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Abstract

Purpose of Review Post-concussion syndrome (PCS), when the patient’s concussion symptoms last longer than 4-6 weeks,
affects 10-30% of concussion patients. PCS presents a significant source of morbidity to patients and a management challenge to
providers. In this review, we present the current evidence and best management approaches for pediatric PCS.

Recent Findings There is limited high-quality evidence in pediatric PCS. There is some evidence supporting pharmaceutical
management of post-traumatic headaches, cognitive symptoms, and emotional symptoms. Vestibular-ocular dysfunction should
be evaluated and managed appropriately. Neuropsychological recovery is expected, but requires appropriate attention to Return
to Learn. Emotional symptoms are common in PCS and the evidence supports treatment with cognitive behavioral therapy.
Summary PCS presents a unique therapeutic challenge affecting multiple domains for patients—physical, sleep, cognitive, and
emotional. Successful management of PCS requires a multi-disciplinary and individualized approach. There remains a significant
need for further research, specifically looking into the outcomes and effective interventions in pediatric PCS.

Keywords Post-concussion syndrome - Mild traumatic brain injury - Pediatric concussion - Post-traumatic headache - Cognitive
behavioral therapy

Introduction

There exists an important subset of pediatric patients with
acute concussions that can develop persistent symptoms after
a concussion. In children, “persistent symptoms” is generally
defined as concussion symptoms lasting more than 4 weeks
and may continue for longer than 3 months [1]. Estimates of
the prevalence of prolonged recovery can vary from 10 to
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30% depending on the patient cohort and timeframe used to
define “prolonged” [2+¢]. Although the terminology may vary,
the term “post-concussion syndrome” (PCS) is most consis-
tently used since it accurately reflects clinical recovery outside
of the expected timeframe. PCS can profoundly affect a
child’s function physically, cognitively, and emotionally and
presents a significant source of morbidity to patients and a
management challenge to providers [3-5].

Current evidence supports that both injury-related and
noninjury-related factors affect an individual patient’s recovery
and long-term prognosis after a concussion [6¢°, 7]. As such,
predicting the course and long-term outcomes in children with
mild traumatic brain injury (mTBI) is complex. In addition to
the specific details of the injury, other demographic and
premorbid factors such as neurological or psychiatric history,
learning disabilities, prior academic performance, preinjury
symptoms, and psychosocial stressors, such as school-related
bullying, can contribute significantly to predicting the risk of
developing PCS [6¢°, 7]. In addition to the standard post-
concussion symptom scales, the clinician should also obtain
a detailed headache profile (preinjury history, type, location,
severity, and family history), premorbid sleep profile, prior
drug and alcohol use, and a detailed psychiatric history and
consider other psychosocial stressors [2¢¢].
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Concussion symptoms tend to cluster into four main
groups. Individual patients may exhibit greater or fewer symp-
toms in each area (see Fig. 1). These include autonomic dys-
function (headache, sleep difficulties, light/sound sensitivity,
postural hypotension), vestibular-ocular dysfunction (dizzi-
ness, poor balance, nausea, vision changes), cognitive symp-
toms (feeling “foggy” or slow, easily distracted, decreased
memory, decreased concentration), and emotional symptoms
(irritability, anxiety, moodiness, sadness) [8¢]. These persis-
tent symptoms after a concussion may also be reflective of
coexisting and/or confounding pathologies that do not neces-
sarily reflect continued physiological changes to the brain
from the injury.

Most management approaches for PCS revolve around
these four areas. Due to the variability in presentation, it can
be helpful to classify different phenotypic clusters based on
the involved domains (headaches, balance/vestibular dysfunc-
tion, neurocognitive, psychological) [2¢¢]. Based on the con-
cussion phenotype, a correlative plan can be developed, in-
cluding medical management, behavioral modifications, and
guidance for Return to Learn (RTL) and Return to Play (RTP).

Successful management of PCS often requires a multi-dis-
ciplinary, holistic approach focused on a neurobiopsychosocial
model of mTBI. This approach is required to identify primary
and secondary processes confounding recovery and to develop
a corresponding, individualized treatment plan. Traditionally,
management of persistent symptoms after a concussion has

Fig. 1 Clinical picture of PCS—
symptoms tend to cluster in four
groups

Autonomic
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been an extension of the guidelines for acute injuries as there
is a limited scope of evidence on treatment for PCS. The evi-
dence and general recommendations for management of these
different domains will now be reviewed.

