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Abstract

Background—There is a paucity of evidence-based interventions for mild traumatic brain injury
(mTBI).

Objective—To evaluate the feasibility and potential benefits of an interactive, web-based
intervention for mTBI.

Setting—Emergency department (ED) and outpatient settings.

Participants—Of the 21 adolescents ages 11-18 years with mTBI recruited from November
2013 to June 2014 within 96 hours of injury, 13 completed the program.

Design—~Prospective, open pilot.

Intervention—The web-based Self-Management Activity-restriction and Relaxation Training
(SMART) program incorporates anticipatory guidance and psychoeducation, self-management and
pacing of cognitive and physical activities, and cognitive behavioral principles for early
management of mTBI in adolescents.

Main Measures—Primary: Daily post-concussion symptom score (PCSS). Secondary: Daily
self-reported ratings of activities and satisfaction survey

Results—Average time from injury to baseline testing was 14.0 (SD:16.7) hours. Baseline PCSS
was 23.6 (range:0-46), and daily activity was 1.8 hours (range:0-5.75). Repeated-measures,
generalized linear mixed-effects model analysis demonstrated a significant decrease of PCSS at a
rate of 2.0 points/day that stabilized after about two weeks. Daily activities, screen time and
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physical activity increased by 0.06 (SE=0.04, p=0.09), 0.04 (SE=0.02, p=0.15) and 0.03 (SE=0.02,
p=0.05) hours/day, respectively, over the 4-week follow-up. Satisfaction was rated highly by
parents and youth.

Conclusions—SMART is feasible and reported to be helpful and enjoyable by participants.
Future research will need to determine the comparative benefits of SMART and ideal target
population.
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Background

Pediatric traumatic brain injury (TBI) is among the most common causes of acquired
morbidity and mortality in children, resulting in over 6,000 deaths, 60,000 hospitalizations,
and 630,000 emergency department (ED) visits annually in the U.S. Approximately, 75—
85% of these injuries are mild TBIs (mTBI).1 Although most individuals recover within 2—4
weeks, up to one-third of individuals remain symptomatic at 1-3 months after injury.2->
Persistent symptoms are associated with significant lost time from school and potential
social isolation.® Development of interventions to reduce or avoid persistent symptoms
would be a huge step towards reducing the public health burden of mTBI.

There is a paucity of evidence-based interventions for management of mTBI.”~13 Prior
research has shown that anticipatory guidance and psychoeducation provided soon after
injury may reduce long-term behavioral problems.13-15 Consensus statements recommend
cognitive and physical rest as a cornerstone of treatment of mTBI;8-11 however, the specific
intensity, timing, and duration of rest are unclear.1® Recent research indicates that a limited
rest period may promote more rapid recovery than a longer rest period,1”-18 and moderate
activity may actually be beneficial; specifically, sub-symptom exacerbation aerobic exercise
and pacing return to school and other activities may reduce symptom duration.17:19-24
Cognitive and behavioral therapy and relaxation training may also benefit individuals with
persistent symptoms after mTBI.13.21,25-27

