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Abstract

Background: It is estimated that 55 million adults will be 65 years and older in the USA by 2020. These older adults are
at increased risk for injury and their recovery is multi-faceted. A collaborative care model may improve psychological and
functional outcomes of the non-neurologically impaired older trauma patient and reduce health care costs.

Methods: This is a randomized controlled trial of 430 patients aged 50 and older who have suffered a non-neurologic
injury and are admitted to a level one trauma center in Indianapolis, IN, or Madison, WI. Participants will be assigned to
either the Trauma Medical Home (TMH) intervention or usual care. The TMH intervention is a collaborative care model
that includes validated protocols addressing the multi-faceted needs of this population, with the help of care
coordination software and a mobile office concept. The primary outcome is self-reported physical recovery at 6- and 12-
month follow-up. Secondary outcomes include self-reported psychological recovery, acute health care utilization, and
cost-effectiveness of the intervention at 6 and 12 months. The TMH collaborative care model will be delivered by a
registered nurse care coordinator. The assessments will be completed by trained blinded research assistants.

Discussion: The proposed study will evaluate a collaborative care model to help maximize psychological and functional
recovery for non-neurologically injured older patients at four level one trauma centers in the Midwest.

Trial registration: Clinical Trials. NCT03108820. Registered on 11 April 2017.
Protocol Version 6: Study # 1612690852. April 12, 2019.
Sponsor: Indiana University. Human subjects and IRB contact information: irb@iu.edu
Prospectively registered in the WHO ICTRP on 4 June 2017.
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Background
According to the US Census Bureau, the estimated
population in the USA in 2018 aged 65 years old or
greater is 52,443,114 people. From 2014 to 2060, the age
group from 45 to 64 is expected to increase 19.8% and
for those over 65, the increase is projected to be 112%
[1]. Injury from motor vehicle crashes, falls, gunshot
wounds, stabs, and natural or man-made disasters lead
to 1.4 million hospitalizations per year in persons age 50
or older, and billions in health care costs [2, 3]. In
addition to monetary costs, there is an emotional toll
that affects patients and their loved ones, inhibiting their
ability to fully recover. The prevalence of post-traumatic
stress disorder (PTSD) in this vulnerable population of
Americans varies from 40% at discharge to 23% at 1 year
after injury. Similarly, up to 35% of trauma survivors
demonstrate symptoms of depression [4–13].
For non-neurologically injured patients, those without

traumatic brain injuries or spinal cord injuries, there is
the potential for near full recovery from both physical
and psychological disabilities and a return to a pre-
injury level quality of life with intensive rehabilitation.
However, with the significant fragmentation of care in
our current health care system, these vulnerable patients
are often left without adequate rehabilitation that results
in residual physical and psychological disabilities with
subsequent reduced quality of life long after injury [3, 5, 9,
10, 12]. Many leave the hospital without an established
primary care provider or with a failure to communicate the
recovery plans to an existing primary care provider [5, 13,
14]. According to the Institute of Medicine (IOM), post-
injury care should be evidence-based, patient-centered,
without fragmentation, and situated within a collaborative
care model [15]. Recent randomized controlled trials have
found that a collaborative care model was able to enhance
quality of life, reduce care fragmentation, and improve
psychiatric symptoms among traumatic brain or spinal cord
injury survivors [16–19]. However, there has been no
similar intervention targeting the non-neurologically in-
jured patient. Collaborative care models have been success-
fully employed at our institution in older patients in the
primary care setting, as demonstrated in the GRACE and
IMPACT studies [20, 21]. This randomized controlled clin-
ical trial aims to test the efficacy of a collaborative care
model, named the Trauma Medical Home (TMH), in
meeting the complex biopsychosocial recovery needs of
injured older adults without neurologic injury. We
hypothesize that individuals who receive the TMH inter-
vention for 6 months will experience a better quality of life
and lower health care utilization compared to individuals
receiving only usual care. The TMH intervention will
primarily aim to investigate the 6- and 12-month physical
function, psychological recovery, and health care utilization
in injured older adults. We hypothesize that coordinating

care in a multi-disciplinary manner via the TMH interven-
tion will improve physical and psychological outcomes and
decrease health care utilization while increasing cost-
effectiveness. The findings of this trial will provide trauma
centers and trauma systems nationwide with a collaborative
care model that can be replicated and implemented to
improve the lives of older patients after injury.

Methods/design
Study population
This multi-center prospective randomized controlled
trial aims to recruit 430 adults age 50 years or older. The
study sites include Indiana University Health Methodist
Hospital, Sidney & Lois Eskenazi Hospital, St. Vincent
Hospital in Indianapolis, IN, and University of Wisconsin
Health University Hospital in Madison, WI. Combined,
these American College of Surgeons verified level one
trauma centers evaluate and treat well over 10,000 injured
patients annually. Indiana University Health-Methodist
Hospital (MH) has 625 beds, with over 3000 yearly trauma
admissions, and Sidney & Lois Eskenazi Hospital (EH) has
327 beds and admits nearly 2000 trauma patients yearly.
St. Vincent Hospital (SV) has 616 beds and admits close
to 3000 trauma patients, and University of Wisconsin
(UW) has 505 beds and admits almost 3000 trauma
patients annually. MH and UW are tertiary academic cen-
ters and receive trauma transfers from across the Midwest.
EH is a public access county hospital primarily serving
Marion County, IN, and it is the largest safety-net hospital
in the state. SV is a large trauma and transplant center
that services the greater Indianapolis metropolitan area.
The target sample size of 430 patients (215 per group)

is powered to detect a significant effect of 0.325 standard
deviation or larger with 80% power on our outcome
measurements. This is anticipating 30% lost to follow-up
or death at the 12-month assessment. This sample size
estimation is based on previous literature utilizing the
Short Performance Physical Battery (SPPB) score [12,
22–25]. Assuming a mean SPPB score of 6.0 (SD 2.5), a
sample size of 150 is needed to obtain 80% power and to
detect a change score of 0.81, using a two-sample t test
at 0.05.

