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Management of Persistent Cognitive Symptoms
After Sport-Related Concussion
McKay Moore Sohlberga and Alexander K. Ledbettera
Purpose: This case review examines treatments speech-
language pathologists at our clinic delivered to middle school,
high school, and college students for the management of
persistent cognitive symptoms after sport-related concussion.
The goal is to examine a range of treatment options, describe
clinical rationale for selecting those treatments, and report
outcomes in order to identify feasible interventions for
systematic evaluation through efficacy research.
Method: Review of clinic intake data identified 63 cases
referred for cognitive rehabilitation over a 36-month period.
Twenty-four cases (14 women and 10 men) met selection
criteria, including documented sport-related concussion,
postconcussion symptoms persisting at least 2 months with
deleterious effect on school performance, and enrollment
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in secondary or postsecondary education. The authors
independently coded demographics, treatment approaches,
functional goal domains, and outcomes.
Results: Treatment approaches fell into 4 broad categories:
direct attention training, metacognitive strategy training, training
assistive technology for cognition, and psychoeducational
supports. Eighty-three percent of clients achieved self-
selected functional goals.
Conclusions: Research has focused primarily on return to play
and provision of academic accommodations in the initial weeks
following concussion. Findings from this case series suggest
that speech-language pathologists can deliver individualized
interventions that lead to positive clinical outcomes. The
authors hope findings encourage efficacy research.
S port-related concussion cases in the United States
occur at levels reported as high as 1.6–3.8 million
annually, with as many as 50% of concussions going

unreported (Doolan, Day, Maerlender, Goforth, & Brolinson,
2012; Harmon et al., 2013). An estimated 5%–15% of these
cases experience ongoing cognitive and somatic symptoms
persisting 90 or more days following a concussion event
(Barlow et al., 2010; De Beaumont, Henry, & Gosselin,
2012; Eisenberg, Meehan, & Mannix, 2014). High school
athletes appear to have some of the most disruptive and
persistent symptoms after sustaining concussions, and the
numbers of these cases seem to be increasing (Cancelliere
et al., 2014; Karr, Areshenkoff, & Garcia-Barrera, 2014;
Mitka, 2010).

Recommendations for symptom assessment and
management to determine when, and if, athletes are ready
to return to play following concussive injuries are a primary
focus in the sport concussion literature (Doolan et al., 2012;
Harmon et al., 2013). Current clinical management protocols
almost exclusively address management within the first
1 to 2 months postconcussion and recommend the following:
(a) preconcussion education and neurocognitive baseline
testing, (b) immediate concussion screening and ongoing
follow-up if symptomatic, (c) neurocognitive assessment
with physical and cognitive rest if symptomatic, (d) physician
management of any residual somatic symptoms, and (e) ac-
ademic accommodations if school performance is affected
(Knollman-Porter, Constantinidou, & Marron, 2014). Less
studied are therapeutic methods to manage and mitigate
persistent cognitive and somatic symptoms adversely affecting
school performance and participation in extracurricular
activities beyond return to a target sport. Although clinical
researchers have set forth guidelines for concussion manage-
ment to clarify roles of speech-language pathologists (SLPs;
e.g., Knollman-Porter et al., 2014; Salvatore & Fjordbak,
2011), little direction exists to guide SLPs in making treat-
ment decisions for clients presenting with persistent cognitive
symptoms postconcussion.

Implementation science reveals that it takes one to
two decades to translate research into evidence-based prac-
tice using traditional phased research (Burke & Gitlin, 2012),
and calls for early partnering between practitioners and
researchers to direct research that will ultimately result
in clinical practices that can be adopted by care providers
in real contexts (Turner, Misso, Harris, & Green, 2008).
Disclosure: The authors have declared that no competing interests existed at the time
of publication.
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Currently there are no evidence-based guidelines for the
management of persistent cognitive symptoms following
concussion. This article summarizes the clinical course
of students with persistent cognitive symptoms following
sport-related concussion. The goal of this retrospective
case review is to examine a range of treatment options,
including the clinical rationale for treatment selection and
the associated clinical outcomes, in order to identify feasible
intervention approaches that can be subjected to experi-
mental evaluation. The ultimate objective is to generate
evidence-based practice guidelines. We begin with a review
of the characteristics of this population and the current
treatment context for young athletes with persistent cog-
nitive and somatic symptoms following concussion.

Concussion Symptomatology
A consensus panel of the Fourth International Con-

ference on Concussion in Sport held in Zurich, in November
2012, defined concussion as “a brain injury [and] complex
pathophysiological process affecting the brain, induced
by biomechanical forces” (McCrory et al., 2013, p. 250).
According to the panel, one of the following symptom
domains should be present to meet criteria for a concussion
diagnosis: somatic, cognitive, or emotional symptoms;
physical signs; behavior changes; cognitive impairment;
or sleep disturbance (McCrory et al., 2013). The panel listed
four constructs of clinical, pathologic, and biomechanical
injury for use in defining concussive head injury: (a) direct
blow to head, face, neck, or somewhere on the body and
transmitting impulsive force to the head; (b) rapid onset
(over minutes or hours) of short-lived, spontaneously resolv-
ing neurological impairment; (c) possible neuropathological
changes with acute clinical symptoms reflecting mainly
functional disturbance versus structural injury, and no
structural abnormalities observed via standard neuroimaging;
and (d) may or may not involve loss of consciousness
(LOC), usually sequential symptom resolution, with some
symptoms taking longer to resolve (McCrory et al., 2013).
Other definitions have specified objective time and severity
parameters such as LOC that must be less than 30 min,
posttraumatic amnesia absent or less than 24 hr in duration,
and an initial Glasgow Coma Scale score greater than 13
(Chachad & Khan, 2006).

