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Abstract�—The concordance of Department of Veterans Affairs
(VA) clinician judgment of mild traumatic brain injury (mTBI)
history with American Congress of Rehabilitation Medicine
(ACRM)-based criteria was examined for Operation Iraqi Free-
dom (OIF) and Operation Enduring Freedom (OEF) Veterans. In
order to understand inconsistencies in agreement, we also exam-
ined the associations between evaluation outcomes and conceptu-
ally relevant patient characteristics, deployment-related events,
current self-reported health symptoms, and suspected psychiatric
conditions. The Veteran sample comprised 14,026 OIF/OEF VA
patients with deployment-related mTBI history (n = 9,858) or no
history of mTBI (n = 4,168) as defined by ACRM-based criteria.
In the majority of cases (76.0%), clinician judgment was in agree-
ment with the ACRM-based criteria. The most common inconsis-
tency was between clinician judgment (no) and ACRM-based
criteria (yes) for 21.3% of the patients. Injury etiology, current
self-reported health symptoms, and suspected psychiatric condi-
tions were additional factors associated with clinician diagnosis
and ACRM-based criteria disagreement. Adherence to estab-
lished diagnostic guidelines is essential for accurate determination
of mTBI history and for understanding the extent to which mTBI
symptoms resolve or persist over time in OIF/OEF Veterans.
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INTRODUCTION

Mild traumatic brain injury (mTBI), or concussion, is
a defining injury of U.S. servicemembers who have
served in the Iraq and Afghanistan wars. Recent esti-
mates indicate self-reported or clinician-confirmed trau-
matic brain injury (TBI) ranging from 6.8 to 22.8 percent
of Operation Enduring Freedom (OEF) and Operation
Iraqi Freedom (OIF) servicemembers and Veterans [1�–6].
Blast (e.g., from bombs or improvised explosive devices
[IEDs]) is the most prevalent mechanism of mTBI for
OIF/OEF servicemembers [7�–9], and vehicular accidents
and falls [4,6] are other common etiologies of TBI
among OIF/OEF servicemembers. Symptoms following
mTBI typically resolve within hours or days, and usually
last less than 12 mo, but can emerge or persist over time
and interfere with daily functioning [10�–11]. However,
there is uncertainty as to whether symptoms that appear
to be persistent are directly related to an mTBI incident
[6,11�–13]. Due to the prevalence and health conse-
quences of mTBI, accurate determination of mTBI is
important so that appropriate treatment is delivered and
progress is evaluated.

Identifying an mTBI event can be challenging. On
the battlefield, moderate to severe forms of TBI can be
recognized by obvious physical signs or functional limi-
tations [14�–15]. However, mTBI symptoms in their acute
stage may go undetected for many reasons, including
confounding mental (e.g., posttraumatic stress disorder
[PTSD]) or physical (e.g., amputation) health conditions
requiring more immediate attention [16�–18], fast-paced
battlefield situations in which mTBI and resulting change
in consciousness or memory is unnoticed or undocu-
mented, or servicemembers�’ reluctance to report injuries
while deployed [16]. Imaging and neurological examina-
tions for mTBI, if performed, may appear normal [11,17].
Because of these contextual factors, Veteran self-report,
in conjunction with a medical examination [1], has
become standard for identifying mTBI history in the
Department of Veterans Affairs (VA) [11].

TRAUMATIC BRAIN INJURY SCREENING AND 
EVALUATION

In April 2007, the VA mandated a TBI screening
clinical reminder system for all OIF/OEF Veterans seek-
ing VA healthcare [4,19�–20]. Patients who report a prior

TBI diagnosis upon screening are offered a referral for
follow-up treatment. Patients without a prior TBI diagno-
sis are asked four sets of TBI screening questions regard-
ing (1) events that increase TBI risk, (2) immediate
symptoms following the event, (3) new or worsening
symptoms postevent, and (4) current symptoms. Patients
endorsing one or more questions in each of the four sec-
tions screen positive and are offered a referral for a VA
comprehensive TBI evaluation (CTBIE) [11,19,21�–22].

VA�’s standard for identifying TBI is a medical exami-
nation and in-depth clinical interview by a clinician
assessing possible TBI events and current symptoms. The
VA and Department of Defense (DOD) define TBI as a
structural injury and/or disruption in brain function
caused by an external force resulting in the onset or wors-
ening of clinical signs immediately postevent [11]. These
signs include loss of consciousness (LOC) or decreased
level of consciousness, loss of memory for events imme-
diately prior to or following the injury (posttraumatic
amnesia [PTA]), and altered mental state (alteration of
consciousness [AOC]) [11]. TBI is further categorized as
mild, moderate, or severe based on the duration of these
sequelae [11]. The VA/DOD clinical practice guidelines
adopted criteria based on those of the American Congress
of Rehabilitation Medicine (ACRM) for classifying
mTBI. According to ACRM criteria, mTBI is defined as
a physiological disruption in brain function that is mani-
fested by at least one of the following: LOC ≤30 min,
AOC ≤24 h, PTA ≤1 d, any focal neurological deficit(s)
that may or may not be transient, and a Glasgow Coma
Scale (GCS) score of 13 to 15 after the first 30 min
postinjury. The CTBIE template captures information
related to LOC, AOC, and PTA.