Post-Traumatic Headaches

Although pharmacological interventions are widely used in
the management of post-traumatic headaches (PTH) after a
concussion, there is currently limited evidence supporting
their use [2¢¢]. A comprehensive summary treatment para-
digm is in Fig. 2 [9ee].

PTH are one of the most common complaints in patients
with persistent symptoms after an acute concussion. Persistent
PTH are defined as headaches lasting more than 3 months
post-injury and often present as migraine or tension-type
headaches [9¢¢, 10]. Pre-existing history or profile for mi-
graines or mood disturbance may increase the risk of devel-
opment of PTH. In addition to a detailed headache history, it is
important to screen for medication overuse headaches
(MOH). Up to 70% of adolescents with chronic PTH meet
the criteria for MOH [11, 12]. There are no established guide-
lines for the management of pediatric PTH and no high-
quality studies comparing medication efficacy in PTH. A sys-
tematic review published in 2012 found there was insufficient
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Fig. 2 (Reprinted with permission from SLACK Incorporated [9+¢]) A multimodal treatment paradigm incorporating physical rehabilitation and
cognitive behavioral therapies. NSAIDs non-steroidal anti-inflammatory drugs, PTH posttraumatic headache

evidence to recommend any specific pharmacological inter-
vention for PTH [13].

Management of PTH is typically extrapolated from the
management of a primary headache disorder with lifestyle
modifications focusing on sleep hygiene, hydration, exercise,
avoidance of triggers, stress management, and use of preven-
tative and abortive medications.

Non-steroidal anti-inflammatory drugs (NSAIDs), such as
ibuprofen or naproxen, are often initially used with variable
results. If there is an insufficient response to NSAIDS and the
headaches have migranous features, serotonin agonists
(triptans) are often used and typically well tolerated in children
[8¢]. The American Academy of Neurology recommends con-
sideration of preventative medications when headaches are
occurring more frequently than twice per week.

In a retrospective review of adolescents at a regional con-
cussion clinic, 82% of patients noted a benefit from the use of
amitriptyline [ 14]. Some studies have shown good therapeutic
benefits and long-term benefits from the use of a local anes-
thetic nerve block of the scalp [14—16]. There is emerging data
on the use of melatonin for the treatment of persistent PTH
[9¢¢] as well as a migraine preventative [17]. Vitamin B,
(riboflavin) has been shown to be an effective prophylactic
treatment for migraine headaches [18, 19], which has some-
times been extrapolated to PTH as well. Other nutraceuticals,
including high-dose magnesium and coenzyme Q-10, have
some evidence in prophylaxis of migraine headaches, but
there are no properly designed and powered clinical trials in
the pediatric concussion population [20—22]. Opiate use is not
indicated for the treatment of pediatric headaches [11].

@ Springer
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Vestibular-Ocular Dysfunction
and Rehabilitation Therapy

A comprehensive visual motor assessment is a critical but
often underutilized tool in the evaluation of PCS. Vestibular-
ocular dysfunction is common in concussed athletes. In one
study, vestibular-ocular dysfunction was found in 29% of
acute sports-related concussion and in 63% of those with
PCS. If vestibular-ocular dysfunction was seen in the acute
phase, those children and adolescent athletes took twice as
long to achieve clinical recovery and were four times as likely
to develop PCS [23].

Vestibular rehabilitation therapy (VRT) can feasibly be
started even in the acute phases of concussion with more
and more evidence showing it can possibly reduce overall
symptom duration [24e, 25]. Furthermore, VRT may be able
to reduce physical and cognitive rest time and prevent the
negative effects of prolonged inactivity. Female sex, preinjury
depression, post-traumatic amnesia, dizziness, blurred vision,
and difficulty focusing at the time of injury are independent
risk factors for the development of vestibular-ocular dysfunc-
tion among children and adolescents with sports concussion
[26¢e, 27].