The concussion descriptors overlap with the definition
of mild traumatic brain injury (mTBI; Carroll et al., 2004).
Recent guidelines support the interchangeable use of the
terms mTBI and concussion (S. Marshall, Bayley, McCullagh,
Velikonja, & Berrigan, 2012). Giza et al. (2013) provided
a general definition of concussion that encompasses rele-
vant parameters: “a recognized clinical syndrome of bio-
mechanically induced alteration of brain function, typically
affecting memory and orientation, which may involve
LOC” (p. 2250). There is agreement across all definitions
of concussion and mTBI that the mechanism is a bio-
mechanical force sufficient to cause temporary alteration
in mental status and that LOC is not a required defining
component.
Sohlberg &
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Cases With Persistent Cognitive Symptoms
A subset of concussion patients suffers cognitive and

somatic symptoms persisting greater than 90 days after
sustaining a concussive injury (Eisenberg et al., 2014).
These complex concussion cases have been recognized as a
clinical group with symptom profiles that have a deleterious
effect on individuals’ day-to-day functioning (Makdissi,
Cantu, Johnston, McCrory, & Meeuwisse, 2013; McCrory
et al., 2013; Shenton et al., 2012). Common symptoms
that can persist include fatigue, lightheadedness, persistent
headaches, sensitivity to light and sound, irritability, emo-
tional lability, as well as attention and memory problems,
and in some cases, anxiety and depression (Chachad &
Khan, 2006; Eisenberg et al., 2014; C. M. Marshall, 2012).
Some researchers have described cases with persistent
symptoms as having postconcussion syndrome (PCS; Barlow
et al., 2010; Chachad & Khan, 2006; McCrea, 2008). McCrea
(2008) characterized PCS as involving symptoms persisting
more than 3 months after injury, explaining that some PCS
cases involve psychosocial and iatrogenic factors influenc-
ing or mediating ongoing symptoms beyond neurological
effects (McCrea, 2008). Barlow et al. (2010) found that
13.7% of 670 school-aged children with PCS symptoms
following mTBI remained symptomatic 3 months after
injury. The authors noted that their findings could not be
explained by trauma, family dysfunction, or maternal psy-
chological adjustment (Barlow et al., 2010). Of relevance,
neuroimaging findings have provided evidence of subtle
brain changes associated with persistent postconcussion
symptoms (FitzGerald & Crosson, 2011; Green, Koshimori,
& Turner, 2010; Shenton et al., 2012).
Prevalence of Cognitive Impairments
In a systematic review summarizing the evidence on

concussion prognosis, Cancelliere et al. (2014) found that
memory and attention difficulties were the most commonly
reported cognitive symptoms persisting following concussion.
The review revealed that the cognitive symptoms associated
with longer recovery included impaired reaction time, visual
memory, verbal memory, and in some studies, amnesia
(Cancelliere et al., 2014). Eisenberg et al. (2014) reported
that slowed processing and poor concentration persisted at
the 90-day mark for fewer than 5% of individuals 11–22 years
old, but that these cognitive symptoms persisted for a higher
percentage of those patients than did emotional or somatic
symptoms.
Contributing Factors
The mechanisms responsible for the cognitive, as well

as psychosocial and somatic, symptoms affecting return
to typical activity following concussion are multifactorial
(Cancelliere et al., 2014; Harmon et al., 2013). Ongoing
symptoms may be related to structural brain damage or
changes mediated by functional neurometabolic processes
(Giza & Hovda, 2001; Harmon et al., 2013). Somatic
symptoms such as headache can also affect cognitive and
Ledbetter: Managing Cognitive Symptoms After Concussion 139
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psychosocial functioning (Eisenberg et al., 2014). Medication
effects, iatrogenesis, psychological factors including symp-
tom magnification, and reinforced behavior have all been
implicated as possible contributors to persistent symptoms
following concussion (McCrea, 2008). Recent efforts to
clarify prognosticators of persistent concussion symptoms
suggest that children and adolescents may develop symptoms
with an emotional component either due to pathophysio-
logic changes, psychosocial consequences resulting from
the rest protocol during recovery, or a combination of these
factors (Eisenberg et al., 2014; Zemek, Farion, Sampson,
& McGahern, 2013).

Cancelliere et al. (2014) found that recovery is length-
ier for high school athletes, those with prior concussions,
and those with greater duration and number of symptoms
following concussion. Style of play and returning to higher
levels of sports activity following concussion have been
associated with greater incidence of cognitive impairment
among high school athletes, (Maher, Hutchison, Cusimano,
Comper, & Schweizer, 2014; Majerske et al., 2008). Athletes
tend to sustain more concussions in sports and game posi-
tions where collision and impacts occur more frequently,
as in soccer (Harmon et al., 2013; Maher et al., 2014). Level
of sports activity following concussion is also a possible
contributor to ongoing cognitive symptoms (Majerske
et al., 2008). Majerske et al. (2008) analyzed neuropsycho-
logical test performance of high school athletes who had
received concussions. They found that higher activity levels
postconcussion predicted poorer performance on visual
memory and reaction time tasks (Majerske et al., 2008).
Gender differences have also been implicated in persistent
cognitive symptoms. Majerske et al. (2008) found that
female athletes were followed longer clinically than male
athletes in their sample, and female athletes showed greater
impairment on tests of visual motor speed.

