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Background: One of the leading causes of death, especially in developing countries, is road 
traffic accident. The Glasgow coma scale, age, systolic blood pressure (GAP) scoring system 
is a quantitative method to predict the mortality of trauma patients. Considering the importance 
of preventing deaths caused by road traffic accidents, this study aims to predict the mortality of 
road traffic injured patients admitted to a hospital in Isfahan, Iran in 2019 using the GAP score.

Materials and Methods: This is a cross-sectional study using the exiting data. The study 
population included all road traffic injured people transferred to Ayatollah Kashani Hospital 
in Isfahan by the emergency medical services (EMS) ambulances during November and 
December, 2019 and January, 2020 (n=2674). The medical files of 1985 injured were finally 
included in this research. A researcher-made checklist was used to collect data. Descriptive 
statistics were used to present the data and the receiver operating characteristic (ROC) curve 
was used to evaluate the accuracy of the scoring system. 

Results: Based on the GAP score, 19 people (0.98%) were in the high-risk group, 1267(63.81%) 
in the moderate-risk group, and 699(35.21%) were in the low-risk group. It was found that 4 
people from the high-risk group (21%), 7 from the moderate-risk group (1%) and 3 from the 
low-risk group (1%) had died. The best cut-off point of the GAP score in predicting short-term 
(24-hour) road traffic mortality was 15 and with a sensitivity of 96%.

Conclusion: Most of death cases in road traffic injured patients referred to Ayatollah Kashani 
Hospital during three months were related to the high-risk groups (GAP score: 3-10). The GAP 
score can predict the hospital mortality of road traffic injuries accurately and easily.
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Introduction

oad traffic accidents are one of the most 
important causes of death in the whole 
world. According to the report of the World 
Health Organization (WHO) in 2018, there 
were 1.35 million deaths due to road traf-
fic accidents, which means one person dies 
every 24 seconds on the roads [1, 2]. Low- 

and middle-income countries have the highest number 
of road traffic deaths compared to other countries in the 
world. Road traffic deaths in Iran are also increasing [3-
5]. Road traffic deaths are those occur during a road traf-
fic accident or within 30 days after the accident due to 
the severity of injury [6, 7].

Trauma is the most common cause of death and dis-
ability in people aged 1-44 and the third cause of death 
regardless of age. Also, it is the first cause of potential 
years of life lost [8-10]. The trauma caused by road traf-
fic accidents, in addition to death and severe injuries, 
has many economic and social costs, such as the cost 
of treatment, the cost of loss of family income during 
hospitalization, and the cost and time spent on training a 
new profession for the injured who are unable to do their 
previous profession due to injury. Also, it reduces the 
productivity of the country and imposes the cessation of 
activities to the society [11, 12]. Trauma is a time-sensi-
tive emergency. During the first hours after trauma, man-
agement, assessment, resuscitation and determination of 
care are very important. The definite effect of providing 
early care in trauma centers has been shown in reducing 
mortality. Early diagnosis of trauma can help shorten the 
time of emergency care and quickly transfer the patient 
to a medical center. The increase in health care costs and 
the difference in the quality of provided services among 
different trauma centers suggest the need to evaluate the 
performance of trauma care. 

Mortality index is considered as the most accurate 
measurable outcome for trauma [13-16]. Different scales 
have been used in this field to determine the severity 
of trauma in the injured patient. These scales use ana-
tomical, physiological or both criteria to determine the 
severity of trauma [10]. Trauma scoring systems make 
doctors and nurses aware of the injury to the patient 
and help them make decisions in the trauma process. 
Several scoring systems have been developed to make 
clinical decisions as quickly as possible for trauma pa-
tients. Recently, the modified Glasgow coma scale, age, 
and systolic blood pressure (GAP) scoring system has 
been developed to predict mortality in trauma patients. 
These systems are effective not only in the correct triage 

of patients, but also in predicting the severity of injury 
and mortality [17]. Easy scoring based on age, Glasgow 
coma scale (GCS), and systolic blood pressure (SBP), 
which are easily available at the beginning of the exami-
nation, are among the advantages of the GAP scoring 
system [18]. This system is superior to other scoring sys-
tems due to the need for fewer parameters, the ability 
to be implemented at the scene, and the high power of 
predicting mortality [9, 11].

