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IMPORTANCE Most traumatic brain injuries (TBIs) are classified as mild (mTBI) based on
admission Glasgow Coma Scale (GCS) scores of 13 to 15. The prevalence of persistent
functional limitations for these patients is unclear.

OBJECTIVES To characterize the natural history of recovery of daily function following mTBI vs
peripheral orthopedic traumatic injury in the first 12 months postinjury using data from the
Transforming Research and Clinical Knowledge in Traumatic Brain Injury (TRACK-TBI) study,
and, using clinical computed tomographic (CT) scans, examine whether the presence (CT+)

or absence (CT-) of acute intracranial findings in the mTBI group was associated

with outcomes.

DESIGN, SETTING, AND PARTICIPANTS TRACK-TBI, a cohort study of patients with mTBI
presenting to US level | trauma centers, enrolled patients from February 26, 2014, to August
8, 2018, and followed up for 12 months. A total of 1453 patients at 11 level | trauma center
emergency departments or inpatient units met inclusion criteria (ie, mTBI [n = 1154] or
peripheral orthopedic traumatic injury [n = 299]) and were enrolled within 24 hours of injury;
mTBI participants had admission GCS scores of 13 to 15 and clinical head CT scans. Patients
with peripheral orthopedic trauma injury served as the control (OTC) group.

EXPOSURES Participants with mTBI or OTC.

MAIN OUTCOMES AND MEASURES The Glasgow Outcome Scale Extended (GOSE) scale score,
reflecting injury-related functional limitations across broad life domains at 2 weeks and 3, 6,
and 12 months postinjury was the primary outcome. The possible score range of the GOSE
score is 1 (dead) to 8 (upper good recovery), with a score less than 8 indicating some degree
of functional impairment.

RESULTS Of the 1453 participants, 953 (65.6%) were men; mean (SD) age was 40.9 (17.1)
years in the mTBI group and 40.9 (15.4) years in the OTC group. Most participants (mTBI,
87%; OTC, 93%) reported functional limitations (GOSE <8) at 2 weeks postinjury. At 12
months, the percentage of mTBI participants reporting functional limitations was 53%
(95% Cl, 49%-56%) vs 38% (95% Cl, 30%-45%) for OTCs. A higher percentage of CT+
patients reported impairment (61%) compared with the mTBI CT- group (49%; relative risk
[RR], 1.24; 95% Cl, 1.08-1.43) and a higher percentage in the mTBI CT-group compared with
the OTC group (RR, 1.28; 95% Cl, 1.02-1.60).

Author Affiliations: Author

CONCLUSIONS AND RELEVANCE Most patients with mTBI presenting to US level | trauma
centers report persistent, injury-related life difficulties at 1year postinjury, suggesting the
need for more systematic follow-up of patients with mTBI to provide treatments and reduce
the risk of chronic problems after mTBI.
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n the United States, about 2.8 million individuals are treated

at hospitals annually for traumatic brain injuries (TBIs).!

Most TBIs are classified as mild (mTBI) based on crude clini-
cal signs, such as patients’ gross levels of consciousness up
hospital admission (eg, Glasgow Coma Scale [GCS] scores of
13-15). Although it is well accepted that moderate to severe TBIs
may cause permanent disability,?* controversy exists sur-
rounding the expected course of clinical recovery for pa-
tients with mTBI. In particular, although mTBI commonly
causes acute symptoms,>” cognitive dysfunction,
problems in day-to-day functioning,'® findings vary as to
whether patients continue to manifest sequelae of mTBI

months to years postinjury.'416

Limitations in research methods have been proposed as a
major factor explaining inconsistencies in the observed natu-
ral history of mTBI. Seminal World Health Organization sys-
tematic reviews and others highlighted common methodo-
logic problems, including small, nonprospective samples;
cross-sectional study designs not well suited to characterize
recovery; inadequate control groups; and insufficient statis-
tical approaches (eg, limited attention to nonrandom pat-
terns of attrition) called for large, carefully conducted pro-
spective studies.'*'7° Another important issue that may
explain variable findings is heterogeneity across patients. Given
current diagnostic conventions,?° mTBI encompasses a wide
spectrum of TBI severity, from concussive injuries with subtle
signs of brain dysfunction without evidence of structural in-
jury on computed tomographic (CT) scans?"22 to injuries with
intracranial abnormalities shown on head CT scans.
Thus, in describing recovery from mTBI, one should consider
subgroups of patients likely to vary in prognosis.

