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Abstract

Background: Firearm injury is a common cause of disability in the United States,
but there is a lack of research on the use of rehabilitation services after major and
disabling firearm injuries. This study analyzed the relationship between firearm
mechanism of injury and disposition to inpatient rehabilitation (IPR) after hospitali-
zation for acute traumatic injury using national trauma data.

Objective: We hypothesized that firearm mechanism of injury compared to all
other traumatic mechanisms of injury would be associated with decreased like-
lihood of discharge to IPR after acute hospitalization for trauma.

Design: Retrospective cohort study.

Setting: Data were obtained from the Trauma Quality Program Participant Use
file, which includes >700 participating Level -1V trauma centers.

Participants: Patients evaluated at participating trauma centers within 14 days
of traumatic injury.

Exposure: The exposure was mechanism of injury (firearm vs. other trauma).
Main outcome: The main outcome was acute care discharge disposition (IPR
vs. other).

Results: Among patients who were alive at hospital discharge (n = 1,010,113),
individuals with firearm injury were less likely to be discharged to IPR after acute
hospitalization compared to individuals with other causes of trauma (6.5%
vs. 11.4%, likelihood of discharge to IPR for firearm injury vs. other injury). After
adjusting for relevant sociodemographic and injury-related factors, the risk ratio
(RR) of discharge to IPR was 0.84 (95% CI, 0.80-0.87) for firearm injury versus
other mechanism of injury. The association of mechanism of injury with IPR dis-
charge differed by diagnosis (p < .001 analysis of variance F-statistic).
Conclusions: Despite a high incidence of disability and core rehabilitation
diagnoses after firearm injury, there was a decreased likelihood of discharge to
IPR compared to other mechanisms of trauma. Rehabilitation clinicians should
consider interventions to improve equitable access to IPR for firearm injury sur-
vivors, and further research should investigate the impact of IPR on long-term
outcomes in this underserved population.
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INPATIENT REHAB AND FIREARMS

INTRODUCTION

Firearm injury is a major public health crisis in the
United States, resulting in 48,204 deaths in 2022." In
comparison to firearm fatalities, much less is known
about nonfatal injuries,?™ but it is estimated that there
are 2-3 nonfatal firearm injuries for each fatal injury.>~
Among those who survive firearm injury, there are high
rates of functional impairment and disability.*® One
study found that 38.7% of firearm injury survivors devel-
oped a new functional limitation in an activity of daily liv-
ing after injury.” Firearm injury also results in negative
long-term impacts on physical functioning.®® These stud-
ies suggest the need for substantial rehabilitation for indi-
viduals with firearm injuries. Previous research has also
identified rehabilitation as a particular need and priority
among survivors of firearm injury.”'%"" In particular, the
use of inpatient rehabilitation (IPR) after acute hospitali-
zation has been shown to improve functional outcomes
among trauma patients,'>'* but little is known about the
access and use of IPR after firearm injury.

Outcomes among survivors of firearm injury are poorly
understood, but the limited research in this area has
found that firearm injury is associated with poor long-term
outcomes, particularly among individuals with more
severe or disabling injuries. For example, individuals with
spinal cord injury (SCI) due to firearms have decreased
educational attainment,*® lower rates of employment,'*
higher rates of poverty,'®'® and decreased financial inde-
pendence'® compared to individuals with other mecha-
nisms of SCI. Traumatic brain injury (TBI) due to firearms
is associated with frequent acute and chronic complica-
tions, including infections, posttraumatic epilepsy, mood
disorders, and behavioral disturbances."” Lack of access
to rehabilitation services in both inpatient and outpatient
settings may contribute to these poor outcomes,'® but
there is a lack of research on the relationship between
use of rehabilitation services and long-term outcomes.
Inadequate access to IPR among marginalized popula-
tions may contribute to health disparities.

Improving long-term outcomes after firearm injury
requires an understanding of current limitations in
access to rehabilitation services, including access to
IPR. To address this knowledge gap, we compared the
use of IPR after firearm injury to other mechanisms of
traumatic injury to determine the relationship between
firearm mechanism of injury and access and utilization
of IPR.

