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ARTICLE INFO ABSTRACT

Keywords: Objectives: Predicting the outcome of trauma helps clinician to prioritize patients and provide timely and effective
Trauma treatment. Several scoring systems are implemented to predict prognosis and mortality among these patients.
MGAP Our study aims to use four scoring systems to predict mortality among multiple trauma patients.

g,‘?g Methods: In retrospective descriptive study, the data was collected from records of (XXX) of multiple trauma
1SS patients referred to the hospital from June 2019-January 2020. The patients were scored using four scoring
Mortality systems: MGAP (mechanism, Glasgow coma scale, age, and arterial pressure), GAP (Glasgow coma scale, age, and

arterial pressure), ISS (injury severity score) and RTS (revised trauma score).

Results: The mean age of the patients was 37.4 + 4.2 years and of 112 patients, 92 patients (82.1%) were males.
Sensitivity of GAP, RTS and ISS was 100% in predicting mortality where MGAP had highest specificity, 97.2%.
All four scoring systems significantly predicted mortality, p < 0.001, respectively and the highest area under the
curve was for RTS criteria, 0.969.

Conclusion: MGAP, GAP, RTS and ISS were all effective in predicting mortality among multiple trauma patients
whereas MGAP had both, highest sensitivity and specificity. Scoring trauma for mortality can be achieved by
using any of the systems, provided the information required for score can be obtained.

1. Introduction

Trauma is one of the four leading causes of death in developing
countries and the second leading cause of death of young people in the
country and the leading cause of year of life lost (YLL) [1]. Trauma is any
type of wound, penetrating or non-penetrating injury, which is inten-
tionally or unintentionally caused by external factors in the body.
Trauma is a time-sensitive condition, especially during the first hours
after trauma, management, examination, resuscitation, and care are
very important and, if done well, can play a significant role in reducing
mortality [2,3]. Studies have shown that 25-50% of deaths due to
trauma are preventable. The mortality rate is the most accurate outcome
to measure the prognosis of trauma. This death index can be presented in

two forms: short-term (24 h) and long-term (4 weeks later). An easy
scoring system for trauma patients can help the physician to judge as
quickly and accurately as possible the severity of the injury and how to
manage the patient [4].

The MGAP (mechanism, Glasgow coma scale, age and arterial pres-
sure) standard is a scoring system for trauma patients that provides
physicians with useful information in determining prognosis [5]. MGAP
was modified to GAP (Glasgow coma scale, age and arterial pressure) for
easy implementation in clinical settings by Kondo et al. [6]. In 1981,
Champion et al. introduced a triage measure called the Trauma Score
(TS), in which the author hypothesized that the most common cause of
premature death due to secondary trauma was damage to one of the
three systems: central nervous system, cardiovascular system, and

Abbreviations: TS, Trauma Score; ISS, Injury Severity Scale; YLL, year of life lost; SBP, systolic blood pressure; RTS, Revised Trauma Score; RR, rate of respiration;

GAP, Glasgow coma scale, age, and arterial pressure.
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respiratory systems. Thus, the TS criterion includes five variables: GCS,
rate of respiration (RR), respiratory expansion, systolic blood pressure
(SBP) and capillary refill [1]. In 1989, criterion called the Revised
Trauma Score (RTS) was introduced, which is a modified form of the TS
criterion. The RTS criterion included three variables: GCS, SBP and RR
[7]. In 1974, Baker and colleagues at Johns Hopkins University devel-
oped the first scoring system based on anatomical injury to the body.
The Injury Severity Scale (ISS) is mostly used for research purposes in
determining the severity of injury in a trauma patient and is not a triage
criterion. Before defining the ISS system, it was difficult for surgeons to
predict the effectiveness of treating a traumatized person [8].

