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PREFACE

Quality Enhancement Research Initiative’s (QUERI) Evidence-based Synthesis Program
(ESP) was established to provide timely and accurate syntheses of targeted healthcare topics
of particular importance to Veterans Affairs (VA) managers and policymakers, as they work to
improve the health and healthcare of Veterans. The ESP disseminates these reports throughout
VA.

QUERI provides funding for four ESP Centers and each Center has an active VA affiliation. The
ESP Centers generate evidence syntheses on important clinical practice topics, and these reports
help:
* develop clinical policies informed by evidence,
* guide the implementation of effective services to improve patient outcomes
and to support VA clinical practice guidelines and performance measures,
and
* set the direction for future research to address gaps in clinical knowledge.

In 2009, the ESP Coordinating Center was created to expand the capacity of QUERI Central
Office and the four ESP sites by developing and maintaining program processes. In addition,
the Center established a Steering Committee comprised of QUERI field-based investigators,
VA Patient Care Services, Office of Quality and Performance, and Veterans Integrated Service
Networks (VISN) Clinical Management Officers. The Steering Committee provides program
oversight, guides strategic planning, coordinates dissemination activities, and develops
collaborations with VA leadership to identify new ESP topics of importance to Veterans and the
VA healthcare system.

Comments on this evidence report are welcome and can be sent to Nicole Floyd, ESP
Coordinating Center Program Manager, at nicole.floyd@va.gov.

Recommended citation: O’Neil ME, Carlson KF, Storzbach D, Brenner LA, Freeman M,
Quinones A, Motu’apuaka M, Ensley M, Kansagara D. Complications of Mild Traumatic Brain
Injury in Veterans and Military Personnel: A Systematic Review. VA-ESP Project #05-225; 2012

This report is based on research conducted by the Evidence-based Synthesis Program
(ESP) Center located at the Portland VA Medical Center, Portland, OR funded by the
Department of Veterans Affairs, Veterans Health Administration, Office of Research and
Development, Quality Enhancement Research Initiative. The findings and conclusions
in this document are those of the author(s) who are responsible for its contents; the
findings and conclusions do not necessarily represent the views of the Department

of Veterans Affairs or the United States government. Therefore, no statement in this
article should be construed as an official position of the Department of Veterans Affairs.
No investigators have any affiliations or financial involvement (e.g., employment,
consultancies, honoraria, stock ownership or options, expert testimony, grants or patents
received or pending, or royalties) that conflict with material presented in the report.
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EVIDENCE REPORT
INTRODUCTION

Traumatic brain injury (TBI) is a common condition, especially among military members.
Twelve to 23 percent of service members returning from Operations Enduring Freedom, Iraqi
Freedom, and New Dawn (OEF/OIF/OND) experienced a TBI while deployed. Although various
criteria are used to define TBI severity, the majority of documented TBI events among OEF/OIF/
OND service members may be classified as mild in severity, or mTBI, according to the definition
used by the Veterans Health Administration and Department of Defense (VA/DoD).!

While some researchers suggest most individuals recover within three months of an mTBI,
others estimate that 10 to 20 percent of individuals continue to experience post-concussive
symptoms (e.g., headaches, dizziness, balance problems) beyond this time fame.? This estimate
may be higher among OEF/OIF service members given the frequency of multiple TBI events,
concomitant mental health conditions such as depression and posttraumatic stress disorder
(PTSD), and other factors unique to combat deployments. As such, deployment-related mTBI is
a significant issue for the VA, as patients who report ongoing mTBI symptoms may require the
attention from a range of health care professionals.’ This evidence synthesis review will be used
by the VHA TBI Advisory Committee to develop strategies to identify those at-risk for long-term
mTBI effects, inform clinical practice, determine resource allocation, and identify future research
priorities.

