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Abstract: Background: In this study, we evaluate the effectiveness of trauma scoring systems in
predicting mortality among patients admitted to the emergency department following traffic
accidents. Methods: A prospective cross-sectional study was conducted on multiple-trauma patients
at a tertiary university hospital from April 2022 to April 2023. Trauma scores, including the ISS, NISS,
AIS, GCS, RTS, and APACHE II, were calculated and analyzed for their association with mortality.
The demographic characteristics and comorbidities were also assessed. Results: A total of 554
patients (median age: 36 years; 67.5% male) were included. Extremity injuries (61.7%) were the most
common, followed by head and neck injuries (44%). The deceased patients exhibited significantly
higher scores in the APACHE II (median: 20 vs. 5, p < 0.001), ISS (median: 12 vs. 2, p < 0.001), NISS
(median: 12 vs. 2, p <0.001), and AIS (median: 2 vs. 1, p <0.001) systems, while the RTS (median: 4.09
vs. 7.84, p <0.001) and GCS (median: 4 vs. 15, p <0.001) values were lower. The hospitalized patients
also had higher APACHE II, ISS, NISS, and AIS values and lower GCS scores (p < 0.001 for all
comparisons). Strong correlations were observed between the ISS and NISS (Spearman’s Rho = 0.97,
p<0.001). Elevated WBC and reduced hematocrit and bicarbonate levels were significantly associated
with mortality (p < 0.05). Conclusion: The RTS and APACHE II systems are practical tools for
emergency departments, offering rapid physiological assessment and comprehensive evaluation,
respectively. The ISS and NISS remain reliable for predicting injury severity and mortality risk.
Incorporating these scoring systems into trauma care protocols can enhance early risk stratification
and inform clinical decision making in emergency settings.

Keywords: Trauma Severity Index; ISS; APACHE II; traffic accidents; mortality; emergency
medicine; revised trauma score

1. Introduction

Multiple trauma is defined as injuries involving at least two of the following regions: the head
and neck, thorax, abdomen, or extremities. Alternatively, it can be defined as fractures of at least two
long bones [1]. Various scoring systems, such as the Abbreviated Injury Score (AIS), New Injury
Severity Score (NISS), Injury Severity Score (ISS), and Glasgow Coma Scale (GCS), are utilized to
assess the severity of injuries in trauma patients [2]. Each scoring system has its strengths and
limitations. For instance, the ISS is calculated by summing the squares of the highest AIS values from
the three most severely injured body regions; it considers only one injury per region, which may limit
its clinical applicability [3,4]. Moreover, despite similar scores across different body regions,
variations in mortality rates and hospital stay durations can occur [4].
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The Revised Trauma Score (RTS) is a physiological scoring system that utilizes easily measurable
parameters such as the Glasgow Coma Scale (GCS), systolic blood pressure, and respiratory rate,
enabling the rapid assessment of trauma patients, particularly in emergency departments. Its
advantage lies in its quick applicability, aiding in the prioritization of critically injured patients.
However, compared to anatomical scoring systems, the RTS may have limitations in predicting long-
term outcomes [5].

Numerous studies have evaluated the relationship between trauma scores and mortality. For
instance, a study conducted in South Korea demonstrated that higher NISS values are significantly
associated with longer hospital stays [3]. Similarly, research on the APACHE II score has revealed a
statistically significant correlation between its value and mortality in trauma patients receiving
intensive care [6]. Although the literature presents extensive studies on the impact of trauma scores
on mortality [7-10], the majority have been conducted in intensive care units or trauma centers. Our
study distinguishes itself by being emergency department-based, encompassing a broader patient
population, and evaluating multiple trauma scoring systems.

In this research, we calculated the ISS, NISS, AIS, GCS, RTS, and APACHE Il values for multiple-
trauma patients admitted to the emergency department due to traffic accidents. We assessed the
effectiveness of these scores in predicting mortality.