METHODS

This was a retrospective cohort study using data from
the American College of Surgeons Trauma Quality Pro-
grams (TQP) data, which contains deidentified patient
records from >700 participating Level I-V and undesig-
nated trauma centers. It represents the largest source

of aggregated trauma records and is an expansion of
the prior National Trauma Database. Data are collected
in accord with the National Trauma Data Standard
(NTDS).” Data extracted from the TQP Participant
Use File (PUF) included sociodemographic factors,
details of emergency department (ED) and hospital
course, injury and clinical details, hospital disposition,
mechanism of injury, and intent of injury. The study
used all encounters in the TQP PUF in 2022. Use of
the TQP PUF for this study was approved by the Ameri-
can College of Surgeons TQP, and the study was
determined to not involve human participants by the
University of Washington institutional review board.

The main exposure of interest was the mechanism
of injury. Mechanism of injury was categorized as fire-
arm versus other. Intent of injury was classified as
assault, self-inflicted, unintentional, undetermined, or
other. Other intent injuries include injuries incurred due
to legal intervention and injuries due to military/war
operations, according to International Classification of
Diseases, Tenth Revision (ICD-10) classifications.

The main outcome of interest was discharge to IPR
compared to all other dispositions. Hospital disposition
was transformed into a binary variable indicating dispo-
sition to an IPR facility or unit versus all other disposi-
tions. An IPR facility (IRF) is a stand-alone facility that
provides IPR services, and an IPR unit is a designated
unit within a hospital that provides IPR services.

We included sociodemographic and clinical covari-
ates. Sociodemographic covariates included age (trea-
ted as a continuous variable, years), gender (male,
female, nonbinary), insurance (commercial/private, Med-
icaid, Medicare, none/self-pay, other), race (White,
Black, American Indian, Asian, Pacific Islander, Other),
and ethnicity (Hispanic vs. non-Hispanic). Clinical covari-
ates included Injury Severity Score (ISS: 0-8, 9-15, 16—
24, 25-74), hospital length of stay (LOS: days), require-
ment for intensive care unit (ICU) admission (yes/no),
and requirement for mechanical ventilation (yes/no).
Core rehabilitation diagnoses were defined in accord
with the Centers for Medicare and Medicaid (CMS)
guidance,?® which requires that 60% of patients admitted
to an IPR facility or unit over the course of a year have
1 of 13 core rehabilitation diagnoses. We used the ICD-
10 codes in the CMS Presumptive Payment System
diagnosis list?" to identify these core rehabilitation diag-
noses as specified for each patient in the TQP PUF.
Among all patients admitted to IPR, including both fire-
arm and other mechanisms of injury, >80% had a diag-
nosis of SCI, TBI, or major orthopedic trauma.
Therefore, in further statistical analyses, we categorized
patients as having a core rehabilitation diagnosis of SCI,
TBI, major orthopedic injury, or other (none of the three
primary categories). Major orthopedic injury was
defined in accordance with CMS criteria as hip frac-
ture, femur fracture, pelvic fracture, or major multiple
fractures. CMS criteria define major multiple fractures
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1,232,956 recorded trauma
encounters in 2022
( Exclusions \
Firearm Other trauma

Died in the ED 5,120 7,818
Discharged
from the ED 10,173 166,108
Died during 3701 29,923

hospitalization

1,010,113 patient eligible
(alive at hospital discharge)

FIGURE 1 Flow diagram demonstrating study inclusion and
exclusion criteria. ED, emergency department.

as any of the following: (1) bilateral lower extremity frac-
tures, (2) lower extremity facture and upper extremity
fracture, or (3) lower extremity fracture and rib/sternum
fracture. Patients were classified as having a primary
diagnosis of major orthopedic trauma only if they did not
also have a diagnosis of significant neurologic trauma
(SCl or TBI).

Descriptive statistics

We first characterized all patients in the TQP PUF in
2022 (n =1,232,956) to provide baseline information,
including incidence of firearm versus other mechanism
of injury, mortality by mechanism of injury, and baseline
demographics and clinical characteristics of the entire
sample. Because only patients admitted to the hospital
and alive at the time of hospital discharge could poten-
tially discharge to IPR, we defined these patients as a
specific cohort eligible for IPR (n= 1,010,113, see
Figure 1 for study flow diagram). Descriptive statistics
for both the total TQP PUF sample and the sample of
patients eligible for IPR are also shown in Table 1.