To determine the need and direction of physical therapy
and VRT with PCS, a thorough screening of each patient
needs to be completed as cause of symptoms can vary signif-
icantly. Specifically, dizziness can be multifactorial and re-
quires screening of all involved systems after a concussion.
Certain tests may hold more value when trying to differentiate
the cause of dizziness after a concussion and can provide
guidance with differential diagnosis [28]. In patients who have
persistent symptoms of dizziness, blurred vision, motion sen-
sitivity, and/or balance impairments after a concussion with
standard care, comprehensive screening and treatment of con-
cussion require physical therapists with orthopedic, neurolog-
ic, and vestibular training.

Screening for vestibular-ocular dysfunction should include
specific assessments including dynamic visual acuity, position-
al tests for peripheral vestibular dysfunction, postural stability/
balance assessment, and head impulse test’/head thrust. The
vestibular-ocular motor screening (VOMS) allows for a com-
prehensive assessment of patient symptoms during perfor-
mance of smooth pursuit, horizontal and vertical saccades
and vestibular-ocular reflexes, normal point convergence, and
visual motion sensitivity. VOMS has been found to identify
athletes’ vestibular and ocular impairment from pre- to post-
sports-related concussion [29]. In the pediatric population,
identification of vestibular-ocular deficits is key for RTL and
RTP, as children may not always be able to recognize these
specific deficits and correlated symptoms. A formal balance
assessment, such as the Balance Error Scoring System
(BESS) or the more dynamic Functional Gait Assessment,
should be part of every vestibular-ocular evaluation [30].

@ Springer

The cervical spine needs to be evaluated for cervicogenic
causes of ongoing symptoms including dizziness, neck pain,
and/or headache in PCS [31]. Even in the absence of neck pain
or readily apparent cervicogenic symptoms, the neck should
be screened as a cause of persistent post-concussive symp-
toms [32e¢]. These screening tests include range of motion,
palpation of paraspinal muscles, segmental mobility, and sta-
bility, posture, neuromuscular control, strength of cervical
muscles and scapular muscles, joint position error, vibratory
testing, and other tests that look at changes in signs/symptoms
when the neck position is changed or stressed.

Finally, screening should include exertional testing to iden-
tify impaired responses to physiologic stress or exertion (au-
tonomic dysfunction). Exertional assessments can be used to
track recovery after concussion and should use symptom pres-
ence and exacerbation as a guide [33+]. The Buffalo
Concussion Treadmill Test is used to separate out symptoms
caused by physiologic concussion (verses cervicogenic
causes, for example) and may be more reliable than comput-
erized neurocognitive testing at predicting the RTP process
[34].

Treatment for PCS should specifically address exertional
impairments as well as findings from the cervical spine, ves-
tibular, and oculomotor exams and need to be tailored to each
individual and guided by patient response to treatment. While
the PCS examination can be standardized for patients, the
corresponding treatment will vary from person to person
[2¢]. Referral to neuro-ophthalmology should be considered
if symptoms of diplopia, severe issues with convergence/sac-
cades/smooth pursuits and/or if ocular misalignment persists
or if there is a vertical misalignment. Some visual deficits need
time to heal, but if persisting longer than 4 weeks, it may be
helpful to look into vision therapy (prism lenses may be nec-
essary as well as specific vision therapy exercises).

VRT has been found to be more effective than continued
cognitive and physical rest in reducing persistent symp-
toms of dizziness, unsteadiness, and imbalance in adoles-
cents with persistent PCS [35]. Current evidence to quan-
tify efficacy and optimal prescription of VRT after a con-
cussion is limited [36°¢]. VRT combined with cervical
spine physiotherapy was found to significantly decrease
RTP time at 8 weeks compared to usual care [29].
Preliminary evidence shows that VRT may decrease per-
ceived disability in patients with dizziness from PCS [37].
Another study found faster improvements in dizziness, bal-
ance problems, symptoms, and disability with VRT for
individuals with mild-to-moderate TBI in comparison to a
control group, although the effects were not significant
between the groups 2 months after the intervention was
stopped [38]. Although the long-term effects of early initi-
ated VRT after concussion have not been well studied,
VRT may provide earlier relief in the short term and may
decrease the time until return to sport and activities.
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Neurocognitive Symptoms and Return
to Learn