In moderate to severe pediatric TBI, web-based delivery of online-problem solving therapy
can assist patients and families in managing common behavioral sequelae.28-33 To our
knowledge, similar web-based systems have not been utilized in mTBI. The goal of this
study was to build on prior research and evaluate the feasibility and potential benefits of a
web-based Self-Monitoring Activity-restriction and Relaxation Training (SMART) program
that incorporates anticipatory guidance and psychoeducation about mTBI, self-management
and pacing of cognitive and physical activities, and cognitive behavioral principles for early
management of mTBI in adolescents. Prior usability testing of the SMART program was
positive and resulted in patient-driven modifications in content.34 The goal of this open-pilot
study was to evaluate the feasibility of delivering SMART soon after mTBI in adolescents
and assess its potential benefits.
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This was a prospective, open-label, non-comparative, pilot evaluation of SMART.
Participants were eligible if they were between 11 and 18 years of age; had a mTBI within
96 hours of emergency department (ED) presentation; English was their primary language;
internet access was available in their home; and they resided with a parent or legal guardian.
mTBI was defined using the following criteria: 1) a blow to the head or body, 2) the injury
was witnessed or there was physical evidence of a head injury and 3) loss of consciousness,
amnesia or a change in mental status occurred.3 Loss consciousness was limited to 30
minutes or less, amnesia was limited to 24 hours or less, and changes in mental status
included feeling dazed, disoriented, or confused at the time of the injury.3> Determination of
whether or not a participant met the criteria for mTBI was based on review of medical
records and discussion with the treating ED physician and/or family. Participants were
excluded if they had a history of two or more extra-cranial injuries or an extra-cranial injury
with an Abbreviated Injury Severity Scale score3® above four; attention deficit hyperactivity
disorder requiring more than one controlling medication; or other pre-existing conditions
that may impair baseline cognition such as neurologic (e.g., stroke, CSF shunt, brain tumor,
seizure disorder), cognitive (e.g., intellectual disability), psychological (e.g., depression,
schizophrenia, or bipolar disorder), or developmental delays.

Study procedures

Participants were screened for eligibility by trained clinical research coordinators in our
institution’s pediatric ED. Once patient eligibility was confirmed with an ED physician,
research coordinators approached patients and families about the study. Forty-seven
potential participants were approached and 21 adolescents were recruited prospectively by
research coordinators (see Figure 1. CONSORT flow chart). The main reasons that
participants declined to participate were study procedures were too burdensome (n=15),
generally not interested (n=5), child being too ill when approached (n=2), and other reasons
(n=4).

After obtaining consent and assent, baseline data were collected using Research Electronic
Data Capture (REDCap).3” REDCap is a free, web-based application for collecting
structured, secure data for research studies. Research coordinators collected demographic
and injury information. The child and parent were asked to complete a battery of baseline
assessment tools, after which the research coordinator provided an overview of SMART
using screenshots of the program and gave participants an instructional pamphlet and
information on what to expect for study follow-up.

SMART Program

Within 24 hours of enrollment, participants were sent an email with login information for
SMART. The participant was asked to log in daily throughout the 4-week program and
complete the symptoms and activities questions. Reminder emails, text messages and phone
calls were made by the lead research coordinator if the participant was inactive in SMART
for greater than two days. Participants were also given small monetary incentives to
encourage completion of study measures at baseline in the ED and after completion of
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electronic follow-up measures at 1, 2 and 4 weeks post-injury. Reminders were sent until the
participant logged into the system or was inactive for two weeks.

SMART consisted of two components: a symptom and activity monitoring interface and
eight psychoeducational modules about topics related to mTBI (Table 1). As part of the self-
monitoring interface, participants were asked to rate their activity level in various domains
of daily activities (mental, screen-time, and physical activities; see Figure 2) and complete
the 22-item post-concussion symptom survey (PCSS)38 each day. After completion of the
PCSS, the participants received feedback about whether their symptoms were improving,
remaining stable, or worsening, as well as a graph of the trajectory of the participant’s
symptom score. The logic for presentation of the graphic feedback was built into the
SMART program based upon total PCSS trajectory. Participants were then asked to identify
potential contributing factors responsible for their change in symptom burden using a
prepopulated graded list (sleep, school, brain activity, screen time, daily activities, physical
activities) and an open text box. They were then asked what they planned to do the next day
in regards to their activities (i.e., increase or decrease these activities). This self-monitoring
interface was designed to promote the concept of self-management, i.e. that the patient is
responsible for the day-to-day management of their symptoms by engaging in healthy
behaviors.