Regression analysis

For assessment of disposition to IPR, we included only
the sample of patients eligible for discharge to IPR in
the regression analysis (those who were admitted to
the hospital and alive on hospital discharge). Patients
who discharged from the ED or who died during hospi-
talization were excluded from these analyses. Patients
with missing values among the variables of interest
(outcome, exposure, or covariates) were excluded from
the regression analysis. This included all patients
<1 year of age and > 89 years of age, whose ages are

excluded from the database to ensure deidentification.
Missing data were minimal (<5% per variable) and were
handled using complete-case analysis.?> To evaluate
the association between of firearm mechanism of injury
and likelihood of discharge to IPR, we used multivari-
able modified Poisson regression modeling with robust
standard error. To examine whether the association
between mechanism of injury and discharge IPR dif-
fered by diagnosis category, we fit a regression model
that included an interaction term between mechanism
of injury and diagnosis group. Risk ratios and risk differ-
ences were calculated using marginal effects.?> A sig-
nificance threshold of .05 was used, and 95%
confidence intervals (CI) are displayed. All statistical
analyses were performed using R version 4.4.2.

RESULTS

Among all 1,232,956 total trauma encounters at report-
ing institutions in 2022, there were 58,489 (4.7% of
total) firearm injuries. Most firearm injuries in this sam-
ple were due to assault (n = 41,018, 70.1%). In com-
parison, there were 8668 unintentional injuries (14.8%),
and 4300 self-inflicted injuries (7.4%). In addition, there
were 3751 injuries with undetermined intent (6.4%) and
752 other intent injuries (1.3%).

Patients with firearm injuries differed from
patients with other injury mechanisms in both demo-
graphic and clinical characteristics. Demographic dif-
ferences (Table 1) included younger age (31.2 £ 14.1
vs. 52.2 + 24 .8 years), wider gender gap (85.6% vs.
56.8% male), higher percentage of Medicaid as a pri-
mary payor (41.7% vs. 16.4%), and higher percentage
of patients with Black race (54.3% vs. 11.9%) and His-
panic ethnicity (15.3% vs. 12.4%) among patients with
firearm injuries compared to other mechanisms of injury.
Clinical differences (Table 2) included greater severity of
injury based on ISS (12.1 £ 12.1 vs. 9.1 £ 7.8), inpatient
LOS (8.3 £+ 12.3 vs. 6.6 £ 8.7 days), need for mechani-
cal ventilation (23.3% vs. 7.5%), and need for ICU
admission (31.7% vs. 27.8%). Although firearm injury
severity was greater, there was also greater variability in
firearm injury severity, as evidenced by larger standard
deviations in ISS and LOS. This heterogeneity in injury
severity is also demonstrated by both higher mortality
(ED mortality: 8.8% vs. 0.7% and hospital mortality:
8.6% vs. 3.0%) and higher proportion of direct discharge
from the ED to the community (14.8% vs. 10.6%),
among patients with firearm injuries compared to other
mechanisms of injury. Given the higher incidence of both
ED mortality and ED to community discharge, patients
with firearm injury were less likely to be admitted to the
hospital compared to other patients with other trauma
(73.9% vs. 85.2%).

