INTERNATIONAL JOURNAL OF ADVANCED RESEARCH
International Peer-Reviewed Research Journal

ISSN (Online): 3106-7980 | ISSN (Print): 3106-7972

Volume 3 ¢ Issue 3 * July 2026

TRAUMA: EARLY PREDICTORS OF MORTALITY IN POLYTRAUMA
PATIENTS PRESENTING TO THE ER

Amjad Ahmed", Tanzeel Ur Rehman?, Asrar Ahmad’, Asim Hameed®, Ali Raza’,
Waheed Igbal®, Muhammad Khurram Jaffery’, Dr. Rotimi Ronald Adedokun®

“Specialty Doctor Emergency Department Withybush General Hospital Haverfordwest, U.K
“Graduate of Foundation University Medical College (FUMC), FUSH Islamabad, Pakistan
’Graduate of Karachi Institute of Medical Sciences (KIMS), National University of Medical Sciences (NUMS),
Pakistan
*Graduate of Foundation University Medical College (FUMC), FUSH Islamabad, Pakistan
*Department of Biotechnology, University of Okara, Punjab, Pakistan.
®Department of Biotechnology, University of Okara, Punjab, Pakistan
“Sindh Medical College, Karachi University, Pakistan
%Clinical Assistant, Sherwood Forest Hospitals Trust Foundation (Kingsmill Hospital), U.K

Tamericy28@yahoo.com, *tanzeel 1051466@gmail.com, *ranaasrar404@gmail.com,
*asimhameed360@gmail.com, *aliraza968@gmail.com, *waheed.igbal531@gmail.com,
just_khurram2000@yahoo.com, *ayodele2325@gmail.com

10.5281/zeno0do.22108697

Abstract
Keywords Background: Early detection of polytrauma patients at high risk of death

Polytrauma, — Mortality — rate, is critical for prompt resuscitation, triage, monitoring, and escalation of
Neurology, Shock index, Patient trauma cave. However, the predictive usefulness of different clinical factors
age, Blood pressure, Multivariate  and trauma grading systems differs by population and clinical situation.
models Objective: This systematic study looked at early demographic, neurological,
physiological, hemodynamic, laboratory, injuryrelated, and comorbidity
determinants of mortality in polytrauma patients who presented to the

Article History emergency department.
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Published: 31 July 2026 framework. MEDLINE/PubMed, Scopus, and Web of Science were
searched for terms relating to polytrauma, emergency care, mortality,

Copyright @Author prognostic variables, and trauma prediction models. Adult patients with

*

Corresponding Author: polytrauma or serious trauma were eligible for the research, which looked at

Amjad Ahmed predictors accessible during the initial or early emergency assessment. Because
of significant methodological and clinical wvariation, data on patient
characteristics, predictors, mortality outcomes, and prognostic performance
were collected and analysed narratively.
Results: A total of 4,942 records were identified, and 14 studies were
assessed as eligible for inclusion. Increasing age, particularly >69 years,
female sex, coronary heart disease, and cardiopulmonary resuscitation, was
associated with increased mortality. Neurological status was a consistent
predictor, with GCS <11 significantly associated with increased mortality.
Systolic blood pressure, hypotension, heart rate, and respiratory rate were
important physiological predictors. The Shock Index showed wvariable
discriminatory performance according to the timing of assessment, with AUC
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values of approximately 0.55 overall, 0.59 prehospital, and 0.64 during
hospital assessment. Laboratory markers, including lactate, pH, and base
excess, provided complementary prognostic information, although evidence for
lactate was inconsistent. Among the prediction models, the PMPS
demonstrated the strongest discrimination (AUC 93.4%), followed by the
APACHE 1I (84.6%), REMS (80.8%), and RTS (77.4%), whereas the ISS
and Shock Index showed comparatively lower discrimination (69.7%).

Conclusion: Early mortality in polytrauma is multifaceted and should be

assessed using an integrated set of demographic, neurological, physiological,
and injuryrelated characteristics rather than a single predictor. GCS, systolic
blood pressure, age, and hemodynamic state are excellent early indications.
Multivariable models, particularly PMPS and MGAP, outperformed
individual indices in terms of discriminatory performance and may be useful
for early risk classification, triage, and treatment escalation. Additional
external validation in varied trauma populations is needed.
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Trauma is a major global cause of premature
mortality and disability, with the highest risk of
death occurring during the prehospital period
and the first hours following injury.
Polytrauma patients are particularly vulnerable
because multiple simultaneous injuries can
produce severe physiological disturbances,
occult hemorrhage, traumatic brain injury, and
rapidly  progressive  organ  dysfunction.
Consequently, early recognition of patients at
increased risk of mortality is essential for
prompt resuscitation, appropriate triage, rapid
diagnostic assessment, and timely allocation of
critical care resources. Despite advances in
trauma systems and standardized approaches to
emergency management, the early
identification of severely injured patients
remains challenging because the complete
pattern and severity of injuries may not be
immediately apparent at emergency
department presentation (Rehn et al., 2011;
Pape et al., 2016).

The initial assessment of polytrauma
traditionally considers physiological
derangement, anatomical injury, mechanism of
injury, and preexisting health status. Several
trauma scoring systems have therefore been
developed to support early prognostic
assessment and  clinical  decision-making
(Franklyn & Read-Allsopp, 2017). The ISS is
commonly used to describe anatomical injury
severity; however, it does not incorporate vital
physiological parameters, and a complete
assessment of anatomical injuries may require
imaging studies that are not immediately
available during the earliest stage of emergency
care. In contrast, early trauma models such as
the Triage-Revised Trauma Score (T-RTS),
Physiologic ~ Severity Score (PSS), and
Mechanism, Glasgow Coma Scale, Age and
Arterial Pressure (MGAP) score incorporate
clinical variables that can be obtained rapidly.
Systolic  blood pressure and level of
consciousness have been identified as common
predictors across several early trauma
prognostic models (Sartorius et al., 2010;
Galvagno et al., 2019).

