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Abstract

Introduction: Forecasting mortality among trauma patients in the intensive care unit (ICU) is crucial for advancing treatment approaches
and elevating the standard of patient care.

Objectives: The purpose of this research was to compare well-known severity-of-disease scores in predicting the mortality of trauma
patients in the ICU.

Materials and Methods: This cross-sectional study was conducted from 2016 to 2017 at the ICU of Amin Hospital, which is affiliated with
a university in Isfahan, Iran. Information for calculating the Acute Physiology and Chronic Health Evaluation 1l (APACHE 1), Sequential
Organ Failure Assessment (SOFA) score, Injury Severity Score (ISS), and M Score was extracted from patients’ files and compared with their
mortality using receiver operating characteristic (ROC) curves.

Results: Our study showed that the M Score and SOFA Score have sensitivities of 94.5 and 88.29, and specificities of 88.9 and 80.14,
respectively. When comparing the AUC of mean SOFA, mean M Score, APACHE Il, and ISS across different age groups and the entire study
population, we found that the M Score and SOFA significantly better predict mortality than APACHE Il and ISS.

Conclusion: This study showed that the M Score and SOFA Score predict the mortality of trauma patients admitted to the ICU better than
APACHE 1l, and that ISS is not appropriate for this task.
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Introduction
Florence Nightingale initiated medical treatment outcome
assessment in 1863 (1). Before her efforts, outcome
predictions in critical illness relied on clinicians’ subjective
judgments (2). Patients, their families, and medical
professionals are concerned about the chances of recovery,
but predicting outcomes in the intensive care unit (ICU)
can be challenging (3). Mortality prediction in the ICU
for trauma patients is crucial for enhancing treatment
strategies and improving the quality of patient care (4).
Inamedical setting, severity-of-disease scores objectively
measure the extent of an illness and classify patients based
on their prognosis and risk. In the ICU, these scores help
assess how factors like organization, staffing, and changes
in treatment plans affect patient outcomes(5). The rapid
development of ICUs has increased the demand for
quantitative and clinically meaningful outcome metrics to
evaluate the success of treatment procedures, leading to
the development and use of severity-of-disease scores (3).

These scores are conducted to predict mortality, assess
risk levels, manage resources, and improve patient
outcomes, provided they are implemented with the patient
groups for which they were developed and validated (2).
The prognosis of intensive care patients depends on
several factors during the first 24 hours in the ICU and
subsequently on their progress throughout their ICU stay
(2).

The following severity-of-disease scores use information
gathered on the first day in the ICU to predict patient
outcomes (1); The Acute Physiology and Chronic Health
Evaluation (APACHE II) and Injury Severity Score (ISS)

Acute Physiology and Chronic Health Evaluation
(APACHE II)

In ICUs around the world, APACHE II is the most widely
utilized severity-of-disease score (6). Developed four
years after the original APACHE using a larger sample size
(n=5815), APACHE II reduced the number of subjective
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I Implication for health policy/practice/research/
medical education

Predicting the mortality of trauma patients is crucial for effective
treatment strategies. In this study, we compared four severity-of-
disease scores and concluded that the Sequential Organ Failure
Assessment (SOFA) score and M score predict mortality more
accurately than APACHE Il and Injury Severity Score (ISS).

variables to 12 and required a principal diagnosis for ICU
admission (1). APACHE II is calculated from information
gathered in the first 24 hours of ICU admission (score
range: 0-71) and is used for mortality prediction along
with the main diagnosis of hospitalization (7). Studies
have demonstrated that APACHE II has good calibration
and discrimination across various diseases and diagnostic
categories. Despite the development of newer APACHE
models, it continues to be the most widely used severity-
of-disease score globally due to its simplicity of use (8).

Injury Severity Score (ISS)

Introduced in 1974, the ISS is the most popular trauma
severity score based on anatomical characteristics,
providing a general assessment of individuals with multiple
injuries. The ISS divides the body into six regions: head
and neck, face, thorax, abdomen, extremities (including
pelvis), and external (9). Each injury is assigned an
Abbreviated Injury Scale (AIS) score, and for each region,
only the highest score is used. The ISS is calculated by
adding together the squares of the three highest AIS scores,
with a maximum possible score of 75. Conventionally, an
ISS of 75 is assigned to a patient with an AIS score of 6 in
one body region (10). However, only one score is given
for multiple injuries in the same body area, which can
understate the severity of trauma in patients (11).

The following predictive severity-of-disease scores use
information gathered from the first day to the last day in
the ICU and are calculated daily (12): Sequential Organ
Failure Assessment (SOFA) and M Score.