Studies have been performed to evaluate the accuracy of these
criteria in determining prognosis and mortality in these patients [9,10].
However, definite conclusion regarding which scores should be used for
evaluating multiple trauma patients remains a question. Number of
studies have favored the use of new criteria (GAP and MGAP) for scoring
whereas some studies have reported no significant difference in the
performance of these system [11]. This study aims to evaluate the
diagnostic accuracy of GAP, MGAP, RTS and ISS criteria in predicting
mortality among multiple trauma patients.

2. Methods

In retrospective descriptive study patients with multiple traumas
referred to (XXX) province from June 2019 to January 2020 were
enrolled. Inclusion criteria included trauma patients over 18 years of age
who have penetrating and closed trauma, including road traffic acci-
dents, fights, and falls, knives, and bullets. Patients with mild trauma
such as soft tissue damage and isolated limb fractures were not included
in the study. Pregnant women, patients under 18 years of age, incom-
plete records or failure of follow-up led to exclusion from the study too.

According to the sample volume formula for ROC analysis and
considering the probability of error of the first type equal to 0.01, power
80%, area under the curve equal to 0.7, and hypothesis zero equal to 0.5,
the minimum number of samples required is equal to 100.

The files of these patients were obtained from health care informa-
tion system of the hospital. After approving the plan and obtaining the
code of ethics from the ethics committee of (XXX) and coordination with
the hospital department and the hospital medical records department,
all basic information of patients referred to the emergency department
with multiple trauma complaints such as demographic characteristics
(age and sex), method of arrival at the hospital, mechanism of injury
(closed or penetrating), accident site, anatomical site of injury, Glasgow
coma score, systolic blood pressure, heart rate, respiration rate, arterial
blood oxygen saturation were extracted from patients’ records. Patients
were then evaluated using 4 scoring systems, GAP, MGAP, RTS and ISS.
Mortality was obtained 24 h a day for 4 weeks based on the electronic
file and for patients who were discharged earlier than 4 weeks, the
occurrence of death was followed up by telephone using the telephone
number in the file.

In GAP criteria, the lowest score is 3 and the highest score is 24. The
lowest score has the worst prognosis, and the highest score has the best
prognosis.

In the MGAP criterion, the lowest score is 3, which has the worst
prognosis, and the highest score in this criterion is 29, which has the best
prognosis.

To calculate the score in the RTS criterion, each of the three items
Glasgow coma score, systolic blood pressure and respiration rate are
coded based on the given numbers, and finally the codes are added, and
the minimum score is 0 and the maximum score is 12.

In the ISS scoring system, which is mostly a research criterion for
determining the prognosis in patients with multiple traumas, according
to the AIS table, the injuries are first calculated based on the anatomical
area and then entered into the ISS system. The lowest score is 0 and has
the best prognosis and the highest score is 75, which has the most
damage to the person and the lowest prognosis.

Annals of Medicine and Surgery 76 (2022) 103536

Descriptive statistics and graphs were used to describe the collected
information according to the type of variable. To examine the rela-
tionship between GAP, MGAP, RTS and ISS and multiple trauma by
modulating the effect of independent variables, the logistic regression
model was used.

The patients were not directly involved in the study and identifica-
tion of an individual patient was not used in the study. The hospital
records was accessed from the data upon approval.

This study was approved by the Research Ethics Board of (XXX).

Unique identifying number is: researchregistry7615.

The methods are stated in accordance with STROCSS 2021 guide-
lines [12].

3. Results

94 patients (83.9%) were in the age range of 18-60 years and the
other 18 patients (16.1%) were aged over 60 years. 92 patients (82.1%)
were males, and 20 patients (17.9%) were females. 106 trauma patients
were transported to Shahid Beheshti Hospital by EMS from the scene of
the accident, and only 6 patients were referred to the emergency
department by personal vehicle. 93.8% patients were presented with
blunt trauma whereas 6.3% patients had penetrating trauma.

The most common reasons of trauma were inside and outside vehicle
(28.6%), respectively followed by motorcycle accident (27.7%). The
reported sites of injury were head and neck (30.4%), limbs (18.8%),
abdomen (15.2%) and face (14.2%).