The Transforming Research and Clinical Knowledge in TBI
(TRACK-TBI) study?® was designed to address calls to im-
prove the quality of evidence in community-acquired TBI. This
article describes the mTBI cohort’s course of functional limi-
tations, reported on the Glasgow Outcome Scale-Extended
(GOSE) scale compared with patients with peripheral ortho-
pedic traumatic injuries (orthopedic trauma control [OTC]
group). Patients with mTBI were also stratified based on the
presence (CT+) vs absence (CT-) of acute intracranial find-
ings on head CT. In addition, we evaluated secondary out-
comes of self-reported symptoms and neurocognitive perfor-
mance. We hypothesized that rates of functional limitations
would be maximal soon after injury and decline over time and
that the mTBI group would continue to report more symp-
toms than the OTC group at 12 months postinjury.'®

Methods
Participants and Study Design

TRACK-TBI s a prospective, multicenter study recruiting par-
ticipants at 11 US level I trauma centers. Participants with mTBI
who were enrolled between February 26, 2014, and May 4,
2016, and OTCs recruited by August 8, 2018, were considered
for analyses. eFigure 1in the Supplement depicts the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) diagram of the current TRACK-TBI sample
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Key Points

Question How common are persistent, injury-related functional
limitations following mild traumatic brain injury vs orthopedic
trauma?

Findings In this cohort study of 1154 patients with mild traumatic
brain injury and 299 patients with orthopedic trauma serving as
controls, 53% of participants with mild traumatic brain injury
reported impairment 12 months postinjury vs 38% of those with
orthopedic trauma. Patients with intracranial abnormalities had
the poorest outcomes; however, patients without abnormalities
also reported problems at 12 months.

Meaning Many patients who present to level | trauma centers
with mild traumatic brain injury experience difficulties at 12
months postinjury, suggesting that this injury is not always benign;
better follow-up and treatment appear to be needed.

(N = 1648) and the cohorts evaluated in this study (n = 1154
mTBI and n = 299 OTC). The study was approved by the
institutional review board of each enrolling institution and was
led by the University of California, San Francisco. Participants
or their legally authorized representatives completed written
informed consent and received financial compensation.
Demographic, injury, and outcome variables were collected in
accordance with the TBI Common Data Elements.?”-28
Demographic data were obtained through a combination of
medical records and patient report. Outcome assessments
occurred at 2 weeks and 3, 6, and 12 months postinjury. Three-
month assessments were performed via telephone; other
assessments were performed in person whenever feasible.

Inclusion Criteria

Inclusion criteria for TBI were for the patient to present
within 24 hours of injury, have an acute head CT scan per-
formed as part of clinical care, and show or report evidence
of alterations in consciousness or amnesia. We restricted
the cohort to GCS scores of 13 to 15 (ie, mTBI) on emergen-
cy department (ED) arrival. Patients in the OTC group
presented with orthopedic injuries and showed no evidence
of altered consciousness, amnesia, or other physical signs of
head trauma. Exclusions included being in custody, preg-
nant, nonsurvivable physical trauma, debilitating mental
health disorders, neurologic disease, or non-English speak-
ing; however, some sites recruited Spanish-speaking partici-
pants. Although some sites recruited children, we focused
on participants aged 17 years and older, given that they com-
pleted the outcome measures of interest.

Primary Outcome Measure

The GOSE score is a measure of the association between trau-
matic injuries and diverse aspects of daily functioning®” and
is commonly used as the primary outcome measure in TBI
studies.?® The possible range of scores is 1 (dead) to 8 (upper
good recovery), with less than 8 reflecting some degree of func-
tional limitation after injury. The scale is completed via inter-
view with patients or proxies. Respondents are asked to re-
port new injury-related dependence or difficulties (including
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worsening of any preexisting problems) in major domains
of life function: independence within (ie, activities of daily
living) and outside (eg, shopping, travel) the home, work,
social/leisure activities, family or friend relationships, and
other injury-related symptoms or problems affecting daily
life. Changes in function were counted irrespective of whether
they resulted from TBI or other injury-related factors (eg, mul-
tiple trauma).

Secondary Outcome Measures

Secondary outcomes, collected at 12 months postinjury, com-
prised self-reported TBI-related symptoms (Rivermead Post
Concussion Symptoms Questionnaire, with ratings of 1 not
counted in total scores; possible range, 0-64; higher scores
indicate more severe symptoms),3° psychological distress
(18-item Brief Symptom Inventory; mean [SD] T score norma-
tive for the general population, 50 [10]; possible range, 36-81;
higher scores indicate more severe psychiatric symptoms),>
and general life satisfaction (Satisfaction With Life scale; pos-
sible range, 0-35; higher scores indicate more life satisfaction).>?
In addition, participants performed neuropsychological mea-
sures of verbal episodic memory (Rey Auditory Verbal Learn-
ing Test; possible range for immediate memory, 0-80; higher
scores indicate better memory; possible range for delayed re-
call, 0-16; higher scores indicate better memory),3*-** process-
ing speed (Wechsler Adult Intelligence Scale-Fourth Edition
Processing Speed Index; mean [SD] normative score, 100 [15];
higher scores indicate better processing speed),> and execu-
tive functioning (Trail Making Test: number of seconds to com-
plete; part A, maximum score is 90 seconds, lower score is
faster/better; part B, maximum score is 300 seconds, lower
score is faster/better).>®

