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Abstract

Sports-related concussions (SRCs) are a public health concern across the United States, and they lead to neu-
rological sequelae that can last long after the event itself. Concussive convulsions at the time of injury are com-
mon and rarely require additional workup or treatment. Post-traumatic epilepsy (PTE), however, is a rare
phenomenon that can develop after traumatic brain injury and must be managed with adequate medical ther-
apy. Herein we present the case of a 15-year-old football player who developed PTE after an SRC. This condi-
tion must be identified through proper education of sports clinicians and those involved in care and

management of athletes.

Keywords: brain injury; concussion; post-traumatic epilepsy; sports-related concussion

Introduction

Each year approximately 8 million high-school athletes
participate in organized sports in the United States.
Competitive and organized sports are associated with
myriad physical, mental, and social benefits to the ath-
lete, but participation also confers risk of injury. Con-
tact and collision sports in particular place athletes at
higher risk for neurological injury, including concus-
sion. The rate of sports-related concussions (SRCs)
across all high-school sports is estimated to be 4.17
per 10,000 athlete exposures,” with football repeatedly
measured as the sport with the highest risk.” The ma-
jority of SRCs are uncomplicated and typically resolve
within 1-2 weeks.* However, some SRCs are associated
with concomitant neurological sequelae, including loss
of consciousness and less commonly, post-concussive
convulsions.”

Post-traumatic epilepsy (PTE), particularly late sei-
zures following traumatic brain injury (TBI),>” has been
well described and accounts for up to 20% of epilepsy
in the general population.® It is not clear whether post-
traumatic seizures at the time of injury or during the
acute/immediate (within 24 h) or early (within the first
7 days) post-concussive period affect the development
of PTE>' Little is known about the epidemiology or
risk factors of PTE in collision sports or in the context
of SRC. The rarity of SRC-induced PTE thus represents
a diagnostic and therapeutic challenge. Here we describe
the case of a 15-year-old male who sustained a football-
related concussion and subsequently developed PTE.

Case Report
A 15-year-old male with a history of multiple, unre-
ported football-related headaches, described feeling
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“out of it” at the beginning of a high school football
game during his junior year. Through the first half of
the game, he sustained multiple collisions with other
players and an episode of head-to-ground contact.
At halftime, the athlete struggled to recall routine
stretching exercises and reported difficulty with con-
centration, dizziness, disorientation, and nausea. Dur-
ing his initial sideline assessment, approximately
25min after the last contact play, he lost conscious-
ness and sustained a 3- to 4-min generalized tonic-
clonic seizure with left hemiparesis in the initial
post-ictal period. He spontaneously regained con-
sciousness and was transported to the nearest emer-
gency department, where non-contrast computerized
tomography (CT) of the head and neck were unre-
markable for acute fracture, intracranial hemorrhage,
or edema. He was diagnosed with a concussion and
instructed to follow up as an outpatient.

Two days after the event, the patient completed an
initial symptom severity inventory and underwent a
complete history and physical exam. His symptoms
included mild to moderate headaches, dizziness, nau-
sea, fatigue, visual problems, noise sensitivity, light
sensitivity, difficulty concentrating, irritability, diffi-
culty remembering, drowsiness, trouble falling asleep,
and sleeping more than usual. Past medical history
was unremarkable with the exception of multiple, un-
reported football-related head injuries that resulted
in symptoms consistent with SRC, although he was
never formally evaluated for these injuries. His physi-
cal exam was notable for a positive Spurling test on
the right, pain-limiting range of motion in the cervi-
cal spine, and left occipital tenderness. The patient
did not display any objective signs of dysmetria,
weakness, or cranial nerve deficits. He was diagnosed
with a cervical spine sprain, concussion with loss of
consciousness, and post-concussive seizure. Treatment
included academic modifications, a low-intensity heart
rate-controlled home exercise program, proper sleep hy-
giene, and avoidance of contact sports. At follow-up 2
weeks later, the patient’s symptom severity decreased
compared with his initial survey results and he contin-
ued with the same treatment regimen.