Return to Contents
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METHODS

TOPIC DEVELOPMENT

This project was nominated by Dr. Stuart Hoffman, Scientific Program Manager for the Brain
Injury portfolio, Rehabilitation Research & Development Service. Operational partners include
David X. Cifu, MD, Chair, VHA TBI Advisory Committee and National Director of Physical
Medicine and Rehabilitation (PM&R) Program Office; Robert L. Ruff, MD, PhD, National
Director for Neurology and Acting-Director of Rehabilitation Research and Development; Joel
Scholten, MD, Associate Chief of Staff for Rehabilitation Services, Washington DC VA Medical
Center Director of Special Projects, PM&R Program Office, Veterans Affairs Central Office
(VACO); and Alexander Ommaya, DSc, Director of Translational Research, Office of Research
and Development. We also received input from a technical expert panel.

Anticipated report usage:

The evidence synthesis review will be used by the VHA TBI Advisory Committee to develop
strategies to determine which sub-groups are most at risk for long-term effects of mTBI. The
review will be used to inform clinical practice and to identify how best to allocate future
resources for effective screening for late complications of mTBI. The review will also identify
gaps in evidence that warrant further research.

The final key questions are:

Key Question #1. For Veteran/military populations, what is the prevalence of health problems
(such as pain, seizure disorders, headaches, migraines, and vertigo), cognitive deficits, functional
limitations (such as employment status, changes in marital status/family dynamics), and mental
health symptoms (such as PTSD and depression) that develop or persist following mTBI?

Key Question #2. What factors affect outcomes for Veteran/military patients with mTBI? Key
Question 2A: For Veteran/military populations, are there pre-injury (premorbid) risk/protective
factors (e.g., pre-injury mental health factors, genetic factors, or prior concussions) that affect
outcomes for mTBI? Key Question 2B: For Veteran/military populations, are there post-injury
risk/protective factors (e.g., PTSD) that affect outcomes for mTBI?

Key Question #3. What is the resource utilization over time for Veteran/military patients with
mTBI?

SEARCH STRATEGY

We searched Medline, PsychINFO and Cochrane Register of Controlled Trials (OVID) for
observational studies, clinical trials, systematic reviews, and cost studies, from database
inception to October 3™, 2012. We limited the search to articles involving human subjects and
published in the English language. We adapted the search strategy developed by the WHO
Collaborating Centre for Neurotrauma Prevention, Management and Rehabilitation Task Force
for a recent systematic review of prognosis after mTBI, which included the terms ‘traumatic
brain injury,” ‘craniocerebral trauma,’ ‘prognosis,” and ‘recovery of function.’® The full details

9
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of the search strategy are provided in Appendix A. The preliminary WHO Collaborating Centre
for Neurotrauma Prevention, Management and Rehabilitation Task Force search strategy was
reviewed by a library scientist and by our team of investigators with clinical expertise in order to
assure comprehensiveness of the search. The search was expanded to include additional mTBI
search terminology following the discovery of a relevant article which was not identified in the
preliminary search. After review, we expanded the WHO Collaborating Centre for Neurotrauma
Prevention, Management and Rehabilitation Task Force search with additional TBI terms and
also limited the search to Veteran/military population studies by using terms including military,
VA, and Veteran (Appendix A). We obtained additional articles from systematic reviews,
reference lists of pertinent studies, reviews, editorials, and by consulting clinical and research
experts. All citations were imported into an electronic database (EndNote X4).

STUDY SELECTION

We included studies reporting outcomes in Veterans or military personnel who had suffered

an mTBI using a case definition consistent with definitions in the VA/DoD Clinical Practice
Guideline for Management of Concussion/Mild Traumatic Brain Injury. Abstracts of citations
identified from literature searches were reviewed by the PI to assess for relevance to the key
questions; a portion of the abstracts were dual reviewed by at least one additional member of
the team to assure accuracy and consistency of coding. Full-text articles of potentially relevant
abstracts were retrieved for further review, and reviewed by the PI and at least one additional
reviewer. Full-text articles for which there was disagreement by two reviewers were reviewed
by the team of investigators and included or excluded based on team consensus. Each article
was reviewed using the eligibility criteria in Appendix B. A list of excluded studies grouped by
reason for exclusion is reported in Appendix F. Eligible articles had English-language abstracts
and provided data relevant to the key questions. Articles also had to report outcomes for
members of the U.S. armed forces or Veterans.

