disability
worldwide by 2024 [2].

The unique characteristics of traffic accident-related trauma necessitate specialized approaches to patient assessment and care.
Unlike other trauma mechanisms, such as falls or workplace injuries, traffic accidents often result in complex, multi-system injuries
due to the high-energy impact and potential for multiple collision points [3]. This complexity underscores the importance of accurate
trauma scoring systems specifically tailored to traffic accident scenarios. Several trauma scoring systems have been developed to
predict mortality and classify injury severity in trauma patients upon hospital admission [4]. Various applications of scoring systems
include injury prevention, injury severity prediction, mortality rate prediction, and improvement of hospital service quality [5,6].

These systems are particularly relevant in the context of traffic accidents, where rapid and accurate triage can significantly impact
patient outcomes. The Revised Trauma Score (RTS), while valuable, has limitations in the prehospital setting, especially for traffic
accident injuries [7].

More recent scoring systems, such as the Glasgow Coma Scale, Age, and Systolic Blood Pressure (GAP) score, have gained attention
due to their simplicity and applicability in the field. The GAP score is especially relevant for traffic accident triage, as it can be quickly
implemented at the scene, allowing for more efficient patient stratification and resource allocation [8,9]. The New Trauma Score
(NTS), which replaces the Respiratory Rate (RR) with arterial blood oxygen saturation percentage (Sp0O2), has shown improved
performance over RTS in predicting mortality for trauma patients, including those from traffic accidents [10]. However, its perfor-
mance relative to GAP in the specific context of traffic accidents remains an area of interest. Given the high rate of traffic accidents in
Iran and the need for a robust national trauma system, evaluating the effectiveness of these scoring systems specifically for traffic
accident injuries is crucial [11].

The mortality rate is the most accurate measure of trauma prognosis. Various studies show that 25-50 % of trauma deaths are
preventable [12].This study aims to compare the performance of R-GAP, GAP, and NTS scoring systems in predicting hospital out-
comes for traffic accident injuries, addressing a critical gap in the literature regarding the applicability of these systems to this specific
trauma mechanism. By focusing on traffic accidents, this research seeks to provide valuable insights into the most effective scoring
systems for this prevalent cause of trauma, potentially informing improvements in prehospital care, triage protocols, and overall
trauma management specific to road traffic injuries also Expected death which was introduced based on the study of Kondo et al. [7].
Considering the high rate of traffic accidents in Iran, the existence of a national trauma system, the creation of trauma teams and
related training programs, and increasing the level of pre-hospital care for multi-trauma patients seem necessary [13].

2. Methods

In this analytical cross-sectional study, traffic accident data from January 2021 to January 2022 were collected from the pre-
hospital emergency automation system, including demographic characteristics (age, gender) and the patient’s vital signs (Glasgow
coma scale, blood pressure, and arterial blood oxygen saturation percentage. The outcome of the injury was tracked using the hospital
information system (HIS). The sample size was 47971 trauma injuries from traffic accidents. The sampling method is a census. In-
clusion criteria included all traffic accident injuries that were transported by the pre-hospital emergency to Khorasan Razavi University
of Medical Sciences (Mashhad) hospitals, and exclusion criteria included death before the ambulance arrived or incomplete docu-
mentation in the pre-hospital emergency file. The number of trauma injuries from traffic accidents that excluded was 4220. This study
was approved by the ethics committee of Mashhad University of Medical Sciences with code IR.MUMS.REC.1402.228.

Variables include age, sex recorded, and, vital signs (Glasgow coma scale, blood pressure, and arterial blood oxygen saturation)
measured by emergency technicians and hospital outcome of patients at the time of discharge (death or survival) were recorded. Three
scoring systems, R-GAP, GAP, and NTS, were calculated based on the introduced formula (Table 1) [1,7]. In the classification of the

