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Predictors of ED Outcomes and 30-Day Mortality in Oldest Olds Presenting
with Trauma
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Objective: Trauma-related emergency department (ED) admissions among older adults are increasing with population aging. The oldest-old, defined as patients aged

>85 years, are particularly vulnerable, as even low-energy mechanisms may result in clinically important morbidity and mortality. This study aimed to evaluate the epi-
demiological, clinical, and prognostic features of trauma presentations among the oldest-old and to identify factors associated with ED outcomes and 30-day mortality.

Materials and Methods: This single-center retrospective observational study included trauma patients aged >85 years who presented to the ED between May 1,
2020, and August 1, 2023. Demographic characteristics, mechanisms of injury, frailty levels, clinical and laboratory parameters, injury severity scores, ED outcomes, and
30-day mortality were recorded. Frailty was assessed using the Clinical Frailty Scale. Univariate and multivariate logistic regression analyses were performed to identify
independent predictors of 30-day mortality.

Results: A total of 467 patients were included. The median age was 88 years, and 70.2% were female. Falls were the predominant mechanism of injury (91.9%). Overall,
47.8% were discharged, 48.8% were admitted to hospital wards, 2.8% required ICU admission, and 0.6% died in the ED. The 30-day mortality rate was 8.1%. In multivariate
logistic regression analysis, the shock index, Geriatric Trauma Outcome Score, and frailty level were identified as independent predictors of 30-day mortality.

Conclusion: Trauma among the oldest-old was predominantly related to low-energy mechanisms, particularly falls, yet was associated with clinically important morbid-
ity and mortality. Injury severity scoring, early physiological assessment, and frailty evaluation may improve ED risk stratification. Further prospective studies are required
to validate these findings.
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Introduction The oldest-old population, generally defined as individuals aged 85

ears and older, warrants particular attention, as this rapidly growin
Trauma-related emergency department (ED) admissions among y P Pay’g 9

older adults have increased in recent years, largely reflecting
population aging, improved health services, longer life expectancy,
increased mobility, and the growing vulnerability of geriatric
patients to injury [1-3]. Even low-energy mechanisms may lead

demographic group is expected to double in size by 2050 [6,7]. Ground-
levelfalls are the predominant mechanism of injury in thisage group,and
these low-energy events may result in serious injury patterns, including
hip fractures, intracranial hemorrhage, and rib fractures [8]. However,

to clinically significant morbidity in this population because of
age-related physiological changes, reduced functional reserve,
osteoporosis,comorbidities,and the frequent use of antithrombotic
medications [4,5]. Therefore, trauma in older adults represents an
important challenge for emergency physicians, not only because
of injury management itself but also because adverse outcomes
may occur despite apparently minor mechanisms of trauma.
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the literature focusing specifically on trauma presentations among
patients aged >85 years remains limited, and reported admission rates,
mechanisms of trauma, and clinical outcomes vary substantially across
countries, healthcare systems, and hospital settings.

Early identification of oldest-old trauma patients at high risk
for poor outcomes is essential for appropriate triage, resource
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allocation, and clinical decision-making in the emergency
department. Traditional injury severity metrics, such as the Injury
Severity Score (ISS) and Geriatric Trauma Outcome Score (GTOS),
have been widely used to estimate trauma severity and mortality
risk in older adults [9,10]. In addition, physiological markers such
as the Glasgow Coma Scale, shock index, renal function, albumin
level, and inflammatory parameters, including the neutrophil-to-
lymphocyte ratio, may provide important information regarding
acute physiological derangement. Nevertheless, the predictive
value of these parameters in the oldest-old trauma population
remains incompletely defined, particularly in cohorts with
predominantly low-energy mechanisms and low injury severity.

Frailty has increasingly been recognized as a clinically meaningful
predictor of adverse outcomes in geriatric trauma, independent of
chronological age and injury severity [11]. Because frailty reflects
reduced physiological reserve and vulnerability to stressors, its
assessment may improve risk stratification beyond conventional
trauma scoring systems. Therefore, this study aimed to characterize
the epidemiological, clinical, and prognostic features of trauma
presentations among patients aged >85 years and to identify
factors associated with ED outcomes and 30-day mortality. In
particular, we sought to evaluate the prognostic contributions
of injury severity metrics, physiological parameters, laboratory
markers, and frailty level in this oldest-old trauma cohort.