A history of previous concussions has also been
linked to increased risk for persistent symptoms (Cancelliere
et al., 2014). According to the Zurich 2012 consensus
panel, teen athletes demonstrate an increased risk for
multiple concussions, with repeated concussions increasing
the likelihood of persistent cognitive symptoms (De Beaumont
et al., 2012; McCrory et al., 2013). Studies suggest that
repeated concussions may result in neuropsychological im-
pairments of a cumulative nature (Chachad & Khan, 2006;
Covassin, Moran, & Wilhelm, 2013). Initial research has
implicated a genetic predisposition for some athletes to de-
velop chronic traumatic encephalopathy and mild cognitive
impairment later in their sports careers (Meehan & Bachur,
2009). Overall, a positive prior concussion history, repeated
concussions, an intensive style of play, and younger age
are among variables hypothesized to account for persistent
cognitive symptoms (Giza et al., 2013).

The underlying causes of persistent symptoms for those
individuals who are unable to resume routine activities fol-
lowing concussion are complex and not well understood.
Although it is recognized that these individuals require co-
ordinated care with multidisciplinary supports (Kirkwood,
Yeates, & Wilson, 2006), options for these supports have
140 American Journal of Speech-Language Pathology • Vol. 25 • 138–
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not been well described and the recommendations offered
have not been systematically evaluated.

Clinical Management
The concussion management literature focuses al-

most exclusively on the initial weeks following injury and
calls for periods of prescribed cognitive and physical rest
with gradual return to play protocols (Doolan et. al., 2012;
C. M. Marshall, 2012). For the management of persistent
symptoms, the Zurich 2012 consensus panel recommended
administration of neuropsychological testing with a multi-
disciplinary team delivering medical, vestibular, counsel-
ing, and cognitive interventions. They did not describe
practice options to be investigated for possible benefits
in addressing persistent cognitive symptoms (McCrory
et al., 2013). The absence of an evidence base means that
consensus and expert opinion currently direct intervention
practices.

A common treatment response to persistent cognitive
symptoms following sport-related concussion in youth has
been to introduce school accommodations to support aca-
demic performance during the recovery period (Kirkwood
et al., 2006; Nationwide Children’s Hospital, n.d.). This
approach reduces symptom burden and, though consensus-
based, is inadequate by itself to serve the unique needs of
a complicated clinical population presenting with diverse,
persistent symptoms. Halstead et al. (2013) described
barriers to academic reentry for young athletes who face
cognitive challenges that interfere with school performance
after a concussion, noting the importance of communica-
tion between medical and school settings to support return
to learning. Brain injury literature on academic reentry has
emphasized the same points (Glang, Todis, et al., 2008; Hux
& Hacksley, 1996). Also, the fact that college students with
brain injury must self-report their diagnosis presents a
barrier for those in need of academic supports (Kennedy,
Krause, & Turkstra, 2008). A recent report details the
early clinical management of concussion in an intercolle-
giate setting, encourages the implementation of academic
accommodations if symptoms persist, and highlights the
role of SLPs in all phases of concussion assessment and
management (Knollman-Porter et al., 2014). The need
for more direct neurocognitive therapies when symptoms
persist has just begun to be recognized and recommended
(Makdissi et al., 2013). The current article seeks to build
on these recommendations and detail options for direct
and indirect rehabilitation therapies.

The remainder of this article presents a retrospective
case review of high school and college students treated for
persistent cognitive and somatic symptoms affecting school
performance after sport-related concussion. The intended
contributions are (a) to introduce feasible, theoretically
grounded treatment approaches that SLPs can implement
and (b) to guide current clinical decision making in the
absence of an evidence base. The overarching goal is to
stimulate treatment efficacy research for this underserved
population.
149 • May 2016
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Method
This case review consisted of 24 clients referred to

a university speech-language pathology graduate training
clinic at the University of Oregon. Clients were referred for
the management of persistent concussion symptoms and
treated by graduate student clinicians supervised by licensed
and certified SLPs. Concussion cases referred to this clinic
had already been prescribed cognitive rest, followed by a
graduated return to play and return to school protocol that
included a list of school accommodations such as taking
tests in a quiet environment. Some of the clients received
other adjuvant therapies including pharmacological inter-
vention, most typically for headache pain and vestibular
therapy for management of dizziness. All clients were under
the care of a physician who reviewed cognitive rehabilitation
goals and treatment progress. Upon referral, all clients
participated in a 2-hr consultation with the supervising
SLP that consisted of a review of records, clinical interview,
cognitive testing, and facilitation of self-selected functional
goals, followed by discussion of treatment options.
Table 1. Case demographics.

Variable N

Agea 24.
Time postinjuryb 24.
PCS scorec,d 15.e

Gender
Female 14.
Male 10.

Activity at injury
Basketball 1.
Cheerleading 2.
Cycling 4.
Dancing 3.
Football 5.
Long board 1.
Pole vaulting 1.
Softball 1.
Soccer 4.
Otherf 2.

Premorbid condition
ADD/ADHD 5.
LD 1.
Migraines 1.
Concussions 13.
Seizures 1.
None 5.