The SMART modules were adapted from similar programs used for managing sequelae of
moderate and severe TBI28-33 and were designed to promote further self-management using
cognitive-behavioral and psychoeducational principles. Cognitive-behavioral therapy is a
form of psychotherapy that requires the individual to examine their belief structures that may
be contributing to their maladaptive behaviors and hampering their recovery.3?
Psychoeducation is education that empowers individuals to deal with their condition in an
optimal way.%? The eight SMART models were Introduction and Self-Monitoring; Symptom
Management; Staying Positive; Managing Stress; Stop, Think, Problem Solve; Returning to
School/Activities; Taking Care of You, and Staying Focused (Table 1). Within each module,
information pertaining to that topic was presented in a combination of graphic and written
materials, along with voice overwrite, and participants were instructed on pertinent
cognitive-behavioral exercises and relaxation techniques. The introduction module was
available to all users 24 hours after injury. The additional modules were released based on
the injury date and the reported severity score from the daily questions. Based on review of
normative data for the PCSS that indicated the mean (SD) for boys is 4.8 (7.9) and girls is
7.7 (13.7)*! and consensus between two physicians with clinical expertise in mTBI
management (B.G.K and L.B.), cut-offs for release of modules were developed. Participants
were considered to have no or very mild symptoms burden with a PCSS score <= 8, to have
mild symptom burden with scores 9-14, moderate symptom burden with a score of 15-30,
severe symptom burden with a score of 31-49, and very severe symptom burden with a score
of 50-132. Participants with normal and mild PCSS scores had all modules open to them by
day four. Participants with moderate, severe, and very severe scores had an extra day of rest
suggested by the system before any modules were open. The module order of completion
varied slightly (Table 2) depending on the severity of the injury and current symptom burden
determined by consensus opinion of two physicians with expertise in mTBI management
(B.G.K. and L.B.). By one-week post-injury, all modules were available for completion for
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all participants. Guidelines for return to physical and/or sports activities were described in
the program; however, the program referred participants to their clinical provider for formal
clearance for these types of activities as required by state law.

The primary outcome for this analysis was daily symptom score ratings on the PCSS.
Secondary outcomes consisted of daily self-reports of the amount of time spent in daily
activities, including physical, mental, and screen time. We hypothesized that symptom
scores would decrease and activities proportionally increase over time with module
completion. To assess daily activities, slider bar scales were developed to allow participants
to indicate time they spent in each of respective activity (Figure 2). In addition, to assess
acceptability and helpfulness of the program, participating youth and parents rated their
agreement (strongly disagree, disagree, agree, or strongly agree) with a series of statements
after completion of the 4-week program. The teen statements were “I have reached the goals
that |1 had when | began the program”, “My questions about my injury have been answered”,
“I have a plan for handling future problems with my concussion”, “I understand my injury
better”, “I would do the program over again”, “I would recommend the program to other
teens”, “The program was too long”, and “The program was too short”. The parent
statements were “I have reached the goals that | had when | began the program”, “My
questions about my child’s injury have been answered”, “I have a plan for handling
problems related to my child’s concussion”, “I understand my child’s injury better”, “I
would do the program over again”, “I would recommend the program to other parents”,
“The program was too long”, and “The program was too short”. Both teens and parents were
asked to rate the helpfulness and enjoyment of the program on a ten point Likert scale
ranging from O (not all) to 10 (completely/extremely).

Descriptive statistics were used for the demographics of participants. Independent t-tests and
Chi Square statistics were used to compare demographics between participants and non-
participants. Repeated-measures analyses using generalized linear mixed models were used
to evaluate the trajectory of symptom recovery and participation in daily activities. All
analyses were performed using SAS 9.3 (SAS Institute, Cary NC). Significance was defined
as p <0.05.

Twenty-one individuals were originally enrolled for participation. Gender, race, age, and
time since injury were similar between completers (n=13) and non-completers (n=8) (Table
3). The 8 non-completers were unable to be contacted following enrollment and thus the
reasons for failure to complete the modules are unknown. Of the 13 participants that
completed the study, the mean age was 14.3 years and time from injury to baseline testing
was 14.0 hours; 9 participants were males and all were Caucasian. The mean baseline PCSS
was 23.6.
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The intervention has eight distinct modules. Over the four weeks of the program,
participants interacted with the program a median of six times (range 2-11). The median
total time spent on the modules was 35.45 minutes (range 1.07 — 107.57 minutes).
Participants spent the most time on the “Stop, Think, Problem Solve” module (median = 9.8
minutes, range 0.07 to 19.2 minutes), and the least time on the “Taking Care of You” module
(median 0.64 minute, with range from 0.03 to 8.00 minutes).

