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Contemporary diagnosis and management of mild TBI
(concussions): What you need to know

Joseph C. Panzera, DO, Olivia E. Podolak, MD, and
Christina L. Master, MD, FAAP, CAQSM, FACSM, FAMSSM, Philadelphia, Pennsylvania

ABSTRACT:

Concussion is a common injury in children and adolescents and is a form of mild traumatic brain injury that surgeons will see in their acute care

practice. With a rapidly changing evidence base for diagnosis and management, we will focus on the importance of timely identification and
diagnosis, as well as the early initiation of active management of pediatric concussion immediately after injury through recovery. This approach
involves the application of targeted therapies for specific deficits identified after concussion, addressing the individual pattern of symptoms
experienced by patients following concussion. We will review what is known about the underlying pathophysiology that drives the clinical man-
ifestations of concussion, the targeted clinical assessments that can both aid in the diagnosis of concussion, as well as drive the active rehabil-
itation of deficits seen after concussion. The standardized approach to the return to activities will also be described, including return to learning
and sports. (J Trauma Acute Care Surg. 2024;96: 865-869. Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.)
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C oncussion, a form of mild traumatic brain injury, or mTBI,
is a common childhood injury impacting millions of chil-
dren and adolescents annually in the United States, frequently oc-
curring in sports and recreational settings.' Over the past decade,
concussion evaluation and management have become an impor-
tant area of interest across many medical specialties that care
for patients with concussions. Clinicians caring for pediatric and
adolescent patients with concussion are often faced with the chal-
lenge of timely diagnosis, as well as initiation of management,
based on the most up-to-date evidence. Concussion is a complex
injury, often requiring a multi-disciplinary approach with special-
ized assessments and treatment modalities. Clinicians often must
tailor treatment plans to the individual, often including recom-
mendations for symptom management during recovery, for grad-
ual return to academic activity, gradual return to physical activity,
and sometimes rehabilitative therapies, for the vestibular and vi-
sion systems. In addition, medical management for symptoms
such as post-traumatic headache, as well as behavioral and cogni-
tive therapies may be indicated. We will focus on the importance
of timely diagnosis and early initiation of a multimodal active
management approach to pediatric concussion through recovery.

Epidemiology and Clinical Pathophysiology
Concussion impacts an estimated 1.4 million children
and adolescents annually,'” with the overall incidence of
sport-related concussion ranging from 0.1 to 21.5 per 1000 ath-
letic exposures.® Recent estimates place the overall incidence of
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pediatric concussion at about 538 per 100,000 patients per year.*
A study by Yard and Comstock estimated that the overall rate of
concussions per year accounted for approximately 9% of all
high school athletic injuries.’ This study evaluated 100 high
schools for more than 3 years and found 1308 concussions dur-
ing 5,627,921 athletic exposures, resulting in an estimate of
395,274 concussions per year in US high school athletes across
9 different sports, including football, boys' and girls' soccer, vol-
leyball, boys’ and girls’ basketball, wrestling, baseball, and soft-
ball. Girls’ soccer and girls’ basketball had the highest rates of
concussions with 15.1% and 11.7%, respectively.®

The clinical manifestations of concussion occur due to a
complex pathophysiological process affecting the brain without
gross anatomic lesions. This injury is induced by biomechanical
forces transmitted to the brain, resulting in neuronal dysfunction.”
Following the injury, a complex biological process, known as the
metabolic cascade, results in disruptions to the neuronal cell ho-
meostasis within the brain. It has been hypothesized that the dis-
ruption of neuronal cells, and ultimately, mitochondrial dysfunc-
tion, causes the symptoms experienced by patients who have
sustained a concussion. When neuronal cells are injured, they be-
come hyperglycolytic, drastically increasing the brain's demand
for glucose and oxygen. Due to the physiologic response to injury,
cerebral blood flow is not increased sufficiently to meet the met-
abolic needs of the injured brain, resulting in a metabolic mis-
match within the brain.® The resultant combination of mitochon-
drial dysfunction, metabolic mismatch, and neuronal cell injury,
result in the manifestation of concussion symptoms experienced
after injury.