Sequential Organ Failure Assessment (SOFA)

The SOFA score was first introduced by the European
Society of Intensive Care and Emergency Medicine in the
1990s (12) and has since been improved for daily use in
anticipation mortality trauma patient in ICU (13). Each
of the six parts of the SOFA system, which include the
respiratory, cardiovascular, liver, coagulation, kidney,
and nervous systems, is given a score between 0 and 4
(14). Originally developed to predict mortality in sepsis
patients, SOFA has been refined to predict mortality
in all critically ill patients receiving ICU care (15,16).
According to study findings, a 30% rise in the SOFA score
is associated with at least a 50% increase in mortality (15).

M Score
The primary purpose of the M Score checklist is to

provide an accurate clinical and paraclinical evaluation of
the patient, completed by the physician and nurse during
each shift. Unlike other checklists that only estimate and
predict the patients condition, the M Score checklist is
multi-purpose. It not only predicts the patient’s condition
but also offers a comprehensive evaluation. This severity-
of-disease score comprises 11 different parts: age,
neurological system, head and neck, respiratory system,
cardiovascular system, digestive system, organs, infection,
urogenital system, skin, and patient laboratory tests (17).
The score ranges from 0 to 120, with an increase indicating
the deterioration of the patient’s condition. A reduction in
this score from a certain value can indicate that the patient
is ready for discharge (17).

The most accurate prediction score should be tested
in the targeted demographic and the area where it will
be deployed (6). To this end, this study examined the
effectiveness of four prognostic severity-of-disease scores
in anticipation mortality results in trauma patients in ICU.

Objectives

This research was conducted using data from the trauma
registry system of Amin hospital in Isfahan, Iran that had
been prospectively recorded over a two-year period.

Materials and Methods

Study design

This was a cross-sectional study conducted from January
2016 to December 2017. This research was conducted
at Amin hospital ICU center affiliated with medical
university in Isfahan, Iran.

Data collection

The medical records of 620 ICU trauma patients admitted
to the ICU center were carefully examined under desired
protocol. Data from 511 patients from research sampling
were included, while 109 patients were excluded for the
reasons include: age limit as younger than 18 years; injuries
like burn; death at the first 24 hours of being admitted to
the ICU; previous arrest or myocardial infarction; and
missing data. The medical records were meticulously
reviewed for the parameters such as: clinical data and
demographic, systolic and mean arterial blood pressure
(mm Hg), heart rate, body temperature, respiratory rate,
oxygen saturation, arterial blood gas analysis (pH, PaO2,
PaCO2,and base excess), FIO2, initial Glasgow Coma Scale
(GCS), score laboratory data (White blood cell, platelets,
hematocrit, and serum levels of, sodium, potassium,
creatinine and bilirubin), amount of vasopressor, urine
output, presence of immune-compromised state or
chronic diseases, abbreviated injury scales, revised trauma
score, first-day ISS, mean SOFA score, first-day APACHE
II score, and mean M Score.

Statistical analysis
Research Data were analyzed in MATLAB (version R2022)
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and SPSS (version 25). Univariate analysis was conducted
using the Receiver Operating Characteristic (ROC)
curve. The area under the curve (AUC) was computed
to assess the scores’ effectiveness in predicting mortality
as an independent variable. To compare the AUCs, tests
for the curves were performed using MATLAB software.
All tests were reported with a 5% error rate, and statistical
significance was accepted at P<0.05.

Results

A total of 511 patients were enrolled in this study and
sufficient information was recorded in their files. Their
demographic information is presented in Table 1.

In this study, daily average scores for the M Score and
SOFA, as well as the first-day APACHE II and ISS, were
calculated, compared, and analyzed in relation to the
mortality rate of trauma patients admitted to the ICU at
Amin hospital. ROC curves were used to evaluate the true
positive rate (longitudinal axis) versus the false positive
rate (horizontal axis) at various cut-off points. After
constructing the ROC curves for each severity-of-disease
score, the cut-off points were identified to assess the
sensitivity and specificity of predicting patient mortality.

As the cut-off point for continuous variables increases,
the sensitivity (true positives) and specificity (true
negatives) decrease. The effectiveness of a test is measured
by calculating the area under the ROC curve (AUC),
where an AUC of 1 represents a perfect test and an AUC
of 0.5 represents a random test. A higher AUC indicates
that the ICU system can more accurately and sensitively
treat patients (18).

Comparisons were made separately between males and
females, different age groups, and individuals with or
without underlying diseases.