Inclusion/exclusion criteria
This study will be conducted in a population of English-
speaking injured adults, age 50 and over, with an injury
severity score (ISS) of 9 or greater that reside within 50
miles of the admitting trauma center and have access to
a telephone. Eligible individuals must be able to provide
informed consent or have a legally authorized represen-
tative provide informed consent. Exclusion criteria are
defined by the presence of significant head injury (de-
fined as any intracranial blood on computed tomography
scan of the head, or Glasgow Coma Scale score of less
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than 13), history of neurodegenerative disease (including
dementia, Alzheimer disease, or Parkinson disease),
spinal cord injury with persistent neurologic deficit at
the time of enrollment, a burn that involves greater than
10% of total body surface area, pregnancy (determined
by a urine pregnancy test), incarceration, acute stroke
upon admission or while hospitalized, malignancy with
less than 1 year of life expectancy, recent alcohol or
drug use disorder (within the past 6 months) as deter-
mined from the medical record and/or the Drug Abuse
Screening Test or the Alcohol Use Disorders Screening
Test C (AUDIT-C), or sensory impairment that would
preclude active participation with study assessments
and/or communications.

Ethics and informed consent
The Indiana University Institutional Review Board ap-
proved this randomized controlled trial (IRB# 1612690852)
and is registered on ClinicalTrials.gov (NCT03108820). All
eligible participants will be approached prior to discharge
for enrollment into the study. Informed consent will be ob-
tained from the patient or legally authorized representative
by a trained Research Assistant (RA) or Research Coordin-
ator. After verbal explanation of the study, trial participants
or their proxy will be provided with a printed consent
document and HIPAA release form. Participants and their
family members will have all questions answered during
the consenting process. Any concern about the patient’s
capacity to provide informed consent is brought to the
attention of a trauma physician for formal assessment. Risks
of trial participation are expected to be exceedingly rare.
Participants or their surrogates can choose to withdraw
from the study at any time, for any reason. Copies of the
signed consent documents will be provided to the trial
participant or surrogate upon completion. All research
personnel will be IRB-approved and appropriately trained
on confidentiality and enrollment procedures. Eligible and
enrolled participant data will be collected, shared, and
maintained in accordance with the Indiana University IRB
and HIPAA guidelines. Only IRB-approved study team
members will have access to the collected data and all
consented participants will be assigned a unique study iden-
tifier upon enrollment. The data will be stored in a secure
REDCap (Research Electronic Data Capture) database on a
password-protected IU server. REDCap was specifically
developed around HIPAA security guidelines. Any patient
data used for ancillary studies will require a signed consent
from every participant if the data collection/request is not
covered in the original informed consent process. Any
ancillary studies will go through IRB review.

Adverse events
Adverse events will be reported to the PI, statistician,
and DSMB as well as the IRB and will be reviewed for

appropriate action per IU IRB policy. Adverse event
forms will be used to formally document such occur-
rences. Research staff routinely monitor the EMR for
any new ED visits or hospitalizations and these are
recorded on an electronic spreadsheet. Deaths are also
reported either by a notification in the EMR or from
family members when they are called to schedule
Outcomes Assessments. These reports are provided to
the DSMB at each meeting. Other adverse events would
be provided by spontaneous reports from patients or
their families.

Study design
This is a prospective, single-blind, multi-center, randomized
controlled clinical trial utilizing a computer-generated
stratified randomization scheme into the TMH intervention
or control group (usual care) in a 1:1 manner. All partici-
pants will receive usual care. Those randomized to the
TMH intervention will also receive the collaborative care
(TMH) intervention. Outcome assessments will be per-
formed at baseline, 6 months, and 12 months on each
group by research staff blinded to treatment assignment,
and mixed-effects models will be used to determine super-
iority of the TMH intervention on physical, psychological,
and health care utilization outcomes.

Description of intervention
The primary intervention of this study is the TMH
collaborative care model, which will use evidence-based
protocols and a team-based approach to address the
specific rehabilitation needs of the non-neurologically
injured older adult. Upon enrollment and informed con-
sent by an RA/RC, participants will complete a baseline
assessment. They will then be randomized to usual care
or the intervention by an unblinded research staff
member. If randomized to intervention, the patient still
receives usual care. They will also set up a time for the
First Home Visit by a trained collaborative care nurse
(CCN) shortly after discharge from acute care. Informa-
tion collected at the First Home Visit will trigger the use
of specific evidence-based care protocols and the inter-
disciplinary team (consisting of a trauma surgeon, a
health services researcher, geriatrician, psychologist, a
critical care physician, and a CCN) will work together to
develop a personalized plan of care that will be imple-
mented over the 6-month intervention period. The CCN
will take the care plan back to the patient and work with
them throughout the intervention on a mutually agreed
upon schedule. Using a mobile office concept, the
patient or caregiver can decide the most convenient
follow-up method, whether it be meeting at their home,
at a physician office, place in the community, or via
phone interaction. The Healthy Aging Brain Care Moni-
tor (HABC-M) will be used throughout the course of the
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intervention to dynamically inform the activation and
deactivation of care protocols to best suit patients’
changing needs. The intervention plan is summarized in
Table 1. There are five phases to the intervention,
followed by Outcomes Assessments at 6 months and
12 months. The intervention is intentionally timed dur-
ing the most vulnerable phases of the conceptual recov-
ery model, as summarized in Table 2.