It is firmly established within the neuropsychological litera-
ture that a single concussion does not produce long-term neu-
ropsychological consequences in the vast majority of children
and adults [39¢]. The question of the long-term effects of mul-
tiple concussions on cognitive function is less clear, in part,
because of a paucity of prospective studies with cohorts that
are not professional contact-sport athletes. Despite that, the
expectations for neuropsychological recovery following a
concussion is quite positive. PCS can impact a child’s ability
to engage optimally in settings of everyday life, including
school [40]. Moreover, a concussion does not occur isolated
from other social, health, cognitive, and behavioral challenges
that exist for children and adolescents. Indeed, the risk factors
for more enduring cognitive and behavioral changes follow-
ing a concussion/mTBI generally reflect premorbid factors
[41], such as low socioeconomic status, history of learning
disability or attention-deficit hyperactivity disorder (ADHD),
and mood disorders [42, 43].

Regarding specific cognitive challenges common in PCS,
difficulties with attention/concentration and aspects of execu-
tive function, such as working memory (i.e., the ability to
maintain, manipulate, and synthesize information held in
mind) can affect academic functioning as the student transi-
tions back into school. It should be emphasized that compre-
hensive neuropsychological evaluations are not necessary for
the development of an RTL protocol. However, an evaluation
by a neuropsychologist with expertise in concussions may
help hasten the recovery process [44¢]. Cognitive difficulties
typically manifest in the context of other PCS symptoms, in-
cluding alterations in vision, arousal, and emotion. The result
can be significant, but usually time-limited in impacting aca-
demic function [40, 45]. Reassuringly, a recent population-
level study in high school students did not reveal evidence
of'a long-term decline in academic performance over a period
of a year following a concussion [46].

Although the effects on academic function after a concus-
sion are limited, the RTL process to transition back into school
remains an important focus within the broader field of pediat-
ric concussion care. It is increasingly clear that long absences
from school have a deleterious effect on children’s psycholog-
ical and academic functioning. The recommendation is for
earlier RTL with appropriate modifications to the environment
and academic demands to provide the best likelihood of a
successful transition. RTL is an individualized program that
is based on various factors including symptom severity, the
nature of the symptoms (e.g., vision deficit with fatigue vs.
post-traumatic migraine with memory challenges), duration of
the symptoms, and premorbid functioning. In addition, there
is evidence that adolescents have greater challenge with RTL
than younger children [47e¢].

Although the RTL process is less defined than RTP proto-
cols, there are some general principles that guide the develop-
ment of an RTL protocol. Effective coordination and commu-
nication among the student, the parents, school personnel, and
the medical professional is critical. Often the medical profes-
sional will provide the RTL plan to the parents and one member
from the school (e.g., a school nurse). The involvement of a
school psychologist or social worker can also be beneficial for
coordinating academic accommodations and assessing stu-
dent’s adjustment especially for students with mood symptoms.

In terms of student’s readiness for attending school, it is
generally expected that prior to returning to school, the injured
student can manage a modest degree of cognitive activity/
exertion, such as reading for 30 min. Once a student can tol-
erate a modest degree of cognitive stimulation, RTL empha-
sizes a progressive increase in the amount of time spent in
school (i.e., environmental stimulation) and the amount of
cognitive/learning activity required (i.e., cognitive stimula-
tion). For example, students can initially return to half-days
of school without requiring the student to complete homework
or examinations and including rest breaks if needed.
Additional adjustments or modifications to learning and/or
environmental demands are tailored to each student based on
their respective symptom presentation. As illustrated, students
with vision and ocular-motor deficits typically need to avoid
electronic screens, utilize regular breaks while completing vi-
sually based tasks, and benefit from audio-recorded lectures.
Students with memory and attention issues may benefit from a
reduction in overall work demands including homework and
extended time to complete examinations until symptoms have
improved. In general, only after a student has progressed to
full academic participation (i.e., no modifications are in
place), return to sports may be considered. Our experience,
like that of others, is that students with higher symptom load
and comorbid mood disorders progress more slowly to full
academic participation [47ee, 48¢]. As the large majority of
students transition back to full academic participation within
a few months, considerations of more long-standing academic
supports such as a 504 plan or individualized education plan
(IEP) are rarely needed.