In the evaluation of vital signs, the mean pulse rate was 87.6 + 11.6.
The mean systolic blood pressure was 115.6 + 15.6 mmHg and mean
rate of respiration was 16.3 + 2.2. The mean oxygen saturation was 95.9
=+ 4.2 and mean Glasgow coma score 13.7 + 2.7.

The GAP criterion, which includes Glasgow coma score, age and
systolic blood pressure, the mean score was 20.7 + 3.2, (range: 7-24). In
the MGAP criterion, which includes the mechanism of trauma (blunt or
penetrating), Glasgow coma score, age and systolic blood pressure, the
mean was 25.3 + 3.2 (range: 10-29). In RTS criteria that includes
Glasgow coma score, systolic blood pressure and respiration rate, the
mean was 7.7 £ 0.8 (range: 3-8). In the ISS criterion, the mean was 11.1
+ 9.6 (range: 3-75).

Based of GAP criteria, 3 patients were categorized into severe trauma
group, of which only 1 person in the MGAP and RTS criteria was in the
severe category and the other two were in the moderate group. 2 of these
patients in ISS group was categorized in severe trauma group and one
was categorized in mild trauma category. 14 patients were moderately
traumatized based of GAP and RTS category where 11 of these were
categorized in moderate trauma category as per MGAP criteria and 3
were in the mild category. Out of 14 people, according to the ISS, 4
people were in the severe category, 2 people were in the moderate
category and 8 people were in the mild category. 95 of the patients in the
study were mildly traumatized as per GAP criteria where 5 of these were
categorized moderately traumatized based on MGAP and RTS, and 90
had mild trauma. According to the ISS, 75 people were in mild trauma
group, 15 people were moderate in and 5 people were in the severe
category.

Within 24 h of the patients entering the emergency department, 89
people were admitted to the hospital wards and monitored, 22 people
were admitted to the ICU due to deteriorating physical condition and 1
patient was discharged taking into account the condition and normalcy
of all tests, graphs and examinations. No deaths occurred within 24 h of
hospitalization.

After one month, the mean age of 108 living patients was 37.45 years
and the mean age of the deceased was 38.50 years, which was not sta-
tistically significant. Among the survivors, there were 88 males and 20
females, while all those who died were male, but there was no significant
correlation between the gender and survival. The mean Glasgow coma
score in survivors was 13.95 but the mean score in deceased0 was 5.75,
which was significantly different, p < 0.001.
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The systolic blood pressure, pulse rate and respiration rate were not
significantly different among survivors and deceased. The mean per-
centage of oxygen saturation in the survivors was 96.0% but in the
deceased was 90.75, which was significantly different, p = 0.013(Ta-
bles 1 and 2).

In predicting the mortality, GAP score had 100% sensitivity and
80.56% specificity. The score was significantly different among survi-
vors and deceased, p < 0.001. MGAP had 75% sensitivity and 97.2%
specificity in predicting mortality and the score was significantly
different among survivors and deceased, p < 0.001. Similarly, sensitivity
of RTS and ISS was 100% and their specificity was 83.33% and 84.26%
respectively. Both the scores were significantly different among survivor
and deceased patients, p < 0.001, respectively. The highest area under
the curve was for RTS criteria, 0.969 (Table 3, Fig. 1).

