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ABSTRA CT

Background

Geriatric trauma patients exhibit higher mortality due to frailty,
comorbidities, and low physiological reserves. Traditional trauma
severity scales often underestimate this risk because they do not
use frailty markers. The Geriatric Trauma Outcome Score (GTOS)
and Trauma Specific Frailty Index (TSFI) may help improve
mortality prediction in this population.

Objective

To evaluate and compare the predictive accuracy of GTOS and TSFI
for in-hospital mortality among geriatric trauma patients.

Methods

A retrospective observational study was conducted at
KIMSHEALTH, Trivandrum, over one year (October 1, 2024 -
October 1, 2025). Patients aged =65 years presenting with traumatic
injuries were included. GTOS and TSFI scores were calculated and
their ability to predict 30-day mortality was assessed using ROC
curves, sensitivity, and specificity.

Results

Among 198 patients, non-survivors had higher median GTOS (115)
and TSFI (0.51) compared with survivors (GTOS: 81; TSFI: 0.29).
GTOS demonstrated good discrimination (AUC: 0.80), while TSFI
showed fair-to-good discrimination (AUC: 0.74). When both scores
were combined in a single model, predictive accuracy improved
further, with the model yielding the highest AUC, indicating that using
GTOS and TSFI together provides added value for mortality
prediction. Optimal cutoff values were identified as GTOS =103
and TSFI 20.44.

Conclusion

GTOS and TSFI are valuable and complementary predictors of 30-
day mortality in geriatric trauma patients. GTOS effectively
captures anatomical and physiological severity, whereas TSFI
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reflects baseline frailty. Their combined use in a single
model further enhances mortality prediction beyond
each score alone and may assist clinicians in decision-
making.

Introduction

The aging population has transformed the
epidemiology of trauma worldwide. Older adults now
represent one of the fastest-growing trauma
subgroups and account for a disproportionate share of
trauma-related deaths.

Conventional scoring systems, such as the Injury
Severity Score (ISS) and the Trauma and Injury
Severity Score (TRISS), were not designed specifically
for geriatric physiology. Consequently, they may fail to
identify high-risk patients who appear anatomically
stable but have low functional reserve, as these
scoring systems do not incorporate components to
measure frailty.

The Geriatric Trauma Outcome Score (GTOS) uses age,
ISS, and transfusion needs to measure physiological
stress after trauma. The Trauma-Specific Frailty Index
(TSFI) assesses baseline frailty using variables such as
comorbidities and functional status. Frailty is an
important predictor of poor outcomes in trauma, often
outperforming chronological age as a marker of
vulnerability.

Despite growing recognition of frailty-informed
trauma care, comparative evidence evaluating GTOS
and TSFI remains limited, particularly in resource-
variable emergency settings such as those in India.
This study, therefore, aims to evaluate the relative
predictive accuracy of GTOS and TSFI for mortality
among geriatric trauma patients and explore whether
a combined approach enhances mortality prediction.

Methodology
Study design and setting

A retrospective observational study was conducted at
KIMSHEALTH Emergency Department, Trivandrumfrom
October 1, 2024, to October 1, 2025.

Patients aged 65 or older with traumatic injuries
requiring emergency admission and complete GTOS/
TSFI data were included. Patients with blunt or

injuries or burns, or had incomplete data required to
calculate GTOS or TSFI were excluded.

Data collection

Data on demographics, mechanism of injury, vital
signs, ISS, comorbidities, interventions, and 30-day
mortality were collected. GTOS was calculated using
the formula: Age + (2.5 x ISS) + 22 (if transfused within
24 hours).

TSFI scores were based on 15 frailty variables and
ranged from 0 to 1.

Outcome

The primary outcome was to assess and compare how
well GTOS and TSFI predicted 30-day mortality in
geriatric trauma patients.

Secondary outcomes included evaluating the
discriminatory performance of GTOS and TSFI using
AUC (Area Under the Receiver Operating Characteristic
Curve); and determining the incremental prognostic
value of adding frailty to GTOS.