The extent to which VA clinicians identify mTBI his-
tory in adherence to ACRM-based criteria is unknown.
Following established guidelines is essential for identify-
ing patients needing treatment for complaints that are
potentially related to mTBI. Accurate identification also
allows for recognition that mTBI may be comorbid with
other health conditions, thereby informing different types
of targeted treatments. An incorrect diagnosis can delay
or prevent follow-up care or result in iatrogenic effects,
unnecessary treatment, and/or a lack of treatment for con-
ditions that share mTBI-related symptoms (e.g., PTSD)
[23�–24]. The first aim of this study was to identify the
concordance between the CTBIE clinician judgment of
mTBI history and ACRM-based criteria. The second aim
was to examine the associations between discordant
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clinician judgment and ACRM-based criteria outcomes
and conceptually relevant patient factors, including
demographic characteristics, injury etiology, self-
reported current health symptoms, and suspected psychi-
atric conditions.

METHODS

Design
This was a retrospective cross-sectional database

review of Veterans who completed a CTBIE between Octo-
ber 1, 2007, and June 30, 2009. The VA Boston Healthcare
System Institutional Review Board approved this study.

Data Sources
CTBIE and patient demographic data were obtained

from the national VA Patient Care Services database. Cli-
nicians performing the CTBIE used an electronic evalua-
tion template to facilitate discussion and capture
information on predeployment, deployment, and postde-
ployment experiences. The deployment-related self-
report questions regarding injury etiology include items
assessing frequency and type of non-blast (i.e., vehicular
accident, bullet wound, fall, other blunt trauma) and blast
(i.e., IED, rocket-propelled grenade, mortar, grenade,
bomb, other) injuries and postinjury sequelae (i.e., expe-
riencing at least one of the following ACRM-based crite-
ria: LOC, PTA, AOC) potentially indicative of TBI.
CTBIE records did not include data related to other
ACRM criteria (i.e., GCS score, neuroimaging results,
evidence of focal neurological deficits) [11]. However,
the former two measures typically appear normal for
mTBI, and VA/DOD guidelines indicate that the latter
cannot be used for diagnostic purposes if there is no dis-
rupted consciousness [11]. Patients also reported on the
severity of current symptoms, and clinicians indicated
their judgment regarding any suspected behavioral or
psychiatric symptoms. Finally, the CTBIE clinician made
two sequential TBI-related judgments: (1) whether the
history and clinical course was consistent with a diagno-
sis of TBI (TBI history), and (2) whether current clinical
symptom presentation was consistent with TBI residual
problems or another condition. The focus of this study
was on mTBI history.

Participants
Among 36,919 electronic CTBIE records, 14,206

were included in the final sample. Cases were initially
excluded if they were known test cases or duplicate
records. We identified pathways for categorizing deploy-
ment-related mTBI history as determined by ACRM-
based criteria or clinician judgment (Figure 1). The
inclusion criteria for the present study were (1) not
reporting pre- or postdeployment TBI; (2) responding to
all three ACRM-based criteria questions concerning
LOC, AOC, and PTA and their respective durations; and
(3) having an electronic record of a clinician�’s judgment
(yes [Y] or no [N]) that the �“history and clinical course
was consistent with a diagnosis of TBI.�” Among patients
who endorsed criteria indicative of a TBI history, only
those who reported LOC, AOC, and/or PTA within the
duration parameters [11] of mTBI were included.
Patients were excluded from all analyses if their CTBIE
indicated that they were �“uncertain�” of any LOC, AOC,
or PTA experiences or if there were inconsistent
responses (e.g., a response of �“no�” for LOC but an LOC
duration of �“less than 30 min�”). Patients were also
excluded from specific analyses that included injury eti-
ology if there were inconsistent responses for this vari-
able (e.g., a response of no blast exposure, but another
response of experiencing 4 blast episodes).