Materials and Methods
Study Setting and Population

This single-center retrospective observational study was
conducted at one of the largest tertiary care centers in the
country, with more than 900,000 annual ED visits and a total
hospital capacity of 2,682 beds. Trauma patients aged >85 years
who presented to the ED during the 3-year and 3-month study
period between May 1, 2020, and August 1, 2023, were included
in the study.

Patients who were directly transferred to hospital wards or the
intensive care unit (ICU) without ED evaluation; experienced
trauma secondary to underlying medical conditions such as
cerebrovascular events, cardiac syncope, pulmonary embolism,
or sepsis; had pathological fractures; voluntarily discontinued
treatment; or had missing orincomplete study data were excluded.

Data Collection

The study was approved by the Ethics Committee of Basaksehir
Cam and Sakura City Hospital on November 6, 2023, with
protocol number KAEK/25.10.2023.520. Following approval by
the institutional review board, eligible patients were identified

through the hospital information system by screening trauma-
related ICD-10 diagnostic codes (S00-599 and T00-T14), codes
related to traffic accidents (V0O-V99), burns (T20-T32), and falls
(W00-W19).

All study variables were recorded using a standardized data
collection form by the investigating physicians. Collected variables
included age, sex, type of admission (walk-in or ambulance),
time of admission, chief complaint, chronic medical conditions,
antithrombotic medications, mechanism of injury, injury-to-
ED time, frailty level, GCS, and vital parameters on admission. In
addition, the shock index (SI), Abbreviated Injury Scale (AIS), Injury
Severity Score (ISS), and Geriatric Trauma Outcome Score (GTOS)
were calculated and recorded on the form.

Frailty status was retrospectively assessed using the Clinical
Frailty Scale (CFS), a 9-point clinical tool used to grade frailty
based on baseline functional status, independence in daily
activities, comorbidity burden, mobility, and need for assistance.
Frailty status was retrospectively assigned based on information
available in the electronic medical records, including pre-injury
functional status, mobility, dependency in activities of daily living,
comorbidities, cognitive impairment, and nursing and physician
notes at admission.

Slwas calculated as the ratio of heart rate to systolic blood pressure.
The AlS was determined by assigning each injury to an anatomical
region and grading its severity on a 6-point ordinal scale ranging
from minor (1) to unsurvivable (6). The ISS was calculated as the
sum of the squares of the highest AIS scores from the three most
severely injured body regions. The GTOS was calculated using the
following formula: GTOS=Age+(2.5xISS)+22 (if RBC transfusion
was administered).

Laboratory parameters were recorded at the initial ED presentation
and included hemoglobin, hematocrit, platelet count, red cell
distribution width (RDW-CV), international normalized ratio (INR),
activated partial thromboplastin time (aPTT), neutrophil-to-
lymphocyte ratio (NLR), C-reactive protein (CRP), creatinine, GFR,
and albumin. NLR was defined as the neutrophil count (10%/L)
divided by the lymphocyte count (10°/L).

The study was conducted in accordance with the principles
of the Declaration of Helsinki. The ethics committee waived
the requirement for individual patient consent because of the
retrospective observational nature of the study and the use of
anonymized data.

Definition of Outcomes

The primary clinical outcome of the study was 30-day mortality,
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defined as death from any cause within 30 days after the index
ED admission for trauma. Secondary outcomes included ED
disposition (discharge, ward admission, ICU admission, or death
in the ED). Outcomes were assessed based on in-hospital medical
records, electronic hospital information system data, and the
e-Nabiz system.

Data Analysis

Statistical analyses were performed using IBM SPSS Statistics (SPSS
Inc., Chicago, IL, USA). Categorical variables were presented as
frequencies and percentages, whereas continuous variables were
expressed as medians and interquartile ranges (IQRs) because the
data were non-normally distributed. Normality was assessed using
the Shapiro-Wilk test. Comparisons between categorical variables
were performed using the chi-square test or Fisher's exact test,
as appropriate. Continuous variables were compared using the
Mann-Whitney U test for two-group analyses and the Kruskal-
Wallis test for comparisons involving more than two groups.