Among individual clinical characteristics, age
and neurological status appear to be
particularly important predictors of outcome.
Previous evidence has demonstrated that

increasing age and a lower Glasgow Coma
Scale (GCS) score are associated with increased
mortality following polytrauma. In a study of
severely injured polytrauma patients, age at
admission and GCS were significant
determinants of survival, while
cardiopulmonary resuscitation, coronary heart
disease, and sex were also identified as relevant
factors. The study further identified age >69
years and GCS <11 as clinically relevant
thresholds for 30-day mortality prediction (da
Costa et al., 2017). These findings emphasize
the value of readily available demographic and
neurological information during the initial
emergency assessment.

Hemorrhage and  circulatory  instability
represent additional critical determinants of
early mortality in trauma. Early recognition of
bleeding is particularly important because
hemorrhage is considered a potentially
preventable cause of trauma-related death, and
delays in initiating hemorrhage control and
transfusion pathways can adversely affect
outcomes. The Shock Index (SI), calculated
from heart rate and systolic blood pressure, has
consequently received considerable attention as
a simple bedside indicator of -circulatory
compromise. It may be particularly useful for
identifying hypovolemia even when systolic
blood pressure remains within the apparently
normal range (Carsetti et al., 2023).

However, evidence indicates that the Shock
Index should not be interpreted as an
independent or stand-alone predictor of
mortality. A systematic review and meta-
analysis including 35 studies and 670,728
trauma patients found that SI had greater
utility for predicting massive transfusion than
mortality. The pooled sensitivity for mortality
was 35.8%, the specificity was 74.2%, and the
area under the curve was 0.553, indicating
limited  discriminatory  performance  for
mortality prediction. The authors therefore
concluded that SI may have a role in
identifying patients at lower risk but should
not be used alone to predict mortality in adult
trauma patients (Borgman et al., 2007).

These findings support the importance of
evaluating multiple early predictors rather than
relying on a single physiological or clinical
parameter. Individual variables such as blood
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pressure, heart rate, GCS, age, and mechanism
of injury may provide useful prognostic
information, but their predictive value can be
limited when considered separately. Prognostic
models that combine several readily available
variables may provide a more comprehensive
estimation of mortality risk and can potentially
improve early triage and clinical decision-
making. Nevertheless, existing models differ in
their predictors, outcomes, methodological
quality, and performance across populations,
emphasizing the need for continued evaluation
of practical and reliable predictors of mortality
in trauma patients (Coslovsky et al., 2015).
Therefore, the early identification of mortality
predictors among  polytrauma  patients
presenting to the emergency room remains an
important area of clinical research. A better
understanding of demographic, neurological,
physiological, hemodynamic, and comorbidity-
related factors available during the initial
assessment may facilitate early risk stratification
and help clinicians identify patients who
require  aggressive  resuscitation,  urgent
intervention, intensive monitoring, or higher-
level trauma care. The present review therefore
focuses on early predictors of mortality in
polytrauma patients presenting to the
emergency room, with particular emphasis on
factors that can be assessed during the initial
emergency evaluation.

Methodology

Study Design and Search Strategy

A systematic literature review was performed to
identify and evaluate the early clinical,
demographic, physiological, hemodynamic and
prognostic factors related to mortality in
polytrauma  patients presenting to the
emergency department (ED). We used the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA). Past
reviews used a variety of major biomedical
databases to locate studies examining models
or early predictors that can be used at the field
or immediate hospital evaluation stage to
predict prognosis.

The electronic databases MEDLINE/PubMed,
Scopus and Web of Science were searched
systematically. The search strategy employed
keywords and Boolean operators associated

with  trauma, polytrauma, emergency
department, mortality, prognosis, prediction
and risk factors. These included the words
“ ” “ . ” “ .
polytrauma”, “multiple trauma”, “major
trauma”, “trauma patients”, “emergency
department”, “emergency room”, “mortality”,
“death”, “early predictors”,  “prognostic
factors”, “mortality prediction”, “risk factors”,
“Glasgow Coma Scale”, “shock index”, “systolic
blood pressure”, and “lactate”.

Eligibility Criteria

Studies were included in the study if they
included adult trauma patients with
polytrauma, multiple trauma, or major trauma
and studied factors that were available at the
time of initial emergency or early hospital
evaluation as predictors of mortality. Specific
attention was given to potential predictors that
were available based on history, physical
examination,  vital  signs,  neurological
examination or other early clinical data.
Existing trauma prognostic studies also
involved models utilizing two or three
predictors from the history and physical exam,
and predictors from the history and physical
exam were collected during the early period of
assessment, usually in the field or emergency
department.

The majority of studies conducted were with
adult trauma patients because there are
different physical attributes of and reactions to
trauma in adults compared to children. Studies
were not included if they involved only
children, burns, drowning, strangulation,
pregnancy, isolated TBI, isolated PFF, and
medical conditions. Studies that dealt only
with organ-specific injuries, which are not
relevant to the mortality of polytrauma
patients, were also not included. Previous
systematic reviews have also excluded organ-
specific and noncomparable trauma
populations to be relevant to the prognosis of
general major trauma. Randomized controlled
trials and observational studies (prospective
and retrospective studies) were eligible if they
included a mortality outcome relevant to the
study.

Study Selection and Data Extraction
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After removing duplicate publications, all
retrieved records were screened for their
relevance. Titles and abstracts were screened to
identify potentially relevant studies, and then a
full-text evaluation of the eligible studies was
completed using specific inclusion and
exclusion criteria. Additionally, the reference
lists of the included studies and related review
articles were analysed to find more references.
Past systematic reviews of trauma prognostic
models involved the independent screening of
titles, abstracts, and full-text articles followed by
the evaluation of the predefined -eligibility
criteria.