Diagnostically, to have sustained a TBI one must have experienced an event (e.g., motor vehicle
crash, fall) which resulted in a structural injury to the brain or a physiological disruption of
brain function (e.g., alteration of consciousness,’ loss of consciousness [LOC], or post-traumatic
amnesia®). TBI severity is classified according to the extent of harm to the brain or altered
consciousness associated with the injury. Severity of residual symptoms reported or observed
should not be used to classify TBI severity. Therefore, to apply consistent criteria to define
mTBI and compare similar populations with mTBI, all included studies had to use a definition
of mTBI consistent with the VA/Department of Defense (DoD) Clinical Practice Guideline for
Management of Concussion/Mild Traumatic Brain Injury described in Appendix C. Articles that
described their populations as having mTBI but used definitions of mTBI differing from the
VA/DoD criteria were excluded from this evidence synthesis but are described in Appendix D.
Due to the frequent lack of reporting or obtaining imaging results (e.g., MRI, CT scan), the only
variation from this definition in included studies relates to positive imaging results: we included
studies regardless of whether they reported or included participants with positive imaging results
as long as the rest of their mTBI inclusion criteria were consistent with the VA/DoD criteria.
Finally, we did not limit study eligibility based on number of mTBI incidents or the presence of
comorbid conditions.

10
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We published our key questions and abstract online so that they were available for public review.
A summary of article inclusion criteria is as follows:

Population(s): Veterans or members of the military who have experienced mTBI. Studies that do
not differentiate between adult and child populations, or between Veteran/military and civilian
populations, will be excluded. Studies must state a clear case definition for mTBI that falls
within the definitions provided by the VA/DoD Clinical Practice Guideline for Management of
Concussion/Mild Traumatic Brain Injury (Appendix C).

Intervention(s): Not applicable to the proposed key questions.

Comparator(s): Similar populations that have not been diagnosed with mTBI or concussion;
comparison group not required for inclusion.

Outcome(s): Health problems (e.g., pain, seizure disorders, chronic headaches, migraines,
vertigo, etc.), cognitive deficits, functional limitations (e.g., employment status, marital status
changes/family dynamic changes), mental health symptoms (e.g., diagnosis of PTSD or
depression), and cost/resource utilization (ER visits, hospitalizations, outpatient appointments).
Outcomes diagnosed post-mortem will be included (e.g., Chronic Traumatic Encephalopathy
[CTE)).

Timing: No limitations based on time since injury.
Setting: No limitations based on study setting.

Study design: Systematic reviews, meta-analyses, randomized controlled trials, prospective and
retrospective cohort studies, case control studies, case series, and cross-sectional studies.

Sample size: All included studies must include a minimum of 30 mTBI cases, so that a better
level of precision and confidence in the results can be achieved.

DATA ABSTRACTION

We abstracted the following data for each included study: sample selection, population
characteristics, subject eligibility and exclusion criteria, number of subjects, comparison(s), and
outcome(s) (See Table 1 and Appendix E). Data was abstracted by one investigator and reviewed
for accuracy by at least one additional investigator.

QUALITY ASSESSMENT

We assessed the quality of included studies pertaining to all of the key questions. We found

no randomized trials meeting inclusion criteria, and our entire sample of included studies is
comprised of observational studies of various designs, primarily retrospective cohort, case
control, and case series. Issues of quality, particularly in observational studies, are often unique
to the condition and outcomes of interest. Therefore, though we assessed quality using criteria
based on the Newcastle-Ottawa quality assessment tools for observational studies’ the criteria
that specifically related to this body of literature included the following: accurate definition of
condition of interest, consecutive sample selection, use of validated assessment tools, blinding