Univariate logistic regression analyses were initially performed to
evaluate the associations between clinical variables and 30-day
mortality. Variables with p<0.10 in the univariate analyses were
included in the multivariable logistic regression model to identify
independent predictors of 30-day mortality. Odds ratios (ORs)
with 95% confidence intervals (95% Cls) were reported. Receiver
operating characteristic (ROC) curve analyses were performed
to evaluate the predictive performance of the ISS and GTOS for
30-day mortality. A two-tailed p<0.05 was considered statistically
significant.

Results

A total of 15,150 patients aged >85 years were admitted to the
ED during the 3-year and 3-month study period. Among them,
672 patients primarily presented with trauma. After meticulous
evaluation, 205 patients were excluded for the following reasons:
direct transfer to hospital wards without proper ED evaluation
(n=20), pathological fractures (n=3), missing data (n=87),
discontinuation of treatment (n=30), and trauma secondary
to syncope/presyncope caused by cardiac conditions (n=21),
cerebrovascular events (n=33), pulmonary embolism (n=2), or
sepsis (n=9). Ultimately, 467 patients were included in the final
analysis.

Trauma admissions most commonly occurred during the
afternoon hours (12:00-17:59) (37.3%), in the summer months
(28.9%), and on weekdays (74.4%). The majority of patients arrived
by ambulance rather than as walk-in admissions (66.4% vs. 33.6%).
Blunt trauma accounted for the vast majority of cases (n=457,
97.9%), whereas penetrating trauma was uncommon (n=10, 2.1%).
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Falls were the predominant mechanism of injury (n=429, 91.9%),
followed by simple hitting/bumping injuries (n=14, 2.9%), traffic
accidents (n=10, 2.1%), and burns (n=7, 1.5%). Among fall-related
injuries, same-level falls were the most common mechanism
(n=374, 87.2%), followed by falls from bed (n=36, 8.4%), falls down
stairs (n=12, 2.8%), and falls from a toilet seat or chair (n=7, 1.6%).
The most common chief complaints were hip pain (n=215, 46.0%),
headache (n=56, 12.0%), and back pain (n=49, 10.5%). The most
frequently affected anatomical regions were the lower extremities
(n=266, 57.0%), followed by the head and face region (n=62,
13.3%) and the upper extremities (n=58, 12.4%). Hip fractures
were detected in 200 patients.

The study cohort comprised 139 males (29.8%) and 328 females
(70.2%). Patient age ranged from 85 to 108 years, with amedian age
of 88 years (IQR, 86-91). Most patients (n=411, 88%) had at least
one chronic medical condition. The most common comorbidity
was hypertension (n=334, 71.5%), followed by diabetes mellitus
(n=95, 20.3%), Alzheimer’s disease (n=81, 17.3%), and coronary
artery disease (n=66, 14.1%). Patient demographics are presented
in detail in Table 1.

Median time from injury to ED admission was 6 hours (IQR, 3-24).
There was a moderate positive correlation between frailty level and
time to ED admission (Spearman’s p=0.34, p<0.001). Additionally,
a significant association was observed between frailty status and
mode of admission, with frail patients more frequently arriving by
ambulance than non-frail patients (p<0.001).

Among the 467 patients, 223 (47.8%) were discharged directly
from the ED, 228 (48.8%) were admitted to hospital wards, 13
(2.8%) required ICU admission, and 3 (0.6%) died in the ED.
During hospitalization, 195 patients (41.8%) underwent surgical
intervention for their injuries. The 24-hour mortality rate was 1.2%
(n=6/467), whereas the 30-day mortality rate was 8.1% (n=38/467).

The Kruskal-Wallis analysis for ED outcomes is shown in Table 2.
In addition, frailty level was significantly associated with severe
ED outcomes (x°=33.3, p<0.001); the proportion of frail patients
increased progressively from the discharged group to the
deceased group.

In univariate logistic regression analysis, age, GCS, shock index, ISS,
GTOS, NLR, CRP, GFR, albumin, and frailty level were identified as
significant predictors of 30-day mortality. In contrast, INR, aPTT,
RDW-CV, creatinine, male sex, and antithrombotic medication use
were not associated with 30-day mortality.