Among patients who were alive at hospital discharge
(n =1,010,113), the overall likelihood of discharge to IPR
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TABLE 1 Comparison of baseline characteristics of patient sample by mechanism of injury (firearm vs. other) and disposition (IPR vs. other).
All patients Patients eligible for IPR Patients discharged to IPR
Firearm Other traumatic Firearm Other traumatic Firearm Other traumatic
injuries injuries injuries injuries injuries injuries
(n = 58,489) (n=1,174,467) (n = 39,495) (n =970,618) (n = 2592) (n=111,124)
Age (y) n (%) n (%) n (%) n (%) n (%) n (%)
1-14 2197 (3.8%) 91,823 (7.8%) 476 (1.2%) 38,691 (4.0%) 33 (1.3%) 411 (0.4%)
15-24 20,246 (34.6%) 103,772 (8.8%) 901 (2.3%) 22,141 (2.3%) 59 (2.3%) 439 (0.4%)
25-34 16,713 (28.6%) 116,715 (9.9%) 13,923 (35.3%) 78,534 (8.1%) 902 (34.8%) 5276 (4.7%)
35-44 9853 (16.8%) 106,349 (9.1%) 11,472 (29.0%) 91,153 (9.4%) 719 (27.7%) 6054 (5.4%)
45-54 4699 (8.0%) 101,254 (8.6%) 6750 (17.1%) 85,306 (8.8%) 426 (16.4%) 5909 (5.3%)
55-64 2716 (4.6%) 142,184 (12.1%) 3171 (8.0%) 83,631 (8.6%) 200 (7.7%) 7318 (6.6%)
65-89 1806 (3.1%) 429,591 (36.6%) 2716 (6.9%) 499,289 (51.4%) 248 (9.6%) 75,917 (68.3%)
Gender
Male 50,086 (85.6%) 666,637 (56.8%) 33,848 (85.7%) 536,203 (55.2%) 2152 (83.0%) 53,952 (48.6%)
Female 8258 (14.1%) 506,540 (43.1%) 5560 (14.1%) 433,517 (44.7%) 436 (16.8%) 57,083 (51.4%)
Nonbinary 23 (0.0%) 362 (0.0%) 15 (0.0%) 285 (0.3%) 4 (0.2%) 28 (0.0%)
Race
White 18,262 (31.2%) 876,723 (74.6%) 11,940 (30.2%) 733,709 (75.6%) 773 (29.8%) 90,291 (81.3%)
Black 31,780 (54.3%) 139,582 (11.9%) 21,853 (55.3%) 109,737 (11.3%) 1460 (56.3%) 10,148 (9.1%)
American Indian 587 (1.0%) 10,545 (0.9%) 437 (1.1%) 8355 (0.9%) 32 (1.2%) 733 (0.7%)
Pacific Islander 154 (0.3%) 3353 (0.3%) 110 (0.3%) 2760 (0.3%) 10 (0.4%) 216 (0.2%)
Asian 430 (0.7%) 29,212 (2.5%) 300 (0.8%) 24,629 (2.5%) 26 (1.0%) 2612 (2.4%)
Other 5426 (9.3%) 94,792 (8.1%) 3809 (9.6%) 75,587 (7.8%) 213 (8.2%) 5721 (5.1%)
Ethnicity
Hispanic 8928 (15.3%) 146,034 (12.4%) 6207 (15.7%) 115,812 (11.9%) 370 (14.3%) 7817 (7.0%)
Non-Hispanic 46,502 (79.5%) 987,793 (84.1%) 31,537 (79.9%) 822,676 (84.8%) 2074 (80.0%) 99,820 (89.8%)
Primary insurance
Medicaid 24,411 (41.7%) 193,141 (16.4%) 18,045 (45.7%) 150,889 (15.5%) 1333 (51.4%) 9866 (8.9%)
None/self-pay 15,131 (25.9%) 96,676 (8.2%) 8539 (21.6%) 71,001 (7.3%) 266 (10.3%) 2458 (2.2%)
Commercial 11,808 (20.2%) 366,100 (31.2%) 8298 (21.0%) 296,978 (30.6%) 638 (24.6%) 30,256 (27.2%)
Medicare 2481 (4.2%) 434,792 (37.0%) 1596 (4.0%) 385,322 (39.7%) 145 (5.6%) 62,625 (56.4%)
Other 2983 (5.1%) 63,226 (5.4%) 2029 (5.1%) 50,187 (5.2%) 148 (5.7%) 4331 (3.9%)
Intent of injury
Assault 41,018 (70.1%) 61,201 (5.2%) 28,801 (72.9%) 44,949 (4.6%) 2029 (78.3%) 1047 (0.9%)
Self-inflicted 4300 (7.4%) 9822 (0.8%) 1606 (4.1%) 7848 (0.8%) 177 (6.8%) 263 (0.2%)
Unintentional 8668 (14.8%) 1,082,600 (92.2%) 6228 (15.8%) 901,915 (92.9%) 214 (8.3%) 108,507 (97.6%)
Undetermined 3751 (6.4%) 1951 (0.2%) 2366 (6.0%) 1415 (0.1%) 129 (5.0%) 61 (0.1%)
Other 752 (1.3%) 572 (0.0%) 494 (1.3%) 438 (0.0%) 43 (1.7%) 10 (0.0%)

Abbreviation: IPR, inpatient rehabilitation.