Table 1
Scoring GAP, R-GAP and NTS scoring systems based on the parameters in the three systems.
Score Age Systolic Blood Pressure GCS Oxygen saturation
GAP <60=3 >120 =6 3-15 -
>60 =0 60-110 =4
<60 =0
R-GAP <50=3 >120=6 3-15 -
50-70 =0 90-119 =14
>70 = -3 60-89 =2
<60 =0
NTS _ 110-149 =4 3-15 >94 =4
>150 =3 80-93=3
90-109 = 2 60-79 = 2
70-89 =1 40-59 =1
<70=0 <40 =0
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GAP score, the score is divided into three groups: low risk with a score of 19-24, medium risk with a score of 11-18, and high risk with
a score of 3-10. To classify the R-GAP score, this score is divided into four risk categories: low (20-25), medium [14-19], high [8-13],
and very high (0-7), and finally, the NTS category is Four categories were divided into low risk (18-23), medium risk [12-17], high
risk [6-11], and very high risk [14-16].The severity of the injury was determined based on the score obtained at each of the points for
each injured person. The expected death rate in each severity category was compared with the deaths that happened in each category.
In this study, using R-GAP, GAP, and NTS scoring systems, the quality-of-service delivery was evaluated based on the hospital outcome
of traffic accident injuries, and the actual death was compared with the expected death in each severity category based on these scores.

We show the frequency of traffic accidents injures by vehicle and gender in Table 2. The data were entered into SPSS statistical
software version 26. The Shapiro-Wilk test was used to evaluate the normal distribution of the data. Frequency (percentage) was used
to describe qualitative data, and mean (standard deviation) was used for quantitative variables. An independent sample’s T-test and
chi-square tests were used to compare quantitative and qualitative variables between the two groups, respectively. In cases of non-
normal distribution of quantitative data, the median (first quartile-third quartile) was used to describe and compare between two
groups; the Mann-Whitney U test was used. The ROC curve was used to evaluate the accuracy of different trauma scoring systems and
detect sensitivity and specificity, and logistic regression was used to calculate the odds ratio (OR) between different scores. A sig-
nificance level of less than 0.05 was considered in all tests.

3. Results

In this study, out of a total of 47,971 traffic accident injuries, 35,871 were men (74.7 %) and 12,100 were women (25.3 %). It is
noticeable that 4241 injuries were excluded from the study due to a lack of documentation. The average age of the patients was 30.10
+ 16.93 years, and the main mechanism of injury was related to a motorcycle accident with a car (23.3 %). In total, the injured
motorcyclists accounted for the highest number of injuries, with around 35 %. Out of all the injured, 326 (0.68 %) died. Table 2 shows
the frequency of traffic accident injuries by type of vehicle and the gender of the injuries. Among the traffic accidents, men are most
injured in motorcycle-car accidents, and women are injured in car-car accidents.

Table (3) demonstrates the comparison of demographic variables, vital signs, and the location of the traffic accident based on the
outcome of the patient (death or alive). The results of this table show that there is a significant difference between the outcome variable
of the injured in the hospital and all the studied variables.

Table 4 compares the three scores of GAP, R-GAP, and NTS between the dead and alive groups and compares the actual mortality
with the expected mortality obtained from previous studies. The average GAP of the total traffic injured was 22.25 + 1.5, the R-GAP
score of the injured was 22.45 + 1.9, and the average NTS of the injured was 22.49 + 1.3. According to the information in this table, in
the comparison of the injured who died according to the level (low, medium, high GAP), it can be seen that in the GAP score, out of the
number of 145 people who were in the high intensity group, 99 people (68.3 percent), in the R-GAP score out of 125 people, 90 people
(72 percent), and in the NTS score out of 163 people, 106 people (65 percent) died. Regarding the GAP index, the performance in the
low and high classifications is appropriate, but in the average category, the death rate is higher than expected. In the R-GAP score, the
performance in all categories is appropriate. In the NTS score, the performance in the low, medium, and high classifications is
appropriate. However, in the very severe classification, the death rate is higher, but these deaths cannot be judged because of their
small number. The statistical analysis based on this index shows that the hospitals associated with Mashhad University of Medical
Sciences in the traffic accident injures have demonstrated well performance in the management of patients with low and high severity,
while in patients with moderate severity in the GAP index, the mortality rate is higher than expected death rate. Also, there is a
significant difference between three indicators.

The ROC chart was used to calculate the area under the curve, cut-off point, sensitivity, and specificity of the three scoring systems
(GAP, R-GAP, and NTS) in predicting the outcome of traffic accident injuries in (Fig. 1). The results of the study showed that these
scores have good predictive power for the number of deaths of injured people in traffic accidents. However according to this curve and
the level below it, the predictive power of the R-GAP index is higher than other indices.

