Clinical Medicine & Research
Volume 24, Number 2: 52-59

©2026 Marshfield Clinic-Sanford Health

clinmedres.org

Original Research

Elderly at a Crossroads: Rehabilitation
and Hospice Outcomes in Small Traumatic
Brain Injuries

Heather Rhodes-Lyons, PhD;Adel Elkbuli, MD; David L McClure, PhD;
Lucy Martinek, MD; and Antonio Pepe, MD

Background: Traumatic brain injury (TBI) in older adults is a growing public health concern, yet
outcome research has primarily focused on moderate-to-severe injuries or aggregated severity groups.
Small-volume intracranial lesions, subdural hematomas (SDH < 8mm), epidural hematomas (EDH =<
8mm), and cerebral contusions (< 2cm), are often classified as mild, but this may underestimate the
functional burden in aging populations. Evidence is lacking on discharge outcomes in patients with
isolated small-volume TBlIs, particularly across age strata.

Objective: To evaluate age-related differences in hospital discharge disposition, specifically to
rehabilitation or hospice care, among adults aged =40 years with isolated, small-volume blunt TBlIs,
stratified by TBI type and age group.

Methods: A retrospective cohort study was conducted using American College of Surgeons-Trauma
Quality Programs-Participant Use Files (ACS-TQIP-PUF) data (2017-2022). Adults =40 years with
isolated blunt TBIs, without skull fractures or polytrauma, were included. Lesion size was defined
radiographically via abbreviated injury scale codes. Logistic regression models assessed associations
between age group (middle-aged [40—64] vs. elderly [=65]) and discharge disposition, adjusting for TBI
subtype, comorbidities, injury severity, and facility factors.

Results: Among 135,343 patients with isolated small-volume TBIs, elderly individuals were more
likely to be discharged to rehabilitation (EDH: OR 1.601, 95% CI 1.234-2.076, P <0.001) and hospice
care (SDH: OR 2.184, 95% CI 1.630-2.927, P <0.001) compared to middle-aged patients. These
age-based differences persisted across TBI subtypes.

Conclusion: Despite being classified as "mild" by volume, small TBIs are associated with significant
discharge care needs among older adults. Elderly patients face markedly higher odds of requiring
rehabilitation or end-of-life care.These findings challenge traditional severity frameworks and highlight
the need for age-adapted discharge planning in the context of small-volume intracranial injuries.
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hospitalization, disability, and death in older adults.'

While much of the existing literature has focused on
moderate-to-severe injuries, an important but underrecognized
population includes patients with small-volume intracranial
hemorrhages, such as subdural hematomas (SDH < 8§ mm),
epidural hematomas (EDH < 8 mm), and contusions (<2 cm).?
These injuries are often categorized as “mild” based on
radiographic size alone, yet they may carry significant clinical
consequences, particularly among elderly patients with reduced
physiological reserve, brain atrophy, and multimorbidity.**
Current prognostic frameworks typically aggregate TBIs by
severity using the Glasgow Coma Scale (GCS) or abbreviated
injury score (AIS), without accounting for lesion-specific size or
age-related vulnerability. As a result, patients with small-volume
lesions may be misclassified as low-risk, leading to under-
preparedness in discharge planning. Moreover, there is little
literature stratifying outcomes in this population by age group
and TBI subtype. Understanding whether small-volume TBIs in
elderly patients result in disproportionate functional decline or
palliative care needs is essential to guide post-acute care
decisions.

Traumatic brain injury (TBI) is a major contributor to

Hospital discharge disposition is a critical marker of recovery
trajectory.’ Discharge to inpatient rehabilitation suggests ongoing
functional impairment, while hospice referral reflects poor
prognosis and limited recovery potential. Prior studies have
shown elderly patients with TBI are more likely to experience
poor outcomes; however, few studies have examined whether
isolated small-volume TBIs in this population confer higher
odds of discharge to rehabilitation or hospice.*” This study
addresses this gap by using a large, multi-center trauma dataset
to assess whether adults aged >65 years with small-volume
isolated blunt TBIs are more likely to require rehabilitation or
hospice care than middle-aged adults (40-64 years). Through

stratifying by both TBI subtype (SDH, EDH, contusion) and age
group, we provide a more nuanced analysis of how seemingly
minor intracranial injuries may disproportionately affect elderly
patients. These findings aim to inform age-specific discharge
strategies and challenge prevailing assumptions about the benign
nature of small-volume TBIs.