Neurobehavioral Symptoms
The CTBIE included the 22-item Neurobehavioral

Symptom Inventory (NSI) [25], which asked patients to
rate the extent they have been affected by various health
symptoms within the last 30 d on a 0 (none) to 4 (very
severe) Likert-type scale. Psychometric assessment by
Meterko et al. indicated that scales representing four
health symptom domains can be scored from the NSI:
affective (e.g., irritability), cognitive (e.g., forgetfulness),
somatosensory (e.g., headaches), and vestibular (e.g.,
feeling dizzy) [26]. The CTBIE included an additional
question about pain, measured on a 5-point scale similar
to that of the NSI items. Pain loaded on the somatosen-
sory factor and was included in that scale [26]. The NSI
is meant to identify health symptoms so that patients can
be referred for appropriate treatment, as needed, regard-
less of symptom etiology.

Suspected Psychiatric Conditions
Using a checklist in the CTBIE, clinicians can indi-

cate their clinical judgment about patients�’ suspected
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psychiatric conditions. We examined the association of
mTBI history evaluation outcome with suspected PTSD,
non-PTSD anxiety disorders, depression, and drug and
alcohol abuse and/or dependence, since they are among
the most prevalent psychiatric conditions documented in
OIF/OEF Veterans [2,5,27�–36].

Statistical Analysis
Using the three ACRM-based criteria (LOC, AOC,

PTA) as the reference standard, patients were stratified to
examine concordance between clinician judgment of
mTBI history and ACRM-based criteria (Y/N). This

yielded a 2 × 2 matrix of outcomes. Consistent responses
included agreement between the clinician and ACRM-
based criteria on either the presence (Clinician Y/ACRM
Y) or absence (Clinician N/ACRM N) of mTBI history.
Inconsistent responses were said to have occurred when
clinicians and ACRM-based criteria were not in agree-
ment: clinicians did not indicate mTBI history but
ACRM-based criteria did (Clinician N/ACRM Y), or cli-
nicians indicated mTBI history but the ACRM-based cri-
teria did not (Clinician Y/ACRM N). The consistent
groups (Clinician Y/ACRM Y and Clinician N/ACRM
N) were compared on demographics, deployment-related

Figure 1. 
Final sample of patients with deployment-related mild traumatic brain injury (mTBI) or no mTBI history, as identified by two pathways
of clinician judgment and American Congress of Rehabilitation Medicine (ACRM)-based criteria. Note: ACRM-based criteria include
loss of consciousness (LOC), alteration of consciousness (AOC), and posttraumatic amnesia (PTA). At least one of these features
must be present for positive traumatic brain injury (TBI) judgment. N reported in each of last four cells indicate number of patients
who reported experiencing LOC, AOC, and/or PTA. *Of 36,919 cases in original data set, test cases or repeat comprehensive TBI
evaluations (CTBIEs) (n = 281) were excluded. Other exclusions include pre- or postdeployment TBI history (n = 11,385); records in
which LOC, PTA, or AOC did not fall within the parameters of ACRM-based mTBI criteria (807 cases were moderate TBI and 1,393
were severe TBI); or insufficient information to make TBI judgment, including patient self-report of uncertainty of TBI sequelae or
missing data (n = 9,027).
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injury experiences, suspected psychiatric conditions, and
current NSI health symptoms. Chi-square analyses and
independent t-tests were computed to examine group dif-
ferences for categorical and quantitative data, respec-
tively. Between-group differences in NSI health
symptoms among all four outcome groups were analyzed
with multivariate analysis of variance.

Logistic regression analyses modeled the odds of
inconsistent outcomes between clinicians and ACRM-
based criteria for mTBI history diagnosis. For each
model, demographics, deployment-related injury experi-
ences, suspected psychiatric conditions, and NSI health
symptoms were entered simultaneously. Adjusted odds
ratios (aORs) and 95 percent confidence intervals (CIs)

are reported. Analyses were conducted using SPSS ver-
sion 18.0 (IBM Corporation; Armonk, New York).

RESULTS

Patient and Deployment-Related Characteristics of 
Study Sample

The sample of Veterans who completed a CTBIE
consisted of patients with deployment-related mTBI his-
tory (n = 9,858) or no mTBI history (n = 4,168) (Figure
1) using ACRM-based criteria as the reference standard.
Of the 14,026 Veterans included in the final sample, the
average age was 31.6 ± 8.8 yr old, 93.8 percent were
male, and more than three-quarters of reported injury eti-
ologies were by blast (Table 1). Among those who

Table 1.
Characteristics and deployment-related experiences of Veterans with and without mild traumatic brain injury (mTBI) history.