Statistical Analysis

Sample characteristics were compared between groups
using Fisher exact tests (categorical variables) and Mann-
Whitney tests (continuous variables). Primary analyses were
adjusted for patterns of missing outcomes with propensity
weights.3” Propensity weights were derived separately by
measure type (GOSE, self-report, neuropsychological) and
time (2 weeks and 3, 6, 12 months) from boosted logistic
regression models predicting completion vs noncompletion
of outcomes from enrollment site and demographic, his-
tory, and injury variables. Weights were proportional to
the inverse of the probability of measure completion and
normed so the sum equaled the number of cases with the
measure completed. Prevalence of functional difficulty by
GOSE domain and report of injury-related symptoms on
the Rivermead Post Concussion Symptoms Questionnaire
(ie, ratings of 2-4) were evaluated through percentages and
compared using Fisher exact tests for pairwise comparisons
between groups (first, all mTBI vs OTC; second, pairwise
comparisons among mTBI CT+, mTBI CT-, and OTC groups).
Prevalence rates (percentages) and effect sizes of group dif-
ferences (risk ratios [RRs]) are reported alongside 95% CIs.>®
Differences that remained significant after multiple com-
parison correction (within outcome domain and time point
using a 5% false discovery rate)®° are discussed.
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Group comparisons on 12-month secondary outcome mea-
sures used 2-tailed, independent-samples, unpaired t tests for
continuous self-report measures, with effect sizes reported as
Cohen d (with 95% CIs). General linear models were used to
compare groups on neuropsychological measures adjusting for
age, sex, and educational level. Results were considered sig-
nificant at P < .05.

Propensity probabilities were generated using the twang
software package developed for R, version 3.2.2 (R Founda-
tion for Statistical Computing), which was accessed via script
files generated by an SAS, version 9.3 macro package (SAS
Institute Inc). Other statistical analyses were conducted in SPSS
Statistics for Windows, version 19 (IBM Corp).

. |
Results

Participant Characteristics

Of the 1349 participants with TBI, 1154 patients (85.5%) met
the criteria for mTBI. The mTBI group included 754 men
(65.1%); mean (SD) age was 40.9 (17.1) years (Table 1). The OTC
group (n = 299) included 199 men (66.6%); mean age was 40.9
(15.4) years. The mTBI sample size with available outcome data
ranged from 975 to 768 at 2 weeks through 12 months postin-
jury, respectively (eFigure 1in the Supplement). The number
of OTCs with available outcome data ranged from 240 to 146
across the same time. The mTBI and OTC groups were well
matched on demographic and history variables. Sample char-
acteristics stratified by CT scan status are presented in eTable 1
in the Supplement. Because of differences in cause of injury
between groups, sensitivity analyses were performed to con-
firm that covarying for this variable did not affect the results
(eTables 6-10 in the Supplement).

Prevalence of Functional Limitations

The Figure illustrates the percentage and 95% ClIs of partici-
pants in each group who reported injury-related functional
problems in 1 or more areas of function on the GOSE score
(ie, GOSE <8) at each assessment. Functional limitation rates
were highest at 2 weeks postinjury (mTBI: 87%; 95% CI, 84%-
89%; OTC: 93%; 95% CI, 89%-96%) and lowest at 12 months
(mTBI: 53%; 95% CI, 49%-56%; OTC: 38%; 95% CI, 30%-
45%). The mTBI and OTC groups were not significantly dif-
ferent from 2 weeks to 6 months postinjury: 2-week RR, 0.93
(95% CI, 0.89-0.98); 2-month RR, 0.92 (95% CI, 0.84-1.02);
6-month, RR, 1.14 (95% CI, 0.99-1.31). At 12 months, more par-
ticipants in the mTBI group (53%; 95% CI, 49%-56%) contin-
ued to report functional limitations compared with the OTC
group (38%; 95% CI, 30%-45%) (RR, 1.38; 95% CI, 1.12-1.71). In
other words, 47.2% of patients with mTBI and 62.3% of the
OTCs reported full return to preinjury levels of day-to-day
functioning at 12 months postinjury (P = .001). Stratifying the
CT+ and CT- subsamples of the mTBI group at 12 months
(eFigure 2 in the Supplement) revealed a significantly higher
percentage of patients with limitations in the mTBI CT+ group
(61%) than the mTBI CT- group (49%) (RR, 1.24; 95% CI, 1.08-
1.43), and a higher percentage in the mTBI CT- group (49%)
vs the OTC group (38%) (RR, 1.28; 95% CI, 1.02-1.60).
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Table 1. Unweighted Analysis of Sample Demographics and Injury Characteristics

No. (%)?