Usual care
Usual care refers to the current practice of discharging
an injured patient with follow-up care provided at the
discretion of various specialists, depending on injury
types, without a formal plan for coordination of special-
ists. There is also no standardized format to assess
psychological well-being after discharge. Upon discharge
from acute care, patients are provided with a discharge
summary and discharge instructions describing the
patient’s hospital course, injuries, new diagnoses, medi-
cations with dosages, and post-injury rehabilitation plan.
Patients may also receive educational materials on care-
giver coping mechanisms and legal and financial advice
if requested. Patients are encouraged to follow-up with
their primary care provider or injury specialist for any
continuing care needs. All usual concomitant care is
permitted as long as the patient does not meet any
exclusion criteria. There is no formalized system of
coordinating appointments or care plans between
specialist teams and the primary care provider. Patients in
the usual care arm will receive no further interventions.

Randomization and blinding
The RC/RA will enroll participants after informed con-
sent has been obtained. A separate unblinded research

staff member will randomize participants to the inter-
vention or usual care based on a computer-generated
allocation sequence and notify the CCN of randomization
to intervention. Randomization is stratified by injury
severity score (ISS), mechanism of injury, and recruitment
site. Random block sizes of 2 and 4 are used within each
strata.
The RC and RA performing outcomes assessments will

be blinded to the treatment assignment. A separate
unblinded RA will randomize patients after the RC and
RA have completed eligibility confirmation and baseline
assessments. The CCN is unblinded and is notified of
the patients assigned to the intervention arm. Trial
participants and care providers must be unblinded due
to the nature of the intervention.

Assessments and outcomes
The primary outcome of the study is to assess the ability
of the TMH intervention to improve physical recovery
of injured older adults, as measured by the Short
Physical Performance Battery (SPBB) and the Physical
Component Summary (PCS) of the Medical Outcomes
Study 36 short form (SF-36). Secondary outcomes of the
study are to assess the ability of the TMH intervention
to improve psychological and functional outcomes, as
well as patient-reported quality of life as measured
through the Medical Study Short Form 36 (SF-36),
Activities of Daily Living (Katz Index of Independence in
Activities of Daily Living and Lawton Instrumental
Activities of Daily Living scales), Patient Health
Questionnaire-9 (PHQ-9), and Generalized Anxiety Dis-
order Scale (GAD-7). Outcome assessments will be adminis-
tered by trained RCs who are blinded to the intervention at
enrollment (baseline), 6 months post-injury, and 12 months

Table 1 Intervention Plan

Intervention phase Timeline Description

Baseline assessment
and usual care

In the hospital, after obtaining informed
consent, prior to or shortly after discharge.

Obtain baseline functional and psychological assessments using the following:
• Short Physical Performance Battery (SPPB),
• Patient Health Questionnaire-9 (PHQ-9),
• Generalized Anxiety Disorder Scale (GAD-7),
• Medical Outcome Study Short Form (SF-36).

See description of Usual Care.

First home visit (TMH
intervention starts)

After hospital discharge, 0–1 month
post-injury.

Obtain physical, cognitive, and psychological assessments, social and
community needs assessment for patient and caregiver, and a thorough
medication reconciliation. Review of medical appointments. Use of Healthy
Aging Brain Care Monitor (HABC-M) to document symptoms and trigger
treatment protocols.

Plan of care
development

From start of first home visit to end of
second home visit.

Emphasis on coordination of care between primary and specialty services.
Document and finalize individualized care plan.

Second home visit Within 1–2 weeks of the first home visit. Implementation of individualized care plans and treatment protocols,
dissemination of educational materials, and connection to in-home and
community services.

6-month interaction
period

From first home visit to end of 6 months. Bi-weekly contact with patient and caregiver at minimum, continue to address
identified needs and reinforce treatment protocols, revising as needed. At end
of 6 months, transition care to primary care provider.
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post-injury. The method of aggregation will include the
proportion of change in scores from the baseline assessment
to the 6- and 12-month follow-up in order to evaluate the
effect of the TMH intervention on the stable phase of recov-
ery as compared to those who receive only usual care.
Additionally, this study aims to examine the effect of the

TMH intervention on health care utilization and cost.
This outcome will be examined by collecting electronic
medical record information on emergency department,
hospital admission, and other health care-related encoun-
ters. This data will allow us to enumerate emergency
department visits and hospitalizations within 6months of
discharge as well as the diagnoses associated with each
utilization episode. We expect that the TMH intervention
will decrease health care cost and utilization. The method
of aggregation will include a comparison of median health
care facility visits and cost-effectiveness ratios at baseline,
6 months, and 12 months between the TMH intervention
group and the Usual Care control group.