The AUCs for the M Score, SOFA score, APACHEII, and
ISS are 0.922, 0.901, 0.660, and 0.501, respectively (Figure
1). The AUC for the ISS is close to 0.5, indicating that this
severity-of-disease score does not predict patient mortality

Table 1. Demographic information

Variable Value

Age (y), mean = SD 43.27 +23.13
BMI (kg/m?), mean + SD 25.13 +£3.21
Length of administration in ICU, mean + SD 12.55 +8.27
APACHE II, mean + SD 991 +8

ISS, mean + SD 23.25 +10.36
First-day M Score, mean = SD 15.4 £9.43
Daily M Score, mean + SD 15.04 +9.33
First-day SOFA Score, mean + SD 3.75 +3.05
Daily SOFA Score, mean + SD 4.23+3.06
Female, No. (%) 119 (23.3)
Male, No. (%) 392 (76.7)
Mortality, No. (%) 84 (16.43)

BMI: Body mass index, ICU: Intensive care unit, APACHE II: Acute physiology
and chronic health evaluation, ISS: Injury severity score, SOFA: Sequential
organ failure assessment.

effectively. The AUCs for the M Score and SOFA score are
significantly higher (P<0.05) than those for APACHE
IT and ISS, but there is no significant difference between
the M Scor and SOFA score (P=0.39). Additionally, the
difference between the AUCs of APACHE II and ISS is
significant (P<0.05).

The AUCs for the M Score, SOFA score, APACHE II,
and ISS are 0.928, 0.925, 0.879, and 0.734, respectively
(Figure 2). The AUCs for the M Score and SOFA score
are significantly higher (P <0.05) than that for the ISS, but
there is no significant difference between the M Score and
SOFA score (P=0.96).
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Figure 1. ROC curves showing prediction of mortality based on SOFA Score,
APACHE 11, ISS, and M score for males’ group.
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Figure 2. ROC curves showing prediction of mortality based on SOFA Score,
APACHE 11, ISS, and M score for females’ group.
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The AUCs for the M Score, SOFA score, APACHE II,
and ISS are 0.974, 0.941, 0.762, and 0.738, respectively
(Figure 3). The AUCs for the M Score and SOFA score are
significantly higher (P<0.05) than those for APACHE II
and ISS, and there is no significant difference between the
M Score and SOFA score (P=0.18).

The AUCs for the M Score, SOFA score, APACHE II,
and ISS are 0.864, 0.883, 0.656, and 0.542, respectively
(Figure 4). The AUC for the M Score is significantly
higher (P<0.05) than those for APACHE II and ISS, but
there is no significant difference between the M Score and
SOFA score (P=0.75). The difference in AUCs between
the SOFA score and ISS is significant (P <0.05), while no
meaningful difference was observed between the SOFA
score and APACHE II (P=0.06).
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Figure 3. ROC curves showing the prediction of mortality based on the SOFA

Score, APACHE I, ISS, and M score (Age < 45).
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Figure 4. ROC curves showing the prediction of mortality based on the SOFA

Score, APACHE II, ISS, and M score (45 < Age < 59 years).

The AUCs for the M Score, SOFA score, APACHE II,
and ISS are 0.890, 0.776, 0.638, and 0.740, respectively
(Figure 5). The difference between the AUCs of the M
Score and APACHE 1I is significant (P<0.05), while no
substantial differences are observed between the other
systems.

The AUCs for the M Score, SOFA score, APACHE II,
and ISS are 0.857, 0.893, 0.726, and 0.500, respectively
(Figure 6). The AUC of the ISS is 0.500, indicating that
this severity-of-disease score does not predict patient
mortality effectively. The difference between the AUCs of
the SOFA score and the ISS is significant (P <0.05), while
there are no substantial differences between the other

systems.
The AUCs for the M Score, SOFA score, APACHE II,
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Figure 5. ROC curves showing the prediction of mortality based on the SOFA
Score, APACHE 11, ISS, and M score (60 < Age < 75 years).
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Figure 6. ROC curves showing the prediction of mortality based on the SOFA
Score, APACHE II, ISS, and M score (Age > 75 years).
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and ISS are 0.914, 0.867, 0.689, and 0.503, respectively
(Figure 7). The AUCs of the M Score and SOFA score
are significantly greater than those of the other systems
(P<0.05), with no significant difference between them
(P=0.14). Additionally, the difference between the AUCs
of APACHE II and ISS is significant (P<0.05).