Characteristic mTBI (n = 1158) OTC (n = 299) Egic(t%) P Value®
Age,y
Mean (SD) 40.9(17.1) 40.9 (15.4) 0 .50
Unknown 2 0
Sex
Men 754 (65.1) 199 (66.6) -1 68
Women 404 (34.9) 100 (33.4) 1
Race/ethnicity
White 882 (76.2) 231(77.3) -1
Black 197 (17.0) 46 (15.4) 2 78
Other/unknown 79 (6.8) 22(7.4) -1
Hispanic
No 904 (78.9) 220(75.1) 4 e
Yes 242 (21.1) 73 (24.9) -4
Unknown 12 6
Insurance
Insured 701 (63.7) 181 (65.1) -1
Uninsured 161 (14.6) 40 (14.4) 0 .90
Medicare/other 239(21.7) 57 (20.5) 1
Unknown 57 21
Years of education
Mean (SD) 13.5(2.9) 13.8(2.9) -0.14 047
Unknown 61 8
Employment
Full time 644 (58.6) 186 (65.0) -6
Part time 143 (13.0) 36 (12.6) 0
Occasional/special/unemployed 96 (8.7) 21(7.3) 1 .32
Retired/disabled/not working 154 (14.0) 31(10.8) 3
Other 62 (5.6) 12 (4.2) 1
Unknown 59 13
Living situation
Independent living 922 (83.8) 236 (83.1) 1
Living with others 172 (15.6) 45 (15.8) 0 33
Homeless 0 1(0.4) 0
Other 6(0.5) 2(0.7) 0
Unknown 58 15
Previous TBI
No 806 (77.1) 224 (83.3) -6 -
Yes 239(22.9) 45(16.7) 6
Unknown 113 30
Neurologic disorder (not TBI)
No 988 (85.8) 252 (87.2) -1 =
Yes 164 (14.2) 37 (12.8) 1
Unknown 6 10
Neurodevelopmental disorder
No 1045 (90.7) 268 (92.7) -2 =
Yes 107 (9.3) 21(7.3) 2
Unknown 6 10
Mental health history
No 909 (78.8) 225(77.1) 2 =
Yes 245 (21.2) 67 (22.9) -2
Unknown 4 7
Headache history
No 1115 (96.8) 276 (95.5) 1 B
Yes 37(3.2) 13 (4.5) -1
Unknown 6 10
(continued)
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Table 1. Unweighted Analysis of Sample Demographics and Injury Characteristics (continued)

No. (%)” Effect
Characteristic mTBI (n = 1158) OTC (n = 299) Size (%) P Value?
Migraine history
No 1083 (94.0) 273 (94.5) 0 29
Yes 69 (6.0) 16 (5.5) 0
Unknown 6 10
Cause of injury
MVC (occupant) 418 (36.1) 50(16.7) 19
Mcc 92(7.9) 32(10.7) -3
MVC (cyclist or pedestrian) 189 (16.3) 22(7.4) 9 L
Fall 280 (24.2) 101 (33.8) -10
Assault 69 (6.0) 3(1.0) 5
Other/unknown 110 (9.5) 91 (30.4) =21
GCS
13 41 (3.5) 0 4
14 214 (18.5) 0 18 <.001
15 903 (78.0) 299 (100) =22
Loss of consciousness®
No 167 (15.3) 292 (100) -85
Yes 923 (84.7) 0 85 <001
Unknown 68 7
Posttraumatic amnesia®
No 229 (22.0) 292 (100) -78
Yes 813 (78.0) 0 78 <001
Unknown 116 7
Peripheral injury®
No 153 (14.0) 1(0.3) 14
Yes 940 (86.0) 285 (99.7) -14 <001
Unknown 65 13
AlS head/neck
Mearl (SD) 2.1(1.3) 0.1(0.4) S .
Median (IQR) 2(1-3) 0 (0-0)
Unknown 424 124
ISS total
Mearl (SD) 12.0(8.4) 7.7 (6.0) i e
Median (IQR) 10 (5-17) 5 (4-10)
Unknown 424 124
ISS peripheral
Mearl (SD) 5.6 (6.7) 7.5(5.9) s .
Median (IQR) 2(1-9) 5(4-10)
Unknown 425 124
Highest level of care
Emergency department 407 (35.1) 131 (43.8) -9
Inpatient unit 479 (41.4) 147 (49.2) -8 <.001
Intensive care unit 272 (23.5) 21(7.0) 16
Litigation status at 12 mo
No 586 (77.3) 129 (84.3) -7 -
Yes 172 (22.7) 24 (15.7) 7
Unknown 400 146

Abbreviations: AlS, abbreviated injury severity score; GCS, Glasgow Coma Scale; IQR, interquartile range; ISS, injury
severity score; MCC, motorcycle crash; mTBI, mild traumatic brain injury; MVC, motor vehicle crash; OTC, orthopedic
trauma control.

2 Pvalues not adjusted for multiple comparisons. Statistical significance determined by Mann-Whitney and Fisher exact
tests.

bWitnessed and suspected categories collapsed.