Variable Total
(n = 14,026)

Deployment-Related mTBI 
History Only

(n = 6,851)

No mTBI History
(n = 3,752) p-Value

Age, yr (%) <0.001
18�–24 21.3 24.5 16.1
25�–29 33.8 35.5 30.0
30�–39 24.5 23.6 26.3
≥40 20.4 16.4 27.6

Sex (%) <0.001
Female 6.2 5.0 8.3
Male 93.8 95.0 91.7

Injury Etiology (%) <0.001
Non-Blast Only 20.0 15.6 28.5
Blast Only 40.3 39.6 42.8
Non-Blast + Blast 39.7 44.8 28.7

Loss of Consciousness (%) 31.9 55.1 0 <0.001
Alteration of Consciousness (%) 67.2 95.6 0 <0.001
Posttraumatic Amnesia (%) 24.3 41.9 0 <0.001
NSI Health Symptoms (mean ± SD)

Affective 2.21 ± 1.01 2.38 ± 0.96 1.97 ± 1.03 <0.001
Somatosensory 1.35 ± 0.74 1.51 ± 0.75 1.16 ± 0.71 <0.001
Cognitive 1.84 ± 1.09 2.09 ± 1.04 1.52 ± 1.07 <0.001
Vestibular 1.06 ± 0.84 1.23 ± 0.84 0.85 ± 0.80 <0.001

Suspected Psychiatric Condition (%)
PTSD 66.0 74.2 52.9 <0.001
Non-PTSD Anxiety 24.8 24.7 25.1 0.63
Depression 38.5 40.8 35.8 <0.001
Drug Abuse/Dependence 1.9 2.2 1.6 <0.03
Alcohol Abuse/Dependence 7.3 7.8 6.7 <0.06

Note: �“Total�” group refers to all Veterans who received comprehensive traumatic brain injury evaluation. �“Deployment-Related mTBI History Only�” and �“No
mTBI History�” groups are based on concordance between clinician judgment and American Congress of Rehabilitation Medicine-based criteria. Because these two
groups do not include discordant cases, sample sizes do not sum to total.
NSI = Neurobehavioral Symptom Inventory, PTSD = posttraumatic stress disorder, SD = standard deviation.
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reported post head injury event sequelae, LOC was indi-
cated by approximately one-third, AOC by two-thirds,
and PTA by one-quarter of the sample. Clinicians sus-
pected PTSD in two-thirds, non-PTSD anxiety in one-
quarter, depression in approximately 40 percent, alcohol
abuse and/or dependence in 7.3 percent, and drug abuse
and/or dependence in less than 2 percent of the sample.
On average, current NSI self-reported symptoms ranged
between mild and moderate in severity for the affective,
somatosensory, cognitive, and vestibular domains.

Comparisons Between Veterans With and Without 
Deployment-Related Mild Traumatic Brain Injury 
History Based on Concordance Between Clinician 
Judgment and American Congress of Rehabilitation 
Medicine-Based Criteria

Veterans with deployment-related mTBI history were
younger ( 2 (3) = 259.72, p < 0.001) and more likely to
have experienced a combination of non-blast and blast
injuries ( 2 (2) = 331.62, p < 0.001) than Veterans with-
out mTBI history. They were also more likely to have
suspected PTSD ( 2 (1) = 495.86, p < 0.001), depression
( 2 (1) = 25.64, p < 0.001), and drug abuse and/or depen-
dence ( 2 (1) = 4.98, p < 0.03), but not suspected non-
PTSD anxiety ( 2(1) = 0.24, p = 0.63) or alcohol abuse
and/or dependence ( 2 (1) = 3.80, p < 0.06), though the
latter approached statistical significance. More than half
of those with deployment-related mTBI history reported
experiencing LOC, approximately 42 percent reported
PTA, and nearly 96 percent reported AOC following
head injury. For all NSI health symptom domains, Veter-
ans with deployment-related mTBI history reported
higher current symptom severity, which generally ranged
from mild to moderate, than Veterans with no mTBI his-
tory (all F (1, 10,601) > 434.40, p < 0.001).

Concordance Between Clinician Judgment of Mild 
Traumatic Brain Injury History and American
Congress of Rehabilitation Medicine-Based Criteria

Clinicians indicated that 51.7 percent (7,252 of
14,026) of patients met criteria for mTBI history,
whereas ACRM-based standards indicated 70.3 percent
(9,858 of 14,026) (Table 2). We observed the following
concordance rates: 49.0 percent Clinician Y/ACRM Y,
21.3 percent Clinician N/ACRM Y, 2.7 percent Clinician
Y/ACRM N, and 27.0 percent Clinician N/ACRM N.
Kappa for this distribution was 51.3 percent, suggesting
moderate agreement between clinician judgment and

ACRM-based criteria. Assuming ACRM-based criteria
as the reference standard, the sensitivity and specificity
rates for the clinician judgment were 69.7 and 90.9 per-
cent, respectively.