So far, many studies have been conducted on road traf-
fic accidents in Iran and the effective factors in reducing 
them [19, 20]. Considering the importance of preventing 
road traffic deaths, this study aims to predict the injury 
severity and death of road traffic accident victims in Is-
fahan, Iran using the GAP score.

Materials and Methods

This is a cross-sectional study using the existing data 
approved by the Ethics Committee of Isfahan University 
of Medical Sciences. The data of all those with road traf-
fic injuries transferred to Ayatollah Kashani Hospital in 
Isfahan, Iran, by the emergency medical services (EMS) 
ambulances during a 3-month period (November and 
December, 2019 and January, 2020) were assessed. The 
criteria for selecting the samples were a road traffic acci-
dent injury, age 18-65 years, and transferred to the hospi-
tal by the EMS ambulances. The exclusion criteria were 
the absence of the electronic file of medical records or 
the incompleteness of medical records. To collect data, 
a checklist was designed based on literature review and 
consultation with emergency medicine specialists. This 
checklist surveys personal information, gender, GCS, 
SBP, and the mechanism of the accident. The variables 
related to the GPA scoring system were extracted from 
the patients’ electronic medical records in the specified 
time frame.

This study was done in 5 stages. In the first stage, de-
mographic characteristics (age, gender), GCS, SBP, ac-
cident mechanism, heart rate, breathing rate and blood 
oxygen saturation level of the injured were obtained 
from the Statistics Unit of the hospital. In the second 
step, the extracted information was compared with the 
hospital information system data. In the third stage, the 
GAP scoring system was used to predict the mortality 
rate. In this scoring system, the patient receives a GCS 
score of 3-15. For age <60 years, the considered score is 
3, and for age >60, the considered score is 0. Moreover, 
if SBP >120 mm Hg, the considered score is 6; for a 
SBP of 60–120 mm Hg, the considered score is 4; and 
for a SBP <60 mm Hg, the considered score is 0. There-
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fore, the GAP score was between 3 and 24. According 
to the GAP score, the injured people were classified into 
three high-risk (score 3-10), moderate-risk (score 11-18) 
and low-risk (score 19-24) groups. In the fourth stage, 
the health status of the injured people was examined 24 
hours and 4 weeks after discharge from the hospital. In 
addition, the list of the deceased was received from the 
hospital and the process of death after discharge was 
followed up through a phone call by using the phone 
number in their file. Also, forensic statistics were used 
to compare with hospital mortality statistics and to iden-
tify deaths after discharge. In the final stage, using the 
GAP scoring system parameters, a system was proposed 
to predict the mortality of road traffic accident cases and 
help experts prioritize the patients.

Descriptive statistics (frequency, percentage, 
Mean±SD) were used to describe the data and the re-
ceiver operating characteristic (ROC) curve was used 
to evaluate the accuracy of the GAP scoring system in 
predicting the outcome of trauma patients. In this curve, 
sensitivity refers to the probability of a correct positive 
test result, and specificity refers to the probability of a 
negative test result. Also, the area under the curve (AUC) 
is a statistical indicator of the accuracy of measurement. 
SPSS software, version 26 was used for data analysis.