Pharmacological Treatment
of Neurocognitive Symptoms

Cognitive deficits, especially in the domains of attention, con-
centration, and distractibility, are quite common in PCS.
These symptoms do resemble those seen in ADHD and there
has been some limited evidence showing the benefits of stim-
ulants in PCS. A recent review of the literature found nine
such studies with three of them focused on children. There
was limited evidence that immediate release methylphenidate
had some positive impact in the domains of attention, fatigue,
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and depression [49¢]. Although not specifically a stimulant,
amantadine is thought to potentiate dopamine, giving it a
stimulant-like effect. One small cohort study of adolescents
with PCS found that the use of amantadine improved symp-
toms and cognitive performance when compared to historical
controls [50]. There is little to no evidence supporting the use
of nutraceuticals for cognitive deficits in PCS.

Emotional Symptoms and Psychological
Treatment

It has been proposed that persistent symptoms after a concus-
sion are strongly linked to non-neurologic variables, notably
issues such as anxiety and trauma, and that psychosocial in-
terventions should therefore play a primary role in treatment
[51, 52¢¢]. Despite this, psychosocial treatments such as cog-
nitive behavioral therapy (CBT) are under-researched and
underutilized for this condition. It is hypothesized that this is
due to mental health stigma, insurance constraints, overreli-
ance on medication, lack of trained CBT providers, failure to
diagnose comorbidities, and lack of physician referrals to
CBT [53, 54]. However, if these psychosocial factors go un-
treated, youths with PCS are at risk for ongoing health prob-
lems into adulthood [39¢].

There is a fund of research on the effectiveness of CBT for
pediatric pain and injury for both youths and adults [55¢, 56].
CBT has been shown to reduce pain frequency and severity,
reduce associated stress, anxiety and depression, improve
sleep, and improve functioning across domains, including
school and physical activity [57, 58]. Recent research specif-
ically supports the effectiveness of CBT for pediatric head-
ache [59, 60]. As headaches are a predominant symptom in
pediatric PCS, behavioral treatments may enhance or replace
pharmacotherapy, with the advantage of eliminating danger-
ous side effects and reducing costs [61¢]. As CBT targets both
physical and emotional components of PCS, it is a particularly
robust intervention, as premorbid and comorbid issues like
anxiety and poor emotional awareness are shown to maintain
and prolong PCS symptoms [2¢¢, 62]. These confounding
issues may create a psychological predisposition for the de-
velopment of persistent PCS symptoms after an mTBI [63].

While research on CBT for PCS is limited, particularly for
children, existing research is promising. Review articles have
demonstrated that CBT had consistently positive results in
PCS [64¢, 65]. One study showed that CBT delivered soon
after a concussion is well tolerated, may reduce PCS inci-
dence, and can facilitate PCS recovery [66]. A randomized
controlled trial comparing CBT to “usual care” for adolescent
PCS patients determined that adolescents in the CBT group
had clinically and statistically significant improvements in
PCS symptoms, reduced depressive symptoms, and more
functional gains at 6 months compared with the usual care

@ Springer

group [67]. Other studies have shown that a CBT protocol in
youth with PCS resulted in improved ability to tolerate phys-
ical exertion, decreased psychological distress and symptoms,
and a return to functioning [68, 69].

CBT is rooted in the premise that cognition, emotions,
physical symptoms, and behaviors all affect one another in
a multi-directional, interactive cycle (see Fig. 3). For ex-
ample, injured youths often engage in catastrophic
thoughts such as, “I’m broken, I’ll never get better.” Fear
of permanent brain damage not only exacerbates and main-
tains acute symptoms [70], but these cognitive distortions
also trigger depression, stress, and anxiety, which activate
the “fight-or-flight” response. This results in physical
symptoms such as light-headedness, dizziness, and head-
ache, triggering and exacerbating existing PCS symptoms
[59]. Negative thoughts and feelings subsequently result in
fear-based coping behaviors, such as avoiding sport and
physical activity, isolating, and missing school [71].
Avoidance predicts symptom severity, disability, and de-
pression [72]. As youths fall behind, become isolated,
and miss sport and social functions, they understandably
become even more stressed, sad, and anxious, which trig-
gers additional somatic symptoms and maladaptive coping
behaviors [73]. Thus, the cycle continues until broken. It is
therefore important to normalize, treat, and not stigmatize
the emotional impact of PCS on youths.