Factors Associated with Clinician and American 
Congress of Rehabilitation Medicine Concordance 
Outcomes

Clinician (No) and American Congress of Rehabilitation 
Medicine (Yes) Versus Clinician (Yes) and American 
Congress of Rehabilitation Medicine (Yes)

The logistic regression model predicting the odds of a
Clinician N/ACRM Y (1 = target group) versus a Clini-
cian Y/ACRM Y (0 = reference group) outcome, using
conceptually relevant patient characteristics and deploy-
ment-related experiences, was significant ( 2 (18) =
1,449.11, p < 0.001). Adjusting for all variables in the
model (Table 3), a Clinician N/ACRM Y outcome was
more likely for patients who were 30 to 39 yr old (aOR =
1.15, 95% CI: 1.02�–1.31) and ≥40 yr old (aOR = 1.30,
95% CI: 1.13�–1.49) than for patients who were 25 to 29 yr
old. Sex was not significantly associated with outcome.
Veterans who reported an injury etiology of blast only
compared with a non-blast etiology only were signifi-
cantly more likely (aOR = 1.32, 95% CI: 1.16�–1.52) to
have a Clinician N/ACRM Y outcome. A combination of
blast and non-blast injuries, however, did not significantly
differ from a non-blast only mechanism of injury. Reports
of LOC, AOC, and PTA were each associated with a
decreased likelihood (aOR = 0.30�–0.69, 95% CI: 0.27�–
0.88) of a Clinician N/ACRM Y outcome.

Patients with suspected PTSD (aOR = 0.73, 95% CI:
0.65�–0.82) or a non-PTSD anxiety (aOR = 0.84, 95% CI:
0.75�–0.95) condition were significantly less likely to be
categorized as Clinician N/ACRM Y than patients with
neither condition. Suspected depression and drug and

Table 2.
Concordance (n [%]) between clinician judgment of mild traumatic
brain injury history with American Congress of Rehabilitation
Medicine (ACRM)-based criteria.
Clinician
Judgment

ACRM-Based Criteria Met? TotalYes No
Yes 6,871 (49.0) 381 (2.7) 7,252 (51.7)
No 2,987 (21.3) 3,787 (27.0) 6,774 (48.3)
Total 9,858 (70.3) 4,168 (29.7) 14,026 (100.0)
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alcohol abuse and/or dependence were not associated
with this outcome.

Regarding NSI health symptoms, patients reporting
more severe affective symptoms were about 25 percent
more likely (aOR = 1.24, 95% CI: 1.14�–1.34) to have a
Clinician N/ACRM Y outcome than patients reporting
less severe affective symptoms; those reporting more
severe somatosensory, cognitive, and vestibular symp-
toms were, by contrast, significantly less likely (aOR =
0.79�–0.85, 95% CI: 0.73�–0.93) to have this outcome.

Clinician (Yes) and American Congress of Rehabilitation 
Medicine (No) Versus Clinician (No) and American Con-
gress of Rehabilitation Medicine (No)

The logistic regression model predicting the odds of
a Clinician Y/ACRM N (1 = target group) and Clinician

N/ACRM N (0 = reference group) outcome, using con-
ceptually relevant patient characteristics and deploy-
ment-related experiences, was also significant ( 2 (15) =
100.51, p < 0.001). Neither age nor sex were associated
with a Clinician Y/ACRM N outcome. Patients who
reported blast only (aOR = 0.51, 95% CI: 0.38�–0.69) or a
combination of blast and non-blast injuries (aOR = 0.57,
95% CI: 0.44�–0.74) were less likely to have a Clinician
Y/ACRM N outcome than patients reporting an injury
etiology of non-blast only.

Patients with suspected PTSD (aOR = 2.01, 95% CI:
1.55�–2.60) or depression (aOR = 1.60, 95% CI: 1.25�–
2.05), compared with patients without these suspected
conditions, were more likely to be categorized as Clini-
cian Y/ACRM N, whereby suspected non-PTSD anxiety
and drug and alcohol abuse and/or dependence were not

Table 3.
Logistic regressions modeling odds of inconsistent outcomes between clinician judgment and American Congress of Rehabilitation Medicine
(ACRM)-based criteria for mild traumatic brain injury history diagnosis.