Results

During 2019-2020, the EMS department of Isfahan 
Province had carried out more than 46,000 missions and 
transport of traffic accident victims to various medical 
centers in the province. Table 1 shows the total num-
ber of road traffic injured patients admitted to Ayatol-
lah Kashani Hospital and the road traffic death cases in 
different months. There were 7131 road traffic injured 
patients, which make up 15.3% of Isfahan Province 
population. The total number of patients admitted to 
Ayatollah Kashani Hospital in three months (November 
and December, 2019 and January, 2020) was 16096 peo-
ple, of whom 123(4.6%) died. Also, the number of road 
traffic injured people transferred to the hospital by the 
EMS ambulances during these three months was 2674. 
Of these, the medical files of 1985 cases were complete. 
Of these, 1500(76%) were male and 485(24%) were fe-
male, and 14(2.5%) had died; most of them were motor-
cyclists and pedestrians. According to Figure 1, the most 
common vehicles involved in road traffic accidents were 
motorcycles, passenger cars and pickup trucks. Table 2 
shows the most common mechanism of accidents was 
vehicle collisions The most common mechanism of ac-
cidents was vehicle collisions. Of 14 deceased people, 2 
were drivers, 9 were motorcyclists and pedestrians, and 

Table 1. Number of road traffic injuries and deaths based on month during 2019-2020 in Kashani Hospital

Number of Road 
Traffic Deaths

Total Number of 
Deaths

Number of Road 
Traffic Injuries

Total Number of 
AdmissionsMonth, Year

5302075140March, 2019

4342715836April, 2019

6332435610May, 2019

3412596263June, 2019

2333046144July, 2019

4292855993August, 2019

43910635573September, 2019

4378865147October, 2019

4427995235November, 2019

5388935263December, 2019

5439825598January, 2020

3429394133February, 2020

48441713165935Total
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3 were car/pillion passengers. The most common injured 
part of the body among deceased people was the face 
(62%) and the least common injured part was hands/
arms (3.8%). The most common causes of death were 
head injury (59%) and multiple fractures (41%). 

The classification of dead and injured people based on the 
GAP scoring system are shown in Table 3. As can be seen, 
19 people were in the high-risk group, 1267 were in the 
moderate-risk group and 699 were in the low-risk group. 
Among dead people, 4 were in the high-risk group (21%), 
7 in the moderate-risk group (1%) and 3 in the low-risk 

Table 2. Type of vehicles used by people died due to road traffic accidents and mechanism of accidents 

Variables No. (%)

Type of vehicle involved in the accident

Passenger car 3(7.2)

Minibus/Bus 1(5.3)

Pickup truck 2(7.2)

Truck 1(3.1)

Trailer truck 1(5.3)

Motorcycle 6(3.41)

The type of vehicle used by the 
deceased

No vehicle (pedestrian) 4(9.37)

Motorcycle 5(6.27)

Bicycle 1(3.1)

Passenger car 1(9.6)

Pickup truck 2(8.13)

Trailer truck 1(5.3)

Type of accident

Collision of vehicles with each other 6(8.44)

Collision of a vehicle with a pedestrian 4(0.31)

Collision of a vehicle with a fixed object 2(8.13)

Vehicle overturning 1(9.6)

Vehicle falling 1(5.3)

Table 3. Number of road traffic injuries and deaths based on the GAP score 

Classification Based 
the Gap Score

Total Number of Road 
Traffic Accidents

No. (%) Mean±SD

Injuries Deaths GAP

High-risk (score 3-10) 19 79(15) 21(4) 6.9±3.5

Moderate-risk 
(score 11-18) 1267 99(1260) 1(7) 17.8±0.92

Low-risk (score 19-24) 699 99(696) 1(3) 23.3±1.2

Total 1985 35.99(1971) 65(14) 19.6±3.1
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group (1%). Table 4 shows the demographic characteris-
tics of dead and injured people. Overall, 76% were male 
(mean age=32 years) and 24% were female (mean age: 
35 years). The male-to-female ratio of the death rates was 
90:10. The mean age of deceased men and women was 49 
and 78 years respectively. Moreover, the results showed 
that 1880 people had SBP of 60-120 mm Hg, of whom one 
person (0.05%) died; 60 had SBP >120, of whom 3(5%) 
died; and 45 had SBP<60, of whom 10(16.70%) died. The 
mean GCS score was 14.0±2.81 and the best cut-off point 

for GCS was 14; 73.1% of the injured people with a GCS 
score <14 had died. With the increase of age, the probabil-
ity of death increased, and with the increase of SO2, the 
probability of death decreased.