Among the individual predictors, GTOS demonstrated the highest
discriminative ability (AUC=0.831), followed by ISS (AUC=0.789),
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Table 1. Baseline demographic and clinical characteristics of patients aged =85 years with trauma

Variable N Min- Max Median (IQR) or n (%)

Continuous Variables

Age, years 467 85-108 88 (86-91)

SBP (mmHg) 467 60-200 140 (130-160)

DBP (mmHg) 467 37-140 80 (72-90)
HR (bpm) 467 47-155 88 (78-98)
RR (/min) 467 12-40 19 (18-22)
GCS 467 6-15 15 (15-15)
Shock Index 467 0.31-2.58 0.61 (0.55-0.68)
ISS 467 0-34 9(3-9)
GTOS 467 87-175 107.5 (96-112)
HGB (g/dL) 371 44-17 11.20 (10.30 - 12.80)
HCT (%) 371 12.1-55 34.90 (31.00-38.70)
PLT (10°/L) 371 1.50-875 226 (176-287)
RDW-CV 371 11.7-23.6 14.20 (13.30-15.20)
NLR 371 0.5-50.7 5.15(2.99-8.73)
INR 363 0.80-6.56 1.05 (1.00-1.10)
APTT (seconds) 363 14-58 28 (24.20-32.00)
CRP (mg/L) 363 0.10-289 20 (4.90-51.45)
Creatinine (mg/dL) 363 0.46-75 1.02 (0.81-1.28)
GFR (mL/min/1.73m?) 363 6-92 52.50 (39-70)
Albumin (g/L) 336 23-46 35(33-38)

Categorical Variables

Sex 467 | Male:139 (29.8%) | Female:328 (70.2%)

Comorbidities 467 | None:56 (12%) | One:163 (34.9%) | 2 or more:248 (53.1%)

Antithrombotic Use 467 | None:286 (61.2%) | Single:157 (33.6%) | Dual:24 (5.1%)

Frailty 467 | Non-Frail:83(17.8%) | Pre-frail:232(49.7%) | Frail:152(32.5%)

Injury to ED admission 467 ldn;g;eddia(tfz(j;\gf:)r;)éf(%%ﬁ)| Early (1-6 hours):307 (65.7%) | Delayed (6-24 hours): 84 (18%) |Very

Seeri et Iy IES) 467 \lj;)r)i/nig\r/)ér(é))(:jzg()).?:/o()ogw%i);wor (1-8): 227 (48.6%)| Moderate (9-15): 217 (46.5%) | severe (16-24): 15 (3.2%) |

APTT: Activated partial thromboplastin time; CRP: C-reactive protein; DBP: Diastolic blood pressure. ED: Emergency department; GCS: Glasgow Coma Scale; GFR:
Glomerular filtration rate; GTOS: Geriatric Trauma Outcome Score; HCT: Hematocrit; HGB: Hemoglobin; HR: Heart rate; INR: International normalized ratio; IQR: Interquartile
range; ISS: Injury Severity Score; NLR: Neutrophil-to-lymphocyte ratio; PLT: Platelet count; RBC: Red blood cell; RDW-C: Red cell distribution width—coefficient of variation;

RR: Respiratory rate; SBP: Systolic blood pressure.

shockindex (AUC=0.738), and frailty (AUC=0.738) (Figure 1). Optimal
cutoff values determined by the Youden index were GTOS>112.50
(sensitivity, 71.1%; specificity, 79.5%), 1SS>8.00 (sensitivity, 97.4%;
specificity, 53.1%), shock index>0.71 (sensitivity, 55.3%; specificity,
86.5%), and frailty=3 (sensitivity, 71.1%; specificity, 70.9%).

Prior to multivariate modeling, collinearity was assessed among

candidate variables.|SS and GTOS demonstrated severe collinearity
(r=0.941); accordingly, 1SS was excluded from the multivariate
model, and GTOS was retained given its superior discriminative
ability in univariate analysis (AUC=0.831 vs. 0.789). Complete-case
analysis was also performed, yielding a final analytic sample of
n=333 patients (36 events; event rate, 10.8%).
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Table 2. Kruskal-Wallis Analysis —emergency department outcome