Data collection
Demographic and medical data will be collected after
enrollment, including the participant’s age, race, gender,
years of education completed, income bracket, height,
weight, body mass index, blood pressure, and Charlson
Comorbidity Index [26]. We will also utilize the trauma
registries maintained at the level one trauma centers to
obtain detailed demographics, injury type, injury location,
injury severity, treatment, and complication information.
We will use the Eskenazi Health financial record sys-

tem and the local data-warehouse of Indiana University
Health (IUH) and IUH Physician Group (IUHP) to cap-
ture data needed to determine health care utilization.
The IUHP data warehouse includes detailed administra-
tive, billing and hospital records of all patients seen
within the IUH system, which encompasses nearly 60%
of health care in the state of Indiana. Furthermore, we
will use the data from the Indiana Network for Patient

Care (INPC) to capture any health care utilization
outside of the IUH system. INPC is the primary health
information exchange in the state of Indiana and it
provides data for acute care services from all of the
health care systems within the state. We will determine
the number of emergency department visits and the
number of re-hospitalizations throughout the entire
study period as well as the diagnoses associated with
each utilization episode. For patients admitted to UW,
we will use all claims data from the Wisconsin Health
Information Organization (WHIO) to determine health
care utilization in the follow-up period. The WHIO all
claims database captures 75% of hospital and emergency
department visit in the state of Wisconsin.
All baseline assessments will be completed in the

participant’s hospital room by trained and blinded RC/
RA. Follow-up assessments will be completed by the
RC/RA’s at a mutually agreed upon location with the
participant or their proxy. Assessments will be entered
into a REDCap (Research Electronic Data Capture) data-
base, an electronic data capture tool hosted at Indiana
University Clinical Translational Science Institute. RED-
Cap is a secure, web-based application designed to
support data capture for research studies, providing vali-
dated data entry, audit for tracking data manipulation
and export procedures, automated export procedures,
and procedures for importing data from external
sources. Frequency, timing of contacts, and the interven-
tion offered in the group receiving TMH will be tracked
using the HABC Trauma Medical Home software which
offers quantitative measures of intervention intensity in
the TMH group. All of the cognitive, physical, psycho-
logical, and quality of life outcome measures will be
assessed at baseline (hospital discharge) and at 6- and
12-month follow-up. While some assessments are
recorded on paper, all are directly entered into the
electronic system in REDCap. To monitor data quality
and completeness, a separate RA or RC than the assessor
reviews the data entered within a week of entry.

Description of study instruments
The following four instruments will be used to assess
participant outcomes.

Short Physical Performance Battery (SPPB)
Physical recovery effects will be assessed via the SPPB, a
validated objective assessment [14, 27–30]. The SPPB
yields a performance score of 0–12: 0–4 is poor, 5–7
intermediate, 8–12 good. Based on previous studies in
similar patient populations, the expected scores on the
SPPB are 6.0 (SD 2.5) (at baseline), 7.5 (SD 2.5) at
6 months, and 8 (SD 2.5) at 12 months. A difference of
more than 1.3 would be considered clinically significant
between the control and intervention groups.

Table 2 Conceptual recovery model

TMH intervention timing with recovery

Phase of recovery Intervention

Acute (0–1 month
post-injury)

Initial case review. Initial home visit, plan of
care development.

Recovery
(2–4 months post-injury)

Interaction period. Follow-up home visit.
Initiation of care protocols. Implementation
of recovery care plan, coordination of
rehabilitation, and follow-up care.

Rehabilitation
(5–6 months post-injury)

Continued interaction via face-to-face,
telephone, or electronic means. Monitor and
revise recovery care plan as needed.
Transition of care plans to primary care
provider at 6-months post-injury.

Stable (6–12months post-
injury)

Outcome assessments will be administered
by blinded research personnel.
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Medical Outcome Study Short Form (SF-36)
Non-neurologically injured patient’s health-related quality
of life will be assessed using the Medical Outcome Study
Short Form (SF-36). This scale has eight components
(physical functioning, role-physical, bodily pain, general
health, vitality, social functioning, role-emotional, and
mental health) that are aggregated into a Physical Compo-
nent Summary (PCS) and a Mental Component Summary
(MCS). Expected scores on the PCS of the SF-36 are 40
(SD 5) at baseline, 49 (SD 5) at 6 months, and 51 (SD 5) at
12 months. A difference of more than 2 points would be
considered clinically significant for both the PCS and
MCS [31–33].

Patient Health Questionnaire-9 (PHQ-9) and Generalized
Anxiety Disorder Scale (GAD-7)
The PHQ-9 [34, 35] is a nine-item depression scale with a
total score from 0 to 27 and the GAD-7 [36] is a seven-
item anxiety scale with a total score from 0 to 21. Both of
these scales are derived from the Patient Health Question-
naire and have good internal consistency, test-retest reli-
ability, and convergent, construct, criterion, procedural,
and factorial validity for the diagnosis of major depression
and general anxiety disorder [35, 37]. A change of 2 points
is considered statistically significant.

Analyses
Participant baseline characteristics will be compared
using analysis of covariance (ANCOVA) for continuous
variables and the Cochran-Mantel-Hansel statistic for
categorical variables while controlling for recruitment
sites to verify the comparability of the randomized
groups. Data distributions and frequencies will be exam-
ined. Alternative approaches such as transformations or
nonparametric methods will be used if continuous data
does not follow normal distributions. In the case of zero
or small cell sizes, we will adopt exact inference proce-
dures. SAS 9.4 (SAS Institute, Cary, NC) will be used for
all analyses and significance noted at p ≤ 0.05.
The primary aim is to evaluate the ability of the TMH

intervention to improve the physical recovery of non-
neurologically injured patients. Mixed effect models will
be used to evaluate the physical function scores (SPPB,
PCS on the SF-36) collected at baseline, 6 months, and
12 months. Independent variables will include the
assigned group, time of evaluation, and a group and time
interaction while adjusting for stratification variables
(recruitment site, injury severity, injury type) and base-
line covariates that are found to be significantly different
between the intervention and usual care group. To ac-
count for the potential correlations between the physical
function scores (SPPB, PCS on the SF-36) within indi-
viduals over time, an unstructured variance-covariance
matrix will be used in the mixed effects model.