According to Figure 2, the AUC was 0.96 for 24-hour 
mortality rate and 0.94 for 4-week mortality, indicating a 
good predictive power. Also, the best cut-off point of the 
GAP scoring system in predicting 24-hour mortality was 
15 and with a sensitivity of 96%.

Table 4. Demographic characteristics of road traffic injured and dead people

Variables
No. (%)/Mean±SD

Injuries Deaths

Sex
Female 24 3.1

Male 76 7.89

Age (y)
Female 35±24.16 78±4

Male 62.32±68.16 49±23

Maximum SBP
Female 16.115±90.25 7.96±8.18

Male 69.117±26.11 1.114±6.17

Minimum SBP
Female 05.76±42.14 5.6±2.2

Male 80.74±30.7 5.69±9.12

SO2

Female 4.96±35.12 1.96±2

Male 7.96±5.1 7.93±08.1

GCS score
Female 85.14±22.1 0.8±01.5

Male 75.14±52.1 5.11±30.2

 

 

 

Figure 1. Percentage of involvement in road traffic accidents for each vehicle type 
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Discussion

It is important to deal with road traffic injuries in the 
shortest possible time, and the subsequent losses it 
causes to people. Consistent with other studies [18, 19, 
21-23], the most road traffic deaths in Isfahan Province 
during three months (November and December, 2019 
and January, 2020) were related to motorcycles (40%). 
Also, the most common mechanism of accidents was ve-
hicle collisions. The most injured part of the body among 
the road traffic accident related death cases was the face 
(62%). Based on the GAP score, most of the road traffic 
death cases were in the high-risk group; the risk of death 
in the high-risk group was significantly higher than in the 
moderate- and low-risk groups, which is consistent with 
the results of other studies [10, 16, 24]. Also, the most 
of deceased people were under the age of 54(67.8%), 
which is consistent with the results of other studies [21-
23]. This result indicates that age is one of the most im-
portant components in the GAP scoring system. 

The GAP score is a better and more accurate predic-
tor than other scoring systems due to the availability of 
required information and its use is more common and 
it predicts injury severity better than other systems [18, 
20]. In the present study, the GAP system performed 
well in predicting the outcome of trauma patients, since 
the sensitivity, specificity, precision, positive and nega-

tive values, and the area under the ROC curve (AUC) 
were acceptable in this system. In Hasler et al.’s study, 
the AUC for the predictive power of the GAP score was 
87.2% [17]. In other studies, a higher predictive power 
was reported for the GAP score. For example, in Ahun et 
al.’s study, the AUC was 0.904-0.910 [21]. In our study, 
the best cut-off point for the GAP scoring system in pre-
dicting short-term road traffic mortality was 15.8 with a 
sensitivity of 0.96. For long-term road traffic mortality, 
the best cut-off point was 18.22 with a sensitivity of 0.94. 
In the study by Baqi et al., the score of 22 was consid-
ered as the cut-off point for predicting hospital mortality 
[22], which is consistent with the reported cut-off point 
in predicting long-term (4-week) mortality in our study. 
In the study by Ahun et al., the best cut-off point for the 
GAP scoring system in predicting short-term mortality 
was 19, with a sensitivity of 83.33% [21].

One of the limitations of this study was the difficulty 
accessing to medical records and the lack of systematiza-
tion and the absence of a codified data bank to separate 
different deaths, which caused a long time to review the 
files of each death. It is recommended that a registry sys-
tem be established to record information and trace the 
road traffic injuries in Iran from the time of EMS arrival 
on scene to arriving at medical centers and the informa-
tion about the discharge or death of the injured.

Figure 2. The ROC curve for the GAP score
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Conclusion

The GAP scoring system has a good power for predict-
ing the mortality of road traffic accidents. Based on this 
system, Most of the deaths caused by road traffic acci-
dents admitted to Ayatollah Kashani Hospital in Isfahan 
are related to the high-risk groups. It is recommended 
that all hospitals in Iran that accept road traffic injured 
people, use the GAP scoring system to evaluate the med-
ical measures for these patients.
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