The AUCs for the M Score, SOFA score, APACHE II,
and ISS are 0.929, 0.920, 0.742, and 0.596, respectively
(Figure 8). The AUCs of the M Score and SOFA score
are significantly greater than those of the other systems
(P<0.05), with no significant difference between them
(P=0.84).

The AUCs for the M Score, SOFA score, APACHEII, and
ISS are 0.923, 0.904, 0.731, and 0.500, respectively (Figure
9). The AUC of the ISS is exactly 0.5, indicating that it
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Figure 7. ROC curves showing the prediction of mortality based on the SOFA
Score, APACHE 11, ISS, and M score (With underlying disease).
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Figure 8. ROC curves showing the prediction of mortality based on the SOFA
Score, APACHE 11, ISS, and M score (Without underlying disease).

cannot determine a cut-off point and is not meaningful
for predicting mortality in the ICU. The AUCs of the M
Score and SOFA score are significantly greater than that
of APACHE II (P<0.05), with no significant difference
between the M Score and SOFA score (P=0.37).

The best cut-off points for the M Score, SOFA score, and
APACHE Il are 19.17, 4.67, and 11, respectively (Table 2).

Discussion

Prognostic assessments remain estimates, regardless of
the number of cases analyzed. Providing intensive medical
care necessitates expert clinical judgment, the meticulous
blending of objective data with other relevant details—
like a patient’s response to treatment and their personal
preferences—and a high level of professional skill.

To accurately predict outcomes for trauma patients,
many severity-of-disease scores have been developed, with
mortality typically being the primary outcome measured.
Numerous studies have evaluated the predictive power of
these scores, often reporting contradictory results (19,20).
For example, despite its high accuracy, the APACHE II
score does not predict outcomes consistently well for all
patients.

A study by Romo Gonzales et al comparing the
SOFA score and APACHE II reported that APACHE II
performed significantly better (21). While several studies
have also shown the superiority of APACHE II over the
SOFA score, research by Oliver et al and Lee et al found
no significant difference between these two scores,
deeming both suitable for predicting patient mortality
(22,23). Conversely, Vassar et al discovered that the ISS
and APACHE II systems were ineffective in anticipation
mortality rates among trauma patients in the ICU (7).
Additionally Ho et al demonstrated that while APACHE IT
is easy to use and calculated only once, it can still predict
mortality well (24).
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Figure 8. ROC curves showing the prediction of mortality based on the SOFA
Score, APACHE 11, ISS, and M score (Without underlying disease).
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Table 2. Severity-of-disease scores best cut off

Scoring system Cut off Sensitivity Specificity P value
M Score 19.17 94.5 88.29 <0.0001
SOFA Score 4.67 86.54 80.14 <0.0001
APACHE Il 11 86.90 75 <0.0001
1SS The cut-off point cannot be calculated

In a study comparing the SOFA score, APACHE II,
and M Score for non-trauma patients, no significant
differences were found between the scores (17). Meanwhile
Fueglistaler et al showed no difference between the SOFA
score and ISS in predicting mortality (25).

In our study, severity-of-disease scores were compared
across different groups: In males, the M Score and SOFA
score predicted mortality better than other systems, with
APACHE II outperforming ISS. In females, the M Score
and SOFA score were superior to ISS. In patients under
45 years old, the M Score and SOFA score performed
best. In the 45-59 age group, the M Score was better than
APACHE II and ISS, while the SOFA score was better than
ISS only. In the 60-75 and over 75 age groups, the M Score
was superior to APACHE II, and the SOFA score was
superior to ISS, respectively. In patients with and without
underlying diseases, the M Score and SOFA score provided
the best mortality predictions for trauma patients. Across
the entire studied population, the ISS was excluded due
to an AUC of 0.5, with the M Score and SOFA score
outperforming APACHE II. There was no significant
difference between the M Score and SOFA score in any
group or the overall population. These results indicate
that the M Score and SOFA score are equally reliable in
predicting mortality for trauma patients whom admitted
to the ICU. However, as this was a single-center research,
the generalizability of these conclusions is limited.

Conclusion

The study concluded that the M Score and SOFA score
predict trauma patient mortality in the ICU better than
APACHE 11, with respective sensitivities of 94.5% and
88.29%, and specificities of 88.9% and 80.14%. The ISS
was found to be unsuitable for this purpose.

Limitations of the study

This study was conducted at a single center, which may
limit the generalizability of the findings. Future research
should include multiple centers to enhance the robustness
and applicability of the results. Additionally, some patient
records contained deficiencies, which could affect the
completeness and accuracy of the data analysis.
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