Objective

The primary objective of this study was to evaluate whether
elderly patients (>65 years) with isolated small-volume blunt
TBIs, defined as SDH or EDH <8 mm or contusions <2 cm,
are more likely to be discharged to rehabilitation or hospice
care compared to middle-aged adults (40-64 years). By
stratifying outcomes by both age and TBI subtype, this study
aimed to challenge conventional assumptions about the
benign nature of small-volume lesions and identify age-
related disparities in post-acute care needs.

Methods

Study design and data source

This retrospective cohort study utilized the American College of
Surgeons-Trauma Quality Programs-Participant Use Files (ACS-
TQIP-PUF) dataset from 2017 to 2022. The study was deemed
exempt from oversight by the Institutional Review Board
[RHO10224] in compliance with current regulations with
waived consent. Results were reported following the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines (see Supplementary Table
1; available online). The ACS-TQIP-PUF dataset includes
anonymized data from over 796 trauma centers across the United
States, encompassing Level [-V and undesignated centers, with
all records submitted to the National Trauma Data Bank
(NTDB).? Data in the ACS-TQIP PUF are abstracted by trained
trauma registrars using the American College of Surgeons
National Trauma Data Standard (NTDS) and coded according to

Isolated SDH <8mm (N=126,239, 93.2%)

40-64 years (N=33,483, 24.7%) 265 years (N=92,756, 68.5%) 40-64 years (N=830, .6%)

The ACS-TQIP Dataset 2017-2022 (N=6,714,002)

Patient was an adult (215 years) with non-missing AIS PREDOT, ISS, and ISS Region (N=3,013,607)

Patient had an isolated TBI (by AIS TBI Codes, N=620,145), excluded: TBI NFS (N=139,867), non TBI (ISS Region 2-6) with AIS >2 (N=1,993,981), other not TBI (N=259,614)

Patient had a Blunt Injury (N=588,451)

Patient did not have a Skull Fracture (N=451,754)

Patient was a middle aged (40-64 years) to elderly (265 years) adult (N=396,600)

Patient had a smaller isolated SDH <8mm, EDH <8mm, Contusion s2cm (N=135,343)

Isolated EDH <8mm (N=2,703, 1.9%)

Isolated Contusion <2cm (N=6,401, 4.7%)

265 years (N=1,873, 1.3%) 40-64 years (N=2,594,

1.9%)

265 years (N=3,807, 2.8%)

Figure 1. Participant Flowchart Among Middle Aged to Elderly Adults (= 40 Years) Who Had Smaller Isolated Blunt
Traumatic Brain Injury (SDH, SAH, EDH) Without a Skull Fracture.

Note: ACS-TQIP=American College of Surgeons Trauma Quality Improvement; TBI=traumatic brain injury; ISS=injury severity score;
AlS=abbreviated injury severity score; SDH=subdural hematoma; EDH=epidural hematoma; SAH=subarachnoid hemorrhage

53 Discharge Outcomes in Small TBIs by Age

CM&R 2026 : 2 (June)



Table 1. Multivariable logistic regression analysis of factors associated with discharge to inpatient rehabilitation among

adults aged =40 years with isolated small-volume blunt traumatic brain injury (subdural hematoma =8 mm, epidural

hematoma =8 mm, or contusion =2 cm) and no skull fracture.
Effect
SDH =8mm 40-64 years (reference)
SDH =8mm =65 years
EDH =8mm 40-64 years (reference)
EDH <=8mm =65 years
Contusion =2cm 40-64 years (reference)
Contusion <2cm =65 years
Sex
Male
Female (reference)
Race
Caucasian

Other (African American, Asian, American Indian) (reference)

Ethnicity

Hispanic or Latino

Not Hispanic or Latino (reference)
Mechanism

Fall

Other high impact (MVC, MCC, Assault, etc.) (reference)
Mode of Transportation

Ground Ambulance

Helicopter Ambulance (reference)
Glasgow Coma Scale (continuous)
Trauma Center Verification

Level |

Other (Level II/1l) (reference)
VTE Prophylaxis

LMWH

Unfractionated Heparin (reference)
Neurosurgical Interventions

ICP Monitor (binary)

Craniotomy (binary)
Comorbidities

Advanced Directive (binary)

Alcohol Use Disorder (binary)

Anticoagulation (binary)

CHF (binary)

CVA (binary)

COPD (binary)

Dementia (binary)

Diabetes (binary)

FDHS (binary)

Hypertension (binary)

Mental Health Status (binary)

Renal Failure (binary)

Smoker (binary)

Controlling Covariates

OR

1.349

1.601

1.331

1.099

1.125

0.717

0.984

1.019

0.975

0.880

1.127

0.968
2.100

0.771
0.939
1.049
0.891
1.097
0.978
0.739
1.013
1.132
1.040
0.957
0.998
0.862

95% C.l.