2. Methods
2.1. Study Design and Setting

This prospective cross-sectional study was conducted between April 1, 2022, and April 1, 2023,
at the Emergency Department of XXXXXXXX University XXXXX Training and Research Hospital. We
aimed to evaluate the effectiveness of various trauma scoring systems (ISS, NISS, AIS, GCS, RTS, and
APACHE II) in predicting mortality in patients presenting with traffic accident-related multiple
trauma. Ethical approval was obtained from the XXXXXXX Non-Interventional Clinical Research
Ethics Committee (Decision No: 2022/05-10, Date: 20.04.2022).

2.2. Participants

Patients aged 18 years and older who presented to the emergency department with multiple
trauma caused by traffic accident-related injuries were included in the study. The exclusion criteria
encompassed patients younger than 18 years and those with isolated injuries requiring no medical
intervention. Out of 732 patients evaluated after traffic accidents, 178 were excluded: 2 due to
pregnancy, 58 because they were under 18 years of age, 92 because they required no medical
intervention, and 26 due to incomplete or missing data. A total of 554 patients were enrolled. To
ensure a representative sample and minimize selection bias, patients were consecutively recruited
during the study period. The patient selection process is summarized in the flow diagram (Figure 1).
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Figure 1. Flow chart of patient selection.

2.3. Variables

The primary variables of interest included the results of trauma scoring systems (ISS, NISS, AIS,
GCS, RTS, and APACHE II), mortality outcomes, and patient demographic characteristics (age and
gender). The secondary variables included the presence of comorbid chronic diseases. Additionally,
laboratory parameters were collected to explore their potential association with mortality.

2.4. Data Sources and Measurement

Trauma scores were calculated at the time of the patients' initial presentation. Anatomical scores
(ISS, NISS, and AIS) were determined using the AIS 15 guide, based on the most severe injuries
recorded for each patient. Demographic and clinical data were extracted from the hospital's electronic
health record system to ensure accuracy and completeness.

2.5. Statistical Analysis

Statistical analyses were performed using SPSS 27.0 software (IBM, Armonk, NY, USA). The
normality of data distribution was assessed using the Shapiro-Wilk test. Quantitative variables with
a normal distribution are expressed as means + standard deviations, while those without normal
distribution are presented as medians (interquartile ranges: IQRs). Categorical variables are
summarized as frequencies and percentages. Group comparisons were conducted using Student's t-
test for normally distributed quantitative variables, the Mann-Whitney U test for non-normally
distributed quantitative variables, and the chi-square test or Fisher's exact test for categorical
variables. Spearman’s rank correlation analysis was used to evaluate the relationships between the
trauma scoring systems. A p-value <0.05 was considered statistically significant.

3. Results
3.1. Demographics of Patients

A total of 554 patients were included in the analysis, comprising 374 males (67.5%) and 180
females (32.5%). The median age of the cohort was 36 years (interquartile range: 25-54 years).
Comorbidities were documented in 45 patients (8.1%), with hypertension and diabetes mellitus being
the most reported conditions. The most frequently observed trauma types were extremity injuries
(61.7%), followed by head and neck trauma (44%), thoracic trauma (29.9%), and abdominal trauma
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(16.6%). The detailed demographic characteristics and trauma-related findings are presented in Table
1.

Table 1. Demographics and trauma characteristics of patients.

Demographic Characteristics

Age (Median (IQR 25-75)) 36 (25-54)
Gender Male n(%) 374 (67.,5)
n (%) Female % 180 (32,5)
Number of Comorbidities No 209 O1.9)
n (%) 1 25 (4,5)

2 or more 20 (3,6)
Trauma Characteristics
° Head and neck trauma 244 (%A44)
. Thoracic trauma 167 (%29,9)
. Trauma of the abdomen 97 (%16,6)
° Trauma of the extremities 342 (%61,7)

IQR: Interquartile Range.