Variable Discharged (n=223) Ward. ICU_ Decea.sed (n=3) p
Median [IQR] (n=228) Median [IQR] (n=13) Median [IQR] Median [IQR]
Age (years) fat i (85739101 s [ 05964
6e i 5.(1)82?2.001 i 5.(1382(1)2.001 [ 2.(;3!??1.001 [ 2.;(?!?3.00] <0.001
shocklndex 055063 055070 055082 e 0.0007
55 (1 ‘020.?200] [9‘0%?90‘00] [9.010%06200] il 8.55;2(()).50] <0.001
GTOS 91 '0906_'1080.00] 111.50 [108.5-114.5] 115.50 [112.0-133.0] 153?(6)4[.]2?3?25_ <0.001
NLR [2.531.?73.01 ] [3.5%5.79?22] [4.433(811 6] [6‘9101.1836‘27] <0.001
IR [1 0109161 0] [0.919.?13.1 0] [1 .010.}1?20] [1 .110.-21934] 03952
APTT (seq) [25.5%2.00] [24.%@2,001 [25;822,001 [265?2%.40] 05285
ROW-CY 13301470 13301553 (1340 1450 nagorrag | 0008
CRP (ma/L) [4.725?'2070.05] [5.02395;).601 [3.4811'?;001 [2433&732.85] 01157
Creatinine (mg/dl) [0.801'—919.22] [0.811'?11.29] [ .014-722.34] [ .119—316.87] 0.0036
GFR (mL/min/1.73m’) 2006050] 133007200] 230047.0) Sonarsy | 09072
Albumin (/1) e G- e Dorsasas | 09017
APTT: Activated partial thromboplastin time; CRP: C-reactive protein; GCS: Glasgow Coma Scale; GFR: Glomerular filtration rate; GTOS: Geriatric Trauma Outcome Score;
ICU: Intensive care unit; INR: International normalized ratio; IQR: Interquartile range; ISS: Injury Severity Score; NLR: Neutrophil-to-lymphocyte ratio; RDW-C: Red cell
distribution width—coefficient of variation

Multivariate logistic regression analysis is shown in Table 3. Our
multivariate model demonstrated excellent discriminative ability,
with an AUC (C-statistic) of 0.879 (95% Cl, approximately 0.82—
0.94).

Discussion

In this study, we characterized the epidemiological, clinical, and
prognostic features of trauma presentations among patients
aged >85 years and identified independent predictors of 30-day
mortality. Frailty emerged as a clinically meaningful variable across
multiple dimensions; frail patients experienced longer delays to ED
presentation, were more likely to arrive by ambulance, and were
associated with worse ED outcomes. Patients who experienced
more serious ED outcomes demonstrated significantly higher
ISS, GTOS, shock index, NLR, and creatinine values, whereas GCS,
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GFR, and albumin levels were significantly lower than those
of patients discharged from the ED or admitted to the ward. In
multivariate logistic regression analysis, SI, GTOS, and frailty level
were identified as independent predictors of 30-day mortality
(model AUC=0.879). Our findings underscore the importance of
incorporating injury severity metrics and frailty assessment into
the risk stratification of oldest-old patients presenting with trauma.

Trauma-related emergency admissions among geriatric patients
have increased in recent years [12-14]. Previous studies have
reported that trauma accounts for 18-36.7% of emergency
department presentations among patients aged =65 vyears
[12,15,16]. However, the literature on the oldest-old population
(aged >85 years) remains limited and inconsistent. A study from
the United Kingdom reported that injuries and falls constituted
approximately 31% of all emergency admissions among patients
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Table 3. Multivariate logistic regression- independent predictors of 30-day mortality (n=333, events=36)

Variable Adjusted OR 95% Cl Lower 95% Cl Upper p Model AUC | 95% Cl of AUC
Age (years) 1.059 0.950 1.181 0.297 0.879 0.82-0.94

GCS 1.060 0.626 1.794 0.830 0.879 0.82-0.94
Shock Index 1.656 1.265 2.167 <0.001 0.879 0.82-0.94
GTOS 1.048 1.002 1.096 0.039 0.879 0.82-0.94

NLR 1.022 0.964 1.084 0.465 0.879 0.82-0.94

CRP (mg//L) 1.052 0.978 1.130 0.172 0.879 0.82-0.94

GFR (mL/min/1.73m?) 1.002 1.000 1.004 0.057 0.879 0.82-0.94
Albumin 1.061 0.954 1.179 0.273 0.879 0.82-0.94
Frailty 2.780 1.263 6.122 0.011 0.879 0.82-0.94