1.239-1.469

1.234-2.076

1.099-1.613

1.032-1.171

1.039-1.218

0.635-0.810

0.902-1.073

0.938-1.106

0.962-0.987

0.824-0.939

1.066-1.192

0.770-1.218
1.836-2.402

0.670-0.888
0.840-1.049
0.977-1.126
0.800-0.993
0.981-1.227
0.884-1.081
0.672-0.812
0.945-1.086
1.050-1.220
0.969-1.115
0.877-1.044
0.857-1.163
0.781-0.951

P Value

<0.001

<0.001

0.004

0.003

0.004

<0.001

0.714

0.657

<0.001

<0.001

<0.001

0.784
<0.001

<0.001
0.266
0.191
0.036
0.105
0.659

<0.001
0.713
0.001
0.275
0.321
0.985
0.003

Abbreviations: SDH = subdural hematoma; EDH = epidural hematoma; CVA = cerebrovascular accident; COPD = chronic obstructive pulmonary
disease; ICP = intracranial pressure; LMWH = low-molecular-weight heparin; CHF = congestive heart failure; FDHS = functional dependent

health status; MVC = motor vehicle collision; MCC = motorcycle collision; VTE = venous thromboembolism.

Note: Odds ratios (ORs) represent estimated associations relative to the explicitly labeled reference categories shown in the table. Injury

subtype-age groups were prespecified exposure categories based on AlS-derived radiographic thresholds and clinically meaningful age strata.
All other categorical covariates were modeled using binary or indicator coding consistent with the ACS-TQIP/NTDB data dictionary. Continuous

variables (e.g., Glasgow Coma Scale score) were modeled linearly on the logit scale. P-values are reported descriptively and should be

interpreted in conjunction with effect estimates and their associated confidence intervals as compatible ranges of effect sizes, rather than as
dichotomous indicators of statistical significance. Model discrimination was modest (ROC AUC = 0.584), and overall model fit was summarized

using McFadden’s pseudo-R? (max-rescaled R2 = 0.022).
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Table 2. Multivariable logistic regression analysis of factors associated with discharge to hospice among adults aged =40
years with isolated small-volume blunt traumatic brain injury (subdural hematoma =8 mm, epidural hematoma =8 mm, or
contusion =2 cm) and no skull fracture.
Effect OR 95% C.l. P Value
SDH =8mm 40-64 years (reference)
SDH =8mm =65 years 2.184 1.630-2.927 <0.001
EDH =8mm 40-64 years (reference)
EDH <=8mm =65 years 1.599 0.745-3.431 0.228
Contusion =2cm 40-64 years (reference)
Contusion =2cm =65 years 1.479 0.842-2.599 0.174
Sex
Male 1.129 0.962-1.325 0.137
Female (reference)
Race
Caucasian 1.363 1.089-1.705 0.007
Other (African American, Asian, American Indian) (reference)
Ethnicity
Hispanic or Latino 0.844 0.609-1.170 0.310
Not Hispanic or Latino (reference)
Mechanism
Fall 2.460 1.704-3.552 <0.001
Other high impact (MVC, MCC, Assault, etc.) (reference)
Mode of Transportation

* Ground Ambulance 1.048 0.844-1.301 0.672

% Helicopter Ambulance (reference)

= Glasgow Coma Scale (continuous) 0.861 0.840-0.883 <0.001

3| Trauma Center Verification

o Level | Trauma Center 0.749 0.636-0.882 <0.001

_E’ Other (Level lI/1ll) (reference)

S VTE Prophylaxis

*E LMWH 1.201 1.042-1.386 0.012

3 Unfractionated Heparin (reference)

Neurosurgical Interventions
ICP Monitor (binary) 1.257 0.780-2.025 0.347
Craniotomy (binary) 2.420 1.802-3.252 <0.001
Comorbidities