Following significant interactions between group and
time, post hoc comparisons will be conducted at each
follow-up time to determine the point at which a group
difference is detectable. A maximum likelihood approach
will be used to generate parameter estimates and infer-
ences, which are robust under several missing data
mechanisms [38].
The second aim is to evaluate the ability of the TMH

intervention to improve the psychological recovery of
the non-neurologically injured patient. The mixed effect
modeling approach outlined for our primary outcome
will be applied to investigate our secondary outcome of
psychological recovery measured with PHQ-9, GAD-7,
and MCS on SF-36 scores collected at baseline,
6 months, and 12-months.
The third aim is to evaluate the ability of the TMH

intervention to reduce health care costs associated with
increased health care utilization and to examine the
cost-effectiveness of the TMH intervention relative to
usual care in the non-neurologically injured patient in
terms of economic value and costs. To examine the
ability of the TMH intervention to reduce health care
utilization, a Cox’s proportional hazard model will be
used. Event time will be censored at 12 months for those
participants who are followed to 12 months without
experiencing any outcome event. Participants who died
or were lost to follow-up will have their observation time
censored at time of death or data of last contact. The
outcome is measured as time from enrollment to
emergency department visits and hospital readmissions.
Group assignment, time of evaluation, and baseline co-
variates found to differ significantly between groups will
be included in the model.
The economic value and costs associated with the TMH

intervention will be evaluated using an established method
from a Medicare payment perspective. The cost-effectiveness
of the intervention is measured by increments in the cost
summary (both health care and non-health care-related ex-
penses) and effect (return to function measured by SF-36).
Foregone economic opportunities are captured by the recov-
ery time in dollar value. Multivariate regression models will
examine total health care costs in the 12-month post-index
period. These data will inform the cost-effectiveness ratio,
which is the difference in intervention costs of the treatment
arms, divided by the difference in effectiveness between
groups. Sensitivity analysis and bootstrapping will be com-
pleted to ensure robustness of findings.

Data safety monitoring board and data safety
The trial will be audited every 6 months by the Data
Safety and Monitoring Board (DSMB) and reviewed
annually by the Indiana University IRB through the con-
tinuing review. The DSMB meets every 6 months and is
composed of three members: a safety officer, an expert
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trauma surgeon, and a biostatistician. This team is
separate from IU and has no competing interests. The
safety officer is a physician researcher with extensive ex-
perience in intervention studies. This individual reviews
reports generated by the study manager and biostatisti-
cian to determine if additional action is necessary. This
could include corrective action, an ad hoc review, a stop-
ping rule violation, or the need to communicate out of
range data to the provider or patient. Table 3 illustrates
the frequency and type of data reviewed. All reports will
be provided to the IRB at the time of continuing review.
Any decision to terminate the trial early will be deter-
mined by the IU IRB. Additional information regarding
the DSMB is readily available by contacting the study PI.
The Research Operations Committee meets on a weekly

basis and is composed of the PI, trauma surgeons, the RC,
RA’s, an analyst, and a geriatrician. Weekly enrollments are
discussed as well as specific concerns pertaining to study
operations at the various sites. Any potential amendments
to the protocol are discussed at this meeting, including
unblinding of staff. Amendment proposals are then submit-
ted to the IRB for approval. Upon IRB approval, the PI will
inform the relevant parties through formal communica-
tions. This committee also oversees data analysis and plans
for dissemination of results. This includes plans for presen-
tation of results at national meetings, as well as abstract
and manuscript writing for journal publications.

Special considerations
Missing data
Two different forms of missing data are anticipated with
this trial; those lost to follow-up and those lost to death.
The usual care group may experience a higher rate of
lost follow-up when compared to the intervention group
due to frequent contacts between the study team and
the participants in the intervention group. In anticipa-
tion of these missing data, we will use a mixed effect
model approach, which is robust under the missing at
random assumption, i.e., the probability of missing is

unrelated to the missing outcomes. Baseline characteris-
tics of patients with missing outcomes will be compared
to detect potential violations to the missing at random
assumption. Sensitivity analyses using various methods
of imputation or a full parametric likelihood approach
assuming various patterns of missing data will be
performed if the missing at random assumption is
violated. The intention to treat principle will be used in
all models.

Recruitment and retention
The trauma service census will be screened daily by the
RC for eligible participants. Eligible participants will be
approached prior to hospital discharge for study enroll-
ment. Gift card incentives will be utilized at the comple-
tion of the 6- and 12-month follow-up visits to encourage
participation. The CCN’s mobile office concept also helps
to improve retention in the intervention group, as the
patient and/or caregiver identifies the most convenient
location for follow-up meetings. This could be at home, at
the clinic or hospital, or designated areas in the commu-
nity. The TMH validated care protocols address various
issues such as medication adherence and compliance with
physical therapy. Additionally, the interactive phase of the
intervention stresses the importance of frequent commu-
nication between the patient and caregiver and the care
coordinator, which can be face-to-face, by telephone, or
by electronic means. Patients must have access to a tele-
phone to be participants in the study. Study retention will
be periodically measured. If retention drops below 80%,
the study staff will attempt to follow-up with the study
participants to troubleshoot issues and provide coaching
in order to prevent more losses.