Patient Characteristics and 
Deployment-Related Experiences

Inconsistent vs Consistent
Clinician (No) and ACRM (Yes) vs 
Clinician (Yes) and ACRM (Yes)

(n = 9,615)

Clinician (Yes) and ACRM (No) vs 
Clinician (No) and ACRM (No)

(n = 3,528)
aOR 95% CI aOR 95% CI

Age, yr (25�–29 vs)
18�–24 0.88 0.78�–1.01 1.05 0.76�–1.46
30�–39 1.15* 1.02�–1.31 0.97 0.72�–1.30
≥40 1.30�† 1.13�–1.49 0.81 0.59�–1.10

Sex (Female vs Male) 1.10 0.89�–1.35 1.04 0.70�–1.56
Injury Etiology (Non-Blast Only vs)

Blast Only 1.32�† 1.16�–1.52 0.51�† 0.38�–0.69
Blast + Non-Blast 0.94 0.85�–1.05 0.57�† 0.44�–0.74

Loss of Consciousness 0.30�† 0.27�–0.33 �— �—
Alteration of Consciousness 0.70�‡ 0.55�–0.88 �— �—
Posttraumatic Amnesia 0.49�† 0.44�–0.55 �— �—
NSI Health Symptoms

Affective 1.24�† 1.14�–1.34 0.67�† 0.56�–0.81
Somatosensory 0.81�† 0.74�–0.90 1.28* 1.01�–1.64
Cognitive 0.79�† 0.73�–0.84 1.25�‡ 1.06�–1.48
Vestibular 0.85�† 0.79�–0.93 0.96 0.79�–1.16

Suspected Psychiatric Condition
PTSD 0.73�† 0.65�–0.82 2.01�† 1.55�–2.60
Depression 0.94 0.85�–1.05 1.60�† 1.25�–2.05
Non-PTSD Anxiety 0.84�‡ 0.75�–0.95 1.27 0.98�–1.64
Drug Abuse/Dependence 1.16 0.81�–1.66 0.80 0.48�–2.60
Alcohol Abuse/Dependence 1.08 0.89�–1.30 0.63 0.38�–1.02

*p < 0.05.
�†p < 0.001.
�‡p < 0.01.
aOR = adjusted odds ratio, CI = confidence interval, NSI = Neurobehavioral Symptom Inventory, PTSD = posttraumatic stress disorder.
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associated with this outcome. Higher self-reported
somatosensory (aOR = 1.28, 95% CI: 1.01�–1.64) and
cognitive (aOR = 1.25, 95% CI: 1.06�–1.48) symptoms
were more likely to have a Clinician Y/ACRM N out-
come, whereas those reporting more severe affective
symptoms (aOR = 0.67, 95% CI: 0.56�–0.81) were less
likely to have this outcome. Vestibular symptoms were
not associated with a Clinician Y/ACRM N outcome.

Neurobehavioral Symptom Inventory Severity and 
Mild Traumatic Brain Injury History Evaluation 
Outcomes

Regarding current neurobehavioral symptom sever-
ity, the highest scores were observed in the affective
domain, followed by cognitive, somatosensory, and ves-
tibular (Figure 2). Within each domain, there were signi-
ficant differences among the four outcome groups (all
F (3, 13,957) > 158.00, all p < 0.001). Post hoc Tamhane
significance testing showed that across all domains, in
general, the consistent groups reported the highest (Clini-
cian Y/ACRM Y) and lowest (Clinician N/ACRM N)
symptom severity, respectively, compared with all other
outcome groups (all p < 0.05). The one exception was for
the affective symptom domain, in which the mean ±
standard deviation for the Clinician Y/ACRM N group
(2.06 ± 1.00) did not differ from the Clinician N/ACRM
N group (1.97 ± 1.03). The inconsistent (Clinician N/
ACRM Y, Clinician Y/ACRM N) groups did not differ
from one another on any NSI health symptom domain.

DISCUSSION

This study aimed to examine concordance of clini-
cian judgment of mTBI history with ACRM-based crite-
ria and explore patient and deployment-related
characteristics associated with evaluation outcomes.
Although agreement between clinician judgment and
ACRM-based criteria (Clinician Y/ACRM Y, Clinician
N/ACRM N) for mTBI history was the collective major-
ity (49.0% and 27.0%, respectively), there was disagree-
ment in 24.0 percent of the cases, almost all of which
were Clinician N/ACRM Y (21.3%). A major pathway
for receiving a CTBIE is to be referred after screening
positive for TBI. Thus, prior to the examination, the
CTBIE evaluation clinician knows that the Veteran
reported events and symptoms that are suggestive of TBI.
Therefore, we would have predicted that, if there was
going to be a bias, more patients would have been cate-
gorized as Clinician Y/ACRM N, but this subgroup com-
prised only 2.7 percent of the sample.

Numerous factors likely affected the Clinician N/
ACRM Y outcome. The natural course of mTBI is symp-
tom reduction or resolution over hours or days, and typi-
cally no longer than 1 yr [10�–11]. Although our data are
incomplete with respect to time between head injury and
CTBIE, some injury dates were reported as early as 2001,
putting the time between injury and evaluation up to 8 yr.
Clinicians may have judged that there was no mTBI his-
tory, even if there was a reported TBI incident, because
of difficulty relating current symptoms to remote events
[14]. This might also explain the association between
NSI health symptom severity with outcome groups.
Across all NSI health symptom domains, the Clinician Y/
ACRM Y group reported the highest severity, suggesting
that clinicians may have interpreted current symptom
severity as indicative of mTBI history, even though cur-
rent symptom presentation does not signify mTBI his-
tory, nor is it recommended by VA/DOD clinical practice
guidelines to identify mTBI based on symptom severity
months to years posttrauma [11].