¢ Peripheral injury defined as either having an ISS nonhead (below the neck) greater than O or ever reporting peripheral
injuries on a Glasgow Outcome Scale Extended score assessment.
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Figure. Percentage of Patients in the Mild Traumatic Brain Injury (mTBI)
and Orthopedic Trauma Control (OTC) Groups Reporting Injury-Related
Limitations With Day-to-Day Functioning From 2 Weeks to 12 Months
Postinjury on the Glasgow Outcome Scale-Extended Score Interview
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Rates decreased from 87% (mTBI) and 93% (OTC) at 2 weeks to 53% (mTBI)
and 38% (OTC) at 12 months postinjury. Group differences were nonsignificant
at 2 weeks (RR, 0.93; 95% Cl, 0.89-0.98), 3 months (RR, 0.92; 95% Cl,
0.84-1.02), and 6 months (RR, 1.14; 95% Cl, 0.99-1.31) postinjury. At 12 months
postinjury, the mTBI group reported significantly higher rates of continued
limitations with day-to-day functioning (RR, 1.38; 95% Cl, 112-1.71).

Table 2 provides the percentage of participants in the mTBI
and OTC groups who reported injury-related problems in each
GOSE score domain. Table 3 provides effect sizes (RRs) for as-
sociated between-group comparisons. Overall, rates of dys-
function were highest for complex tasks, such as work
(eg, mTBI: 61%; 95% CI, 57%-64%; OTC: 69%; 95% CI, 63%-
74% at 2 weeks), and social/leisure functioning (eg, mTBI: 59%;
95% CI, 55%-62%; OTC: 70%; 95% CI, 63%-75% at 2 weeks) and
lower in more basic activities, such as home independence
(eg, mTBI: 12%; 95% CI, 9%-14%; OTC: 9%; 95% CI, 5%-13% at
2 weeks). Rates of dysfunction in each domain declined over
time; for example, at 12 months, only 0% (95% CI 0%-3%) of
the OTC group and 1% (95% CI, 1%-2%) of the mTBI group re-
ported limitations in home independence; 17% of both groups
(mTBI: 95% CI, 15%-20%; OTC: 95% CI, 12%-23%) reported
problems with work and 17% (95% CI, 15%-20%) of the mTBI
and 18% (95% CI, 13%-25%) of the OTC groups had limita-
tions in social functioning. Compared with the OTC group, the
mTBI group reported injury-related symptoms that affect daily
life (from 73% vs 46% at 2 weeks: RR, 1.59; 95% CI, 1.37-1.84;
t0 48% vs 20% at 12 months: RR, 2.33;95% CI, 1.68-3.21) more
frequently, with more family disruption reported at most time
points. The OTC group reported more work and social dys-
function than the mTBI group through 6 months, but these
group differences were no longer significant at 12 months.

eTables 3 and 4 in the Supplement present analyses of
GOSE score domains by mTBI subgroup (CT+/CT-). At 2 weeks,
the mTBI CT+ subgroup more commonly needed assistance at
home (RR, 1.82; 95% CI, 1.17-2.81) and could not work (RR, 1.34;
95% CI, 1.09-1.65) compared with the CT- group. At 3, 6, and
12 months, the mTBI CT+ group reported higher rates of symp-
toms that affect daily life (RR, 1.21; 95% CI, 1.06-1.39; to RR,
1.29; 95% CI, 1.13-1.47). At select times, the mTBI CT+ group
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reported higher rates of psychological problems that affect re-
lationships (at 6 months: RR, 1.43; 95% CI, 1.11-1.84) and more
limitations with home independence (at 12 months: RR, 5.08;
95% CI, 1.33-19.47) and travel (at 12 months: RR, 6.54; 95% CI,
1.79-23.91) than the mTBI CT- group.

Group Differences in Symptoms and Cognitive Performance
Because the mTBI group continued to report substantial rates
of injury-related problems at 12 months on the GOSE scale, we
evaluated group differences in secondary outcome measures
at 12 months to inform possible causes or consequences of
chronic impairments. Table 4 and eTable 11 in the Supplement
present mTBI vs OTC comparisons. Participants with mTBI re-
ported more severe symptoms on the Rivermead Post Con-
cussion Symptoms Questionnaire (d = 0.46) and, to a lesser de-
gree, psychological distress (18-item Brief Symptom Inventory,
d = 0.20) than the OTCs. The mTBI group demonstrated sig-
nificantly poorer performance vs the OTC group in verbal learn-
ing and memory retrieval (d = 0.24-0.25) and on 1 measure of
psychomotor processing speed (Trail Making Test, Part A;
d = 0.30). Comparisons between the mTBI CT+ and CT- groups
(eTable 5 in the Supplement) were not statistically significant
on any secondary outcome measure.

|
Discussion

In this longitudinal observational study of patients who
presented to US level I trauma centers with mTBI, only 47.2%
of patients with mTBI (defined as ED admission GCS score,
13-15) reported full return to preinjury levels of day-to-day func-
tioning at 12 months postinjury vs 62.3% of OTCs (P = .001).
In addition to more frequently reporting functional limita-
tions at 12 months, patients with mTBI reported more persis-
tentinjury-related symptoms (eg, headaches, fatigue, depres-
sion, forgetfulness) and performed more poorly on cognitive
tests than those in the OTC group.