CBT teaches youths to break the PCS cycle by reducing
negative cognitions, transforming negative emotions, and
implementing healthier coping skills. Standard PCS CBT pro-
tocols typically include psychoeducation (e.g., reassurance,
prognosis) and affect education (e.g., learning the relationship
between stress and physical symptoms), relaxation strategies,
mindfulness, biofeedback, imagery, distraction strategies,
cognitive restructuring (e.g., reattribution of symptoms to be-
nign causes, reducing catastrophic predictions), and “pacing”
for return to school and play [70, 74-76]. CBT should only be
administered by trained therapists with appropriate education-
al backgrounds (MSW, MFT, PsyD, PhD). Parent sessions are
also considered an important component of CBT for pediatric
health conditions and may be considered as needed [77, 78].

One significant issue in the PCS literature is that there is
no single, uniform CBT treatment protocol. Historically,
various CBT manuals have been utilized in PCS studies
with evidence of success [74, 79, 80]. However, clinical
trials and outpatient CBT treatments continue to differ in
the protocol, duration, and intensity of treatment, modality
(group vs individual), therapist training and background,
and skills taught. As such, the definition of “CBT treat-
ment” varies from study to study and provider to provider.
Nevertheless, the potential for CBT to target premorbid,
comorbid, and active PCS symptoms—in concert with
medical interventions—makes it an important candidate
for continued utilization and research.
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Fig.3 The CBT cycle of pediatric
PCS

E i (avoid
school and sport, stay in
bed, isolate)

Pharmacological Treatment of Emotional
Symptoms

In addition to appropriate psychotherapy including CBT,
some patients may benefit from pharmacological manage-
ment of mood symptoms. It is critical to gather a thorough
psychiatric history including prior psychiatric diagnosis
and treatments, family history, and current symptoms. It
is also important to separate severity of symptoms from a
normal response to a stressor, such as having a phobia of
driving a car after a motor-vehicle accident to a psychiat-
ric DSM diagnosis such as post-traumatic stress disorder.
Tools, such as the Beck Depression Inventory-II, Patient
Health Questionnaire, or Brief Symptom Inventory-18,
may help to define prior history of depression, anxiety,
and somatization affecting protracted recovery after a con-
cussion [2].

Antidepressants, specifically selective serotonin reuptake
inhibitors (SSRIs), have become a primary treatment for
concussion-related mood symptoms because of perceived
clinical efficacy and relatively few side effects. The evidence
is fairly limited and mostly extrapolated from a more severe
TBI population. There is some evidence that SSRIs reduced
depression symptoms and cognitive impairments after mTBI
[81, 82]. Other antidepressants, including those with a mixture
of effects on serotonin, norepinephrine, and dopamine, have
little to no evidence for treatment of post-concussion depres-
sion [83]. In addition to the prior-mentioned melatonin,
Trazodone is often used in the brain-injured population to treat
sleep disorders in the acute phase after TBI [84].

IOUGHTS | © 1 o1y

I'll never get better)

|l (anxious,
stressed, sad, angry)

(fight-or-flight, light-
headed, headache, dizzy)

Conclusions

PCS presents a unique therapeutic challenge affecting
multiple domains for patients—autonomic, vestibular-oc-
ular, cognitive, and emotional. The most effective treat-
ment for PCS is a multi-disciplinary, biopsychosocial ap-
proach in which three different but equally important do-
mains are considered: biology (sex, age, genetics, etiolo-
gy, medications, sleep, diet, etc.), psychological function-
ing (thoughts about injury and pain, emotional function-
ing, coping behaviors), and social functioning (effects of
parenting, isolation vs support, school attendance, sports,
etc.). Successful management of PCS requires a multi-
disciplinary and individualized approach that focuses on
the specific phenotype of symptoms whether predomi-
nantly autonomic dysfunction, vestibular-ocular dysfunc-
tion, cognitive difficulties, psychological symptoms, and,
ideally, a combination of these clusters. In addition to
medical management, patients may benefit from the in-
clusion of other disciplines including vestibular rehabili-
tation, neuropsychological supports and/or cognitive be-
havioral therapy. There remains a significant need for
further research, specifically looking into outcomes and
effective interventions including pharmaceutical options
in PCS.
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