The patient had persistent post-concussion symp-
toms and had a witnessed tonic-clonic seizure after
neuropsychological testing 10 weeks after injury. He
experienced two more unprovoked tonic-clonic sei-
zures in the first 4 months post-injury. Magnetic res-
onance imaging (MRI) of the brain without contrast
did not reveal focal abnormality and electroencepha-
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lography (EEG) demonstrated right greater than left
temporal slowing and right temporal, sharp waves.
He began oxcarbazepine therapy and was followed
closely by a sports physician, neurologist, neuropsychol-
ogist, cognitive behavioral therapist, physical therapist,
athletic trainer, and neuroopthalmologist. His symp-
toms slowly improved over time and he had one seizure
event since starting antiepileptic medication. One year
after the event, he continues to experience mild, but
improved post-concussive symptoms.

Discussion

PTE has been described following focal brain trau-
ma.'’ To date, only nine cases of the development
of PTE due to SRC have been described,'? although
the prevalence of this condition is likely greater due
to underreporting of concussive symptoms in ath-
letes."” Diagnosing PTE can be difficult because of
the need to establish a temporal association with
head trauma. Differentiation between post-concussive
convulsions and PTE is necessary to guide treat-
ment and can be distinguished primarily by the tim-
ing of seizure events. Post-concussive convulsions
are thought to occur in approximately 1 of 70 concus-
sions and occur immediately following concussive
brain injury.'"* Although the neurophysiological basis
for convulsions in this setting is uncertain, evidence
supports transient release of excitatory neurotransmit-
ters, followed by global cortical inhibition, resulting in
seizure-like activity.15 However, immediate or early sei-
zures poorly predict future seizure activity and imaging
studies are typically unrevealing for underlying pathol-
ogy. When treating the concussions of these individuals,
no additional antiepileptic therapy is recommended.
One recent comprehensive review reported on 130
athletes with concussive convulsions (at the time of
SRC) over an average follow-up period of 3.3 years.'*
Among these athletes, only nine (6.9%) had new-
onset epilepsy following the event, suggesting a low in-
cidence of PTE following immediate post-concussion
seizures.

Elements of this case highlight typical but also
unique challenges in the management of contact sports
athletes. Minimized SRC symptoms, such as “football
headaches” reported by this patient, highlight the con-
tinued problem and importance of timely and open
symptom reporting. A combination of better objective
tools for concussion surveillance and continued educa-
tion efforts for players, parents, coaches, and officials
could mitigate these risks.
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Relatedly, establishing a diagnosis of PTE is challeng-
ing given unreported TBI symptoms in athletes. Epilepsy
in athletes could follow exposure to brain injury in
some contact and collision sports and without a known
diagnosis of SRC or other TBI. Moreover, it is not yet
established if athletes who sustain SRC with associated
convulsions are at higher risk for developing PTE than
those who do not experience immediate convulsions.
The development of PTE, and less often focal TBI, has
been recognized in boxers, a sports population with fre-
quent SRC; boxers with PTE often demonstrate cerebral
atrophy on CT imaging and epileptogenic EEG.'”

Recommendations for the workup of PTE in SRC,
aside from close longitudinal clinical monitoring, are
patient-specific but may include advanced brain imag-
ing or EEG if there is concern for focal neurological def-
icit or epileptiform activity. Although in this case there
was no radiographic evidence of focal injury on MRI,
mild TBI often lacks abnormal imaging signal. An im-
portant unresolved issue raised by this case is the pos-
sibility that focal injury and not just diffuse injury is
within the spectrum of second impact syndrome.'®
Within the broader spectrum of TBI and PTE, treat-
ment is centered around antiepileptic medication and
neurorehabilitation.'” Although the natural history of
PTE in SRC is uncertain, treatment-refractory PTE fol-
lowing the broader TBI spectrum occurs in up to 53%
of patients.®

Conclusion
PTE may require specific attention in youth athletes
given its potential impact on critically important and on-
going social, cognitive, and academic development time-
lines. School counselors and health workers, athletic
trainers, neuropsychologists, neurologists, and concus-
sion specialists are concussion care team members treat-
ing athletes who may be in a position to support and
monitor athletes with convulsions in the post-concussive
period. The epidemiology of post-SRC PTE is not well
established but could be enabled by ongoing large-scale
efforts in collegiate SRC research, as well as study of
long-term outcomes of other forms of diffuse mild TBI,
particularly in youth and emerging adults. Management
of SRC-induced PTE will evolve as the pathophysiology
of PTE is better understood.

Permission for this case report was granted by the
patient and family members.
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