3.2. Laboratory Findings and Trauma Scoring Systems

The comparative analysis revealed significant differences in the laboratory parameters between
the deceased and surviving groups. The deceased group had significantly higher median values for
the white blood cell (WBC) count and creatinine, and significantly lower values for the hematocrit
and bicarbonate levels. However, no statistically significant differences were observed between the
groups for the sodium and potassium levels. These findings highlight specific physiological markers
that may be associated with poorer outcomes (Table 2).

Table 2. Laboratory values by outcome groups.

Deceased Group Surviving Group

Laboratory Parameter Median (IOR 25-75) Median (IOR 25-75) p-value
WBC 15x103 (12x10°-18x10%) 10 x10° (8x10°-12 x10%) <0.05
Hematocrit( %) 30 (25-35) 40 (35-45) <0.05
Bicarbonate (mEq/L) 18 (15-20) 22 (20-24) <0.05
Sodium (mEq/L) 140 (138-142) 141 (139-143) 0.15
Potassium (mEq/L) 4.5 (4.0-5.0) 4.4 (4.24.6) 0.20

IQR: Interquartile Range, WBC: White Blood Cell.

Similarly, significant differences were noted in the trauma scoring system results between the
two groups. The deceased group exhibited significantly higher median scores for the APACHE II,
AIS, ISS, and NISS systems, whereas significantly lower median scores were recorded for the RTS
and GCS. These results suggest that higher scores in anatomical and physiological scoring systems
are strongly associated with increased mortality risk. Detailed comparisons of the trauma scores
between the two groups are provided in Table 3.

Table 3. Distribution of trauma scoring system scores by outcome group.

Scoring System Surviving Group Deceased Group P’
Median (IQR 25-75) Median (IQR 25-75)

APACHE I1 5 (4-8) 20 (14.5-25) <0.001
AIS 1(1-2) 2 (2-3.5) <0.001

ISS 2 (1-4) 12 (7.5-15.5) <0.001
NISS 2 (1-6) 12 (12-22) <0.001
RTS 7.84 (7.84-7.84) 4.09 (3.46-6.64) <0.001
GCS 15 (15-15) 4 (3-11) <0.001
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*Mann-Whitney U test applied. RTS: Revised Trauma Score, ISS: Injury Severity Score, AIS:
Abbreviated Injury Score, NISS: New Injury Severity Score, GCS: Glasgow Coma Scale, APACHE II:
Acute Physiology and Chronic Health Evaluation II.

3.3. Correlations Among Trauma Scoring Systems

The correlation analysis demonstrated a perfect positive correlation between the ISS and NISS
values (Spearman’s Rho = 0.97, p <0.001). The AIS values also showed very high positive correlations
with both the ISS (Spearman’s Rho = 0.88, p < 0.001) and NISS (Spearman’s Rho = 0.87, p < 0.001),
indicating a strong internal consistency between the anatomical scoring systems and underscoring
their potential interchangeability in evaluating trauma severity. Additionally, APACHE II exhibited
moderate positive correlations with the ISS (Rho = 0.24, p < 0.001), NISS (Rho = 0.23, p < 0.001), and
AIS (Rho = 0.27, p < 0.001), reflecting its capability to capture injury severity through combined
physiological and laboratory parameters. In contrast, the RTS was negatively correlated with all of
the anatomical scores, particularly the ISS (Rho = -0.32, p < 0.001) and NISS (Rho = -0.31, p <0.001),
which is consistent with its inverse scoring direction in relation to severity. These findings highlight
the complementary roles of anatomical and physiological scoring systems in trauma evaluation. The
correlation coefficients for all trauma scoring systems are summarized in Table 4.

Table 4. Correlations between trauma scoring systems.