Advanced Directive (binary) 2.862 2.332-3.513 <0.001
Alcohol Use Disorder (binary) 0.950 0.674-1.338 0.767
Anticoagulation (binary) 1.042 0.875-1.241 0.645
CHF (binary) 1.074 0.841-1.371 0.568
CVA (binary) 1.007 0.772-1.312 0.961
COPD (binary) 1.062 0.834-1.352 0.625
Dementia (binary) 2.254 1.889-2.688 <0.001
Diabetes (binary) 1.081 0.908-1.287 0.380
FDHS (binary) 1.520 1.281-1.804 <0.001
Hypertension (binary) 0.934 0.780-1.118 0.457
Mental Health Status (binary) 0.894 0.715-1.117 0.323
Renal Failure (binary) 1.308 0.928-1.843 0.125
Smoker (binary) 0.755 0.553-1.030 0.076

Abbreviations: SDH = subdural hematoma; EDH = epidural hematoma; CVA = cerebrovascular accident; COPD = chronic obstructive pulmonary
disease; ICP = intracranial pressure; LMWH = low-molecular-weight heparin; CHF = congestive heart failure; FDHS = functional dependent
health status; MVC = motor vehicle collision; MCC = motorcycle collision; VTE = venous thromboembolism.

Note: Odds ratios (ORs) represent estimated associations with discharge to hospice relative to the explicitly labeled reference categories shown
in the table, compared with all other discharge dispositions. Injury subtype-age groups were prespecified exposure categories based on AlS-
derived radiographic thresholds and clinically meaningful age strata. All other categorical covariates were modeled using binary or indicator
coding consistent with the ACS-TQIP/NTDB data dictionary. Continuous variables (e.g., Glasgow Coma Scale score) were modeled linearly on
the logit scale. P-values are reported descriptively and should be interpreted alongside effect estimates and their associated confidence
intervals as compatible ranges of effect sizes, rather than as dichotomous indicators of statistical significance. Model discrimination was
acceptable (ROC AUC = 0.775), and overall model fit was summarized using McFadden’s pseudo-R? (max-rescaled R? = 0.115).
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the Abbreviated Injury Scale (AIS 2015 revision). Intracranial
hemorrhage type and size were derived directly from AIS codes
linked to computed tomography (CT) imaging obtained within
the first 24 hours. The specific AIS codes used to classify SDH
<8 mm, EDH <8 mm, and contusions <2 cm are provided in
Supplementary Table 2 (available online), which serves as the
code-mapping tool for TBI size and type classifications used in
this study. The study retrospectively analyzed various factors,
including TBI type and size, demographics (age, sex, race,
ethnicity, insurance status, center specifics, and transportation
mode), injury characteristics (midline shift, injury type, Injury
Severity Score [ISS], AIS body regions, Glasgow Coma Scale
[GCS], and injury mechanism), neurosurgical interventions
(intracranial pressure [ICP] monitoring and craniotomy), venous
thrombosis prophylaxis low molecular weight heparin (VTEp
LMWH), comorbidities, and hospital disposition (rehabilitation
and hospice care).

Study population and eligibility criteria

The study population consisted of adult patients (>40 years)
with isolated blunt TBI, as identified in the ACS-TQIP dataset
(see Figure 1). Patients with skull fractures were excluded to
reduce heterogeneity and isolate the effect of intracranial
hemorrhage volume on discharge outcomes. Skull fractures may
independently alter prognosis and clinical management,
particularly regarding neurosurgical intervention and bleeding
progression, thereby confounding associations between TBI
subtype and disposition. Patients with AIS injury scores >2 in
other body regions (face, chest, abdomen/pelvis, extremities, or
external) were also excluded to ensure a cohort without
moderate-to-severe polytrauma.

TBI type and lesion size were identified using AIS codes, which
reflect radiographic findings from CT scans obtained within the
first 24 hours (see Supplementary Table 2, available online).’
The study focused on small-volume injuries, defined as SDH or
EDH <8 mm in thickness and contusions <2 cm in diameter.
These thresholds align with the Modified Berne Norwood
Criteria, which were originally developed to stratify patients by
risk of hemorrhage progression and safety of early
anticoagulation.' The “low rebleeding risk” group, characterized
by small, isolated hemorrhages without midline shift or
neurological deterioration, has been shown to have a low
likelihood of clinical decompensation and is frequently used as
a surrogate for mild TBI in both observational studies and
clinical protocols. By limiting inclusion to this low-risk subset,
our study isolates a population traditionally considered low
severity but potentially underrecognized in terms of post-
discharge care needs. Patients were then categorized into six
exposure groups based on TBI type (SDH, EDH, contusion) and
age group (middle-aged [40—64 years] and elderly [>65 years]).