was 11.3%, similar to prior studies.”™?* Individuals with
firearm injury were less likely to be discharged to IPR
after acute hospitalization compared to individuals with
other causes of trauma (6.5% vs. 11.4%, likelihood of dis-
charge to IPR for firearm injury vs. other injury, adjusted
RR 0.84 [95% CI, 0.80-0.87], Table 3). Differences
between patients with firearm injuries and patients
with other mechanisms of injury included younger age
(31.8 £ 14.8 vs. 64.5 + 19.8 years), male predominance
(83.0% vs. 48.6%), Medicaid insurance as the primary

payor (51.4% vs. 8.9%), and Black race (56.3%
vs. 9.1%) or Hispanic ethnicity (14.3% vs. 7.0%, see
Table 1). Additionally, patients with firearm injuries were
more severely injured compared to other IPR patients,
with a higher overall ISS (22.0 + 11.4 vs. 12.6 + 8.8), lon-
ger total hospital LOS (22.3 + 19.3 vs. 10.7 £ 10.9 days),
and higher incidence of mechanical ventilation (23.3%
vs. 7.5%) and ICU admission (31.7% vs. 21.8%, Table 2).

Major orthopedic trauma, SCI, and TBI accounted
for the majority of IPR discharges from acute care after
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TABLE 2 Comparison of clinical characteristics of patient sample by mechanism of injury (firearm vs. other) and disposition (IPR vs. other).

All patients Patients eligible for IPR Patients discharged to IPR
Firearm Other traumatic Firearm Other traumatic Firearm Other traumatic
injuries injuries injuries injuries injuries injuries
(n = 58,489) (n=1,174,467) (n = 39,495) (n =970,618) (n = 2592) (n=111,124)
Injury severity (ISS) n (%) n (%) n (%) n (%) n (%) n (%)
0-8 23,116 (39.5%) 559,825 (47.7%) 13,483 (34.1%) 422,272 (43.5%) 129 (5.0%) 26,337 (23.7%)
9-15 18,138 (31.0%) 434,533 (37.0%) 16,068 (40.6%) 400,654 (41.3%) 678 (26.2%) 54,097 (48.7%)
16-24 7067 (12.1%) 107,795 (9.2%) 5509 (13.9%) 96,576 (9.9%) 580 (22.4%) 17,608 (15.8%)
25-75 10,105 (17.3%) 69,136 (5.9%) 4430 (11.2%) 49,545 (5.1%) 1205 (46.5%) 13,016 (11.7%)
ICU admission n (%) n (%) n (%) n (%) n (%) n (%)
Yes 18,528 (31.7%) 255,931 (21.8%) 15,674 (39.7%) 231,030 (23.8%) 2108 (81.3%) 41,700 (37.5%)
Mechanical ventilation  n (%) n (%) n (%) n (%) n (%) n (%)
Yes 13,651 (23.3%) 88,351 (7.5%) 8958 (22.7%) 63,301 (6.5%) 1449 (55.9%) 14,905 (13.4%)
Length of stay Mean * SD Mean * SD Mean * SD
Days 8.3+123 6.6 + 8.7 8.7+125 6.5+8.6 22.3+19.3 10.7 £ 10.9

Abbreviations: ICU, intensive care unit; IPR, inpatient rehabilitation; ISS, Injury Severity Score.

both firearm injury and other mechanisms of injury
(81.6% firearm injury and 85.1% other trauma). The dis-
tribution of SCI, TBI, and orthopedic diagnoses among
patients discharged to IPR was significantly different
(p < .001, »? test) according to mechanism of injury
(See Figure 2). SCI was much more common among
patients discharged to IPR after firearm injury com-
pared to patients with other mechanisms of injury
(28.8% vs. 6.0%) and major orthopedic trauma was
much less common (29.7% vs. 56.4%). In our regres-
sion model including an interaction term for the com-
bined effect of mechanism of injury and diagnosis
category, we found that the association between fire-
arm mechanism of injury and discharge to IPR differed
by diagnosis (p < .001, analysis of variance F statistic).
Among patients with SCI or TBI, firearm mechanism of
injury was associated with a higher likelihood of dis-
charge to IPR versus other mechanism of injury
(RR 1.97 [95% CI, 1.82-2.14] for SCI; 1.63 [95% ClI,
1.49-1.78] RR for TBI). In contrast, firearm mechanism
of injury in patients with major orthopedic trauma or
other diagnoses was associated with a decreased likeli-
hood of discharge to IPR versus other mechanisms of
injury (RR 0.61 [95% CI, 0.57-0.66] for major orthope-
dic trauma; 0.51 [95% CI, 0.47-0.56] for other diagno-
ses). Details of these analyses are shown in Table 4.