Note. PCS = Post Concussion Scale (Lovell & Collins, 1998);
ADHD = attention-deficit/hyperactivity disorder; LD = learning
disability.
aRange = 14.0–26.0 (M = 17.54; SD = 3.15). bTime postinjury reported
as range of months postinjury and includes the fewest and greatest
number of months elapsed from most recent concussion to initial
consultation (range = 2.0–36.0; M = 8.17; SD = 8.63). cPCS scores
are those most recently reported by referring physician prior to
initial consultation date at our clinic (range = 3.0–67.0; M = 32.80;
SD = 21.10). dThe median PCS score was 22.00, and scores
were bimodal in distribution. ePCS scores were not reported for
six cases. f Two participants sustained concussions without loss
of consciousness in falls that were not sport related.
File Review and Data Extraction
We examined intake data for cases seen in our clinic

for cognitive rehabilitation since January 2012 and identified
63 cases. Of the total cognitive rehabilitation referrals,
24 were specifically referred for management of persistent
concussion symptoms after sport-related injury. The clinic
files for clients referred for management of postconcussion
symptoms were reviewed to identify the cases that met
the following selection criteria: (a) documented concussion in
client’s medical record due to sport-related injury; (b) referred
by a medical doctor who diagnosed postconcussion symp-
toms persisting at least 2 months after the event; (c) enrolled
in middle school, high school, or college; and (d) measurable
change in school performance postconcussion (i.e., grades,
course load, attendance) documented by school records,
treating physician, and/or parent or guardian of minors.
The criterion for including clients at least 2 months post-
injury was somewhat arbitrary, as the literature is unclear
about the length of time postinjury required for concussion
symptoms to be considered persistent. The consensus con-
ference report (McCrory et al., 2013) suggested that greater
than 10 days exceeded typical recovery, and Eisenberg et al.
(2014) reported data showing that 15% of postconcussion
cases included in their study had symptoms persisting at
90 days postinjury. Our inclusion criteria were based on re-
ferrals from treating physicians who had diagnosed persis-
tent symptoms, and average time postinjury was 8.17 months.
Twenty-four clients met all of the above criteria and con-
stituted the data set for this descriptive analysis. All clinic
clients consented for records review in accordance with
Institutional Review Board policy.

We were the supervising SLPs for 15 of the cases
and reviewed each other’s files. Two additional SLPs
supervised graduate student clinicians for the remaining
nine cases. We independently reviewed the files and coded
Sohlberg &
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characteristics related to participant variables, treatment
parameters, and outcomes. We then conferred to calcu-
late interreviewer agreement in coding assignments for
all participant variables, treatment parameters, and out-
comes. Independently, the reviews achieved 90% agree-
ment, with disagreements in coding easily resolved through
discussion.

Demographic and injury-related client variables in-
cluded the parameters listed in Table 1. Treatment catego-
ries were initially coded by the first author and fell into four
types of clinical management: (a) direct attention training
(DAT); (b) metacognitive strategy instruction (MSI) to
facilitate self-regulation of states of mind, academic tasks,
and study skills; (c) training assistive technology for cogni-
tion (ATC) for use in school; and (d) psychoeducational
supports, which included symptom monitoring paired with
goal setting and/or concussion education. Treatment com-
ponents corresponding to each of these approaches are
detailed in the next section. When a client received more
than one type of intervention, each intervention was coded;
thus, two or more treatments could be coded for one client.
Ledbetter: Managing Cognitive Symptoms After Concussion 141



Downloa
Terms o
The types of metacognitive strategies, ATC, and psycho-
educational supports were coded for those clients receiving
the other two general management approaches. Table 2
lists the treatment approaches.

Outcomes were coded to identify progress toward a
client-selected functional goal. It is a general practice for
all clients seen for cognitive rehabilitation in our clinic to
collaboratively identify a meaningful, functional goal do-
main that they hope will change as a result of the interven-
tion. Measurable, objective outcomes are delineated on the
basis of the selected functional goal using principles of goal
Table 2. Treatment approaches with functional goal domains and outcom

Approach Description Fu

Direct attention
training (n = 13)

Computerized drills targeting different
attention domains (e.g., sustained,
selective, suppression, working
memory) combined with strategy
training

Improv
lectu

Improv
hom

Increas
com

Increas
com

Increas
(n =

Metacognitive strategy
instruction (n = 9)

Instruction in use of strategies to
facilitate self-regulation of states
of mind, academic tasks, and
study skills

Learn t
stra

Make s
Learn t

com
Self-m

beh
Learn t

mar
Learn t

stra
Training assistive

technology for
cognition (n = 5)

Direct instruction in use of
external cognitive aids

Learn t
note

Learn t
app

Learn t
Learn t

Psychoeducational
support (n = 24)

Provision of concussion education;
facilitation of symptom
monitoring and goal setting

Engage
mon

Concu
Goal s

Note. Some clients received more than one treatment.
aClients self-selected functional goals through clinician-facilitated goal set
bSummarized outcomes represent specific outcomes for commonly self-s
on at least one subtest of a standardized attention test.
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attainment scaling with a delineation of levels of goal
attainment (Bovend’Eerdt, Botell, & Wade, 2009; Malec,
1999). There were some exceptions, however, as some goals
(e.g., improving reading comprehension in order to pass
the written driver’s test) had binary outcomes (passed or
not passed). Further, the use of neuropsychological tests
served as an additional outcome measure for DAT.