Outcomes of interest

The primary outcomes were hospital discharge to rehabilitation
and hospice care among patients aged >40 years with isolated
small-volume blunt TBIs. Rehabilitation discharge indicates

ongoing functional impairment requiring post-acute therapy,
while hospice discharge reflects limited recovery potential.
Secondary analyses examined whether TBI subtype,
comorbidities, injury severity, and clinical management
factors (e.g., anticoagulation use, trauma center level)
influenced these outcomes.

Statistical analysis

Descriptive statistics analyzing characteristics of the study
sample were reported as means, medians, and frequencies.
Continuous variables were compared using the Kruskal-
Wallis test, and categorical variables using Pearson’s chi-
square test, as appropriate, in R-4.4.1 (R Core Team, 2023).
Predictor variables for the regression models were selected
based on multicollinearity tolerance (>0.5) to ensure model
stability and interpretability. In accordance with contemporary
guidance distinguishing descriptive, predictive, and causal
modeling approaches, the logistic regression models in this
study were constructed as predictive models, aimed at
estimating the probability of discharge to rehabilitation or
hospice based on patient demographic, clinical, and facility
characteristics, rather than inferring causal effects of these
variables. Each disposition outcome was modeled as a binary
variable. For the rehabilitation model, the dependent variable
was coded as rehabilitation = 1 versus all other discharge
locations = 0 (including home, skilled nursing facility, long-
term acute care, hospice, or death). For the hospice model, the
dependent variable was coded as hospice = 1 versus all other
discharge locations = 0. Rehabilitation and hospice outcomes
were not treated as mutually exclusive categories; rather, each
outcome was evaluated in a separate logistic regression
model. The primary independent variable was age group
(middle-aged [40—64 years] vs. elderly [>65 years]), stratified
by TBI subtype. In each model, the middle-aged group served
as the reference category, allowing for estimation of the
relative odds of discharge to rehabilitation or hospice for
elderly patients. Secondary covariates included sex, race,
ethnicity, mode of transportation, GCS, trauma center
verification level, anticoagulation use (LMWH), neurosurgical
interventions, and comorbidities. Covariates were selected
based on clinical relevance and model stability rather than
significance testing. Multicollinearity was assessed using
tolerance (>0.5), and injury type (SDH, EDH, contusion) and
age group (40—64 vs >65) were modeled as categorical factor
variables consistent with Figure 1. Reference categories are
identified in Tables 1 and 2. Model adequacy was evaluated
using multicollinearity diagnostics, McFadden’s pseudo-R?
(reported by SAS as the max-rescaled R?), and discrimination
metrics (ROC/AUC), with results reported in Supplementary
Table 3 (available online) and Tables 1 and 2. All regression
analyses were conducted using SPSS version 28 (Armonk,
NY). Statistical significance was defined as P < .05.

Results
Section I: Descriptive analysis of the study cohort
This retrospective cohort study utilized data from the ACS-
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TQIP spanning 2017-2022. The initial dataset included
6,714,002 patient records. After excluding cases with missing
AIS, ISS, and ISS Region values, the dataset was reduced to
3,013,607 adult patients. To isolate TBI cases, 2,393,462
patients with moderate-to-severe polytrauma were excluded,
resulting in 620,145 eligible cases. Further exclusions were
applied to remove 31,694 penetrating injuries and 136,697
cases with skull fractures, refining the study population to
451,754 patients. To focus on middle-aged and elderly
populations, 55,154 young adults (18-39 years) were
excluded, leaving a cohort of 396,600 patients aged 40 years
and older. To ensure analysis of smaller TBIs, 261,257
patients with larger injuries were excluded, resulting in a final
study population of 135,343 middle-aged and elderly adults
with moderate-to-critical TBI. Patients were then categorized
into six exposure groups based on TBI type and age: SDH
<8mm (24% in 40—64 years, 68% in >65 years), EDH <8mm
(0.6% in 40-64 years, 1.3% in >65 years), and isolated
contusion <2cm (1.9% in 40-64 years, 2.8% in >65 years).
This structured selection process ensured a homogenous study
population, allowing for a robust analysis of the impact of
TBI size and type on midline shift and neurosurgical
interventions across different age groups.