Statistical analysis

All statistical analyses were performed using SPSS
Statistics. Continuous variables were summarized as
mean #* standard deviation (SD) or median with
interquartile range (IQR). The predictive accuracy
of GTOS and TSFI for 30 day mortality was assessed
using receiver operating characteristic (ROC) curve
analysis. For each score, the area under the ROC curve
(AUC) with 95% confidence intervals (CI) was
calculated to quantify discriminatory ability.

Sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were reported
with 95% Cls.

To examine the incremental prognostic value of frailty,
three logistic regression models were constructed with
30 day mortality as the dependent variable: Model 1
included GTOS alone, Model 2 included TSFI alone, and
Model 3 included both GTOS and TSFI.

Adjusted odds ratios (OR) with 95% Cls were estimated for
each predictor. All tests were two sided, and a p-
value <0.05 was considered statistically significant.

penetrating traumatic injuries requiring emergency Results

department (ED) evaluation and hospital admission,
with complete data for the calculation of GTOS and
TSFI, were included.

Patients who were dead on arrival, transferred to
other facilities after initial resuscitation without
available follow up data, had isolated soft tissue
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Patient characteristics

During the study period, 213 geriatric trauma patients
presented to the emergency department; 198 met the
inclusion criteria and were included in the analysis.
The cohort had a mean age of approximately 75.6 *
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7.1 years, with a slight male predominance (56.6%).

The predominant mechanism of injury was ground-
level falls (68.1%), followed by road traffic accidents
(26.8%) and other mechanisms (5.1%). The most
common comorbidities were hypertension (57.5%),
diabetes mellitus (36.4%), and coronary artery disease.

Injury severity was largely mild to moderate, with a
median Injury Severity Score (ISS) of 13, demonstrating
a right-skewed distribution with relatively fewer
patients sustaining critical injuries.

Among the 198 geriatric trauma patients included
in the study, 28 died within 30 days of the index
emergency department presentation, corresponding to
a 30 day all cause mortality rate of 14.1%.

GTOS and TSFI distributions
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Figure 1: Distribution of median GTOS and TSFI according to 30 day survival status.

Non survivors had higher GTOS (115 vs 81) and TSFI (0.51 vs 0.29) compared with

survivors, indicating that greater injury severity and higher frailty burden are

associated with increased 30 day mortality in geriatric trauma patients.
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Figure 2: Overlaid histograms of GTOS stratified by 30 day survival status. Non
survivors demonstrate a right shifted distribution with higher GTOS values
compared with survivors, indicating that greater injury severity and frailty are
both associated with an increased risk of 30 day mortality.
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Figure 3: Overlaid histograms of TSFI by 30 day survival status. Non survivors
exhibit a right shifted distribution with higher TSFI values compared with
survivors, indicating that greater frailty is associated with an increased risk of
30 day mortality, reinforcing the association between biological vulnerability
and adverse outcomes in geriatric trauma patients.

Discriminatory performance of GTOS and TSFI
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Figure 4: Receiver operating characteristic curve analysis demonstrated
strong predictive capability for both scoring systems: GTOS showed strong
discrimination with an area under the curve (AUC) of 0.88, while TSFI
demonstrated fair-to-good discrimination with an AUC of 0.79.
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Figure 5:Combined model integrating GTOS with TSFI achieved an AUC of
0.91, indicating excellent prognostic performance and suggesting meaningful
incremental value from frailty assessment.
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Figure 6: Optimal cutoffs were identified for GTOS 2103 (Sensitivity 85%,
Specificity 76%), demonstrating strong ability to identify high risk patients while
maintaining acceptable specificity. A TSFI threshold of 20.44 yielded Sensitivity
69% and Specificity 71%.

Discussion

This retrospective cohort study highlights the
complementary roles of GTOS and TSFI in predicting
30-day mortality among geriatric trauma patients.
These findings support the concept that structural
injury burden and pre existing physiological
vulnerability are complementary domains that jointly
determine short term outcomes in older trauma
patients."* (Figure 1).

Our results are consistent with prior work validating
GTOS as a geriatric-specific mortality prediction tool.
Contemporary reviews of trauma scoring in older
adults, therefore, highlight GTOS as one of the most
practical tools for early risk stratification in geriatric
trauma.> The original GTOS derivation study and
subsequent external validations have repeatedly
demonstrated good to excellent discrimination for in
hospital or 30 day mortality, with AUCs often 20.80
and optimal cut offs around 100.*”

A recent national analysis further confirmed that
GTOS performs robustly across a large, heterogeneous
trauma population and can match or exceed the
predictive accuracy of more complex models while
remaining simple to calculate at the bedside.® In this
context, our finding that GTOS alone demonstrated
good discriminatory performance and was
substantially higher in non survivors reinforces its
utility in daily practice (Figure 2).