Scoring System RTS AIS APACHE 11 ISS NISS GCS
RTS — Rho: -0.324 Rho: -0.313 Rho:-0.321 Rho: -0.309 Rho: 0.676
p<0.001 p <0.001 p <0.001 p <0.001 p<0.001
AIS — Rho: 0.268 Rho: 0.884 Rho: 0.877 Rho: -0.437
p <0.001 p <0.001 p<0.001 p<0.001
APACHE 11 — Rho: 0.243 Rho: 0.234 Rho: -0.362
p <0.001 p <0.001 p <0.001
ISS — Rho: 0.971 Rho: -0.430
p <0.001 p <0.001
NISS — Rho: -0.422
p <0.001
GCS —

*Spearman's Rho.

4. Discussion

Traumas, especially traffic accidents, remain a leading cause of global mortality. In 2016 alone,
traffic accidents caused 1.35 million deaths [11]. Studies suggest that road traffic accidents are the
eighth most common cause of death globally, and could potentially rise to the fifth position by 2030
[11]. These alarming trends highlight the potential for road traffic injuries to become a global
pandemic, necessitating robust systems for managing injury severity.

Anatomical and physiological scoring systems, such as the ISS, NISS, AIS, RTS, and GCS, are
widely used for trauma assessment. Combined methods like the Trauma and Injury Severity Score
(TRISS) enhance the predictive accuracy by integrating anatomical and physiological metrics. Each
system has strengths and limitations. For example, the NISS provides more precise evaluations of
patients with multiple severe injuries in the same anatomical region, while the RTS is rapid but has
limitations, especially in pre-hospital settings. These disparities highlight the ongoing need for an
ideal scoring system that balances accuracy, practicality, and applicability across diverse clinical
scenarios.

Our study aligns with the literature while revealing unique observations. Male patients (67.5%)
predominated, consistent with the higher traffic accident involvement among men due to increased
exposure and risk-taking behaviors. The median age (36 years) aligns with global data on young and
middle-aged adults. Notably, only 8.1% had comorbid conditions, lower than the figure reported in
other studies, possibly due to socioeconomic and cultural variations.
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Extremity injuries (61.7%) were the most common trauma type in our cohort, followed by head
and neck injuries (44%), thoracic injuries (29.9%), and abdominal injuries (16.6%). These findings
align with several studies reporting extremity injuries as the most frequent trauma site [18]. However,
other studies, such as a 9-year retrospective analysis by Noora K. et al., have identified thoracic and
head-neck injuries as the most prevalent [2]. These differences may be attributed to variations in
vehicle types, injury mechanisms, and the use of protective equipment across regions. Moreover, the
inclusion of minor injuries in our study, irrespective of severity, may have influenced the frequency
distribution of trauma types. Similarly, Kenarangi et al. evaluated nearly 48,000 traffic accident
injuries and reported that motorcycle-related incidents were the leading cause of trauma,
predominantly affecting male patients, which may explain the high frequency of extremity injuries
in both studies [19].

The observed mortality rate of 2% in our study is notably lower than rates reported in studies
focusing on intensive care unit (ICU) patients [20]. This can be explained by our inclusion of patients
treated in the emergency department, including those managed on an outpatient basis. This broader
patient spectrum reflects the unique focus of our study on early-stage trauma evaluation and
highlights differences in mortality rates based on patient selection criteria.

4.1. Laboratory Parameters and Trauma Scoring Systems

The laboratory findings in our study revealed significant differences between the deceased and
surviving groups for the WBC count, hematocrit (Htc), creatinine, and bicarbonate levels. These
parameters are integral to scoring systems such as APACHE II, which demonstrated a strong
association with mortality in our cohort. Similar findings were reported in a prospective study by
Shao Chun Wu et al., where the Htc, creatinine, and bicarbonate levels were significant predictors of
mortality, while the sodium and potassium levels showed no such association [21]. However, some
studies suggest that the Htc levels are not always associated with mortality, reflecting variability
between patient populations and study methodologies [22].