To evaluate the power of predicting the death rate of traffic accident injuries in the hospital, GAP, R-GAP, and NTS scores were
entered into the logistic regression model (Table 5). The result shows that, the area under the curve in the R-GAP score is higher than

Table 2

The frequency of traffic accidents injuries by vehicle and gender.
Accident type Frequency Male Female
Car pedestrian accident 7525 (15.7 %) 5010 (13.9 %) 2515 (20.8 %)
Motorcycle-pedestrian accident 3667 (7.6 %) 2695 (7.5 %) 972 (8.1 %)
Car accident with a heavy vehicle 397 (0.8 %) 274 (0.8 %) 123 (1 %)
Two-car accident 10799 (22.5 %) 6558 (18.3 %) 4241 (35.1 %)
Motorcycle accident with a heavy vehicle 267 (0.6 %) 241 (0.7 %) 26 (0.2 %)
Motorcycle accident with car 11169 (23.3 %) 9976 (27.8 %) 1193 (9.8 %)
Two-Motorcycle accident 1131 (2.6 %) 977 (2.6 %) 154 (1.2 %)
Overturning car 4456 (9.3 %) 3133 (8.7 %) 1323 (10.9 %)
Overturning motorcycle 4326 (9.1 %) 3660 (10.2 %) 666 (5.5 %)
Other 4234 (8.4 %) 3347 (9.4 %) 887 (7.3 %)
Sum 47971 35871 (74.7 %) 12100 (25.3 %)
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Table 3
Comparison of variables of three trauma scores (GAP, R-GAP and NTS).
Variable Death (326) Alive (47637) P value
Age 44.11+22.21 29.98+16.85 <0.001*
Sex Female 12043(25.3%) 57(17.4%) <0.002"
Male 36502(74.7%) 269(82.6%)
Vital Signs SBP 52.72+81.75 117.41+14.85 <0.001*
GCS 9.28+4.85 14.93+0.64 <0.001"
0244t 94.12+10.02 96.82+1.15 <0.001*
The place of the accident Urban 39647(83.3%) 256(78.6%) <0.003"
Rural 7971(16.7%) 70(21.4%)
2 Independent Sample T-Test
b Chi-Squre
Table 4
Comparison of three scoring points between dead and alive injured groups.
Scoring points index Death (326) Alive (47637) The percentage of death occurred Expected death P-Value
Mean + SD GAP 14.86 + 6.5 1.2 +£22.3 0.001%>
GAP category Low 124 47298 0.3 % 1.8 % 0.001°>
Middle 103 300 25.6 % 21.4 %
High 929 46 68.3 % 74.2 %

Mean + SD R-GAP 13.87 +6.4 1.6 £ 22.5 0.001%>
R-GAP category Low 68 45040 0.2% 0.5 % .001°>
Middle 127 2515 4.8 % 10.1 %

High 41 54 43.2% 57.3 %
Very High 90 35 72.1 % 86.7 %

Mean + SD NTS 15.25 + 6.2 1.1 + 22.6 0.001*>
NTS category Low 134 47362 0.3% 2.7 % 0.001">
Middle 84 225 27.2% 29.8 %

High 106 57 65.1 % 76.2 %

Very High 3 0 100 % 98 %
ROC Curve

Source of the
Curve

gap
T gap
nts
Reference Line

Sensitivity

00 02 04 06 08 1.0
1 - Specificity

Diagonal segments are produced by ties.

Fig. 1. ROC curve of GAP, R-GAP, and NTS variables in predicting hospital survival.

Table 5

Predictive values of GAP, R-GAP and NTS trauma scores in traffic accident injuries using ROC curve.
Score Cut off point AUC Sensitivity Specificity P value
GAP 21.5 0.904 0.926 0.835 <0.001*
R-GAP 20.5 0.935 0.934 0.817 <0.001*
NTS 21.5 0.884 0.824 0.784 <0.001°

2 Independent sample’s t-test.
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other scores.
The results of Table 6 show the odds ratio that for each unit increase in GAP, R-GAP, and NTS scores, keeping other variables
constant, the probability of injured death is increased by 1.687, 1.754 and 1.192, respectively.