Data are presented as adjusted odds ratios with 95% confidence intervals. The model AUC represents the discriminative performance of the multivariable logistic
regression model for predicting 30-day mortality. Abbreviations: AUC: Area under the receiver operating characteristic curve; Cl: Confidence interval; CRP: C-reactive
protein; GCS: Glasgow Coma Scale; GFR: Glomerular filtration rate; GTOS: Geriatric Trauma Outcome Score; NLR: Neutrophil-to-lymphocyte ratio; OR: Odds ratio.

aged >85 vyears (3,991/12,883) [17]. In contrast, a Turkish study
reported a trauma-related admission rate of 1.7% among patients
aged >80 years (361/21,850), while another study reported that soft
tissue injuries, traffic accidents, and falls together accounted for 18%
(142/780) of presentations among patients aged >85 years [18,19].
Similarly, a study from India reported that trauma accounted for
only 6% of all emergency department admissions among patients
aged >80 years (53/8,563) [20]. In the present study, trauma-related
admissions accounted for 44% of all emergency admissions
among patients aged >85 years (672/15,150). These variations may
be attributed to differences in healthcare systems, health policies,
hospital settings, patient populations, and cultural factors.

Trauma may result in more serious outcomes in geriatric patients
because of diminished physiological reserve, characteristic injury
patterns, pre-existing comorbidities, and medications such as
anticoagulants [21-23]. Early recognition of factors associated
with worse outcomes is therefore essential. ISS and GTOS are

ROC Curves — 30-Day Mortality
(Individual Predictors & Multivariate Model)

among the most widely studied scoring systems for trauma
severity and outcome prediction in this population, and both
have been validated as strong predictors of mortality in geriatric
trauma patients [24-26,9]. However, the predictive adequacy of ISS
alone has been questioned; Kim et al. [27] argued that ISS may be
insufficient for the comprehensive assessment of geriatric trauma
because it does not incorporate physiological parameters or
patient-specific factors such as age and transfusion requirements.
Indeed, studies have reported superior predictive
performance of GTOS compared with ISS for mortality in this
population [24-26,9]. Consistent with these findings, in our oldest-
old cohort, GTOS demonstrated a higher AUC than ISS (0.831 vs.
0.789), and in multivariate analysis, GTOS emerged as one of the
strongest independent predictors of 30-day mortality.

several

Physiological instability at presentation, as reflected by GCS
and shock index in our cohort, is well supported by the existing
literature. Moradi et al. [28] demonstrated that elderly trauma
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patients who died during hospitalization presented with
significantly lower GCS scores and systolic blood pressure than
survivors, consistent with our findings. The predictive value
of the shock index in geriatric trauma, however, remains a
subject of debate. Physiological aging and the widespread use
of antihypertensive medications may alter baseline vital signs,
potentially obscuring traditional hemodynamic markers of shock.
Autonomic dysfunction has been shown to blunt the expected
tachycardic response to physiological stress in elderly patients,
meaning that SI values may appear falsely reassuring despite
significant underlying hemodynamic instability [29-31]. Consistent
with this, Vandrajabpour et al. [32] reported SI to be an unreliable
predictor of mortality in an elderly cohort, with a sensitivity of only
48.48% and an AUC of 0.339 at a cutoff of 0.9. Nevertheless, several
studies have demonstrated the utility of SI in predicting adverse
outcomes in geriatric trauma patients [33,34], and our findings
align with this evidence; shock index was associated with both
ICU admission and in-ED death and emerged as an independent
predictor of 30-day mortality in multivariate analysis. The variability
in reported predictive performance across studies likely reflects
differences in threshold selection, patient populations, and injury
profiles, reinforcing the need for age-specific validation of SI cutoff
values in geriatric trauma.