The second author reviewed each of the 24 files
selected for review and recorded outcomes for each client-
centered functional goal listed in the discharge reports.
We independently reviewed the list of outcomes for each
es summary.

nctional goal domaina Outcomes summaryb

e attention during
re (n = 4)

Improved class test/probe scores
(n = 4)

e attention during
ework sessions (n = 2)

Passed written driving test
(n = 1)

e reading with
prehension (n = 3)

Decreased number of missing
assignments (n = 2)

e homework
pletion (n = 1)

Decreased time needed to review
lecture notes (n = 1)

e study efficiency
1)

Improved grades (n = 2)
Increased sustained attention for

lecture/homework (n = 2)
No change in homework

completion (n = 1)
Improvement on standardized

attention testc (n = 5)
No improvement on standardized

attention test (n = 1)
o use Cornell notetaking
tegy (n = 1)

Increased use of notetaking
strategies in class (n = 2)

tudy agenda (n = 1) Increased study efficiency (n = 1)
o use reading
prehension strategy (n = 2)

Improved reading
comprehension (n = 2)

onitoring of social
avior (n = 2)

Increased social initiation (n = 2)

o use conversation
king strategy (n = 1)

Increased retention of
conversation (n = 1)

o use internal memory
tegies (n = 1)

Improved school performance
(n = 1)

o use smart pen for
taking (n = 2)

Completed all missing
assignments (n = 1)

o use homework-tracking
(n = 2)

Improved homework
completion (n = 1)

o use e-reader (n = 1) Improved grades (n = 2)
o use Google calendar (1) Improved class performance (n = 1)
in symptom
itoring (n = 6)

Increased school attendance (n = 5)

ssion education (n = 3)
Decrease reported in symptom

severity (n = 2)
etting (n = 24) Decreased dizziness (n = 1)

Completed graduation
requirements (n = 1)

Increase in perceived social
support (n = 3)

Addition of new recreational
activities (n = 1)

ting process; some self-selected goals in more than one domain.
elected functional goals. cDemonstrated measurable improvement
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of the 24 cases, with the first author independently review-
ing and coding outcomes for 20% of the files as a reliability
check. Outcome summaries are provided in Table 2.

Treatments Delivered
The four distinct categories of treatment implemented

with the 24 postconcussion cases seen in our clinic are
described below.

DAT
DAT refers to treatment that is process oriented with

a restorative or impairment-based theoretical rationale
(Dams-O’Connor & Gordon, 2013). Restorative approaches
to cognitive rehabilitation rely on neuroplasticity and uti-
lize intensive drill with graded exercises of increasing com-
plexity to strengthen associated neural networks (Sohlberg,
Harn, MacPherson, & Wade, 2014). DAT interventions
that combine drill-based exercises (typically computer-
delivered tasks) with metacognitive strategies show promise
for improving attention and working memory in youth
with acquired cognitive impairments (Cicerone et al., 2011;
Dams-O’Connor & Gordon, 2013; Sohlberg et al., 2014).
Several studies have investigated the efficacy of combined
drill-based attention training and MSI to treat pediatric
clients with attention deficits due to acquired brain injury and
reported improvements on cognitive measures and/or assess-
ments of everyday functioning (Butler et al., 2008; Galbiati
et al., 2009; Luton, Reed-Knight, Loiselle, O’Toole, &
Blount, 2011; Sohlberg et al., 2014; van’t Hooft et al., 2007).

The specific DAT program utilized with young
athletes in our concussion clinic delivered individualized
attention drills for each client on the basis of presenting
concerns and performance on standardized measures of
attention, working memory, and executive function. Drills
were organized into exercises that tapped sustained, selec-
tive, and alternating attention as well as suppression and
working memory. The clinician and client also collabora-
tively selected metacognitive strategies (e.g., self-talk,
visualization, pacing) for integration with attention drills,
customizing each strategy description using the clients’
own words (e.g., “I need to keep my head in the game”).
After each exercise, participants self-rated motivation
and effort on a 1 to 10 scale (10 = high). This program has
been described in the literature (Lee, Harn, Sohlberg, &
Wade, 2012; Sohlberg et al., 2014).

Clinical Rationale for Selecting DAT
Candidacy issues for DAT have not been examined

in the literature. That said, the process-oriented theoretical
rationale depends upon neuroplasticity as the mechanism
of change (Sohlberg et al., 2014); hence, candidates must
have sufficient practice on the drills and be able to devote
time to the therapy. Important for concussion patients,
candidates would need to be able to tolerate computer
screen use. Implicit in this approach is that the selection
of DAT will be motivated by a client having an impairment
profile with reduced functioning in one or more of the target
Sohlberg &
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attentional domains, usually documented on standardized
testing.

MSI
The second broad category of direct interventions was

the instruction of task-specific as well as generalized meta-
cognitive strategies (Sohlberg & Turkstra, 2011), MSI consists
of systematic, step-by-step instruction in the use of strategies
to facilitate self-regulation of states of mind, task prepara-
tion, and task execution (Kennedy, Coelho, et al., 2008;
Sohlberg & Turkstra, 2011). Whereas the metacognitive
instruction used in DAT was tied to the execution of the
attention drills, MSI as an explicit approach is tied to natu-
ralistic task performance. Metacognitive strategy training
is considered a compensatory approach involving explicit,
systematic instruction in the practice and use of strategies for
self-regulation of tasks or internal states (Dams-O’Connor
& Gordon, 2013; Sohlberg & Turkstra, 2011). Strategies
can be generalized processes designed to increase perfor-
mance across tasks and contexts (e.g., attention or problem-
solving strategies, internal memory strategies) or may be
task specific and designed to improve performance in a
particular academic domain or study skill (e.g., reading
comprehension strategy, note-taking strategy). MSI has
been shown to be effective with youth with acquired cogni-
tive impairments and may include generating goals, self-
recording of performance, and making strategy decisions
on the basis of comparing performance to goals, with
individuals making adjustments given external and/or
self-feedback (Glang, Ylvisaker, et al., 2008; Kennedy &
Coelho, 2005; Kennedy, Coelho, et al., 2008; Sohlberg &
Turkstra, 2011).