Eligible studies were systematically extracted,
employing a pre-established framework. The
information extracted consisted of authors and
year of publication, country, study design,
sample size, patient and trauma characteristics,
emergency department assessment, definition
of mortality and follow-up time, investigated
predictors, physiological and neurological
parameters, hemodynamic variables, shock
indices, laboratory parameters, trauma severity
scores, statistical methods, and measures of
prognostic performance. The odds ratios,
hazard ratios, relative risks, ROC-AUC values,
sensitivity, specificity and other indicators of
predictive accuracy were recorded where
available.  Certain  predictors  showing
independent associations with mortality after
multivariable analysis were given special
attention. The predictor variables and outcome
measures extracted were similar to those used
in previous trauma prognostic reviews.

Outcomes and Synthesis

The primary endpoint of the study was death
in polytrauma patients. Mortality was measured
as either emergency department mortality, early
mortality,  in-hospital  mortality,  30-day
mortality or other mortality endpoints reported
in the individual studies included. Secondary
endpoints were the predictive value of
individual clinical wvariables, as well as of
combined prognostic models, evaluated
through analysis of sensitivity, specificity, ROC-
AUC, odds ratios and hazard ratios. All
reported mortality time points were kept, as
past trauma studies have shown that mortality
outcomes are highly heterogeneous and that

both the time of death and the definition of
mortality outcome are important factors.
Predictors identified were categorized into the
following groups: demographic, neurologic,
physiological, hemodynamic, laboratory, injury-
related, and comorbidity-related. Demographic
variables were age and sex; neurological
variables were Glasgow Coma Scale (GCS)
score and level of consciousness; physiological
variables were systolic blood pressure, heart
rate, and other vital signs; hemodynamic
variables were Shock Index and related indices;
and injury variables were mechanism and
severity of trauma. Composite prognostic scores
(injury severity score, revised trauma score,
trauma and injury severity score, and MGAP)
were also considered when reported. The
classification was based on the predictor
domains in the known early trauma prognostic
models.

Quality Assessment and Data Analysis
Qualitative assessment of the methodological
quality and risk of bias of the included studies
was performed based on the study design,
including patient selection, measurement of
the predictor, measurement of the outcome,
missing data, statistical methodology, and
validation of the prediction models. The
methodological ~ limitations  of  trauma
prognostic studies have been emphasized in
previous reviews, especially the failure to
adequately develop models, the inappropriate
use of continuous data, missing data and the
lack of external validation of models. Measures
of sensitivity, specificity, and ROC-AUC were
explored for studies that were used to assess
predictive accuracy, as in systematic reviews of
trauma prediction tools.

The results were mainly summarized narratively
due to the significant heterogeneity found in
patient populations, the definitions of
polytrauma, mortality endpoints, predictors,
and statistical ~methodologies. Individual
predictors that have been shown to correlate
with mortality in multiple studies were
identified and compared based on their clinical
categories. If quantitative results were available,
the effect estimates and measures of predictive
performance were summarized where similar.
When there was evidence to suggest that
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individual predictors lacked discriminatory
power, they were not included in the model for
the prediction of mortality. For instance,
although the Shock Index is simple and easily
accessible, past studies have shown that it has a
low predictive value if used independently to
predict mortality, which is why more than one
early predictor should be taken into
consideration.

PRISMA Reporting
The process of identification and selection of
studies was carried out in accordance with

PRISMA, which is presented in the form of a
flow diagram. The diagram contains the
number of records found by the database
search, the number of duplicate records
deleted, the number of records screened, the
number of full articles assessed for eligibility,
the number of studies excluded and the
number of studies included in the final
qualitative synthesis with reasons for exclusion.
This method was used to conduct previous
systematic reviews of early trauma prognostic
models and trauma prediction tools.

s Records identified from*:
= Databases (n=4939) Records removed before
Sg Other sources (n= 3) —»] screening:
b= Registers (n =0)
[}
= Duplicate records removed
Total (n=4942) (n=320)
l Records marked as ineligible
Records screened Records excluded**
—N
(n=492) (n=4928)
: I
=
o
o Reports sought for retrieval Reports not retrieved
Z —
(n=14) (n=0)
Reports assessed for eligibility Reports excluded:
(n=250) Reason 1 (n=25)
° Reason 2 (n=18)
S
=1 . . . .
S Studies included in review Reason 3 (n=15)
(n=14)
*Consider, if feasible to do so, reporting the number of records identified from each database or
register searched (rather than the total number across all databases/registers).
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many were excluded by automation tools.

**If automation tools were used, indicate how many records were excluded by a human and how

Figure 1: PRISMA flow diagram illustrating the identification, screening, eligibility assessment, and
inclusion of studies evaluating early predictors of mortality in polytrauma patients presenting to the
emergency department

Results

Characteristics of Included Studies

Ten studies were selected for the present
review (Table 1). The studies were carried out
in various countries, including the USA,
Canada, France, Pakistan, the Netherlands,
Iraq and Cambodia. Sample sizes were highly
variable, from 30 to 22,388 subjects. Five of the
studies were considered to be derivation
studies, and nine were considered to be
validation studies. The derivation studies
included sample sizes of 500 (Gormican, 1982),
465 (Koehler et al., 1986), 2,166 (Champion et
al., 1989), 717 (Husum et al., 2003), and 1,360

Table 1: Characteristics of Included Studies

(Sartorius et al., 2010). The sample sizes of the
validation studies ranged from 30 to 22,388.
Most studies reported survival as the primary
outcome. Sartorius et al. (2010) reported 30-day
mortality, and Nabh et al. (2025) reported
mortality. The largest validation study was
reported by Moore et al. (2006), with 22,388
patients, while the smallest study was the
Pakistani validation study by Nabh et al.
(2025), with 30 patients. Overall, the evidence
provided was predictive modelling for early
mortality in trauma patients and assessment of
their survival, both from internal development
and external validation.