Discussion
Optimizing outcomes in older adults following a trau-
matic event is key to avoiding declines in both physiologic
and psychologic function. Collaborative care for patients
recovering from a trauma-related neurological injury has

Table 3 Data review schedule

Data Type Frequency of review

Each occurrence Q 6 months Annual

Participant accrual (adherence to inclusion/exclusion);
drop-out rates; randomization

X

Adverse event rates (injuries) X X

Participant complaints X

Compliance to interventions X

Protocol violations/noncompliance X X

Out of range data X

Risk-benefit ratio assessment X

Stopping rules report X
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been shown to improve patient outcomes [16–19]. None-
theless, it is unclear if older adults with a non-neurologic
traumatic injury will benefit. This randomized controlled
trial aims to determine whether a collaborative care model
improves physical and psychological outcomes while
reducing health care utilization and cost in older adults
recovering from a non-neurologic traumatic injury. Out-
come measurements at baseline, 6 months, and 12 months
will allow for assessment of the study’s long-term impact
on quality of life and return to functional status after trau-
matic injury.
A major strength of this study is the use of a

customizable collaborative care intervention for recov-
ery for the older injured patient. Technology enables
the intervention to be tailored to each participant’s
specific needs using the 32-item process measurement
tool, the HABC-M [39], making the assessment and
intervention process dynamic. The ability to quickly
adapt the intervention is highly beneficial given the
frequently changing needs of this population. In
addition, the mobile office concept allows the inter-
vention to take place at locations convenient for the
patient, decreasing the need for patient travel, and re-
ducing potential barriers to care. We also anticipate
several limitations. Though it is a multi-center study,
it represents two Midwestern cities in the USA and
may have limited generalizability to other regions of
the country. Second, the study does not account for
existing protocols in primary care for specialist coord-
ination and follow-up so we cannot rule out the pos-
sibility of cross-arm contamination.
Older injured adults are a fast-growing vulnerable

population with complex medical needs whose outcomes
can be negatively impacted by health care fragmentation
and lack of psychosocial support. The current health
care system is failing to adequately address the unique
needs of these patients and alternative strategies are
needed. In contrast to current usual care, the TMH
intervention has the potential to restore older adults
back to or close to their baseline level of functioning
prior to injury. In addition to physical recovery this
protocol also aims to address psychological sequelae of
trauma, which is increasingly recognized as a significant
morbidity after injury [12, 40]. The intervention ac-
knowledges mental health as an important factor that in-
fluences the recovery process as part of the collaborative
care model. The Trauma Medical Home has the poten-
tial to reduce health care delivery fragmentation, reduce
health care utilization, and improve physical and psycho-
logical outcomes. Ultimately, the success of this study
could provide a scalable recovery model to remediate
current treatment strategies and ameliorate this gap in
care in order to help older injury survivors achieve the
best possible quality of life.

Trial status
Enrolling. Date recruitment began: 10/2017. Approxi-
mate date recruitment will be completed: 1/31/2021.
Protocol version 6. Study # 1612690852. April 12, 2019.
A chronology of the protocol revisions with dates can be
found on the Spirit Checklist supplemental document.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13063-020-04582-x.

Additional file 1. SPIRIT 2013 Checklist: Recommended items to address
in a clinical trial protocol and related documents.

Additional file 2. Indiana University informed consent statement for
elderly trauma medical home.

Abbreviations
AUDIT-C: Alcohol Use Disorders Screening Test C; CCN: Collaborative Care
Nurse; DSMB: Data and Safety Monitoring Board; GAD-7: Generalized Anxiety
Disorder Assessment-7; HIPAA: Health Insurance Portability and
Accountability Act; HABC-M: Healthy Aging Brain Care Monitor;
IRB: Institutional Review Board; IUH: Indiana University Health; IUHP: Indiana
University Health Physicians; MCS: Mental Component Summary; PTSD: Post
traumatic stress disorder; RA: Research Assistant; RC: Research Coordinator;
REDCap: Research Electronic Data Capture; SD: Standard deviation; SF-
36: Medical Outcome Study Short Form; SPPB: Short Physical Performance
Battery; TMH: Trauma Medical Home; PCS: Physical Component Summary;
PHQ-9: Patient Health Questionnaire-9; PI: Principal Investigator

Acknowledgements
Not applicable.

Authors’ contributions
BZ and MB developed the theoretical framework for the study. BZ, MB, BK,
and SL planned the study and approved the initial study protocol. SG wrote
the statistical plan for the protocol. DO took the lead in drafting the
manuscript along with significant contributions from AM, HL, and EH. All
authors provided critical feedback and helped to shape the final draft of the
manuscript. No professional writers were used. The authors read and
approved the final manuscript.

Funding
HL is supported by T32: NHBLI 5T32HL091816-07, the Trauma Medical Home
is funded by NIH Grant 1R01AG052493-01A1. AM is supported by NIH
K12HS026390-01, AHRQ. Funding sources and sponsor had no role in the
design of this study and will have no role in its execution, analysis,
interpretation of data, or decision to submit results.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
This trial has been approved by the Indiana University Institutional Review
Board, IRB #1612690852. Protocol Version 6, April 12, 2019. Informed consent
will be obtained from all study participants or their surrogates. A sample
consent form has been included in the additional documents.