Elevated NLR, reflecting systemic inflammation, was also
associated with ICU admission and in-ED death in our oldest-old
cohort. Although immune responses may be attenuated in older
adults because of immunosenescence, aging is paradoxically
characterized by chronic low-grade inflammation and impaired
regulation of the inflammatory response, a phenomenon often
referred to as “inflammaging” [35]. This underlying dysregulation
may partly explain why higher NLR at presentation was associated
with ICU admission and in-ED death in our cohort. However, NLR
did not emerge as an independent predictor of 30-day mortality
in multivariate analysis. This may suggest that although NLR
captures the overall inflammatory and physiological stress burden
following trauma, its prognostic signal is notindependent; rather, it
is likely mediated or confounded by closely related factors such as
injury severity, hemodynamic instability, renal dysfunction, frailty,
or nutritional compromise [36]. In this context, NLR may be better
understood as a marker of overall physiological derangement
than as a standalone predictor of mortality in this population.

Notably, age and coagulation parameters were not associated
with ICU admission, in-ED death, or 30-day mortality in our
cohort. The lack of an association with age is consistent with
the broader literature, which suggests that ICU admission
decisions are primarily driven by injury severity, physiological
instability, and pre-existing medical conditions rather than
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chronological age alone [37]. Regarding coagulation parameters,
although trauma-induced coagulopathy is well recognized as
a contributor to adverse outcomes, its prognostic impact may
be more pronounced in higher-acuity trauma populations; the
predominantly low-severity injury profile of our cohort may have
limited its discriminatory value. These findings should nonetheless
be interpreted with caution. The majority of our patients sustained
low-severity injuries (ISS 1-2), and the cohort included only 13
ICU admissions and 3 in-ED deaths, resulting in limited statistical
power to detect associations with less common outcomes. Larger
prospective studies with more balanced severity distributions
are needed to draw more definitive conclusions regarding the
prognostic role of age and coagulation parameters in oldest-old
trauma patients.

Frailty has been shown to predictin-hospital complications, longer
hospital and ICU lengths of stay, and mortality in geriatric trauma
patients, independent of injury severity [38]. In our multivariate
analysis, frailty emerged as an independent predictor of 30-day
mortality, reinforcing its prognostic value beyond traditional
trauma scoring systems. These findings highlight the importance
of routine frailty assessment at the time of ED presentation, as early
identification of frail patients may guide triage decisions, inform
goals-of-care discussions, and facilitate the timely mobilization of
geriatric-specific resources.

The clinical implications of our multivariate analysis are
particularly relevant to emergency department triage and early
risk stratification. Current triage systems, such as the Emergency
Severity Index and the Canadian Triage and Acuity Scale,
rely primarily on presenting acuity, vital sign thresholds, and
anticipated resource needs, without formally incorporating frailty
or trauma-specific severity indices. This may result in miscalibrated
triage decisions in oldest-old trauma patients, whose physiological
reserve and injury tolerance may differ substantially from those of
younger patients. In light of our findings, a combined approach
integrating acute hemodynamic status (shock index), age-
adjusted injury severity (GTOS), and baseline vulnerability (frailty
level) may provide a more comprehensive framework for risk
stratification, resource allocation, and goals-of-care discussions
than any single score in isolation.

This study has several limitations. First, it was conducted
retrospectively at a single tertiary ED, which may limit the
generalizability of the findings to other healthcare systems,
hospital settings, and trauma populations. Second, although
the overall sample size was acceptable, the number of severe
outcomes was limited, particularly ICU admissions, in-ED deaths,
and 30-day mortality events. This may have reduced the statistical
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power for some comparisons and increased the risk of model
instability or overfitting in the multivariate analysis. Third, the
study population predominantly consisted of patients with
low-energy trauma and relatively low injury severity; therefore,
the prognostic performance of the identified predictors may
differ in cohorts with higher-acuity trauma or more balanced
injury severity distributions. Finally, this study evaluated 30-
day mortality but did not assess longer-term outcomes such as
functional decline, institutionalization, quality of life, or delayed
complications. Prospective multicenter studies with standardized
frailty assessment and longer follow-up are needed to validate
these findings and clarify their role in clinical decision-making.

Conclusion

Trauma in the oldest-old population was predominantly related
to low-energy mechanisms, particularly falls. However, even
these low-energy injuries may be associated with clinically
important morbidity and mortality. Among the evaluated clinical,
physiological, and prognostic variables, shock index, GTOS, and
frailty level were identified as independent predictors of 30-day
mortality. Further prospective studies are required to validate
these findings and clarify their applicability across different
emergency care settings.
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