Our findings highlight an apparent need for improved treat-
ment of mTBI. Although there are currently no validated phar-
macologic treatments for mTBI, nonpharmacologic interventions
to provide psychoeducation and symptom management can help
patients. For example, a number of studies support the efficacy
of providing a clinical encounter soon (eg, 1 week) after injury to
offer accurate and reassuring information about the expected
symptoms and recovery course from mTBI.*°-*3 In contrast,
about half of patients with mTBI who present to the ED do not
receive any TBI diagnosis,** a significant minority do not receive
adequate discharge instructions,*> and most do not receive
follow-up care after their ED visit.*® Thus, outcomes may be im-
proved by increasing the rate of early identification of mTBIand
providing patient education about the condition. In addition,
given that many of the symptoms reported after mTBI (eg, head-
ache, psychiatric symptoms) have validated treatments in other
clinical populations,*”*® such established treatments may be ef-
ficacious in the mTBI population but require more systematic
validation in patients with mTBI.4°->!

These data also suggest that patients who demonstrate acute
intracranial CT scan findings of mTBI vs those without such find-
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Table 2. Prevalence of Functional Limitations (95% Cl) Reported in Each GOSE Score Domain for mTBI and OTC Groups®

% (95% Cl)
2 wk 3 mo 6 mo 12 mo
Variable mTBI 0oTC mTBI oTC mTBlI 0oTC mTBI oTC
Independence
Home 12 (9-14) 9(5-13) 2(1-4) 1(0-3) 2(1-3) 0(0-3) 1(1-2) 0(0-3)
Shopping 12 (10-15)  9(6-13) 3(2-5) 0(0-2) 2(1-3) 0(0-3) 1(1-3) 0(0-3)
Travel 12 (9-15) 10(6-14) 3(2-4) 1(0-3) 2(1-3) 0(0-3) 2(1-3) 0(0-3)
Work®
Reduced capacity© 61(57-64) 69(63-74) 31(27-34) 40(34-47) 20(17-23) 22(17-28) 17(15-20) 17(12-23)
Noncompetitive/unable to work 38(34-42) 47 (40-53) 14 (11-16) 20 (15-26) 6(5-8) 11(7-16) 7 (6-9) 5(2-9)
Social/leisure functioning
A bit less® 59(55-62)  70(63-75) 32(28-35) 46(39-53) 20(17-22) 31(25-37) 17(15-20) 18(13-25)
Much less® 43(39-47)  54(48-60) 18(16-22) 23(18-29) 12(10-15) 11(7-16) 8(6-10) 6(3-11)
Unable 23(20-27) 27(22-33) 6(5-8) 8(5-12) 4 (3-5) 0(0-2) 2(1-4) 3(1-6)
Family disruption
Occasional® 26(22-29) 18(14-24) 26(23-29) 20(15-26) 26(22-29) 17(12-22) 24(21-28) 8(4-13)
Frequent® 19(16-22) 12(8-16) 19(16-22) 14(10-19) 18(16-21) 10(7-15) 16(14-19) 5(2-9)
Constant 8(6-10) 2(1-5) 6 (4-8) 4(2-7) 5(4-7) 1(0-4) 4(3-5) 1(0-4)
Other disabling symptoms 73(69-76) 46 (40-52) 56(53-60)  38(32-45) 54(50-57) 32(26-39) 48(44-51) 20(14-27)

Abbreviations: GOSE, Glasgow Outcome Scale Extended; mTBI, mild traumatic b Computed only for participants who were working before the injury.

brain injury; OTC, orthopedic trauma control. ¢ Refers to membership in the named impairment category or higher.

2 Possible score range for GOSE score is 1(dead) to 8 (upper good recovery),
with a score less than 8 indicating some degree of functional impairment.

Table 3. Effect Sizes of mTBI vs OTC Group Differences in GOSE Score Domain Scores®

b
RR (95% Cl) Abbreviations: GOSE, Glasgow

Variable 2 wk 3 mo 6 mo 12 mo Outcome Scale Extended;
Independence mTBlI, mild traumatic brain injury;
. B OTC, orthopedic trauma control;
Home 1.27 (0.81-2.01) 1.29 (0.43-3.84) Inestimable Inestimable RR, risk ratio.
Shopping 1.27 (0.81-1.98) 7.21(0.98-53.29) Inestimable Inestimable 2 possible score range for GOSE score
Travel 1.15(0.75-1.77) 2.92(0.68-12.53) Inestimable Inestimable is 1 (dead) to 8 (upper good
Worke recovery), with a score less than

Reduced capacity®

Noncompetitive/
unable to work

Social/leisure functioning
A bit less®
Much less®
Unable

Family disruption
Occasional®
Frequent®
Constant

Other disabling symptoms

0.88(0.79-0.98)°
0.80(0.67-0.95)¢

0.85(0.76-0.94)¢
0.81(0.70-0.94)¢
0.88(0.68-1.13)