Another possible explanation for the Clinician N/
ACRM Y outcome is that clinicians may have in fact
considered the ACRM-based criteria but intentionally
indicated no mTBI history due to uncertainty about the
veracity of reports or ambiguity regarding whether
patient-reported TBI sequelae were attributable to a TBI
or to other circumstances. For example, delay in recovery
from mTBI symptoms is associated with litigation or
compensation-seeking [2,10�–11,14], and it is possible

Figure 2. 
Neurobehavioral Symptom Inventory (NSI) health domain aver-
age scores by evaluation outcome. Note: For majority of NSI
health domains, Clinician Y and American Congress of Reha-
bilitation Medicine (ACRM) Y > (Clinician N/ACRM Y = Clinician
Y/ACRM N) > Clinician N/ACRM N. N = no, Y = yes.
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that some clinicians may have perceived event and symp-
tom reporting as exaggerated or related to secondary
gain. Of more clinical relevance, descriptions of TBI-
related events may not have appeared credible if patients
recalled detailed information, despite reporting loss of or
alteration in consciousness or memory [14]. Filling in
these gaps is typically due to accounts provided by wit-
nesses or a retrospective piecing together of events by the
injured. Conversely, Veterans may have had trouble
remembering events because they had disrupted con-
sciousness, and it may have been difficult for clinicians
to determine a root cause of fractured recall. For exam-
ple, Diagnostic and Statistical Manual of Mental Disor-
ders-4th edition [37] criteria for acute stress disorder
(which was not assessed during the CTBIE) includes
reduced awareness of surroundings (e.g., being in a daze)
and dissociative amnesia following a traumatic event,
which are markedly similar to the clinical signs of AOC
and PTA following a TBI event [38]. Acute stress disor-
der has also been shown to be positively predictive of
subsequent PTSD development [39�–40]. Of note, for
patients in the Clinician N/ACRM Y group, clinicians
indicated that 63.1 percent (1,881 of 2,982) had sus-
pected PTSD (data not shown). The co-occurrence of
PTSD with TBI is well-documented in OIF/OEF Veter-
ans, but the extent to which negative health symptoms
are attributable to TBI, PTSD, or both remains unclear
[2�–3,6,27,31�–33,35�–36,41�–43]. Clinicians also indicated
possible drug or alcohol abuse and/or dependence in
approximately 10 percent of the sample, but neither of
these suspected conditions were significant contributors
to the clinician and ACRM agreement.

We included NSI health symptoms in analyses
because clinicians had access to this information during
the CTBIE, even though VA/DOD clinical practice guide-
lines indicate that such symptoms should not affect deci-
sion-making about mTBI history. An mTBI event is
defined by presence and duration of LOC, AOC, and PTA
at time of injury and not by symptoms reported months to
years after a TBI event. Nonetheless, we found significant
associations between symptoms and evaluation outcomes.
Higher affective and lower somatosensory and cognitive
symptoms were more likely to be associated with a Clini-
cian N/ACRM Y outcome. In contrast, lower affective
and higher somatosensory and cognitive symptoms were
significantly associated with a Clinician Y/ACRM N out-
come. It is unclear what accounts for these findings, but
clinicians may have interpreted affective symptoms as
being more likely related to readjustment issues and psy-

chiatric conditions rather than mTBI. Reports of more
severe cognitive and somatosensory symptoms may have
been perceived to be more organic and therefore more
likely to be indicative of mTBI history.

Of the respondents, 80 percent indicated at least one
blast injury, and half of these patients reported that they also
experienced at least one additional non-blast injury. We
would have expected that relative to a non-blast injury only,
reporting both blast and non-blast injuries would be more
likely to result in a TBI history diagnosis. Injury etiology
findings did not fall into a predictable pattern, further high-
lighting the complexity of assessing TBI history in OIF/
OEF Veterans. The CTBIE data did not specify whether
blast and non-blast injuries were linked to multiple injury
events at one discrete time (e.g., an IED exploding under a
moving vehicle, resulting in both blast and blunt impact
injuries) [16] or at separate times. Thus, the categorization
of injury etiology may represent a false precision.