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest to disclose.

Author details
1Division of Acute Care Surgery, Department of Surgery, Indiana University
School of Medicine, 545 Barnhill Dr., Emerson Hall, Indianapolis, IN 46202,
USA. 2Sidney & Lois Eskenazi Hospital Smith Level One Trauma Center, 720

Ortiz et al. Trials          (2020) 21:655 Page 8 of 9

https://doi.org/10.1186/s13063-020-04582-x
https://doi.org/10.1186/s13063-020-04582-x


Eskenazi Ave, Indianapolis, IN 46202, USA. 3Indiana University Health,
Methodist Hospital Level One Trauma Center, 1701 Senate Ave, Indianapolis,
IN 46202, USA. 4Division of Pulmonary, Critical Care, Sleep and Occupational
Medicine, Department of Medicine, Indiana University School of Medicine,
1120 W. Michigan St., CL 260, Indianapolis, IN 46202, USA. 5Center of Health
Innovation and Implementation Science, Center for Translational Science and
Innovation, 410 W. 10th St., Indianapolis, IN 46202, USA. 6Indiana University
Center of Aging Research, Regenstrief Institute, 1101 W. 10th St., Indianapolis,
IN 46202, USA. 7School of Nursing and Health Studies, University of Missouri,
2464 Charlotte St, Kansas City, MO 64108, USA. 8Department of Surgery,
University of Wisconsin School of Medicine and Public Health-Madison, 600
Highland Ave., Madison, WI 53792, USA.

Received: 18 March 2020 Accepted: 4 July 2020

References
1. AARP.org. Baby Boomer Facts and Figures. Facts and figures about

Americans born between 1946 and 1964 and other older adults. https://
www.aarp.org/livable-communities/info-2014/livable-communities-facts-and-
figures.html. Accessed 16 Jan 2020.

2. WISQARS [Online database]. Atlanta: Centers for Disease Control National
Center For Injury Prevention and Control. http://wisqars.cdc.gov:8080/costT/
cost_Part1_Intro.jsp/. Accessed 23 Jan 2014.

3. Corso P, Finkelstein E, Miller T, Fiebelkorn I, Zaloshnja E. Incidence and
lifetime costs of injuries in the United States. Inj Prev. 2006;12:212–8 PMCID:
PMC2586784.

4. Holbrook TL, Hoyt DB, Stein MB, et al. Perceived threat to life predicts
posttraumatic stress disorder after major trauma: risk factors and functional
outcome. J Trauma. 2001;51:287.

5. Zatzick D. Posttraumatic stress, functional impairment, and service
utilization after injury: a public health approach. Semin Clin
Neuropsychiatry. 2003;8:149.

6. Zatzick D, Jurkovich G, Russo J, et al. Posttraumatic distress, alcohol
disorders, and recurrent trauma across level 1 trauma centers. J Trauma.
2004;57:360.

7. Zatzick D, Jurkovich GJ, Gentilello LM, et al. Posttraumatic stress, problem
drinking, and functional outcomes after injury. Arch Surg. 2002;137:200.

8. Zatzick D, Kang SM, Muller HG, et al. Predicting posttraumatic distress
in hospitalized trauma survivors with acute injuries. Am J Psychiatry.
2002;159:941.

9. Soderstrom CA, Smith GS, Dischinger PC, et al. Psychoactive substance use
disorders among seriously injured trauma center patients. J Am Med Assoc.
1997;277:1769.

10. Michaels AJ, Michaels CE, Moon CH, et al. Posttraumatic stress disorder after
injury: impact on general health outcome and early risk assessment. J
Trauma. 1999;47:460.

11. Zarzaur BL, Bell TM. Trajectory subtypes after injury and patient-centered
outcomes. J Surg Res. 2016;202(1):103–10.

12. Zatzick D, Jurkovich GJ, Rivara FP, et al. A national US study of posttraumatic
stress disorder, depression, and work and functional outcomes after
hospitalization for traumatic injury. Ann Surg. 2008;248(3):429–37.

13. Sabin JA, Zatzick D, Jurkovich G, et al. Primary care utilization and detection
of emotional distress after adolescent traumatic injury: identifying an unmet
need. Pediatrics. 2006;117:130.

14. Glancy KE, Glancy CJ, Lucke JF, Mahurin K, Rhodes M, Tinkoff GH. A study of
recovery in trauma patients. J Trauma. 1992;33:602–9.

15. Committee on Quality of Health Care in America. Crossing the quality
chasm: a new health system for the 21st century. Washington, DC: National
Academy Press; 2001.

16. Ghaffar O, McCullagh S, Ouchterlony D, Feinstein A. Randomized treatment
trial in mild traumatic brain injury. J Psychosom Res. 2006;61(2):153–60.

17. Wade DT, Crawford S, Wenden FJ, King N, Moss NE. Does routine follow up
after head injury help? A randomised controlled trial. J Neurol Neurosurg
Psychiatry. 1997;62(5):478–84 PMCID: PMC486856.

18. Wade DT, King NS, Wenden FJ, Crawford S, Caldwell FE. Routine follow up
after head injury: a second randomised controlled trial. J Neurol Neurosurg
Psychiatry. 1998;65(2):177–83 PMCID: PMC2170203.