4. Discussion

Examining scoring systems is a controversial issue, and the superiority of each one over the other is a challenge. In the present
study, the predictive power of the GAP, R-GAP, and NTS scoring systems was evaluated and compared based on the outcomes of the
injured in the hospital. Based on the results of the evaluation of injury severity scores in predicting the outcome of traffic accident
victims transported by the pre-hospital emergency, it is clear that the death rate was almost within the expected range of death.
According to the area under the ROC curve and the sensitivity and specificity of two indicators, R-GAP and GAP showed a better
prognosis, although, at the level under the curve, the R-GAP score performed a little better. These results are consistent with the study
of Rahmani et al. [17]. The study by Yadollahi et al., in 2020 examined the trauma scoring systems ISS, GAP, MGAP, and GCS and
found the accuracy of both GAP and MGAP methods to be suitable for predicting mortality. Also, GAP and ISS had the best specificity
and sensitivity, respectively [18]. Kondo et al. also reported in their study that the GAP scoring system can predict hospital mortality
more accurately than previously developed trauma scoring systems [7]. Another study by Rahmani et al. (2021), which aimed to
evaluate the GAP score, modified trauma score (RTS), and NTS to predict the mortality rate in multiple trauma patients in Tabriz,
based on the values Probability of chance showed that RTS and NTS models performed better [19] and also Ji Yong et al., in 2017
showed that NTS scores significantly predict in-hospital mortality better than GAP, MGAP, and RTS scores. Kend [10], according to our
results, NTS is also one of the scoring systems that shows good performance. Soltani et al., ’s 2018 research on trauma patients showed
that both GAP and MGAP scores can predict mortality rates. Therefore, these scores can be used as a triage tool in predicting the
severity of injuries and mortality [5]. The results of our study showed that the accuracy of the R-GAP score was slightly better than the
other scores examined, and also in the odds ratio (OR) analysis, the R-GAP score had a higher odds ratio than the other scores. Also, the
results of comparing the vital signs between the two groups of injured people showed that there is a statistically significant difference
between the two groups in this regard. These results are similar to the results of the study by Khajooi et al., in 2021 [19].These
variables can be easily evaluated at the patient’s bedside, either at the scene of the accident before the hospital or in the emergency
department of the hospital. Scoring systems can help the emergency medical forces prioritize the transfer of trauma patients to the
hospital and determine the level of the destination hospital at the pre-hospital stage and at the scene of the accident. Considering the
occurrence of errors in triage, it should be noted that excessive triage of traffic accident victims wastes many socio-economic and
medical resources [20].Therefore, the injured should be transferred to the appropriate hospitals according to their trauma scores.
Injured people with mild injuries can be transferred to low-level trauma centers to provide diagnostic and therapeutic services.
Regarding the injured with severe and very severe injuries, before transferring the injured to the high-level trauma center, necessary
warnings should be given to the hospital to prepare the emergency department and activate the trauma team, which consists of
emergency department doctors, surgeons, anesthesiologists, and other Specializations are based on need. Based on the results of the
studies, the activation of this team has improved the outcome of the injured [21,22]In addition, the injured with moderate injury
severity can be transferred to the second-level hospital with regular monitoring of the patient’s vital signs and clinical conditions [19].

5. Conclusion

In this study, the accuracy of all three evaluated scores was in the same range; however, the accuracy of the R-GAP score was
slightly higher. In terms of comparing the expected death and the occurred death in each severity category in the evaluated scores,
except the medium category of the GAP score, were within the range of the expected death. It is suggested to carry out further studies in
the medical centers of other universities of medical sciences in the country to compare the results. Also, premature death under 24 h
should be evaluated as one of the outcomes in future studies.

6. Limitations

This study offers valuable insights into the comparative performance of GAP, R-GAP, and NTS for predicting mortality in traffic
accident injuries. However, our study has several limitations. First of all, it was conducted at a single university, which may limit the
generalizability of the findings to other settings. Also, our study focused on adult patients and may not apply to children traffic accident
injuries, who have distinct physiological responses to trauma. While pre-hospital emergency medical services personnel undergo
training to ensure standardized data collection, variations in documentation practices, experience levels, and challenging field con-
ditions can introduce inconsistencies or inaccuracies in recorded variables. These inconsistencies could impact the accuracy of the
trauma scores and subsequent outcome predictions. Despite efforts to minimize missing data, some variables required for the trauma
scores (e.g., GCS components) might have been unavailable for all patients. We addressed missing data using appropriate statistical
methods, but it remains a potential source of bias. In addition, mortality is a critical outcome in trauma care, it does not capture the full
spectrum of potential consequences following a traffic accident. Long-term morbidity, disability, functional limitations, and quality of
life are important considerations that were not addressed in this study. Future research should explore the relationship between these
trauma scores and a broader range of outcomes.
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Table 6

Logistic regression analysis results for GAP, R-GAP and NTS trauma scores in the outcome of traffic accident

injuries.
Score B OR P value
GAP 0.239 1.687 <0.001
R-GAP 0.562 1.754 <0.001
NTS 0.176 1.192 <0.001
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