Author, year Country Design n Outcome
Gormican, 1982 USA Derivation 500 Survival
Koehler et al., 1986 USA Derivation 465 Survival
Champion et al., 1989 USA Derivation 2,166 Survival
Husum et al., 2003 Iraq/Cambodia Derivation 717 Survival
Sartorius et al., 2010 France Derivation 1,360 30-day mortality
Baxt et al., 1989 USA Validation 2,434 Survival
(Eugene, 1996) USA Validation 1,027 Survival
Roorda et al., 1996 Netherlands Validation 398 Survival
Nabh et al., (2025) Pakistan Validation 30 Mortality
Moore et al., 2006 Canada Validation 22,388 Survival

Demographic Predictors Associated with
Mortality

Demographic  and  preexisting  clinical
predictors that were identified in the studies
included are listed in Table 2. Increased age
(>69 years) was significantly associated with
increased mortality (p = 0.029). Female sex was
also a predictor of mortality, with an AUC of
0.648 and a p value of 0.013, which was
statistically significant. Coronary heart disease
was the only preexisting cardiovascular

condition that was significantly associated with
death, with an AUC of 0.608 and a p value of
0.015. Cardiopulmonary resuscitation (CPR)
showed a relatively good discriminatory
performance with an AUC of 0.767 and p =
0.021 and was found to be associated with
higher mortality. These data suggest that
demographic data and baseline cardiovascular
conditions can be used as clinically meaningful
information for the early mortality risk
stratification of polytrauma patients.

Table 2: Demographic predictors associated with mortality in polytrauma patients

Predictor Cut-off/finding AUC | pvalue | Mortality association
Age >69 years NR 0.029 Higher mortality

Sex Female 0.648 | 0.013 Higher mortality
https://ijournalar.com | Ahmed et al., 2026 | Page 529
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Coronary heart disease Present 0.608 | 0.015 Higher mortality
Cardiopulmonary resuscitation Performed 0.767 | 0.021 Higher mortality
GCS <11 NR 0.033 Higher mortality

Neurological Predictors of Mortality

The neurological variables were all significant
predictors of outcome in polytrauma patients
(Table 3). A Glasgow Coma Scale (GCS) score
of <11 was highly correlated with 30-day
mortality (p value 0.033). Early neurological
status was also a significant predictor in
another analysis, which showed that GCS was a
significant predictor of 30-day survival (p <
0.001). The level of consciousness was also
included in some of the existing models of
trauma prediction. It was added to the Pre-
Hospital Index (PHI) as a risk factor for 72-

hour post-injury mortality. Likewise, to predict
survival during prehospital evacuation and
hospital stay, the Physiologic Severity Score
(PSS) included the level of consciousness. In
addition, GCS was added to the MGAP score
as an important predictor of 30-day mortality.
The overall results did suggest that poorer
neurological status (higher GCS) was associated
with poorer outcomes. GCS or LOC has been
used repeatedly as part of the PHI, PSS, and
MGAP, which further illustrates its role as an
early predictor of mortality in polytrauma
patients.

Table 3: Neurological predictors of mortality in polytrauma patients

Neurological Reported value Outcome
predictor
Glasgow  Coma | <11 Significantly associated with increased 30-day mortality
Scale (GCS)
GCS p <0.001 Significant predictor of 30-day survival
Level of | Included in PHI | Predictor of 72-hour post-injury mortality
consciousness
Level of | Included in PSS Predictor of survival during prehospital evacuation and
consciousness hospital stay
GCS Included in | Predictor of 30-day mortality
MGAP

Physiological and Hemodynamic Predictors
Table 4 shows that several physiological and
hemodynamic parameters were identified as
important predictors of mortality. Systolic
blood pressure (SBP) was present in all five
prediction models that were evaluated and was
always found to be important in early trauma
risk assessment. Hemodynamic instability and
hypotension (based on SBP) were correlated
with higher mortality. Heart rate was added to
the Pre-Hospital Index (PHI) and was a risk
factor for mortality. Likewise, respiratory rate
was incorporated into the PHI, Triage-Revised
Trauma Score (T-RTS) and PSS and was
therefore included due to its significance as a
physiological early predictor.

Hypotension, cardiovascular instability, and
abnormal vital signs were, overall, associated
with worse outcomes. The Shock Index (SI) was

also determined to be an important
hemodynamic  predictor. There was a
correlation between higher mortality risk and
an SI >1.0, a higher risk group for circulatory
compromise. However, an SI of approximately
0.5-0.7 was defined as being within the normal
range. The SI was high (SI >1.4) and was
classified into severe shock and high-risk
categories. From these results, it is concluded
that an increase in SI might be useful as an
early indicator of the severity of circulatory
dysfunction and later mortality risk. Specific
numerical values were not reported (NR) for
modified SI and age-adjusted SI. From a
general perspective, the results suggest that
early hemodynamic instability, specifically
hypotension, abnormal SBP, elevated heart
rate, and elevated Shock Index, is a significant
part of early mortality prediction.
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Table 4: Physiological and Hemodynamic Predictors of Mortality in Polytrauma Patients

Predictor Reported value Association
Systolic BP Included in 5/5 models Higher mortality with instability
Heart rate Included in PHI Increased risk

Respiratory rate

Included in PHI/T-RTS/PSS

Increased risk

Hypotension SBP-based Increased mortality
Shock Index >1.0 Increased mortality
SI 0.5-0.7 normal Normal range
SI>14 Severe shock High-risk category
Modified SI NR Not reported

Age SI NR Not reported

PHI: Pre-Hospital Index; T-RTS: Triage-
Revised Trauma Score; PSS: Physiologic
Severity Score; NR: Not reported.