4. Discussion

Trauma scoring systems are commonly used to determine the prog-
nosis in the early stages of trauma and severity. The findings of our study
showed that all four systems performed well in predicting the outcome
of trauma patients, such that the three criteria, GAP, RTS and ISS were
100% sensitive in predicting one-month mortality and the MGAP cri-
terion had the highest specificity (97.22%) in predicting death due to
trauma. Comparing the area under the ROC curve between the criteria,
the RTS (including Glasgow coma score, systolic blood pressure and
respiration rate) performed slightly better than the other criteria, AUC
= 0.996, while in the study by Erhan Ahun et al. [13] MGAP (Glasgow
coma score age and systolic blood pressure) in multiple trauma patients,
performed better than the RTS score while there was no difference be-
tween GAP and MGAP. A study by Hung et al. [14] comparing various
trauma severity score reported that GAP and MGAP had the highest AUC
whereas RTS and estimated ISS had the least, respectively. ISS is
dependent of imaging modalities and associated anatomical informa-
tion, which adds challenge to is usage and gives low performance [14]. A
study conducted in the United States on 18,746 patients showed that
GAP score had the highest power to predict mortality and Kampala
trauma score (KTS), MGAP and GAP are feasible for calculating mor-
tality in hospitals with fewer resources. Despite, RTS and ISS scores also
significantly predicted in-hospital mortality, ISS requires anatomical
details and cannot differentiate between severe injuries and poor care.
TRISS (trauma injury severity score) and KTS had the greatest AUC in
this study, respectively [15,16]. Our study does not include KTS and
TRISS system which limits the implementation of our findings.

Based on the correlation between the variables of these trauma
scoring systems, the results of the present study showed that most of the
victims were under 60 years of the age (83.9%), indicating significance
of age in multiple trauma patients, which is the component of both, GAP
and MGAP scoring systems. Wui et al. showed that rate of trauma is high
in men and young people, since young men engage in high-risk activities
and greater frequency of male drivers in their region [17]. Decrease in
oxygen saturation and consciousness were negatively associated with
the incidence of mortality in our study population. Increase in the levels

Table 1
Demographic characteristics and clinical baseline of living patients vs. deceased
after one month.

Characteristics (Mean) Alive patients Dead patients p-value
Age 37.4 38.50 NS
Gender Male 88 4 NS
Female 20 0

GCS 13.95 5.75 S
Systolic blood pressure 115.78 112.50 NS
Pulse 87.37 93.00 NS
Respiratory rate 16.34 16.00 NS
Sp02 96.0 90.75 S
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Table 2
Trauma triage score at presentation in living patients and deceased after one
month.

Criteria(mean) Alive patients Dead patients p-value
GAP 20.99 12.50 <0.000
MGAP 25.62 17.50
RTS 7.76 4.75
1SS 10.06 38.75

Table 3

Predicted mortality at one month from trauma criteria at presentation according
to ROC chart.

Criteria Sensivity Specify AUC p-value

GAP 100.00 80.56 0.950 0.0001>
MGAP 75.00 97.22 0.924 0.0001>
RTS 100.00 83.33 0.969 0.0001>
1SS 100.00 84.26 0.957 0.0001>

100 |-

80

60|

40

Sensitivity

20

0 20 40 60 80 100
100-Specificity

Fig. 1. Comparison of the predictive power of mortality of trauma criteria
during a month according to the ROC chart.

of consciousness was significantly associated with the decrease in mor-
tality rate. The present study was in line with the study conducted by
Amrit Saika et al. [18]. In a study conducted by Arhan Ahon et al. to
determine the predictive power of GAP in extensive trauma patients, one
of the two patients categorized as high risk by MGAP was categorized as
moderate risk by GAP, two patients categorized as low risk by MGAP
were categorized as moderate risk by GAP, and 5 patients categorized as
moderate by GAP, were categorized as low risk by MGAP as [13]. In this
study, similar to other studies, the highest frequency of patients was in
the low-risk, moderate and high-risk groups, respectively [8,13,19].

Our study is a single-center retrospective study with small sample
size, which limits the findings of the study. Furthermore, a number of
biochemical factors and history of previous diseases might affect patient
prognosis, which could not be evaluated in our study, due to its retro-
spective nature.

5. Conclusion

The choice of scoring system is likely to be based on available data
and resources and preference of the performers. The results of our study
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showed that all 4 scoring systems significantly predicted mortality
whereas, RTS system had greatest area under the curve. We recommend
further studies including other modern scoring system and larger sample
size.
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