Recovery rate

The rate of recovery of PCSS was 2.0 points/day soon after the intervention (p< 0.01),
stabilizing after about two weeks (Figure 3). Individual trajectories of recovery indicate
within-subject variability over time, with most participants having resolution of symptoms
(PCSS <= 8) by two weeks post-injury (Figure 4). Qualitative review of trajectories shows
three symptom burden groups: low, medium, and high. There were five participants with
initial PCSS scores between 0 — 15, six with initial scores between 20 — 40, and two with
initial scores above 40 (Figure 4). The low symptom burden group achieved full recovery the
most quickly. The medium group took slightly longer to recover than the low initial
symptom burden group. One of the two participants in the high initial symptom burden
group took the longest to recover.

The rates of increased physical, mental, screen time, and overall daily activities were 0.03,
0.04, 0.04, and 0.06 hours/day (p=0.05, 0.30, 0.15, 0.09), respectively (Figure 5). Qualitative
review of individual trajectories of increased physical, mental, screen time, and overall daily
activities revealed large variability in trajectories among participants..

Results of the survey completed at the end of the 4-week program showed that all eleven
parents and nine youth who completed the survey agreed or strongly agreed that the program
met their goals, their questions had been answered, they have a plan for handling future
problems with mTBI, and they understood the injury better. All parents and youth agreed or
strongly agreed that they would do the program over and recommend it to others. No parents
or youth felt that the program was too short or too long. Likert ratings on a 10-point scale
indicated high levels of parental and youth satisfaction with helpfulness and enjoyment rated
highly by both (Helpfulness: parent = 8.36/10; SD = 2.11; youth = 7.33/10; SD = 1.50;
enjoyment: parent = 8.00/10; SD = 2.41; youth = 7.00/10; SD = 1.50).

Discussion

Our findings indicate that a web-based program for mTBI that provides anticipatory
guidance, psychoeducation, and incorporates recommendations for self-guided return to
activities is feasible to initiate in the ED acutely after a mTBI and is reported to be helpful
by parents and adolescents who used the program.. The majority of participant’s symptoms
resolved within two weeks after injury, with all participants becoming asymptomatic within
four weeks. Future comparative studies are needed to determine the efficacy of the SMART
intervention compared to standard care or other interventions.
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In this small pilot study, all participants’ symptoms resolved by four weeks post-injury, with
most resolving within the initial two weeks. This time trajectory is similar to the expected
recovery trajectory and may represent natural recovery.242 Similar to prior research showing
that early education about mTBI may reduce development of persisting problems!4, early
introduction of the SMART program may reduce the risk of longer-term problems post-
injury. However, larger, comparative studies are needed to determine efficacy. SMART
recommends rest for only 1-2 days before initiation of modules, in agreement with recent
work that demonstrated potential benefits associated with both a shorter rest period and
moderate activity during recovery.18:2043.44 Fyrthermore, in agreement with prior work?>,
qualitative review of individual trajectories in this study indicated that lower initial symptom
burden was associated with quicker recovery. Further work is needed to determine optimal
guidelines for introduction of physical and cognitive activity after mTBI.

The SMART program allows individuals to self-guide return to daily activities, which is in
agreement with consensus statements that recommend individualized management with
return to activities.8-10:11 Due to state law requiring clearance by a health care provider
before returning to full sports or recreational activities, specific recommendations on return
to these activities was not provided in SMART. However, general information on typical
return to play guidelines was provided in SMART that would allow participants to discuss
specific return to activity questions with their health care provider. Future research needs to
better determine how information provided in this application intersects with medical care
and opens up potential conduits to facilitate information-sharing with pertinent health care
providers. Participants using the SMART program rate symptoms and activities daily and are
asked throughout the program to think about types of activities that may have contributed to
improvement or worsening of symptoms. This self-management of pacing return to activities
encourages the participant to actively take control of their recovery, thus encouraging a more
active coping style, which has been linked to improved recovery after mTBI in
adolescents.*® Furthermore, it encourages participants to titrate activities based on
symptoms. This idea of titrating activities is in agreement with other research that has

demonstrated moderate and sub-symptom exacerbation activities may help recovery after
mTB|.20’21’43’44