Laboratory Predictors of Mortality

Laboratory parameters considered potential
predictors of mortality are summarized in Table
5. Several biochemical and hematological
variables were measured, but the power and
reliability of these as predictors of mortality
differed. Reported lactate concentrations were
reported as 2.7 = 2.39 mmol/L, and the
prognostic value of lactate level was not
uniform across the studies reviewed, as some
found it to be a good predictor of mortality,
while others did not. The reported arterial pH

was 7.31 + 0.119, and the base excess was —2.14
+ 6.04, both of which were used as indicators
of mortality. Additionally, inflammatory and
renal markers were assessed. The reported
concentration of C-reactive protein (CRP) was
4.56 + 11.68 mg/L and that of creatinine was
1.43 + 3.97 mg/dL. Hematological parameters
were hemoglobin (14.61 + 9.92 g/dL) and
leukocytes  (11.68 =  5.82 x103/uL).
Additionally, troponin was observed at a level
of 30.96 = 83.15 pg/mL. The following
laboratory tests were considered markers of
physiological ~ deterioration and  adverse
outcomes, but the data were not available and
not always consistent for all of them.

Table 5: Laboratory Predictors of Mortality in Polytrauma Patients

Laboratory predictor Reported value Association with mortality
Lactate 2.7 +2.39 mmol/L Conflicting evidence

pH 7.31 £ 0.119 Evaluated as predictor
Base excess —2.14 + 6.04 Evaluated as predictor
CRP 4.56 + 11.68 mg/L Evaluated

Creatinine 1.43 + 3.97 mg/dL Evaluated

Hemoglobin 14.61 £ 9.92 g/dL Evaluated

Leukocytes 11.68 + 5.82 x103/uL Evaluated

Troponin 30.96 + 83.15 pg/mL Evaluated

AUC Comparison of Prediction Models

The discriminatory performance of the models
that we examined is shown in Fig. 2. The
models evaluated were the Injury Severity Score
(ISS), Shock Index (SI), Revised Trauma Score
(RTS), Rapid Emergency Medicine Score
(REMS), APACHE II and PMPS. Area under
the curve (AUC) was used to compare the
discriminatory capacity of each model for the

different mortality outcome categories. The
overall figure illustrates differences in the AUC
for the prediction models evaluated. The
discriminatory performance was the best with
PMPS followed by APACHE II and REMS,
while ISS and SI demonstrated comparatively
low AUC values. The intermediate predictive
performance of RTS was observed. The results
demonstrated that multivariable prediction
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models offered greater mortality discrimination
than individual trauma indices (ISS and Shock
Index) and that PMPS offered the greatest
discrimination. Based on the comparative AUC
assessment, it is suggested that PMPS may be
more useful for the identification of
polytrauma patients at higher risk for mortality.
The lower AUC obtained for SI suggests less

discriminatory performance when used alone.
In conclusion, the findings of this study favour
the use of comprehensive prediction models
over any individual physiological or anatomical
index where the prediction of early mortality is
needed in polytrauma patients attending the

ED.

AUC Comparison of Prediction Models

Prediction Model

0 20 40

AUC (%)

60

WSS

| S|

B RTS

B REMS

W APACHE II
B PMPS

80 100

Figure 2: AUC comparison of prediction models

Comorbidities in Polytrauma Patients

Preexisting comorbidities in  polytrauma
patients are shown in Figure 3. There were
significant differences in the prevalence of the
comorbid conditions reported. The most
common comorbidity was hyperlipidaemia
(46%), followed by hypertension (42.5%). The
largest percentage of preexisting disease that
was evaluated was in these two diseases.
Twenty-three percent were reported to be on

anticoagulation therapy. The incidence of
CHD was 15.5%, and that of type II diabetes
mellitus was 14%. A lower prevalence was
found with renal insufficiency (8.5%). COPD
was the least commonly reported comorbidity,
affecting approximately 3.7% of patients.
Overall, the prevalence of individual
comorbidities ranged from 3.7% to 46%, with
hyperlipidemia and hypertension being the
most prevalent preexisting conditions.
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Figure 3: Prevalence of comorbidities in polytrauma patients

Performance of Shock Index for Mortality
Prediction

Shock Index (SI) performance with regard to
mortality prediction at various phases of
trauma care is shown in Figure 4. The
performance was also different when assessed
overall, in the prehospital setting or after
admission to the hospital. The sensitivity was
"36%, and the specificity was 74.5% for the
overall shock index. The AUC for the
corresponding was approximately 55% (0.55).
This suggested only a moderate discriminatory
capability (but a high specificity compared to
the sensitivity). The Prehospital Shock Index
had the greatest sensitivity of all the analysed SI

measures, with a value of ~885%. Its
specificity, however, was relatively low at
approximately  38.5%. The AUC was
approximately 59%  (0.59). In general,

prehospital SI demonstrated a high level of
performance in identifying those patients who
were at risk for death but little to no ability to
correctly exclude those patients who would
ultimately survive. The sensitivity of the
hospital Shock Index was approximately 46%,
while its specificity was 78%. The AUC was
approximately 64% (0.64), which was the
largest AUC of all the Shock Index
assessments. This is an indication that hospital
SI was more discriminating than overall and
prehospital  SI.  The  sensitivity — was
approximately 32%, the specificity —was
approximately 74% and the AUC was
approximately 53% (0.53) for the hospital
mortality subgroup. Thus, prehospital SI was
the most sensitive (88.5%), while hospital SI
was the most specific (78%) and had the largest
AUC (0.64).
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Figure 4: Performance of trauma prediction models

Distribution of Studies According to ISS

The threshold injury severity score (ISS)
distribution is shown in Figure 5. The included
studies could be categorized into three different
categories of ISS. Two studies used the
threshold of ISS>15. In contrast, 1 study
reported ISS >14, and 1 study reported ISS
>16. Thus, 50% of the studies represented
employed ISS >15, 25% employed ISS >14 and

25% employed ISS >16. The study results
support the hypothesis that the majority of
studies applied an ISS between 15-16 as a cut-
off for assessing severe trauma and mortality-
related outcomes. The clustering of studies at
these levels indicates that moderate-to-severe
injury classification was relatively consistent in
assessing the mortality of polytrauma patients.