11
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of outcome assessors, blinding of patients and assessors to study hypotheses, adjustment for
known confounders including mental health condition, comparability of controls, response rate,
attrition, and reduced risk of reporting bias. These indicators of study quality and potential for
bias were abstracted by one investigator and reviewed for accuracy by at least one additional
investigator who was not blinded to the original assessment. In cases of disagreement, the team
of investigators reviewed the study and came to consensus on quality assessment. In addition to
quality rating of individual studies, we evaluated the overall quality of the evidence for each key
question as proposed by the GRADE Working Group.®

DATA SYNTHESIS

We constructed evidence tables showing the study characteristics and results for all included
studies organized by outcome. We critically analyzed studies to compare their characteristics,
methods, and findings. We compiled a summary of findings for each outcome category and
key question, and drew conclusions based on qualitative synthesis of the findings. We did not
combine the studies in a quantitative manner via meta-analysis because of the heterogeneity of
outcomes and study characteristics. The synthesis was conducted by the principal investigator,
though all results were reviewed with the team of investigators to review and obtain consensus
on the reported findings.

RATING THE BODY OF EVIDENCE

We assessed the overall quality of evidence for outcomes using a method developed by the
GRADE Working Group,® which classified the grade of evidence across outcomes according to
the following criteria:

e High = Further research is very unlikely to change our confidence on the estimate of
effect.

e Moderate = Further research is likely to have an important impact on our confidence in
the estimate of effect and may change the estimate.

e Low = Further research is very likely to have an important impact on our confidence in
the estimate of effect and is likely to change the estimate.

e Very Low = Any estimate of effect is very uncertain.

PEER REVIEW

A draft version of this report was reviewed by 11 technical experts as well as clinical leadership.
Their comments and our responses are presented in Appendix G.

Return to Contents
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RESULTS

METHODOLOGIC CONSIDERATIONS

The strengths of included studies include using well-validated assessment tools, comparing
similar populations with and without mTBI, and applying a clearly reported definition of mTBI
consistent with VA/DoD criteria. In spite of these strengths, however, all of the included studies
were rated as having high risk of bias for the following reasons: The included studies often did
not adequately account for time since injury (the only exception being two studies reporting
results from a single population), or other quality factors such as assessor blinding to the
presence of mTBI, participant and assessor blinding to study hypotheses, or clearly reporting
sampling procedures. This body of observational literature did not, in general, report results in
a manner consistent with reduced reporting bias, and it is possible that studies emphasized or
only reported statistically significant or otherwise selected results. Because outcomes and risk/
protective factors are often described in single studies without replication by other research
teams, this body of literature is not strengthened by adequate replication and confirmation of
preliminary results. Therefore, the overall body of literature providing evidence on outcomes for
those with mTBI is from low quality observational studies, and the overall strength of evidence
is low for all outcomes reported in this review. Because all individual studies were rated as
having high risk of bias, no studies were differentially weighted based on quality in the data
synthesis.

LITERATURE FLOW

We reviewed 2,664 titles and abstracts from the electronic search, and identified an additional 4
studies from reviewing reference lists and conducting manual searches. After applying inclusion/
exclusion criteria at the abstract level, 354 full-text articles were reviewed, as shown in Figure

1. Of the full-text articles, we excluded 323 that did not meet inclusion criteria. We grouped the
studies by outcome and key question. Figure 1 details the exclusion criteria and the number of
references related to each of the key questions. We identified 31 primary studies that addressed
the key questions. All studies were conducted in U.S. Veterans or active-duty service members of
the U.S. military. Table 1 shows the characteristics of the 31 primary studies, and the following
sections detail findings according to symptom category.