The results of our study demonstrated strong correlations between the anatomical scoring
systems, with the ISS and NISS showing a near-perfect positive correlation (Spearman’s Rho = 0.97,
p <0.001). The AIS also showed very high correlations with both the ISS (Spearman’s Rho = 0.88, p <
0.001) and NISS (Spearman’s Rho = 0.87, p < 0.001), further validating their reliability. These findings
are consistent with Orhon et al.,, who reported a high predictive accuracy for the ISS and NISS in
trauma severity evaluation [9]. Unlike Orhon et al., who relied on retrospective data, our prospective
approach allowed for a more accurate assessment of the initial injury severity before treatment
interventions.

The APACHE II scores were significantly higher in the deceased group, emphasizing its
predictive value for mortality. This finding aligns with that of Servia et al., who reported the utility
of APACHE II in ICU patients [19]. While their study focused on critically ill patients, our inclusion
of emergency department patients underscores the versatility of APACHE II in evaluating a broader
spectrum of trauma severity. Similarly, the RTS, which was significantly lower in the deceased
patients, remains a valuable tool for rapid assessment, as it relies on easily measurable physiological
parameters (median RTS: 4.09 vs. 7.84, p < 0.001). These results further corroborate its utility, as
highlighted by Orhon et al. [9].

In a recent study by Gupta et al. involving 240 trauma patients, APACHE II showed the highest
accuracy in predicting mortality across time spans from admission, 24, to 48 hours, with an AUC of
up to 0.965. It outperformed traditional trauma scores like the RTS and TRISS [23]. In our cohort of
554 emergency department patients with multiple traffic accident-related trauma, the APACHE II
score was significantly higher in the non-survivors. While Gupta et al. reported a moderate predictive
value for the ISS, we observed higher ISS and NISS values among the deceased patients (median: 12
vs. 2, p <0.001) and a strong correlation between them (Rho = 0.97). Interestingly, the RTS had a low
predictive capacity in that study but was lower among the non-survivors in our study. The RTS
remains relevant in emergency triage.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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In our study, higher APACHE II, ISS, NISS, and AIS values and lower RTS and GCS values were
significantly associated with mortality in traffic accident patients admitted to the emergency
department. Similar findings were reported by Javali et al., where the ISS and NISS values were
markedly higher in non-survivors (ISS: 20.85, NISS: 27.65), and the RTS values were lower (RTS: 5.43),
with all scores showing an excellent predictive accuracy [24]. These studies support our finding that
trauma scores reflecting both the physiological and anatomical burden can reliably predict mortality,
particularly in emergency settings.

Study Limitations

Several limitations must be acknowledged. First, our single-center design may have limited the
generalizability of our findings to other settings with differing patient populations and healthcare
resources. Second, the relatively low number of deceased patients could have impacted the statistical
power for mortality predictions. Third, the exclusion of pediatric patients and those with isolated
injuries restricts the applicability of our findings to a broader trauma population. Future multicenter
studies with larger and more diverse cohorts are needed to validate and expand upon these results.

5. Conclusion

Our study demonstrates the utility of multiple trauma scoring systems, including the NISS, ISS,
RTS, and APACHE II, in predicting mortality among traffic accident-related trauma patients. Our
comparative findings suggest that while the APACHE II score may offer superior accuracy, especially
when lab data are available, simpler tools like the RTS still provide essential early risk stratification.

The NISS and ISS showed strong correlations and were effective in reflecting injury severity,
while the RTS and APACHE II systems emerged as practical tools for early mortality prediction in
emergency settings. Integrating these scoring systems into clinical practice can aid in timely risk
stratification and improve decision making. Future research should focus on refining these tools and
exploring their applicability in diverse healthcare settings to optimize trauma care globally.
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RTS: Revised Trauma Score

ISS: Injury Severity Score

AIS: Abbreviated Injury Score

NISS: New Injury Severity Score

GCS: Glasgow Coma Scale

APACHE II: Acute Physiology and Chronic Health Evaluation II
ED: Emergency department
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