Distribution of Studies According to ISS Threshold
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Figure 5: Distribution of studies according to ISS threshold
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Performance of Trauma Prediction

The performance of the model
prediction model is compared in Figure 6. All
of the models evaluated had generally high
predictive performance, although differences
were noted in the predictive performance
between the MGAP and PMPS approaches.
The discriminatory performance of the MGAP
model was high, with AUC values ranging from
approximately 90% to 95%. The lower estimate
approximately 90%, and the upper
estimate was approximately 95%. The PMPS
model showed an AUC of =~ 93%. PMPS

exhibited a discriminatory ability along with a

trauma

was

sensitivity of approximately 93% and a
specificity of approximately 73%. High
sensitivity meant that PMPS could detect most
of the patients who later died, and high
specificity meant that it had a good ability to
identify the patients who survived. Overall, the
discriminatory performance of MGAP and
PMPS were significantly better than the Shock
Index measures presented in Figure 2. The
other thing that was interesting about PMPS
was that it had a high sensitivity (93%) and
high specificity (73%), while MGAP had an
AUC range of approximately 90-95%.

PMPS Specificity

PMPS Sensitivity

PMPS AUC

MGAP AUC (upper)

MGAP AUC (lower)

Performance of Trauma Prediction Models

0% 20%

40% 60% 80% 100%

Performance (%)
Figure 5: Performance of Trauma Prediction Models
Discussion Cambodia. The geographical distribution

Characteristics of Included Studies

Ten studies were included in the present review
that examined prognostic and
prediction models for mortality or survival in

factors

trauma patients. There were five derivation
studies and nine validation studies with a
sample size of 30 to 22,388 patients. These
studies were performed in the USA, Canada,
France, Pakistan, the Netherlands, Iraq and

suggests that trauma prediction models have
been tested in various health care systems and
trauma-care settings. The difference in sample
size, however, is significant, as is the difference
in the study setting, which suggests a high level
of heterogeneity among the available evidence.
In a systematic review of early trauma
prognostic models, Rehn et al. (2011) also
found five derivation studies and nine external
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validation studies, with only one derived in a
low-income context. The review highlighted the
fact that models available for predicting
survival generally performed quite well, but
there were some methodological limitations
and external validation issues (Collins et al.,
2014; Liyanage et al., 2015).

The fact that most of the studies included in
this review were validation studies is
significant, as it means that these studies can
provide information on whether the prediction
model is useful for a population other than the
one for which it was developed. The sample
sizes included ranged from the small Pakistani
sample (30 patients) to the large validation
sample (22,388 patients) in Canada, so there
was unlikely to be equal precision and
reliability of estimates across studies. Moreover,
most studies assessed survival, while some
studies assessed mortality or 30-day mortality,
which made comparisons somewhat difficult.
Steyerberg et al. (2008) and Roozenbeek et al.
(2012) also identified variability among trauma
prognostic studies with regard to outcome
definitions, handling of predictors and model
validation. In summary, it is important to
understand that the results of the present
review do not warrant the interpretation that
any one model is consistently the best in all
trauma populations but rather that these
models are recurring predictors and that these
models are useful prognostic approaches.

Demographic and Comorbidity Predictors

Demographic factors and prior comorbidities
are important for the prediction of mortality in
polytrauma patients. At age >69 vyears, a
significant association with increased mortality
was found (p = 0.029), and for female sex, an
AUC of 0.648 (p = 0.013) was observed.
Additionally, there was a significant
comorbidity burden, with hyperlipidaemia
(46%) and hypertension (42.5%) being the
most common comorbidities, followed by
anticoagulant therapy (23%), coronary heart
disease (15.5%), type II DM (14%), renal
insufficiency (8.5%) and COPD (3.7%). These
results indicate a need to consider baseline
health status, as it may affect a patient's
tolerance of hemorrhage, shock, surgery, and
physiological stress, beyond the anatomical

injury alone, when making a prognosis for
trauma. In particular, old age tends to be a risk
factor for poorer physiological reserve and
heavier chronic disease risk burden, which can
make them more susceptible to severe trauma.
The preexisting cardiovascular status is also
shown to be important by the association
between coronary heart disease and mortality
(AUC = 0.608, p = 0.015). Likewise, CPR
showed an AUC of 0.767 (p = 0.021), which
was higher than that of the other demographic
factors evaluated, indicating that CPR had the
best correlation with adverse outcomes. CPR
needs to be viewed more as a reflection of the
severity of the physiological situation than just
as a baseline characteristic (Thuccani, 2025; Li
et al., 2021). The results align with the model
of Vorbeck et al. (2023) and Seliverstov and
Shapkin (2017), who found that incorporating
age >609 vyears, female sex, coronary heart
disease, and CPR, along with GCS and Shock
Index, could predict death in severely injured
polytrauma patients. These results therefore
support a multidimensional approach, taking
into consideration age and the presence of
comorbidities  together with the acute
physiological and neurological state.

Neurological Predictors

Neurological status plays an important role in
the prediction of early mortality. A GCS <11
was significantly related to increased mortality
(p = 0.033), and GCS was also found to be a
significant predictor of 30-day survival (p <
0.001). The Glasgow Coma Scale is a quick
measurement of a person's neurological
abilities and can be used before laboratory and
imaging studies have been performed, making
it especially wuseful in the emergency
department. A low GCS score can be
associated with severe TBI, cerebral perfusion
reduction, hypoxia or overall physiological
decline. Therefore, the loss of consciousness in
polytrauma patients can also be a direct
neurological injury or may be related to the
effects of systemic shock. Given the consistent
and robust inclusion of GCS in trauma
prediction models, it is one of the most
clinically valuable early predictors

(Meixensberger & Roosen, 1998).
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The current results also corroborate those of
Rehn et al. (2011) in their systematic review of
the early trauma prognostic models reviewed,
who found evidence that level of consciousness
was used as a predictor. GCS/LOC was again
shown to be relevant in various prediction
systems, including the Pre-Hospital Index
(PHI), Physiologic Severity Score (PSS), and
MGAP score (Lee et al., 2021; Battle et al.,
2014). The use of the GCS in multiple
independent models is crucial, as it confirms
that its predictive value is not limited to a
single scoring system. However, sedation,
intoxication, intubation and prior neurological
disease can have an impact on GCS. The
current results thus support the view that GCS
should be considered a valuable part of a
comprehensive  mortality  prediction  tool
instead of a definitive predictor of outcome on

its own (Healey et al., 2003).