Descriptive statistics of the total sample

Descriptive statistics were performed for the entire study
sample to characterize the demographic, clinical, and injury-
related features of patients with isolated small-volume blunt
TBIs. The complete results of these descriptive analyses are
provided in Supplementary Tables 4-6 (available online),
including breakdowns by age group, TBI subtype,
comorbidities, and injury severity indicators. The median age
of the sample was 74 years (IQR = 19). Most patients were
Caucasian (81%) males (52%) with Medicare (63%) as the
primary insurer. The majority arrived via ground ambulance
(79%), with 41% transported to Level I trauma centers. Pre-
existing anticoagulation therapy was present in 24% of
patients. Common comorbidities included hypertension
(64%), diabetes (30%), congestive heart failure (8%), renal
failure (3%), and cerebrovascular disease (6%). The median
Injury Severity Score (ISS) was 14 (moderate injury), and the
maximum head AIS score was 3 (serious TBI). The mean
GCS score was 14, consistent with mild TBI classification.
Falls were the predominant mechanism of injury (82%).
Overall, 9.66% of patients were discharged to rehabilitation
and 2% to hospice care.

Non-parametric and chi-square tests for sample

Statistical analyses were conducted using non-parametric
tests and chi-square tests to evaluate associations between
patient characteristics and mortality outcomes. Due to the
non-normal distribution of continuous variables, the Kruskal-
Wallis test was applied, while Pearson’s chi-square test was
used to assess categorical variable distributions. These tests
helped identify differences across TBI subtypes before
conducting logistic regression analysis. Elderly patients (> 65

years) with isolated small SDH (< 8 mm) were (48%) male
Caucasian (84%) with a Medicare (80%) insurance payor (all
values P < .01). Elderly TBI patients with smaller SDH were
most likely to have pre-existing advanced directive (7%),
chronic obstructive pulmonary disease (10%), diabetes (30%),
hypertension (71%), and renal failure (3%; all values P <.01).
Isolated smaller SDH who were elderly typically had a mean
ISS of 14 (moderate; SD =4, P <.01) and AIS max head mean
of 3.4 (serious; SD =.5, P <.01). This SDH subgroup typically
hospital discharged to hospice at a rate of 2% and rehabilitation
at 10% (all values P < .01). Among elderly patients with
smaller EDH, the median age was most likely to be older at 78
years (IQR =12, P <.01). This group was more likely to have
pre-existing anticoagulation therapy (29%, P < .01) and renal
failure (3%, P < .01). Elderly (> 65 years) smaller EDH had a
mean ISS of 13 (moderate; SD =6, P <.01) and AIS max head
mean of 3.1 (serious; SD =10, P < .01). This SDH subgroup
typically hospital discharged to hospice at a rate of 2% and
rehabilitation at 11% (all values P <.01).

Section II: Predictors of discharge status

All elderly (=65 years) patients were most likely to hospital
discharge to rehabilitation with smaller EDH <8mm (OR
1.601, 95% CI 1.234-2.076, P <0.001; Table 1) most
associated with hospital discharge disposition to rehabilitation.
All elderly groups >65 years were more likely to hospital
discharge disposition to hospice care with elderly SDH (<8
mm) most likely compared to the adult cohort (40-64 years;
OR 2.184, 95% CI 1.630-2.927, P <0.001; Table 2).

Discussion

This study highlights an underrecognized dimension of post-
acute care needs in patients with small-volume TBIs,
particularly among the elderly. Despite the radiographic
classification of SDH, EDH, and contusions as “minor”
injuries based on volume, our findings reveal elderly patients
(=65 years) are more likely to require hospital discharge to
rehabilitation or hospice care than their middle-aged
counterparts. These results challenge the assumption that
small-volume TBIs invariably carry a benign clinical trajectory
and underscore the need to reconsider how “mild” injuries are
operationalized in trauma care, particularly in the context of
aging physiology and complex comorbidity profiles.