Return to Contents
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Figure 1. Literature Flow Diagram

2,984 Citations identified from 4 Citations identified from reference lists
electronic database searches: of review articles, and manual searches
1,977 from MEDLINE® for recent, unpublished or ongoing
46 from Cochrane library studies
961 from PsycINFO

\/

320 Duplicate citations excluded

Y

2,668 Citations identified for review of title and abstract

2,314 Citations excluded due to
lack of relevance in title or
abstract

\/

\/

354 Potentially relevant articles identified for further review

Total excluded articles = 323
Population does not meet criteria

31 Primary studies |« for adult, human subjects who are
Veterans or members of the military
from any country = 28

No primary data and not a SR of
primary studies = 73

Does not distinguish mild TBI from
moderate or severe = 131

Sample includes fewer than 30 mTBI
cases = 28

Does not report outcomes that
address key questions = 3

Does not meet VA DoD definition for
mTBI = 60

\
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Table 1. Descriptive Characteristics of Studies of U.S. Veterans and Members of the U.S. Military with Mild Traumatic Brain Injury

o Positive imaging: NR

o Citation: Defense and Veterans Brain Injury
Center, 2006

o How assessed: Chart review

Hispanic, 3.5% other

o Education: 55.9% HS diploma or
equivalent, 37.1% some college, 5.8%
college graduate, 1.2% other

Sample Time since injury for mTBI
. . mTBI definition and associated citation size: . group, Mean (SD); Mechanism
Author, year Population and sample selection reported in the study Total, Demographics of mTBI group of injury:
mTBI Prior TBI
Barnes, Consecutive referrals for outpatient PTSD treatment | e Definition: AOC, LOC, PTA. 92,46 | (data reported only for entire sample) o Time since injury: NR
Walter, & between 2006 and 2010 at a Midwestern Veterans o Positive imaging: NR o Age: 30.3(8.2) o Mechanism of Injury: NR
Chard, 2012° | Affairs Medical Center. All patients served in OEF and/ | e Citation: Holm, Cassidy, Carroll, & Borg, 2005 e Gender: 100% male e Prior TBI: NR
or OIF and met diagnostic criteria for PTSD due to o How assessed: Chart review, clinical interview o Race/Ethnicity: 93.3% Caucasian,
combat-related trauma. Excluded: LOC >30 mins or 4.4% African American, 2.2% Native
PTA>24 hrs. American
o Education: NR
Belanger, Patients consecutively admitted to Tampa VAMC or o Definition: PTA, LOC 225,134 | e Age: 30.7 (9.5) o Time since injury: 703.5 (1064.1)
Kretzmer, WRAMC; clinics not specified. o Positive Imaging: Excluded o Gender: 97% male days
Venderploeg, o Citation: Kay et al., 1993 o Race/Ethnicity: NR o Mechanism of Injury: 67% blast,
& French, o How assessed: Self report, chart review o Education: NR 25% MVA, 7% other mechanism
20101 of injury
o Prior TBI: 14/134 with prior mTBI
Belanger, Tampa and Richmond VA consecutive brain injury o Definition: LOC and PTA 102,51 |e Age:30.9(9.2) o Time since injury: 1021.4
Kretzmer, rehab patients referred for neuropsychological o Positive Imaging: Included (n = 6 blast,n =3 o Gender: NR* (4/102 female for entire (1730.0) days
Yoash-Gantz, | evaluation; Salisbury and Durham VAMC post- non-blast) aggregate sample) o Mechanism of Injury: For total
Pickett, & deployment and VA outpatients; and “selected o Citation: Kay et al., 1993 o Race/Ethnicity: NR* (76 Caucasian, 16 sample: 49 = blast only; 12 =
Tupler, 2009 | research volunteers” from Mid-Atlantic MIRECC. o How assessed: Self-report, chart review African American; 8 Hispanic; 2 Other blast plus MVA; 41 = non-blast
Excluded: poor effort or malingering based on clinical for entire aggregate sample) o Prior TBI: NR* (n = 20 for entire
presentation and/or if they failed certain measures of e Education: 13.1 (2.2) yrs aggregate sample)
symptom validity; neurological disorders; brain injury
due to gunshot.
Belanger, Tampa and Bay Pines VAMCs and WRAMC. 10% o Definition: DoD Criteria 390 o Age: 28.3 (7.9) for blast exposed; 30.0 | e Time since injury: 6 months
Proctor- of these participants were included in the Belanger, o Positive Imaging: Excluded (9.1) for non-blast exposed (WRAMC); 52 months (VA)
Weber, Kretzmer, Vanderploeg, & French, 2010 analyses. o Citation: Kay et al., 1993 e Gender: 94% male o Mechanism of Injury: 298 = blast,
Kretzmer, et e How assessed: Clinical interview chart review o Race/Ethnicity: NR 92 = non-blast cause
al. 201" o Education: NR o Prior TBI: NR
Benge, Veterans evaluated by the polytrauma team. o Definition: Identifying a mechanism of injury 345 o Age: 30.4 (7.5) o Time since injury: 3.0 (1.6) yrs
Pastorek, & Excluded: moderate or severe brain injury; skull and endorsing at least one of the following o Gender: 96.2% male (most recent injury)
Thornton, penetration. symptoms: LOC, PTA, or feeling dazed for <24 o Race/Ethnicity: 11.6% African o Mechanism of Injury: 64.6%
2009% hrs after the injury. American, 66.4% White, 18.6% report at least one blast injury,