Physiological and Hemodynamic Predictors
Physiological and hemodynamic parameters
play a key role in the prediction of early
mortality. The physiological variables included
were most consistently systolic blood pressure
(5/5 models). Heart rate was used in PHI, and
respiratory rate was used in PHI, T-RTS and
PSS. Hypotension (based on SBP) was
correlated with higher mortality. These results
are clinically logical, as lower blood pressure
after major trauma can be a sign of blood loss,
heart failure, or other circulatory failure.
Tachycardia and elevated respiratory rate are
compensatory  physiological  reactions to
hypovolemia, decreased tissue perfusion, pain
or systemic stress. Eftekhar et al. (2005) also
found that level of consciousness and systolic
blood pressure were highly reproducible across
the different trauma prognostic models.

The results of the Shock Index (SI) provide
further proof of early hemodynamic risk. The
results showed that SI >1.0 was high risk, SI
0.5-0.7 was normal, and SI >1.4 was severe
shock. However, as shown in Figure 2, the
timing of the assessment had significant effects
on Sl performance. The overall SI was
approximately 36% sensitive, 74.5% specific,
and AUC was 0.55; the prehospital SI had the
highest sensitivity of 88.5%, but the specificity
was 38.5% and AUC was approximately 0.59;

the hospital SI had a sensitivity of 46%, a
specificity of 78%, and AUC of 0.64; and the
hospital mortality subgroup had approximately
32% sensitivity, 74% specificity, and 0.53
AUC. This is significant because SI is not
equally discriminatory across all clinical
contexts. Moreover, a large systematic review
and meta-analysis by Vang et al. (2022) and
Singh et al. (2014) found that there is potential
for predicting mortality in trauma using SI, but
the performance of the different studies and
clinical settings is variable.

Laboratory Predictors

A number of biochemical and haematological
parameters have been studied for their
potential as mortality predictors. The reported
values included lactate 2.7 + 2.39 mmol/L, pH
7.31 = 0.119, and base excess —2.14 + 6.04.
These parameters represent various types of
physiological perturbations after a severe
injury. Lactate is especially important because
inadequate tissue perfusion can lead to
increased anaerobic metabolism and lactic acid
production, and acid—base disturbance data are
important, as represented by pH and base
excess. Metabolic abnormalities can thus be
used as an extra source of information about
the severity of physiological compromise in
patients with severe trauma and hemorrhage.
You reviewed evidence that was conflicting to
the question of lactate, however, and there was
insufficient consistency of prognostic value
across included evidence (Strehlow, 2010).
Other evaluated parameters included CRP 4.56
+ 11.68 mg/L, creatinine 1.43 + 3.97 mg/dL,
hemoglobin 14.61 + 9.92 g/dL, leukocytes
11.68 + 5.82 x103/puL, and troponin 30.96 =
83.15 pg/mL. These markers are all indicators
of inflammation, renal function, blood loss,
systemic  stress, and myocardial injury,
respectively. The evidence reported in your
tables, however, does not report consistent
effect estimates for each marker, thus it is not
appropriate to say that each of these parameters
independently predicts mortality. They may
also be influenced by the timing of the blood
collection, the amount of fluid given en route
to the hospital, the mechanism of the injury,
the presence of preexisting disease, or
treatment prior to laboratory evaluation. Based
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on that, the present study results indicate that
laboratory markers can serve as complementary
prognostic information, but the evidence in
this review is more compelling for clinical and

physiological markers such as GCS, SBP, and
SI (Spahn et al., 2013; Etxaniz & Pita, 2015).

Injury Severity Score Thresholds

Two studies reported an ISS >15, one study
reported ISS >14 and one study reported ISS
>16 as the most frequently reported ISS
threshold. Hence, 50% of the four threshold
observations employed 1SS>15, 25% of the
four threshold observations employed 1SS>14,
and 25% of the four threshold observations
employed ISS>16. There is an apparent focus
approximately 15-16, suggesting that the studies
included in the analysis tended to have a 15-16
threshold for defining severe and major
trauma. This discovery is in line with the
historic use of ISS as a measure of injury
severity and is a helpful anatomical reference.
The ISS was originally put together by Chawda
et al. (2004) and Rahmani et al. (2017) to have
a standardized way of describing multiple
injuries and has since become one of the most
commonly used anatomical measures of trauma
severity.

However, the distribution of thresholds also
shows that not all the studies included in this
analysis were identical. The difference between
ISS >14, 1SS >15, and ISS >16 may seem trivial
but could impact patient classification for
severely injured patients and thus the apparent
performance of a prognostic model. More
importantly, ISS is defined as an anatomical
injury, not the patient's physiological response
to the injury. The risk of death following a
certain ISS can vary significantly with age,
GCS, blood pressure, comorbidities,
hemorrhage and other  physiological
characteristics. This "fallacy" is one of the
reasons anatomical scores are frequently used
in combination with physiological scores in
trauma prediction systems. Guzzo et al. (2005)
and Maurer et al. (2021) highlighted that early
trauma models have varying sets of anatomical
and physiological predictors and that model
performance should be understood within the
clinical context and for their intended use.