One critical contribution of this study is the demonstration
that discharge disposition, often used as a surrogate for
functional status and recovery potential, is not solely driven
by lesion size or injury classification, but it is profoundly
shaped by age-related vulnerability. While intracranial lesions
<8 mm or contusions <2 cm may meet criteria for low
rebleeding risk under the Modified Berne Norwood framework,
their impact on older adults can be disproportionately severe
due to age-associated factors such as brain atrophy, reduced
neuroplasticity, impaired cerebral autoregulation, and higher
baseline functional dependence.! These physiological and
psychosocial contributors are not reflected in conventional
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severity metrics, which may lead to systematic under
recognition of discharge planning needs in this population.

Importantly, this analysis avoids a homogenized view of older
adults. The elderly are a diverse group, with wide variability
in baseline function, cognition, resilience, and social support.
While age >65 remains a standard threshold in research and
policy, clinicians and researchers must be cautious not to
overgeneralize or assume uniform decline. Functional
outcomes in elderly patients following TBI are not determined
by age alone but by the interplay of pre-injury status,
comorbidities, injury mechanism, and access to timely
rehabilitative care. A more individualized approach, potentially
incorporating frailty and cognitive screening, may improve
prognostication and resource allocation.

Another key consideration is the global variability in post-
TBI rehabilitation systems. In the United States, discharge to
inpatient rehabilitation typically reflects a transition to a
distinct facility with defined functional thresholds. In contrast,
many other countries deliver rehabilitation services within the
hospital or community-based settings, potentially blurring
distinctions between discharge destinations. These structural
differences must be considered when interpreting and applying
our findings internationally. Furthermore, access to
rehabilitation resources may vary by region, insurance
coverage, or hospital type, raising additional questions of
equity in TBI care that merit further investigation.

The increased likelihood of hospice discharge among elderly
patients with isolated small-volume SDH also warrants
attention. While hospice utilization in TBI care remains low
overall, our findings suggest even seemingly minor injuries
can portend poor outcomes in older patients, particularly
those with advanced comorbidity or pre-existing directives.
Early identification of patients at risk for unfavorable recovery
trajectories can facilitate timely discussions around goals of
care, palliative interventions, and family support, thereby
improving quality of care at the end of life.

In summary, this study contributes novel insights into the
often-overlooked impact of small-volume TBIs in elderly
patients. It calls attention to the mismatch between radiographic
injury classification and real-world discharge outcomes and
advocates for an age-informed, individualized, and globally
contextualized approach to post-TBI care. Future research
should expand on these findings by incorporating long-term
functional outcomes, frailty indices, and international
comparisons to develop evidence-based, equitable discharge
planning models for older adults with TBI.

Limitations

This study has several limitations. First, while we examined
discharge disposition as a proxy for functional recovery, we
lacked post-discharge follow-up data on long-term outcomes
such as return to independence, quality of life, or survival.

Second, we did not account for variation in rehabilitation
access, caregiver support, or facility-level practices, which
may influence disposition decisions and introduce regional
bias. Third, although the use of AIS codes allowed for
objective lesion size classification, potential inter-observer
variability in imaging interpretation and coding across centers
cannot be ruled out. Fourth, we excluded patients with skull
fractures and polytrauma to isolate the effect of small-volume
intracranial hemorrhage, but this may limit generalizability to
broader TBI populations. Lastly, while we stratified by age,
we did not directly assess frailty, pre-injury functional status,
or cognitive impairment, factors likely to influence both
prognosis and discharge planning. Despite these limitations,
the large national dataset and strict inclusion criteria strengthen
the internal validity of our findings and offer important
insights into discharge outcomes for an often-overlooked TBI
subgroup.

Conclusion

This study is among the first to systematically evaluate
hospital discharge outcomes in older adults with isolated
small-volume traumatic brain injuries, a subgroup often
labeled as “mild” yet shown here to have substantial post-
acute care needs. By leveraging a large national trauma
registry and stratifying outcomes by both age and specific TBI
subtype, we demonstrate elderly patients face higher odds of
discharge to rehabilitation or hospice care compared to
middle-aged adults, even when injuries are radiographically
small. These findings challenge conventional assumptions
about the benign nature of small TBIs and reveal a critical gap
in recognition and planning for post-hospital care. Our results
support the need for age-informed discharge strategies and
early intervention for elderly patients, even in cases
traditionally viewed as low-risk. Future work should integrate
frailty, functional status, and long-term outcomes to refine
prognostication and improve care pathways for this vulnerable
but underappreciated patient population.
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