The MSI used with the clients with postconcussive
symptoms primarily focused on instructing the self-regulation
of academic task preparation and execution. Instructional
targets for strategy use included reading comprehension,
studying for tests, taking notes, and self-monitoring social
behavior. Instruction in the use of internal memory com-
pensation strategies targeted the use of association, imagery,
and elaborative encoding to assist students in recall of
content for classroom tasks (e.g., tests).

Clinical Rationale for Selecting MSI
Candidates for MSI typically must demonstrate a

requisite level of self-awareness and engagement to recognize
that a strategy would be useful and show sufficient initia-
tion to execute the strategy (Sohlberg & Turkstra, 2011).
The selection of MSI is predicated on a needs assessment
leading to the identification of a strategy that would facili-
tate completion of a specific task or set of tasks meaningful
to the client.

Training ATC
The treatment category of ATC refers to clinical

practices involved in the selection and instruction of
external tools to compensate for cognitive impairments.
Use of ATC serves to compensate for cognitive impairments
through limiting demands on cognition or by furnishing an
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environmental modification such that task demands better
match the person’s present levels of cognitive performance
(Sohlberg & Turkstra, 2011). ATC ranges from basic prod-
ucts, such as planner books, calendars, and wristwatches,
to specialized devices that use computer software and net-
working capabilities (Scherer, Hart, Kirsch, & Schulthesis,
2005). ATC has been shown to be effective in supporting
cognitive functions related to memory, attention, calculation,
emotion, experience of self, planning, and time management
in individuals with brain injury (e.g., de Joode, van Heugten,
Verhey, & van Boxtel, 2010; Gillespie, Best, & O’Neill, 2012;
Sohlberg et al., 2007). ATC typically is selected through a
needs assessment and then trained using systematic instruction
with programming generalization of use in naturalistic set-
tings (Federici & Scherer, 2012; Sohlberg & Turkstra, 2011).

Clinical Rationale for Selecting ATC
The needs assessment that matches person, device,

and contextual variables (Federici & Scherer, 2012) drives
the decision to recommend ATC. A requisite component
for successful adoption is the provision of training and on-
going evaluation of use in the natural environment (Federici
& Scherer, 2012; Sohlberg & Turkstra, 2011). The selection
of ATC will in part be based on opportunity to train and
monitor its use.

The majority of ATC implemented with our case
samples compensated for attention, memory, and organiza-
tional impairments affecting academic tasks. Instructional
targets for external compensation with ATC included
use of e-readers, homework-tracking apps, smart pens for
classroom note taking, and electronic calendars.

Psychoeducational Supports
This treatment category refers to a range of supports

designed to increase clients’ self-awareness and acceptance
of the need for supports or treatment, as well as therapeutic
activities designed to enhance feelings of well-being. There
were three types of psychoeducational supports: concussion
education, goal setting, and symptom monitoring. Concus-
sion education included didactic instruction on the mecha-
nism of concussion including the pathophysiology, as
well as concepts related to the recovery process. Our clinic
uses a series of handouts on concussion that were reviewed
on the basis of client questioning or clinician-perceived
need. It has been shown that provision of education and
reassurance in individuals affected by brain injury can be
helpful (Wade, Crawford, Wenden, King, & Moss, 1997).
Another group of educational supports includes goal setting.
As noted, all clients were involved in a process of personal-
ized goal selection to establish functional goal domains
they wanted to address as a result of participating in cogni-
tive rehabilitation. This incorporated the principles of goal
attainment scaling and motivational interviewing, as goal
selection has been shown to enhance cognitive rehabilitation
outcomes (Malec, 1999; Medley & Powell, 2010). Symptom
monitoring involves the tracking of parameters related to
one’s own symptoms. In the case of concussion, clients
may be asked to track the type of somatic symptom (e.g.,
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headache), timing, duration, severity, triggers, and self-
management attempts. The notion is to increase clients’
self-management by assisting them with the analysis of
patterns. One study suggested that helping youth track their
symptoms, with a focus on identifying solutions or coping
with emotions, can be effective in reducing their perceived
symptom burden (Woodrome et al., 2011). The symptom
monitoring with the clients in our case review primarily
addressed headache management.

Clinical Rationale for Providing
Psychoeducational Supports

Education and goal setting in rehabilitation is funda-
mental to intervention, and as such, it is integrated into
every program, although it may be a more primary focus
depending upon a client’s need. Candidacy for symptom
monitoring, however, has not been investigated. Much of
the endorsement for this type of support comes from the
disease management literature outside neurorehabilitation,
with some suggestion that symptom monitoring can be
helpful for increasing symptom management in some clients
for whom somatic symptoms are the primary barrier to
functioning (Devineni & Blanchard, 2005). An exception
would be those clients whose symptoms or pain profiles
are tied to symptom magnification and who are better served
by efforts to limit focus on symptoms (McCrea, 2008).

Results
Participants

Clients ranged in age from 14 to 26 years (M = 17.54)
and included 14 women and 10 men. Time postonset was
variable and ranged from 2 to 36 months (M = 8.17;
median = 5.00). Thirteen clients had experienced one or
more previous concussions. One client had a documented
learning disability, and five had a documented diagnosis of
attention-deficit disorder/attention-deficit/hyperactivity dis-
order. The three most common activities at the time of injury
were football (n = 5), soccer (n = 4), and cycling (n = 4). Of
the 15 clients who were referred by a physician who had
administered a Post Concussion Scale (Lovell & Collins,
1998), scores ranged from 3 to 67 with a mean score of
32.80 (median = 22.00). Given that patients’ PCS scores
were obtained at varied points during their recovery, com-
parison of outcomes by score would not be valid. How-
ever, it is notable that patients of varied time postinjury
and varied levels of severity sought treatment. The refer-
ring physician, in consultation with SLP evaluation, recom-
mended academic accommodations for all clients and sent
documentation to the schools.