Physical Examination and Diagnosis

Common clinical imaging modalities, such as computed
tomography and magnetic resonance imaging, while useful in
excluding more serious traumatic brain injuries requiring neuro-
surgical intervention, do not contribute to the diagnosis of
concussion.’ It is important to recognize potential red flags in
youth presenting with head injury, such as altered mental status,
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seizures, limb paralysis or paresthesia, repeated emesis, or dis-
charge from the ears or nose after injury. Such individuals
should be referred for emergency evaluation and possible imag-
ing in order to evaluate for more serious traumatic injury to the
brain. While concussion research has made significant strides
in the last decade with the goal of identifying biomarkers, con-
cussion diagnosis remains a clinical one, relying on clinical
judgment. When a patient presents with a head injury, clinicians
should obtain a detailed history, including mechanism of injury,
onset of symptoms after the injury, symptom type and burden,
previous concussion history, and any co-occurring conditions.
Risk factors for prolonged recovery after concussion in the pedi-
atric population include concussion history, female sex, adoles-
cent age and certain comorbidities including, certain visual con-
ditions (i.e., amblyopia, strabismus, convergence insufficiency,
etc.), history of migraines, attention-deficit/hyperactivity disor-
der (ADHD), learning disabilities, anxiety and depression.'®!?

Once obtained, the clinician should proceed with a symptom
assessment and physical examination. Validated tools commonly
utilized for symptom assessment are the Post-Concussion Symp-
tom Scale (PCSS), validated in children 11 years and older, or
the SCAT Symptom Inventory, or Post-Concussion Symptom In-
ventory (PSCI) self-report, both with a Child version for children
5 years to 12 years of age and another for adolescents 13 years or
older.'* The PCSI and the SCAT symptom inventory assess 22
concussion symptoms on a severity scale of 0 to 6, with symptoms
grouped into four categories, cognitive, emotional, fatigue, and
physical, which can help inform the concussion management plan.

Visual and vestibular abnormalities are common after
concussion.!> 2% As a result, the Consensus Statement on Con-
cussion in Sport guidelines recommend the use of standardized
assessment tools for concussion diagnosis, including an evaluation
of vision, vestibular function, and balance. The visiovestibular
examination (VVE) is a validated tool that has been shown to
be a useful diagnostic and prognostic tool in pediatric
concussion.”’?* Visual and vestibular deficits at initial presen-
tation have been associated with an increased risk of prolonged
recovery and the development of persistent post-concussive
symptoms (PPCS).'%!" The VVE, validated in children as
young as 6 years of age, is comprised of a suite of visual and
vestibular tasks, including smooth pursuit, saccades, angular
vestibulo-ocular reflex, near point of convergence, monocular
accommodation, and a complex tandem gait assessment, >
which consists of four conditions, walking heel-to-toe in a
straight-line forward with eyes open and closed and backward
with eyes open and closed, and has been found to be more sen-
sitive and specific in its discriminatory ability compared with a
device-based balance assessment*®

Acute Management

The majority of children and adolescents recover from con-
cussion within 4 weeks, but it is a heterogeneous injury requiring
individualized care plans to address specific deficits noted on
physical examination, reported symptom burden, and past medical
history of each patient. While individualized care plans will vary,
acute management of concussion is consistent in recommending
relative cognitive and physical rest for the first 48 hours after injury
which may include a brief absence from school, avoiding activities
with risk of re-injury, and reduced screen time.*’ Children and ad-
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olescents during this acute period following concussion are vulner-
able to re-injury and sequelae, including prolonged symptoms and
slower recovery. Despite the role of rest in the recovery process,
complete rest is not recommended and gradual return to both cog-
nitive and physical activity should begin after the 48-hour period
after injury. As strict rest and prolonged rest have been associated
with longer recovery and increased risk for prolonged concussion
symptoms, patients are advised to begin slow return to daily activ-
ities, such as school attendance with adjustments and suglport, and
light aerobic physical exercise after a 48-hour rest period.*'** Phys-
ical activity should be increased in a step-wise fashion, as tolerated,
and may be done under the supervision of an athletic trainer,
sport-related who can monitor the return to play (RTP) pro-
cess and reduce the risk of contact, collision, or other injury dur-
ing this recovery time period.

Management of concussion involves symptom manage-
ment and when task modification is not sufficient, referral to a
specialist with experience with concussions, such as a sports
medicine practice, for further targeted treatment of vestibular
or visual deficits may be indicated. Emerging evidence supports
early identification of patients with timely referral to sports med-
icine specialty care for multi-modal and active management im-
proves time to recovery.?*°