1.35(1.00-1.80)
1.58 (1.08-2.30)°
3.12(1.35-7.20)°
1.59 (1.37-1.84)¢

0.75(0.62-0.92)¢
0.64 (0.47-0.89)°

0.69(0.57-0.83)¢
0.79 (0.59-1.06)
0.83(0.48-1.43)

1.20 (0.90-1.59)
1.26 (0.88-1.81)
1.55(0.73-3.27)
1.45 (1.21-1.74)¢

0.88(0.66-1.18)
0.53(0.33-0.86)°

0.62 (0.48-0.80)¢
1.05 (0.68-1.62)
7.50(1.03-54.86)°

1.48 (1.07-2.04)°
1.66 (1.09-2.54)°
3.35 (1.04-10.77)°
1.62 (1.32-2.00)°

0.97 (0.67-1.42)
1.58 (0.73-3.42)

0.92 (0.63-1.33)
1.11 (0.59-2.06)
0.87(0.29-2.56)

2.87 (1.68-4.91)°
3.20 (1.60-6.42)°
2.93 (0.71-12.20)
2.33(1.68-3.21)°

8 indicating some degree of
functional impairment.

P Risk ratio 95% Cls estimated per
Altman?8; statistical significance by
Fisher exact. Findings with zero in
the denominator were inestimable.

€ Computed only for participants who
were students or in the workforce
(ie, not homemakers, retired,
or disabled) before injury.

dRefers to membership in the named
impairment category or higher
(ie, more impaired).

¢ Significant after correction for

multiple comparisons.

ings more commonly report injury-related difficulties in several
aspects of daily life even 1 year postinjury. This result is consis-
tent with other findings that complicated (CT+) mTBI represents
amore severe brain injury than uncomplicated (CT-) mTBI. How-
ever, across other outcome domains at 1 year (eg, self-report of
symptoms, cognitive functioning), the CT+ and CT- subgroups
were similar. In combination with the high degree of heteroge-
neity in outcomes, these results appear to support the need to
further refine mTBI classification systems beyond current ap-

jamaneurology.com

proaches focused on the crude variables of admission GCS score
and normal vs abnormal head CT scan. Although we focused on
these variables because of their broad clinical use, other patho-
physiologic indicators of brain injury may soon inform diagnos-
tic, treatment, and prognostic decisions. Beyond the presence
of CT abnormalities, for example, the magnitude and nature of
CT abnormalities may be relevant to mTBI classification.> Fur-
thermore, a significant percentage of patients who present with-
out evidence of brain injury on head CT scans show signs of in-
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Table 4. Group Differences in Neuropsychological Performance and Self-reported Symptoms at 12 Months Postinjury

Mean (95% Cl)

Variable mTBlI

0TC Group Difference, Cohen d (95% Cl)

Memory
49.3 (48.4t050.2)
9.6 (9.3t09.9)

RAVLT immediate memory?®:€
RAVLT delayed recall®<
Processing speed
WAIS-IV PS index®®
Executive functioning
Trails A time®2:f
Trails B time®™f
Psychological distress (BSI-18 GSI)9
Life satisfaction (SWLS)>"
TBI symptoms (RPQ Score)®!

103 (102 to 105)

28.1(27.0t029.2)
69.7 (66.6 t0 72.8)
49.3 (48.5 t0 50.1)
24.9 (24.4t0 25.5)
12.5 (11.5 to 13.6)

52.6 (50.9 to 54.4)
10.6 (10.0to 11.2)

-0.25 (-0.43 to -0.07)¢
-0.24 (-0.42 to -0.06)"
104 (101 to 107) -0.04 (-0.23 t0 0.14)
0.30 (0.11 to 0.48)¢
0.10 (~0.09 t0 0.28)
0.20 (0.03 t0 0.37)¢

-0.10(-0.27 t0 0.07)
0.46 (0.29 t0 0.63)¢

24.1(22.41025.8)
66.0 (59.9 t0 72.1)
46.9 (45.1 t0 48.6)
25.7 (24.6 10 26.8)
6.0 (4.3t07.6)

Abbreviations: BSI-18 GSI, 18-item Brief Symptom Inventory Global Severity
Index; mTBI, mild traumatic brain injury; OTC, orthopedic trauma control;
PS, processing speed; RAVLT, Rey Auditory Verbal Learning Test;

RPQ, Rivermead Post Concussion Symptoms Questionnaire; RR, risk ratio;
SWLS, Satisfaction With Life Scale; WAIS-IV, Wechsler Adult Intelligence
Scale-fourth edition.

@ Group comparisons of cognitive functioning (RAVLT, WAIS-IV PSI, Trail Making
Test variables) included age, sex, and education as covariates.

b Raw score.

< Possible range for immediate memory, O to 80; higher scores indicate better
memory; possible range for delayed recall, O to 16; higher scores indicate
better memory.

dSignificant after correction for multiple comparisons.