In both the models (with and without interaction),
other factors associated with discharge to IPR included
more severe injury (as measured by ISS, need for ICU
admission, and need for mechanical ventilation), older
age, and Medicare or private/commercial insurance.
Medicaid insurance and lack of insurance/self-pay status
were negatively associated with discharge to IPR. Docu-
mentation of racial category of Asian or Pacific Islander
was associated with decreased likelihood of discharge

to IPR, but there was minimal associations between
other racial categories and IPR discharge. Hispanic eth-
nicity was negatively associated with IPR discharge.

DISCUSSION

To our knowledge, this is the first study to directly evalu-
ate the relationship between firearm injury and use of
IPR. We found that patients were less likely to discharge
to IPR after firearm injury than after other types of trau-
matic injury; however, the likelihood of discharge to IPR
after firearm injury varied by rehabilitation diagnosis.
Patients with SCI or TBI were more likely to discharge to
IPR after firearm injury than after other mechanism of
injury. In contrast, patients with major orthopedic trauma
or without one of these three diagnoses were much less
likely to discharge to IPR after firearm trauma in compar-
ison to patients with other mechanisms of injury. Given
that major orthopedic trauma was the most common
diagnosis in overall incidence and as an indication for
IPR, the disparity in the overall likelihood of discharge to
IPR between individuals with firearm injury versus other
mechanisms of trauma was likely driven by trends in the
major orthopedic trauma population. Further research is
needed to understand the reasons for disparities in
access to IPR and the impact on long-term outcomes
among individuals with firearm injury.

The association between firearm injury and discharge
to IPR was strongest in the SCI diagnosis group. This
may be due to a higher incidence of complete versus
incomplete SCI after firearm injury, which has been noted
in multiple studies.?>?® Complete SCI more definitively
necessitates acute or intensive rehabilitation while
incomplete injuries, which often occur with other injury
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TABLE 3 Factors associated with discharge from acute
hospitalization for trauma to inpatient rehabilitation among all eligible
patients.

Risk ratio

Risk difference

RR [95% CI]

RD [95% CI]

Firearm mechanism

No 1.00 reference 0.00 reference

Yes 0.84 [0.80-0.87] —1.84% [-2.22%, —1.46%)
Age

+1y 1.02[1.02-1.02] 1.82% [1.77%, 1.87%]
Gender

Male 1.00 Reference 0.00 Reference

Female 1.17 [1.15-1.18] 1.72% [1.58%, 1.85%]

Nonbinary 1.04[0.71-1.53] 0.42% [—3.76%, 4.59%]
Race

White 1.00 Reference 0.00 Reference

American Indian

0.96 [0.90-1.03]

—0.41% [-1.18%, 0.36%)]

Asian 0.85[0.82-0.88]  —1.68% [~2.04%, —1.13%]
Black 1.03[1.01-1.05]  0.30% [0.07%, 0.54%)]
Multiple race 1.05[0.94-1.18]  0.60% [~0.89%, 2.10%]
Other race 0.97[0.94-1.00]  —0.38% [~0.71%, —0.05%]

Pacific Islander
Unknown race
Ethnicity

Non-Hispanic

0.81[0.70-0.93]
0.89 [0.83-0.96]

1.00 Reference

~2.14% [3.39%, —0.90%]
—1.21% [~ 1.94%, —0.48%]

0.00 Reference

Hispanic 0.82[0.80-0.84] —2.08% [-2.32%, —1.84%)]
Insurance

Commercial 1.00 Reference 0.00 Reference

Medicaid 0.78[0.76-0.80] —2.60% [—2.82%, —2.39%)

None/self-pay
Medicare
Other

Injury severity (ISS)

0.40 [0.38-0.41]
1.05 [1.03-1.07]
0.83 [0.80-0.85]

—7.08% [~7.30%, —6.86%]
0.58% [0.39%, 0.78%)]
~2.03% [~2.36%, —1.70%]

0-8 1.00 Reference 0.00 Reference

9-15 1.81[1.78-1.84] 5.41% [5.27%, 5.54%]
16-24 2.51[2.46-2.56] 10.06% [9.80%, 10.33%]
25-75 3.11[3.03-3.19] 14.07% [13.66%, 14.48%)]

ICU admission
No

1.00 Reference

0.00 Reference

Yes 1.26 [1.24-1.28] 2.64% [2.46%, 2.81%)]
Mechanical
ventilation

No 1.00 Reference 0.00 Reference

Yes 1.40[1.37-1.43] 4.29% [3.98%, 4.61%)]
Length of stay

+1 day 1.01[1.01-1.01] 0.13% [0.12%, 0.13%)]

Note: Risk ratio, risk difference, and confidence intervals were calculated using
marginal effects.