In sum, VA clinicians face the difficult challenge of
having to make a determination of whether an injury
event happened months or years prior to the CTBIE
(indicative of TBI history) and whether that event
resulted in a TBI that is related to current symptoms (cur-
rent TBI). In the VA setting, oftentimes, the only source
of historical information is the Veteran [44], whose
accounting of events may be further complicated if they
experienced a TBI. When taking patient history or per-
forming a physical examination to render a determination
of TBI history, one of the roles of the evaluating clinician
is to assess the patient�’s reliability and ability to effec-
tively communicate information. This is based on a syn-
thesis of corroborating and conflicting information,
suspected mental health conditions, patients�’ responses to
other questions, access to medical records, and the clini-
cian�’s expertise. If it is a clinician�’s judgment that an
event (e.g., TBI) or symptom (e.g., memory deficits) did
not occur or does not exist currently, then this informa-
tion needs to be documented in the medical record. Clini-
cians may still record the patient�’s subjective report but
will likely provide qualifiers in the medical record. These
data were not available in the current study.

LIMITATIONS AND FUTURE DIRECTIONS

Self-report data make it impossible to confirm objec-
tively whether a TBI event occurred. The data reported
are from April 2007 to June 2009, the early stages of the
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VA CTBIE implementation. While VA-wide education to
medical specialists was disseminated through national,
regional, and individual provider training calls, signifi-
cant and more standardized educational efforts have
since been implemented (e.g., VA-wide training on TBI
clinical practice guidelines), as well as changes to the
CTBIE template, which clarify the intent of the evalua-
tion and guide the provider through the diagnostic crite-
ria. Therefore, our results are limited to the specified time
period. Additionally, we do not have details regarding
differences in the evaluation process across locations or
across evaluators, such as variation in the extent of clini-
cians�’ additional information-gathering outside of the
CTBIE per se, including why clinicians did or did not
suspect psychiatric conditions (e.g., opinion, electronic
medical record, patient report). Findings concerning sus-
pected psychiatric conditions should be interpreted cau-
tiously here, but there would be benefit to including
psychiatrists and psychologists in the algorithm for TBI
assessment, because they have the training to consider all
the implications of medical and psychological conditions
upon the presence or absence of TBI. Because the data
set did not contain provider-level data, we were unable to
determine whether provider-level characteristics such as
clinical specialty and level of TBI expertise were associ-
ated with outcomes.

The CTBIE process takes up to an hour, and clini-
cians indicate whether patient history and clinical course
is consistent with a TBI diagnosis toward the end of the
CTBIE. Because clinicians may not review responses to
the ACRM-based criteria questions prior to making their
determination regarding TBI history, inadequate clinician
recall may account for some of the observed inconsisten-
cies. To ensure consistency between the VA/DOD clini-
cal practice guidelines for determining mTBI history
(i.e., ACRM-based criteria) and indication of deploy-
ment-related mTBI, VA has begun automating the
CTBIE by linking responses to questions documenting
LOC, AOC, and PTA to the questions in which clinicians
indicate whether history, clinical course, and current
clinical symptom presentation is consistent with TBI.*

This, in addition to the increased education for clinicians
and an interdisciplinary team approach to TBI assess-
ment, may help the VA to estimate the extent to which
deployment-related TBI symptoms persist or resolve
over time. However, this would be only a partial estima-
tion based on a nonrepresentative sample since only Vet-
erans who (1) receive VA healthcare and (2) report
current symptoms during the TBI screen would be
referred to the CTBIE. Veterans who do not receive VA
healthcare or who screen negative because their TBI-
related symptoms had resolved would not be accounted
for in this estimation because they would not likely
receive a CTBIE.

This research focused on concordance between clini-
cian judgment of mTBI history and ACRM-based criteria,
but accurate determination of mTBI history is only the start
of the treatment process. Future research should examine
whether mTBI history and diagnosis affect healthcare utili-
zation and patient outcomes. That is, controlling for symp-
tom reporting, do referral and treatment patterns differ by
mTBI diagnostic status? Such analyses should focus on
whether mTBI diagnoses confer an advantage (e.g., more
appropriate follow-up care), and if so, how utilization is
associated with health and reintegration.

CONCLUSIONS

While the majority of VA clinicians were in agreement
with ACRM-based guidelines for indicating mTBI history,
there was a significant minority (approximately one in
five) in which there was disagreement between clinician
judgment and ACRM-based criteria, primarily in the direc-
tion of Clinician N/ACRM Y. Injury etiology, current self-
reported health symptoms, and suspected psychiatric con-
ditions were additional factors that were associated with
clinician diagnosis and ACRM-based criteria disagree-
ment. Adherence to established diagnostic guidelines is
essential for accurate determination of mTBI history and
for understanding the extent to which mTBI symptoms
resolve or persist over time in OIF/OEF Veterans.
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