The few pediatric intervention trials performed thus far during the acute timeframe have
focused on anticipatory guidance and psychoeducation.13-1547 Education about the common
issues children face following mTBI was the cornerstone of our modules. To date, cognitive-
behavioral interventions have shown the greatest utility for management of symptoms after
pediatric brain injury, especially when there are persistent symptoms’+2748:49 However, the
efficacy of the introduction of cognitive-behavioral therapy soon after injury has not been
well-studied. The problem-solving and relaxation component of SMART incorporates these
cognitive-behavioral principles into the management of mTBI symptoms acutely after injury
and allows the adolescent to guide implementation. Introduction of cognitive-behavioral
components earlier after injury may promote symptom resolution and, in part, reduce the
development of persistent symptoms.

There was variability in the utilization of the SMART modules. The most time was spent on
the “Stop, Think, and Problem Solve” module while less time was spent on other modules.

J Head Trauma Rehabil. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kurowski et al.

Limitations

Page 8

These findings suggest that some modules may be more beneficial or appealing than others.
Also, certain modules may be more beneficial depending on time since injury and burden of
symptoms. Larger studies are needed to determine the relative benefits of the modules and
characteristics of individuals most likely to benefit from each module. Because SMART
allows self-pacing and access to modules to be guided by the user, individualization is
determined by the user. The web-based, self-guided approach used in SMART provides
individuals with daily access to information and recommendations regarding management of
mTBI symptoms. This frequency and level of access is typically more than can be provided
via standard clinical visits and may support more rapid return to activities in conjunction
with improved symptoms. Integration of interaction between health care providers and/or
school personnel and SMART users into the program may be consider in the future as a way
to further enhance the program and incorporate it into standard care.

Since this is a prospective open pilot, we were unable to draw conclusions on the efficacy of
SMART compared to standard care or other treatments. Although participants rated the
helpfulness of SMART highly, we are also unable to comment on whether participation in
SMART led to specific behavior changes. Almost half of the participants originally enrolled
did not complete the study. There was a high rate of initial refusal, suggesting a need to
determine the optimal timing for interventions like SMART, as well as to identify the
population at highest risk of persistent symptoms that would benefit the most from such an
intervention. Higher drop-out was anticipated, as most children recover within a few weeks
from mTBI and are unlikely to remain in an intervention study once symptoms have
resolved. However, without data from the dropouts, we are unable to determine whether they
chose not to participate because they had recovered or for other reasons (e.g., too
symptomatic to participate). Also, specific recommendations for pattern of utilization and
incentives for completing modules may have improved adherence. Although not statistically
significant, there was a trend for non-completers to be less likely to have loss of
consciousness associated with the injury and for non-white participants to be less likely to
complete the study.

Conclusions

SMART, a novel web-based application of anticipatory guidance, psychoeducation and
cognitive-behavioral therapy, is feasible to initiate soon after mTBI in adolescents and is
reported to be helpful and enjoyable by parents and adolescents who used the program.. A
web-based program potentially provides more convenient access to patients and families to a
treatment for mTBI than standard care. Future research will need to determine the
comparative benefits of SMART to standard care and the ideal target population. Adaptation
of the program for adolescents presenting with persistent symptoms should also be
considered.
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Self-Monitoring Activity-Restriction and Relaxation Traini

1. Howmany hours did you sleep yesterday? zF
8 30
0 6 12 18 24 Hours Minutes
2. Did you go to school yesterday?
(+)a. Yes
(b. No
(_Jc. Not Applicable (Saturday, Sunday, Holiday, Vacation, Summer Break)
2b. Ifyes, how long did you go to school for?
No School Less Than Half Day More Than Full Day Full Day
Half Day Half Day Extra
Curricular
Activities

3. Screen Time. How much time did you spend playing video or computer games, watching TV or movies, or
playing on your phone or tablet?