Return to Learn and Return to Sports

Re-integration into the academic setting should be the pri-
mary focus for all pediatric patients diagnosed with a concussion
and requires clinicians to address any visio-vestibular deficits,
specifically convergence insufficiency and accommodative in-
sufficiency, or motion sensitivity, and their subsequent potential
impact on school activities. A Return to Learn (RTL) guide,
such as the one outlined in Table 1.2 below, is helpful for man-
aging the school re-entry process and can be implemented early
in the recovery process, following acute management with
24 hours to 48 hours of relative rest following the injury. Early
incorporation of academic accommodations after injury to ac-
count for symptom burden and visual deficits are recommended
for use in the school re-entry process>>'*? and requires engaging
school administration and teachers. Academic accommodations
allow for a gradual increase in school participation through task
modification, and pacing breaks to decrease symptom exacerba-
tion, and reducing visual workload, using preprinted school ma-
terials with larger font sizes and double spacing, photocopied
notes, or audio recordings of class materials. Extra time for
preparation for and completion of schoolwork and test-taking
while the child recovers from concussion is also a key compo-
nent of these academic adjustments after a concussion. Focusing
on academic work in core subjects and excusing nonessential
work, while allowing for breaks throughout the school day in a
quiet environment is a helpful tool to help manage cognitive
and visual loads and symptom exacerbation while increasing
and maintaining school participation.

To guide clinicians and healthcare providers in safely
returning youth athletes to sport, the Consensus Statement on
Concussion in Sport recommends a structured RTP protocol.
A stepwise process comprised of six steps, beginning with aero-
bic exercise and progressing to sport-specific activities and
eventually full contact practice. Athletes must be concussion
symptom-free for a 24-hour period at each step before advancing
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TABLE 1. Sample Return to Learn Protocol

Step Goal
1 Daily activities that do not result in significant exacerbation of concussion symptoms: some Gradual return to school activities

reading, minimizing screen time, 5- to 15-min periods with gradual increase

School activities: gradual increase in homework, light reading, or other cognitive activities Increase cognitive work

3 Return to school with support: gradual re-introduction of schoolwork, starting with reduced Further increase academic activities

workload and pacing breaks as needed
4 Return to school full-time: gradual progression to full school activities, further increase in Return to full academic activities

cognitive work
5 Remove accommodations: full days of school and re-introduction of tests and quizzes Complete make-up schoolwork and complete transition

back to full academic activities

Adapted from the 6th Consensus Statement Graduated Return-to-Learn Protocol.?

to the following step. If any concussion symptoms return while
progressing through the protocol, the athlete repeats the current
level after an additional 24 hours before attempting to progress
again. Trained healthcare providers should manage youth athlete
progression through the RTP protocol, gauging readiness to re-
turn to sport and accounting for factors which may impact their
symptom burden and recovery trajectory, such as under-reporting
of symptoms by athletes wanting to return to sport participation
as soon as possible or slower progression due to pre-existing co-
occurring conditions (i.e., anxiety, depression, migraines).>* Stud-
ies have also shown an increased risk for musculoskeletal injury
following concussion, highlighting the importance of clinical
supervision of the return to sport g)rocess to monitor athlete read-
iness and minimize injury risks.>* The full step-wise RTP proto-
col can be found below in Table 2.

Rehabilitation and Long-Term Management

The majority of children and adolescents recover from con-
cussion within 4 weeks; however, up to one-third may experience
persistent symptoms beyond that timeframe and benefit from
targeted therapeutic approaches. Evidence has shown the utility
of aerobic exercise in decreasing symptom burden, improving
time to recovery, and return to sport by improving cerebral blood
flow and improved regulation of the autonomic nervous system. >
Evidence indicates that aerobic activity that only mildly exacer-
bates concussion symptoms is safe and effective in shortening
time to recovery and reducing the risk for persistent postconcussion
symptoms.*® Adherence to an individualized sub-symptom exercise
prescription within the first week following injury was associated

with faster recovery from sport-related concussion in adoles-
cent athletes.>’

As discussed in the earlier sections, a detailed vision his-
tory and comprehensive visual evaluation can help clinicians
identify a subset of patients with persistent visual symptoms or
difficulties with the school re-entry process requiring referral
for targeted therapies. Vestibular and vision therapies have be-
come increasingly incorporated into concussion management
protocols over the last decade. Deficits in saccades, angular gaze
stability, and balance identified on the visio-vestibular examina-
tion can aid clinicians in identifying patients who may require
vestibular rehabilitation. Vestibular therapy involves targeted ex-
ercises and tasks aimed at re-training the system that manages
motion sensitivity for patients. A home exercise program,
targeting horizontal and vertical saccades and angular ocular re-
flex can be initiated in the acute management phase for concus-
sion and has been shown to be effective in lowering symptom
burden and improving visio-vestibular function in pediatric
concussion.*® If further intervention is required, formal vestibu-
lar therapy may be of benefit and individualized vestibular ther-
apy care plans under the supervision of a specialized physical
therapist in vestibulopathies are recommended. Rehabilitation
focuses on eye coordination and balance function through
targeted exercises, progressing in difficulty to gradually increase
motion tolerance and decrease symptoms while returning the pa-
tient to their preinjury levels of function. Addressing these defi-
cits has been shown to help patients decrease recovery time.**