Frailty assessment adds another important dimension
to this study. Numerous studies have demonstrated
that frailty, regardless of the instrument used, is
independently associated with increased mortality,
complications, prolonged hospitalisation, and adverse
discharge  disposition after  trauma, often
outperforming chronological age.®** The Trauma
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Specific Frailty Index (TSFI) was designed to
operationalise frailty in injured older adults and has
been externally validated as an independent predictor
of poor in hospital and post discharge outcomes!?1*
(Figure 3).

The key contribution of our study is the demonstration
of incremental prognostic value when TSFI is
combined with GTOS. The higher AUC observed for the
GTOS+TSFI model compared with either score alone
suggests that frailty captures vulnerability not fully
reflected in anatomical and physiological injury
metrics (Figures 4 and 5). These findings mirror those
from multicentre studies showing that frailty indices
and trauma severity scores provide independent
information for predicting mortality, intensive care
use, and other adverse outcomes in older trauma
patients.'

From a clinical perspective, these results support a
dual assessment strategy in which frailty screening
is applied alongside routine trauma scoring to refine
triage decisions, identify patients requiring early
geriatric or palliative input, and guide realistic goals of
care discussions with patients and families.>!® (Figure
6).

Our results are also aligned with evolving guideline
recommendations. The 2023 World Society of
Emergency Surgery guidelines on the management of
trauma in elderly and frail patients recommend the
use of GTOS to estimate mortality risk and advocate
routine frailty assessment to identify high risk
individuals.’*  Similarly, the American College of
Surgeons best practice guidelines emphasize
structured geriatric assessment, including frailty
evaluation, as a cornerstone of modern geriatric
trauma care.'® By showing that both GTOS and TSFI
were significantly elevated in 30 day non survivors
and that their combination improved discriminatory
performance, our study provides real world support
for these recommendations in a resource limited
setting.

This study has limitations. It is a single centre study
with a relatively modest sample size, which may limit
generalizability and contribute to wider confidence
intervals around AUC estimates compared with
large registry based analyses. The analysis focused on
30 day mortality and did not evaluate long term
functional outcomes or quality of life, which are
increasingly recognized as important endpoints in
geriatric trauma research. TSFI was measured only
once in the emergency department; dynamic changes
in frailty status and the impact of acute illness were
not captured. Finally, residual confounding remains a
possiblity, as in any observational study.
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Despite these limitations, this study represents the
first comparative evaluation of GTOS and TSFI in an
Indian emergency department with a comprehensive
retrospective dataset. These findings provide
contemporary evidence that incorporating frailty
assessment alongside GTOS enhances short-term
mortality prediction in elderly trauma patients.

through the lens of biological resilience. Integrating
frailty assessment into early trauma evaluation may
therefore represent an important advancement in
modern emergency care for older adults, shifting
practice from reactive management toward
anticipatory, risk-informed intervention.

Future multicentre studies should validate optimal Funding

combined cut offs and compare the performance of
GTOS+TSFI with emerging geriatric-specific scores
such as GERtality and GTOS II, with attention not only

This research received no external funding.

to survival but also functional recovery and patient Conflict of interest

centred outcomes.

Conclusion

The authors declare that they have no conflicts of
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GTOS and TSFI are valuable tools for predicting 30- Patient consent

day mortality in geriatric trauma patients, and their
combined use offers a more comprehensive
assessment by capturing both anatomical injury
severity and baseline frailty. Incorporating these scores
into clinical practice may improve risk stratification

For this study, patient data were collected from
hospital records. No identifiable patient information
has been included. Individual patient consent was
waived due to the study’s retrospective design.

and support more informed management decisions in Ethics committee approval

this vulnerable population.

Geriatric trauma challenges clinicians to look beyond
the injury and evaluate the patient in totality. These
findings suggest that the most accurate predictions
emerge when anatomical severity is interpreted
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