Abbreviations: Cl, confidence interval; ICU, intensive care unit; IPR, inpatient
rehabilitation; ISS, Injury Severity Score; RD, risk difference; RR, risk ratio.

mechanisms, may not require the same intensity of
rehabilitation. Because most ICD-10 codes used to iden-
tify SCI do not specify completeness of injury, we were
unable to determine the relationship between

completeness of injury, mechanism of injury, and IPR
discharge. This limitation highlights the lack of SCI-
specific information in trauma registries and the need for
integration of rehabilitation data into trauma data. Similar
factors may affect the relationship between mechanism
of injury and discharge to IPR in the TBI population. TBI
resulting from firearm injury is mechanistically distinct
from blunt TBI. Firearm-related TBI has a high risk of
cerebrovascular injury, which may result in greater sec-
ondary injury and neurologic deficits,?”?® and potentially
a higher need for IPR.

The factors other than mechanism of injury most asso-
ciated with discharge to IPR across the sample population
included older age, more severe injury, and favorable
payor source (Medicare or commercial vs. Medicaid or no
insurance). More severe injury and older age are likely
associated with overall clinical indication for IPR. Patients
with more severe injuries are likely to have more deficits
and functional impairments at the time of discharge requir-
ing intensive rehabilitaiton,™ and older patients require
increased rehabilitation to return to their prior functional
status compared to younger patients.?® Insurance type or
lack of insurance may be considered by both acute and
postacute care facilities in determining disposition due to
financial and administrative considerations. Increased like-
lihood of discharge to IPR with Medicare insurance is
likely related both to the age of beneficiaries and adminis-
trative policies, including no requirement for prior authori-
zation for IPR for traditional Medicare beneficiaries.
Additionally, the relationship between age and likelihood
of discharge to IPR may explain the fairly high proportion
of women in the overall population discharged to IPR, as
traumatic injuries among women typically occur at an
older age compared to men.*°

Race as categorized by the NTDS was used as a
proxy for the overall effects of the structural and individu-
alized racism, which underlie both exposure to firearm
violence®' and disparities in health care access.>? In this
study, there was a significant negative association with
IPR admission for Asian and Pacific Islander groups
compared to the reference category of White. There is a
lack of research on use of IPR among Asian American
and Pacific Islander populations, and the racial category
of Asian as used in databases obscures health dispar-
ities and creates challenges for public health and health
equity researchers.>®> Recent research has demon-
strated unique patterns of violence and firearm injury
and death among Asian Americans, particularly with the
rise in anti-Asian racism surrounding the COVID-19
pandemic,>*° which may affect the results of this
study. It is also notable that there was not a disparity in
discharge to IPR in Black compared to White patients in
this study, despite extensive prior evidence of such
disparities.>” 2 Black compared to White racial categori-
zation in our study was associated with a very small
increase in likelihood of IPR discharge. In contrast to
Black as a racial category, Hispanic ethnicity was
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FIGURE 2 Diagnoses by mechanism
of injury among inpatient rehabilitation
(IPR) patients. Each bar shows the
percentage of patients admitted to IPR
with each diagnosis out of the total
number of patients admitted to IPR within
each mechanism. SCI, spinal cord injury;
TBI, traumatic brain injury.

40

20 I
0

Major orthopedic injury

Percentage

Diagnosis Group by Mechanism of Injury among IPR patients

Mechanism

- Firearm
I Olher

Other scl T8I
Diagnosis Group

TABLE 4 Association of firearm mechanism of injury with discharge to inpatient rehabilitation by diagnostic group in the interaction model.