When visual symptoms persist, referral for formal rehabilita-
tion of the visual system may be recommended. This therapeutic

TABLE 2. Graduated RTP

Step Activity Level at Step Within RTP Goal

1 Daily activity that does not significantly exacerbate symptoms Gradual reintroduction of physical activity that does not have risk
of head injury

2 Light intensity aerobic activity: goal heart rate around 55% of maximum Increase heart rate and further progress physical activity

3 Moderate intensity aerobic activity: goal heart rate around 70% of maximum Further increase heart rate and progress physical activity

4 High intensity aerobic activity: weight-lifting and/or aerobic activity Resume usual intensity of exercise

greater than or equal to 70% of maximum
5 Noncontact: sport-specific practice
Full contact: sport-specific practice

Incorporate coordination and cognitive load tasks combined with exercise
Assess for ability to safely and fully participate in athletic activity

Table adapted from the 6th Consensus Statement Graduated Return-to-Play Protocol.”
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modality helps identify and treat underlying vision abnormalities
that may be related to slow recovery, including difficulties with
school performance and significant visual symptom burden. Pa-
tients with persistent accommodative and convergence insuffi-
ciency on physical examination may benefit from the incorporation
of this targeted therapy into the concussion treatment plan. Rehabil-
itation of the binocular visual system can help mitigate persistent
symptoms and increase visual stamina after concussion.

Additional compounding factors influencing concussion
recovery are mood and mental well-being. Pediatric and adoles-
cent patients with underlying mood disorders, such as depres-
sion, anxiety, bipolar disorder, and/or ADHD have been found
to experience prolonged recovery from concussion due to in-
creased difficulty managing and coping with symptoms.*! In a
patient with significant mood symptom burden, referral for be-
havioral therapy is warranted.*>** Behavioral health specialists,
such as psychologists and psychiatrists, may be utilized to treat
mood disorders and reduce the impact that underlying mood dis-
orders have in concussion recovery using a combination of ap-
proaches that may include cognitive behavioral therapy and/or
pharmacotherapy.

Children with persistent symptoms and academic decline
following concussion may be impacted by undiagnosed or exac-
erbated underlying learning issues, such as ADHD or dyslexia,
and may have difficulty with returning to pre-injury academic
performance. When presented with a patient experiencing aca-
demic decline, referral to neuropsychology should be consid-
ered for a comprehensive assessment of executive function. Pe-
diatric neuropsychologists are trained in assessing, diagnosing,
supporting, and rehabilitating children with cognitive, learning,
neurological, or psychiatric disorders.*> While the availability
of neuropsychology is often limited, neuropsychologic testing
can be helpful in identifying any underlying or exacerbation of
a neurocognitive disorder requiring further therapeutic support
(i.e., medication or speech or cognitive therapy).

The role of medication use in concussion management is
primarily for symptom management and lacks evidence to
support widespread use.*® However, when sleep disturbances
are reported with concussion, short-term melatonin use may be
beneficial. Melatonin is well-tolerated and can be considered for
short-term treatment in pediatric patients with concussion*” Evi-
dence suggests that a dose of 3 mg to 5 mg has utility in treating
sleep disturbances and reducing depressive symptoms when com-
pared with a placebo.*® Optimization of sleep is critical in the re-
covery process to support mood and academic performance and
should be monitored in pediatric patients with concussion.*’

CONCLUSION

Concussion, a form of mild traumatic brain injury often
seen in pediatric and adolescent populations, and by acute care
surgeons, often in sports and recreational settings, involves the
disruption of the homeostasis of neuronal cells of the brain in
the absence of neuronal cell death. Despite scientific advances
in the field, the diagnosis remains a clinical one, relying on cli-
nician judgment through proper identification, diagnosis, and
management. A visio-vestibular examination can help identify
deficits and can both support diagnosis and help guide individ-
ualized multi-modal management plans. While most pediatric
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concussions resolve within 4 weeks, some patients may require
specialized therapeutic rehabilitative interventions to achieve
full resolution of concussion symptoms. Aerobic, vestibular, vi-
sion, behavioral, and sleep rehabilitation all play a critical role in
pediatric concussion recovery and should be utilized when indi-
cated. Focus on academic return and performance should be prior-
itized to minimize negative academic sequelae in pediatric patients.
Effective management of the complex myriad of symptoms ex-
hibited by pediatric and adolescent patients can help improve
time to recovery and return patients to academic and athletic ac-
tivity safely. The concussion evidence base continues to rapidly
evolve, highlighting the need for clinicians to keep up-to-date on
emerging translational clinical research and consensus guide-
lines for implementation to optimally diagnosis and manage pe-
diatric concussion.
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