Treatment
Treatment Dosage

The second author reviewed all 24 files to determine
treatment dosage for each case. The reviewer recorded the
number of treatment sessions delivered overall, the length
of the treatment sessions, and treatment duration, opera-
tionalized as the number of weeks over which treatment
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sessions were delivered, excluding breaks and holidays.
The mean number of sessions was 8.33 (range: 1–25) de-
livered over a mean duration of 9.63 weeks (range: 1–26).
All sessions were between 30 and 90 min in duration, (M =
51.00). Treatment dosage ranged from 30 min to 20.83 hr
(M = 6.71).

Type of Treatment
The previously described four broad categories of

treatment were delivered either singly or in combination
and included DAT, MSI, training ATC, and psychoeduca-
tional supports. The supervising SLPs and their graduate
student supervisees were the primary interventionists and
selected and implemented all of the treatments (see Table 2).

DAT
Thirteen clients received DAT. The file review sug-

gested that DAT was selected for clients who had atten-
tion impairments as a primary presenting complaint on the
basis of clinical interview and/or on standardized testing,
and that the clinician judged the attention impairment to
have a deleterious effect on school performance. In addition,
all clients receiving DAT were able to tolerate computer
screen use for a minimum of 30 min without somatic
compliant.

MSI
Nine clients received MSI. A review of the clinic re-

ports suggested that specific study strategies were selected
when the client’s primary complaint related to a specific
aspect of school or social functioning (e.g., poor compre-
hension and retention of lecture or reading assignments or
perceived social isolation). One client who received MSI
targeting reading comprehension also received training in
the use of ATC for a homework tracking application.

ATC
Five clients received training in the use of ATC. Two

of these clients also received DAT. All five of the trained
devices or tools were to improve school performance, either
through assignment management or comprehension of
auditory or written material. Three clients were trained in
a note-taking strategy using a smart pen that would record
lecture and match written notetaking to audio lecture;
one was trained to use an electronic reader that delivered
reading comprehension supports; and three were trained to
use a homework-tracking application, planner, or calendar
to track assignments.

Psychoeducational Support
All 24 clients received psychoeducational support

as part of their management of persistent cognitive symp-
toms, including goal setting and concussion education. As
described, all clients participated in a client-centered goal-
setting process. Three of the clients also participated in
symptom-monitoring programs. Two of them tracked
headache frequency and severity, possible triggers, and re-
sponses to their headaches and set personalized goals related
Sohlberg &
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to the trends observed in their self-monitoring. For example,
one client began a sleep hygiene program in response to
the data. The other client began a program of pacing in
response to noting that headaches increased with sustained
activity. The other client who engaged in symptom moni-
toring tracked her dizziness symptoms and contextual
factors.
Functional Goals and Outcomes
Outcomes for all clients were measured by assessment

of whether they met their expected level of improvement
on the goals they selected within their functional goal
domain. Across treatments, 22 of the 24 (83%) clients met
their self-selected goals. Outcomes corresponding to the
different treatment approaches are summarized below.

Of the 13 clients who received DAT, 11 met their
expected level of improvement on their self-selected goal.
One of the clients showed no change following completion
of DAT, and one client discontinued treatment, as she did
not feel it was helping. Because the rationale for DAT is
to improve underlying cognitive processing, it was the only
treatment for which standardized neuropsychological tests
served as an additional outcome measure. However, test
outcomes were not uniformly measured across clients, as
clinicians administered different types of attention and
executive function tests. Improvement on a standardized
attention test was noted when there was a positive change
of at least 1 SD on the test. Neuropsychological test results
were reported for only six of the 13 clients who received
DAT.The remaining clients either discontinued treatment
prematurely or did not return for scheduled posttesting. Of
those six clients who returned for testing, five demonstrated
an improvement of at least 1 SD on at least one of the
attention tests that had originally revealed impairments.
One client did not improve on the neuropsychological tests.

All nine clients receiving MSI met their self-selected
functional goals. All five clients receiving training in ATC
met their self-selected functional goals. Twenty-two of the
24 clients who received psychoeducational support met
their self-selected functional goals. One client discontinued
support as he felt it was not useful. One client had no change
in headache symptoms following symptom monitoring.
Discussion
This descriptive case review summarizes the clinical

treatment of concussion clients with persistent cognitive
and somatic symptoms affecting school performance.
There currently is little to no practice evidence to direct
the efforts of clinicians charged with treating these symp-
toms beyond recommendations for return to play protocols
and school accommodations, and a general recommenda-
tion to implement cognitive rehabilitation when symptoms
persist (e.g., Makdissi et al., 2013). Results of this review
suggest that individualized interventions, provided singly
or in combination, can be helpful. Altogether, most clients
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met their self-selected goals, many of which were mapped
to goal attainment scales.