Major orthopedic injury
(n = 472,233; 46.8%)

Spinal cord injury
(n = 20,207; 2.0%)

Other diagnosis
(n = 335,529; 33.2%)

Traumatic brain injury
(n = 185,556; 18.0%)

Risk ratio: Firearm vs. other mechanism of injury

RR (o] RR Cl RR Cl RR Cl
No 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
Yes 0.61 [0.59-0.64] 1.97 [1.89-2.05] 1.63 [1.56—1.70] 0.51 [0.49-0.53]
Risk difference: Firearm vs. other mechanism of injury
RD Cl RD Cl RD Cl RD Cl
No 0% Reference 0% Reference 0% Reference 0% Reference
Yes -5.19% —5.53%, —4.85% 34.4% 31.6%, 37.6% 8.71% 7.80%, 9.61% —-2.60% —2.71%, —2.48%

Note: Risk ratio, risk difference, and confidence intervals were calculated using marginal effects.

Abbreviations: Cl, confidence interval; RD, risk difference; RR, risk ratio.

negatively associated with IPR discharge in this study.
Another recent study also noted attenuation in the nega-
tive association of Black race with rehabilitation services
when including violence as a cause of injury.*®> These
findings suggest that there are likely complex relation-
ships between firearm injury, race, and health dispar-
ities, including disparities in access to IPR.

Access to rehabilitation depends on many factors,
including availability of services, affordability, and
acceptability, as well as other considerations,***®> many
of which are not captured by variables in the NTDS.
These factors may include patient-related factors (such
as pain, psychological trauma, participation), family or
community-level factors (caregiver support, resources
available, home and community accessibility), facility or
system level factors (availability of physical medicine
and rehabilitation consultation, IPR bed availability/den-
sity), and provider-related factors (bias, practice differ-
ences, knowledge about IPR and other postacute care
options). Firearm and other violence-related injury may
result in stigma and bias against patients***® and
reduced acceptance by postacute care facilities based
on often poorly defined “safety concerns.”'®*3 Under-
standing the mechanisms by which firearm injury

directly or indirectly contributes to decreased likelihood
of discharge to IPR requires further investigation,
including obtaining the perspectives of patients and
providers on barriers to IPR for this population.

Given the disparity in access to IPR among fire-
arm injury survivors and the potential impact on long-
term outcomes, further research and interventions
are needed. Clinicians should be aware of the vulner-
ability and potential for inequitable care in this popu-
lation. Targeted interventions to improve access to
IPR and other rehabilitation services should be con-
sidered. Interventions could include increased inte-
gration of rehabilitation services and existing support
services for individuals with violence-related injuries,
such as hospital-based violence intervention programs,
which may improve patient health and social outcomes.*’
Rehabilitation staff report a need for education about the
unique needs of firearm injury survivors and available
community resources to improve care for this popula-
tion.*® Additionally, further research is needed to under-
stand the factors that affect access to IPR, including
differences among facilities and potential provider biases,
and the impact of access to IPR on long-term outcomes
in this population.
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This work has several limitations. First, participation in 4596
the TQP is voluntary, and participating centers include
an overrepresentation of Level | and Il trauma centers, REFERENCES

compared to Level IlI-V centers. The TQP data avail-
able for this study did not include any facility identifica-
tion or geographic data; facility and regional factors may
also influence discharge to IPR, and future work with dif-
ferent data available should consider further investiga-
tion of these effects. Additionally, this work does not
address the outcomes of patients with firearm injury
following discharge either to rehabilitation or another set-
ting as the TQP PUF dataset does not contain data after
acute hospitalization. Further work to understand the
outcomes after firearm injury is necessary but is limited
by the lack of information in rehabilitation data on firearm
injury as a cause of injury. Firearm injury is not an identi-
fied comorbidity that is required to be reported by IPR
facilities; thus, national rehabilitation databases do not
contain reliable accounting of firearm injury. To fully
understand outcomes after firearm injury, as well as
other types of traumatic injury, integration of outcomes
measures, inpatient rehabilitation data, and acute care
data is critical.

CONCLUSION

Individuals with firearm injury represent a unique popula-
tion among trauma survivors. Despite a high incidence of
disability after firearm injury, there is a decreased likeli-
hood of discharge to IPR compared to other mechanisms
of trauma. The association of discharge to IPR with fire-
arm injury varied by rehabilitation diagnosis, with a posi-
tive association in the SCI population but a negative
association in the major orthopedic trauma population.
Lack of access to IPR may impact long-term functional
outcomes and worsen health disparities among disad-
vantaged populations.
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