€ Standard mean (SD) score with general population, 100 (15); higher scores
indicate better processing speed.

f Part A time, maximum score was 90 seconds in this study, lower score is
faster/better; part B time, maximum score was 300 seconds in this study,
lower score is faster/better.

&Mean (SD) T score normative for the general population, 50 (10); possible
range, 36 to 81; higher scores indicate more severe psychiatric symptoms.

" Possible range, 5 to 35; higher scores indicate more life satisfaction.

" Possible range, O to 64; higher scores indicate more severe symptoms.

tracranial injury on brain magnetic resonance imaging scans, and
the findings from these scans predict outcomes.>*>* In addition,
peripheral blood biomarkers of brain injury may inform clinical
decision making in the future.>® These examples highlight the
potential for neurobiological discoveries to improve the classi-
fication of patients with mTBI and perhaps develop precision
medicine treatment approaches. Ongoing studies, such as
TRACK-TBI, are collecting the translational data needed to ad-
vance this goal in the coming years.

Data presented on the OTC group shed light on the relevance
of peripheral injuries outcomes after traumatic injuries. In par-
ticular, 38% of the OTCs reported injury-related life difficulties
at the 1-year study end point. Most patients with mTBI in this
sample had some degree of peripheral injuries. The finding that
some life problems were equally prevalent across the mTBI and
OTC groups (eg, in work and social functioning at 12 months) may
suggest that factors other than brain injury contributed to these
types of problems. However, chronic symptoms and cognitive
impairments were more prevalent in the patients with mTBI than
OTC group, implying some contribution of mTBI toward these
outcomes. Within the subsample of admitted patients for whom
we could quantify peripheral injury severity, the mTBI CT+ group
manifested less-severe peripheral injuries than the mTBICT- and
OTC groups (eTable 1in the Supplement). This finding might im-
ply that poorer functional outcomes in the mTBI CT+ subgroup
may partly reflect the consequences of brain injury as opposed
to peripheral trauma. These observations highlight the need for
methods that parse the sequelae of brain vs peripheral injuries
and underscore the recommendation that clinicians should con-
sider the entirety of individual patients’ injuries, histories, and
life experiences when treating them after traumatic injuries. For

JAMA Neurology September 2019 Volume 76, Number 9

example, in addition to physical injuries, patients with trauma
may experience emotional distress and other life stressors after
injury that affect their recoveries.>®-°° In addition, premorbid risk
and resilience factors appear to contribute to injury response and
recovery.®"** Although additional work is needed to understand
the dynamic process by which diverse factors lead to resilient vs
poor outcomes,®®° clinicians are encouraged to take a patient-
centered treatment approach that addresses patients’ symptoms
and presenting concerns, regardless of their apparent source.>®

Limitations

This study had several limitations. Because we only enrolled pa-
tients seen at level I trauma centers who received head CT scans,
the findings may not generalize to the broader mTBI population,
such as patients who meet criteria for mTBI but are triaged to a
lower level of care and those who do not present to EDs.®® How-
ever, the findings can be generalized to alarge group of patients
seen in acute care settings where CT imaging was clinically in-
dicated to rule out more severe TBI. Although the OTC sample
was relatively small at 12 months, groups were well matched at
enrollment (except for select injury-related variables, such as the
presence of orthopedic injuries, cause of injury, and highest level
of care), and appropriate statistical analyses were used to ensure
that any group differences at enrollment or possible nonrandom
patterns of attrition did not bias results. Despite these efforts,
there was significant heterogeneity within both the mTBI and
OTC groups in the nature and severity of injuries, alongside lim-
ited available methods to quantify brain and peripheral injury
severity. Thus, although these data shed some light on the po-
tential contribution of brain and nonbrain injuries to outcomes,
more work is needed to better understand how these and other
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factors (eg, preinjury risk factors, emotional trauma due to in-
jury) affect recovery from traumatic injuries. Our primary out-
come may be prone to response bias; however, we observed
mTBI-related responses on objective cognitive performance
measures, which strengthens our findings. Future work should
clarify how variables other than head CT scan status (eg, other
biomarkers, preinjury factors, multiple trauma, postinjury social
and rehabilitative support) should inform clinical decisions
for individual patients.

. |
Conclusions

In this prospective, observational TRACK-TBI study cohort,
patients with mTBI presenting to level I trauma centers com-

Original Investigation Research

monly report difficulties in aspects of day-to-day function-
ing to at least 12 months postinjury, especially with TBI-
related symptoms and interpersonal functioning, suggesting
that this injury is not always benign. These findings contrast
with the rapid recovery observed in prospective studies
of sport-related concussion,®?? and appear to demonstrate
that the natural history of mTBI recovery differs across
patient populations. Furthermore, patients with mTBI with
CT scan evidence of structural brain injury commonly have a
higher prevalence of persisting functional limitations in
some life areas but a similar degree of persistent symptoms
compared with those with normal CT scan findings. The
term mild TBI misrepresents the immediate and long-term
burden of TBI and other cooccurring factors experienced by
this patient population.
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