3 0
0 3 6 9 12 Hours Minutes
4. Brain Time. How much time did you spend reading, studying, doing h rk, doing math or word puzzles,
taking tests, practicing your musical instrument.
1 15
0 3 6 9 12 Hours Minutes

5. Daily Activity. How much time did you spend doing things that required physical effort as part of your regular
routine? This includes walking, doing chores, cleaning, hanging out at the mall, walking the dog, going to
school/social/church functions, etc.?

4 15
0 3 6 9 12 Hours Minutes

6. Physical Activity and Sports. Are you back to participating in sports or recreational activities? Examples
include: playing sports, running, swimming, bike riding, dancing, martial arts, jumping on the trampoline,
active gaming, skateboarding, marching band, doing aerobics.

(s)a. Yes
(Ob. No
6b. Ifyes, how much time did you spend doing sports or recreational activities yesterday?
i] 1 30
0 e 3 6 9 12 Hours Minutes

Figure2.
Example of daily activity ratings in the SMART program
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Figure 3.
Rate of improvement of post-concussion symptoms over time

PCSS = Post Concussion Symptom Scale
Dotted lines represent 95% confidence intervals
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PCSS score over time by Subject
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Figure 4.

Individual trajectories of post-concussion symptom recovery
Solid bars delineate groups that had low, medium, and high initial symptom burden
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Table 1

Overview of the SMART Program

SELF MANAGEMENT

Symptom Monitoring

22- item Post Concussion Symptom Score (PCSS)
Total initial PCSS in the ED used to determine injury severity

Ongoing total PCSS assessed at each log-on used to gauge recovery

Activity Tracking

Self-reported prior day’s hours spent

Activities: sleep, school, screen, brain, activities of daily living, physical activities

Feedback

Based on progression of daily total symptoms: better or worse

Self-insight as to what level of participation in each activity may have contributed to current symptom burden

Self-Regulation

Self-management of level of participation in next day's activities to facilitate recovery

EDUCATIONAL MODULES

Module

Skills Addressed

Introduction and Self-monitoring

Introduction to the SMART program and information about common symptoms experienced after an
mTBI

Symptom Management

Information about common symptoms, timelines for recovery, and strategies for coping

Returning to Activities

Provides guidelines and strategies for working with the school and other non-athletic activities to ensure
a successful re-entry without symptom exacerbation

Taking Care of You

Provides strategies for maintaining optimal self-care and informs about the impact of fatigue on recovery

Staying Positive

Teaches cognitive reframing strategies to address worries and negative cognitions about symptoms and
missed activities

Staying Focused

Teaches strategies for improving attention and memory

Stop, Think, Problem Solve

Provides training in 5-step problem solving heuristic (Aim, Brainstorm, Choose, Do It, Evaluate) to
address concerns regarding PCS-related issues

Managing Stress

Provides instruction in relaxation and imagery to more effectively handle stress and manage headaches
and other pain
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Table 3

Comparison of completers and non-completers (h=21)

Completers | Non-completers | p_ygjue’
(n=13) (n=8)
Mean Age at baseline, years (SD) 14.3 (2.0) 15.3(2.5) .33
Mean Time since injury at baseline, hours (SD) 14.0 (16.7) 7.8(17.1) 42
Gender (% Female [n]) 311[4] 39 [5] 75
Race/Ethnicity (% [n]) 100[13] 75 [6] .06
White 01[0] 25[2]
Non-White
Mean GCS score, initial (SD) 14.9 (.3) 15 (0) 45
Mean GCS score, 2 hours after presentation (SD) | 15 (0) 15 (0)
Loss of consciousness
absent 46% [6] 13% [1] .08
present 38% [5] 88% [7]
unknown 15% [2] 0% [0]

*
Comparison of completers and non-completers by either Chi-square or T test

SD = Standard Deviation; GCS = Glasgow Coma Scale score
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