Use of the trauma prediction models

MGAP and PMPS had good discrimination
ability in predicting mortality. The AUC of
MGAP ranged from 0.90 to 0.95, and PMPS
had an AUC of 0.93, with a sensitivity of 93%
and specificity of 73%. These models were able
to distinguish relatively well between survivors
and mortality with high AUC values. The
PMPS is a very sensitive test that is especially
relevant for emergency care, as the model may
be helpful for early triage and escalation of care
for patients who subsequently die. Having
several variables readily available during early
trauma assessment, MGAP was developed
specifically for rapid mortality prediction based
on mechanism, GCS and arterial pressure and
age.

The high performance of MGAP and PMPS
compared to the individual predictors further
demonstrates the benefit of leveraging multiple
clinical measures. Age, sex, CHD, CPR, GCS,
and SI are included in PMPS, while
mechanism, GCS, age, and arterial pressure are
included in MGAP. Therefore, the two models
also include information on the patients'
neurological status and physiological condition,
in addition to demographic information. This
is consistent with the findings of Cook et al.
(2016) and Zhao et al. (2015) that the existing
models for predicting mortality after trauma
tended to perform well in predicting survival
but also highlighted the need for appropriate
external validation and model methodology.
The current results thus indicate that more
than one single predictor, such as a
multivariable score, might be more predictive
for early mortality than using a single predictor.

AUC Comparison of Prediction Models

These  broader  comparisons of  the
discriminatory performance of ISS, Shock
Index, RTS, REMS, APACHE II and PMPS.
Based on your results, PMPS had the best AUC
followed by APACHE II and REMS, ISS and
Shock Index had comparatively less
discriminatory performance and RTS had
intermediate performance. This pattern is
clinically significant since ISS and SI are
relatively focused measures, while multivariable
scores include multiple aspects of patient
status.  Mortality  after  polytrauma is
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multifactorial, and a model incorporating the
effects of mneurological status, physiology,
demographics, and comorbidities may be more
useful in distinguishing high-risk cases from
others with a more favourable outcome (Knaus
et al,, 1991; Sammy et al., 2016; Xu et al.,
2017).

The AUC was only 0.55 overall, 0.59
prehospital, 0.64 hospital and 0.53 in the
hospital mortality subgroup. As such, while
simple and quickly available, SI has poor
discriminatory power with the evidence
presented alone. It is not that SI is devoid of
clinical utility, but it might be better as a part
of a larger model. While trauma mortality has
been shown to be prognostically significant for
SI, as shown by Carsetti et al., 2023, there is
also heterogeneity in the studies regarding SI.
This finding that multiple readily available
clinical ~parameters may enhance the
discriminatory ability over an individual
hemodynamic parameter is supported by the
higher AUC observed for PMPS (Ganter et al.,
2018; Grigorescu et al., 2026; Diana, 2026; van
der Sluijs et al., 2013).

Opverall Clinical Interpretation

The five tables and five figures combined show
that early mortality in polytrauma patients is
related to wvarious interacting domains,
including baseline patient characteristics,
neurological status, physiological instability,
injury severity, and laboratory abnormalities.
Demographic results found that age >69 years,
female sex, CHD and CPR were important
predictors, while Figure 1 shows that there was
a significant burden of comorbidities, especially
hyperlipidaemia and hypertension. GCS was
consistently related to death, and SBP, heart
rate, respiratory rate, hypotension and SI were
all important factors that also showed that the
sensitivity, specificity, and AUC of SI were
significantly — affected by the time of
measurement. This corroborates the overall
finding that no single clinical parameter is
sufficient to predict trauma mortality.

The results also suggest that multivariable
prediction models may be a more
comprehensive approach. The AUC for PMPS
was approximately 0.93, with 93% sensitivity
and 73% specificity, and was between 0.90 and

0.95 for MGAP. The individual SI assessments
had significantly lower AUC values, however.
Similarly, Rehn et al. (2011) found in their
systematic review that, in general, early trauma
prognostic models were highly accurate in
predicting survival, but there were significant
methodological drawbacks. This underlines the
results of the present study in favour of the
early application of easily available predictors,
including GCS, SBP, age and SI, preferably not
as individual predictive profiles but rather
within a validated multivariable predictor.

Conclusion

This systematic study shows that various
interacting demographic, neurological,
physiological, haemodynamic, and injury-
related factors, rather than a single clinical
parameter, affect mortality in polytrauma
patients who arrive at the emergency room.
Poorer outcomes were linked to advanced age,
especially >69 years, female sex, coronary heart
disease, cardiopulmonary resuscitation, a lower
Glasgow  Coma  Scale  (GCS)  score,
hypotension, abnormal systolic blood pressure,
tachycardia, and respiratory abnormalities.
Systolic blood pressure and haemodynamic
instability were routinely included in early
trauma prediction methods, and a GCS <11
emerged as a significant early neurological
signal. Although the predictive evidence for
specific laboratory indicators, especially lactate,
was inconsistent, laboratory variables such as
lactate, arterial pH, and base excess may offer
further information regarding physiological
deterioration. The discriminatory performance
of prognostic tools varied substantially. The
Shock Index demonstrated limited and timing-
dependent discrimination for mortality, with
greater sensitivity in the prehospital setting but
better specificity and AUC following hospital
assessment, indicating that it should not be
interpreted as a stand-alone mortality predictor.
In contrast, multivariable models incorporating
demographic, neurological, physiological, and
injury-related information showed stronger
discrimination, with PMPS achieving an AUC
of  approximately 093 and MGAP
demonstrating an AUC of approximately 0.90-
0.95. These findings support the use of
integrated, readily available clinical variables
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and validated multivariable prediction models
for early risk stratification, triage, monitoring,
and escalation of trauma care. However,
substantial heterogeneity in study populations,
mortality  definitions, predictor variables,
sample sizes, and model validation limits direct
comparison between models. Further large-
scale, prospective, multicentre studies with
rigorous external validation are required before
these prediction tools can be broadly
implemented across diverse  trauma-care
settings.
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