Review of the clinical management for the 24 clients
suggests that the types of interventions selected across four
different supervising clinicians were highly individualized
and fell into four easily identified broad approaches, each
with a different treatment rationale and set of practices.
DAT was selected for clients who demonstrated specific
processing deficits (e.g., impairments in sustained attention
or working memory) as a primary complaint. Other treat-
ments were more compensatory in nature and involved
training the use of strategies or tools to improve academic
performance. Psychoeducational supports addressed goal
setting for all clients, and symptom monitoring for three
clients. The referring physician had recommended academic
accommodations for all clients at the outset of the treat-
ment. Consistent with the findings of Knollman-Porter
et al. (2014) and Salvatore and Fjordbak (2011), this review
suggests that SLPs can play an important role in assessment
and selection and delivery of treatment for this population.

Review of this convenience sample suggests that
an individualized approach to management of persistent
symptoms after concussion may be clinically advisable.
For example, two opposing treatment approaches, both
of which resulted in successful outcomes, were selected
for two clients with somatic symptoms. The intervention
plan implemented for one client who had some reactive
depression following prolonged cognitive rest resulted in
facilitation and support to increase activity and initiation
using MSI, whereas another client with this same profile
was treated using symptom monitoring to support a de-
crease in activity level and institute pacing and rest breaks.
A “one size fits all” approach of continued cognitive rest
when symptomatic would not have been helpful for either
of these clients. Some clients with more cognitive processing
deficits may benefit from process-specific training, whereas
others whose persistent symptoms are limited to primary
difficulty with a specific school function (e.g., auditory
or reading comprehension) may benefit from MSI to target
specific study skills. Other clients in need of external com-
pensation for managing academic tasks and routines may
best be served through training in the use of ATC. Collab-
oration with school staff would facilitate connections to
ensure the relevance and usefulness of in-clinic treatment
efforts to support academic performance after concussion
(Halstead et al., 2013).

Perhaps the largest contribution of this review is that
it delineates several treatment approaches with theoretical
grounding in the field of cognitive rehabilitation that may
be helpful for concussion management and could be sub-
jected to future experimental evaluation. The eventual goal
should be to outline evidence-based practice guidelines for
the treatment of persistent concussion symptoms or com-
plicated concussion. Figure 1 presents a proposed decision-
making graphic of management options to assist practicing
clinicians and guide future investigations on the basis of
our experience in an outpatient clinic staffed by SLPs. The
physician-referred cases reviewed in this report all exhibited
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cognitive and/or somatic symptoms. Those treatments
marked with an asterisk represent those selected and imple-
mented by SLPs.

The treating clinicians collaborated with other pro-
fessionals across disciplines when indicated to facilitate
management. Clinicians coordinated with school staff in
making recommendations for academic accommodations.
Connecting medical management with school management
teams to facilitate academic reentry is crucial to academic
performance and progress for young athletes (Halstead
et al., 2013).

Clinic cases that did not meet inclusion criteria for
this review were placed on monitoring status or referred
for ancillary services as indicated in this proposed decision-
making graphic for management of complicated concussion.

Limitations
The cases reviewed represent a small biased sample

from one clinic. It is thus not possible to extrapolate findings
to a larger population. The treatments implemented may
reflect treatment biases particular to our clinic and may
not apply as well to other clinics’ practice models. Of some
consolation is that the client profiles for the 24 cases share
some of the demographics documented in the literature,
suggesting the sample is at least somewhat representative.
For example, soccer and football represent the high-incidence
concussion sports, with female soccer injuries occurring
more frequently than male injuries (Maher et al., 2014),
which was also true in this sample.

Another limitation to our findings is that graduate
student clinicians and supervising SLPs made differing
choices in treating the clients in this limited sample, resulting
in inconsistency across selected assessments and interven-
tions. There was not a uniform set of treatment guidelines,
with the exception that clients participated in an extensive
clinical interview with established questions, completed
a standardized cognitive battery, and engaged in a person-
alized goal selection process. However, the treatment
selection and goal prioritization process did not follow a
standard, operationalized protocol. Therefore, it is diffi-
cult to make accurate summary statements about clinical
decision making.

Similar is the inconsistency relative to the lack of
standardized outcome measures. Although goal attainment
scaling has the potential to offer objective, quantifiable
methods for evaluating personalized rehabilitation goals
(Bouwens, van Heugten, & Verhey, 2009), this process
was not used in a standardized fashion in our clinic. Also,
a number of methodological issues need to be addressed
in order for goal attainment scaling to constitute a valid
measurement of treatment outcomes (Grant & Ponsford,
2014). It is fortunate that the use of goal attainment scaling
is expanding in both clinical and research settings and holds
promise.

Last, precise mechanisms of improvement require
clarification in future experimental research. All clients
received some degree of psychoeducational support in the
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form of goal setting, and some clients received MSI in
combination with training the use of ATC. Also, when
clients received more than one treatment, it was at times
unclear in the files precisely what dosage of which treatment
clients received over the course of treatment. Another fac-
tor potentially accounting for some degree of improvement
is the implementation of recommended academic accom-
modations at school, but tracking their implementation in
the school setting was beyond the scope of this review. The
descriptive nature of this review cannot adequately account
for mechanisms of improvement for the 83% of clients who
met their self-selected goals.
Conclusions
The primary merit in this case review is that it en-

courages future study of an ignored population in need of
treatment: complicated concussion cases presenting with
persistent cognitive symptoms. Implementation science
calls for feasibility and efficacy research to occur in concert
in order to (a) increase the adoptability of experimentally
tested interventions, and (b) decrease the time lag between
research and practice implementation (Burke & Gitlin,
2012; Turner et al., 2008). We hope this clinical review will
stimulate the development of feasible management protocols
Sohlberg &
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for complicated concussion that can be evaluated by system-
atic efficacy research.
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