29.9 report at least one motor
vehicle accident, 25.5 report at
least one fall

Prior TBI: NR
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members referred to the TBI clinic at BAMC for
neuropsychological testing between January 2008

and January 2010. All participants were over 18 years
of age, spoke English fluently, and were injured while
on active duty. Excluded participants had major body
burns, had traumatic amputations, were missing key
variable data, or performed below cutoffs indicating
suboptimal effort on neuropsychological measures. No
psychiatric exclusion criteria were applied.

o Positive imaging: Excluded

o Citation: ACRM, 1993

o How assessed: Clinical interview and chart
review

Sample Time since injury for mTBI
Author, year Population and sample selection mTEl def:_r:;fgeadni(:‘at;zz':;id citation '?cl)::I., Demographics of mTBI group group, Meaonf g:jl:l)‘)l:yl;\nechanlsm
mTBI Prior TBI

Coldren, Kelly, | Jan 11, 2009-Apr 10, 2009, U.S. Army soldiers o Definition: DoD criteria 237,71 | Cases vs. controls: o Time since injury: within 72 hrs
Parish, et al., | presenting for medical care within 72 hrs of suffering | e Positive imaging: NR o Age: 26.5vs. 27.3 (SD not reported), | @ Mechanism of Injury: NR
2010" a concussive event in Iraq. Included: 18-50 years, o Citation: DoD diagnostic criteria, no citation o Prior TBI: Excluded moderate

meeting DoD definition of a concussion, free of given o Gender: 96% vs. 88% male, p = 0.07 or severe TBI within 3 yrs, and

psychoactive medication, no significant psychiatric o How assessed: Clinical interview o Race/Ethnicity: NR concussion within 90 days of

diagnosis requiring ongoing therapy, reporting pain o Education (yrs): 12.5 vs. 13.1 (SD not current injury.

not greater than 7 on a scale of | to 10, consenting to reported), p = 0.02

be in the study. Subjects and controls were enrolled

from Victory Base Complex, Joint Base Balad, and

Mosul. Non-TBI injured controls were patients in the

same timeframe. Healthy controls were volunteers

located at same base. Excluded: any history of severe

TBI, moderate TBI within the previous 3 yrs, or of any

concussion within 90 days of current injury.
Coldren, US Army soldiers presenting to an outpatient medical | e Definition: DoD criteria 235,69 |e Age: 18-20 (9%), 21-25 (45%), 26-30 | e Time since injury: 0 (2%), 1
Russell, facility within 72 hrs of a concussion between January | e Positive imaging: NR (26%), 31-40 (17%), 41-55( 4%) (47%), 2 (29%), 3 (22%) days
Parish, et al., | to April, 2009; free of cognition altering medication o Citation: NR e Gender: 96% male o Mechanism of Injury: blast 45%,
2012 or severe psychiatric diagnosis requiring ongoing o How assessed: NR o Race/Ethnicity: Caucasian (72%), Black |  blow 26%, mixed 11%, unknown

therapy, no pain > 7 on a 1-10 scale, no severe TBI, (4%), Hispanic (19%), other (4%) 19%

no moderate TBI within the past 3 yrs, n