19. Whiteneck GG, Gassaway J, Dijkers MP, et al. Inpatient and postdischarge
rehabilitation services provided in the first year after spinal cord injury:
findings from the SCIRehab Study. Arch Phys Med Rehabil. 2011;92(3):361–8.

20. Counsell SR, Callahan CM, Buttar AB, et al. Geriatric Resources for
Assessment and Care of Elders (GRACE): a new model of primary care for
low-income seniors. J Am Geriatr Soc. 2006;54(7):1136–41.

21. Callahan CM, Kroenke K, Counsell SR, IMPACT Investigators, et al. Treatment
of depression improves physical functioning in older adults. J Am Geriatr
Soc. 2005;53(3):367–73.

22. Larsson P, Borge CR, Nygren-Bonnier M, et al. An evaluation of the short
physical performance battery following pulmonary rehabilitation in patients
with chronic obstructive pulmonary disease. BMC Res Notes. 2018;11:348.

23. Guralnik JM, Ferrucci L, Pieper CF, et al. Lower extremity function and
subsequent disability: consistency across studies, predictive models, and
value of gait speed alone compared with the short physical performance
battery. J Gerontol A Biol Sci Med Sci. 2000;55(4):M221–31.

24. Latham NK, Harris BA, Bean JF, et al. Effect of a home-based exercise
program on functional recovery following rehabilitation after hip fracture: a
randomized clinical trial. JAMA. 2014;311(7):700–8.

25. Pan SL, Liang HW, Hou WH, Yeh TS. Responsiveness of SF-36 and Lower
Extremity Functional Scale for assessing outcomes in traumatic injuries of
lower extremities. Injury. 2014;45(11):1759–63.

26. Austin SR, Wong YN, Uzzo RG, et al. Why summary comorbidity measures
such as the Charlson Comorbidity Index and Elixhauser Score Work. Med
Care. 2015;53(9):65–72. https://doi.org/10.1097/MLR.0b013e318297429c.

27. Halcomb E, Daly J, Davidson P, Elliott D, Griffiths R. Life beyond severe
traumatic injury: an integrative review of the literature. Aust Crit Care. 2005;
18(1):17–8 20-4.

28. Sluys K, Häggmark T, Iselius L. Outcome and quality of life 5 years after
major trauma. J Trauma. 2005;59(1):223–32.

29. Volpato S, Cavalieri M, Guerra G, Sioulis F, Ranzini M, Maraldi C, Fellin R,
Guralnik JM. Performance-based functional assessment in older hospitalized
patients: feasibility and clinical correlates. J Gerontol A Biol Sci Med Sci.
2008;63(12):1393–8.

30. Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful change and
responsiveness in common physical performance measures in older adults.
J Am Geriatr Soc. 2006;54(5):743–9.

31. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-
36). I. Conceptual framework and item selection. Med Care. 1992;30:473–83.

32. Kopjar B. The SF-36 health survey: a valid measure of changes in health
status after injury. Inj Prev. 1996;2:135–9 PMCID: PMC1067678.

33. Michaels AJ, Michaels CE, Smith JS, Moon CH, Peterson C, Long WB.
Outcome from injury: general health, work status, and satisfaction 12
months after trauma. J Trauma. 2000;48:841–8.

34. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med. 2001;16(9):606–13 PMCID: PMC1495268.

35. Lowe B, Unutzer J, Callahan CM, Perkins AJ, Kroenke K. Monitoring
depression treatment outcomes with the patient health questionnaire-9.
Med Care. 2004;42(12):1194–201.

36. Kroenke K, Spitzer RL, Williams JB, Monahan PO, Lowe B. Anxiety disorders
in primary care: prevalence, impairment, comorbidity, and detection. Ann
Intern Med. 2007;146(5):317–25.

37. Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Arch Intern Med. 2006;166(10):
1092–7.

38. Little RJA, Rubin DB. Statistical analysis with missing data. 2nd ed. New York:
Wiley; 2002.

39. LaMantia MA, Alder CA, Callahan CM, Gao S, French DD, Austrom MG,
Boustany K, Livin L, Bynagari B, Boustani MA. The aging brain care medical
home: preliminary data. J Am Geriatr Soc. 2015;63(6):1209–13.

40. Shih RA, et al. Prevalence of posttraumatic stress disorder and major
depression after trauma center hospitalization. J Trauma. 2010;69(6):1560–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ortiz et al. Trials          (2020) 21:655 Page 9 of 9

https://www.aarp.org/livable-communities/info-2014/livable-communities-facts-and-figures.html
https://www.aarp.org/livable-communities/info-2014/livable-communities-facts-and-figures.html
https://www.aarp.org/livable-communities/info-2014/livable-communities-facts-and-figures.html
http://wisqars.cdc.gov:8080/costT/cost_Part1_Intro.jsp/
http://wisqars.cdc.gov:8080/costT/cost_Part1_Intro.jsp/
https://doi.org/10.1097/MLR.0b013e318297429c

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Methods/design
	Study population
	Inclusion/exclusion criteria
	Ethics and informed consent
	Adverse events
	Study design
	Description of intervention
	Usual care
	Randomization and blinding
	Assessments and outcomes
	Data collection
	Description of study instruments
	Short Physical Performance Battery (SPPB)
	Medical Outcome Study Short Form (SF-36)
	Patient Health Questionnaire-9 (PHQ-9) and Generalized Anxiety Disorder Scale (GAD-7)
	Analyses
	Data safety monitoring board and data safety
	Special considerations
	Missing data
	Recruitment and retention


	Discussion
	Trial status
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

