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ABSTRACT

Exercise-induced reflex seizures are a rare form of reflex seizures that are exclusively induced by a speci-
fic type of exercise. Many patients with exercise-induced reflex seizures exhibit drug-resistance, and are
therefore advised to avoid the triggering exercise. Here, we describe a focal epilepsy patient with
shadowboxing-induced reflex seizures. His semiology included focal aware seizures with speech and
behavioral arrest that evolved to head version to the right, preceded by cephalic aura. We identified a
specific motion that induced these seizures during shadowboxing using video-electroencephalographic
recording, and the patient was able to continue boxing by avoiding this motion. We speculate that a
broad brain network may be the pathological substrate of his exercise-induced reflex seizures.
Identification of the specific motion that induces exercise-induced reflex seizures is useful for not only
understanding the underlying pathophysiology, but also for minimizing the therapeutic restriction of
the exercise.

© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Although regular physiological exercise should be encouraged
in patients with epilepsy to promote their mental and physical
health and suppress their seizure activities [1], it can be a trigger
of seizures in patients with exercise-induced epilepsy [2]. In an
epidemiological study, Nakken et al. [3] defined exercise-induced
seizures as seizures occurring in >50% of training sessions, and
showed that 2% of patients with epilepsy had these seizures. Some
patients with exercise-induced seizures had their seizures pro-
voked frequently (>80% of training sessions) and exclusively by
the same exercise, and were considered to have a rare form of
reflex epilepsy [45]. If the specific exercise itself induces seizures
with high reproducibility, the seizures can be called exercise-
induced reflex seizures, but if seizures tend to appear during or
after an unspecified exercise, the seizures cannot be called
exercise-induced reflex seizures [6]. However, because there is
no clear dichotomy to distinguish them [6], and because it is diffi-
cult to identify seizure-provoking factors among the various fac-
tors involved in exercise [4], exercise-induced reflex and non-
reflex seizures are still treated without distinction. To understand
the pathophysiology of exercise-induced reflex epilepsy, it is
essential to analyze the motor sequence inducing seizures, and to
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identify the elements related to seizure induction. However, no
previous reports have identified specific motion elements that
induce seizures.

Patients with exercise-induced seizures, whether reflex or non-
reflex seizures, are advised to avoid the triggering exercise to
reduce the risk of seizure [7-9], although continuing the exercise
may be beneficial to their overall mental health [10]. If clinicians
can identify the key seizure-triggering motion in the exercise and
minimize exercise restriction, patients can continue to maintain
their mental and physical health while reducing the occurrence
of seizure.

Here, we describe a focal epilepsy patient with shadowboxing-
induced reflex seizures. We identified a specific motion that
induced seizures during shadowboxing using video-
electroencephalographic (EEG) recordings, and avoiding the identi-
fied motion enabled the patient to prevent exercise-induced reflex
seizures and continue shadowboxing. On the basis of these find-
ings, we discuss the pathophysiology of exercise-induced reflex
epilepsy and shadow-boxing.

2. Case report

The patient was a 26-year-old right-handed man with normal
intellect. He had no familial history of epilepsy, including febrile
seizures, and no medical history such as head trauma. He experi-
enced his first seizure at 10 years of age when he had a high fever.
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From the age of 19 years, he began to wake up at midnight, and
occasionally had headaches and muscle pains the following morn-
ing. His first witnessed nocturnal hyperkinetic seizure occurred at
24 years of age. The witness described that he moved around vio-
lently on the bed; however, he had no recollection of the event and
simply woke up with the same headache and muscle pain as
before. Because similar seizures subsequently occurred once per
week, he was admitted to our clinic. Interictal EEG recordings
showed intermittent sharp waves distributed from the left frontal
to anterior temporal regions (Fig. 1). We diagnosed focal epilepsy
and started lacosamide, which immediately reduced his seizure
frequency, but did not resolve it completely. We tried perampanel
and levetiracetam, but psychiatric adverse events compelled us to
abandon these treatments. Finally, by adding lamotrigine and clo-
bazam, his seizures were suppressed for a while. At 25 years of age,
he began boxing for daily exercise. However, 10 months later, focal
aware seizures emerged during shadowboxing, although he was
still taking the three anti-seizure medications. Each seizure started
with a cephalic aura followed by speech and behavioral arrest for
about 10 seconds without impairment of awareness. The seizures
occurred specifically and reproducibly during shadowboxing or
no-contact sparring. Meanwhile, exercises without punching, such
as rope jumping, jogging and footwork, never triggered seizures.
Furthermore, seizures never occurred during practice with a
punching bag, full-contact sparring or boxing matches when he
did not need to stop the punching motion just before fully stretch-
ing the arm. He described that once a seizure had occurred, another
seizure did not occur even if he continued the precipitative exer-
cises. His seizures were also induced in excessively nervous situa-
tions such as failures in the workplace. Because the number of
exercise-induced reflex seizures gradually increased, he was
admitted to our hospital for further evaluation. The neurological
examination and laboratory data were normal. We carried out
3 days of long-term video-EEG monitoring without withdrawal of
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anti-seizure medications. Background activity and sleep architec-
ture were normal. There were no paroxysmal findings in interictal
EEG recordings. Because controlled punching, in which the punch-
ing motion is stopped just before the arm becomes fully stretched,
was considered to induce his seizures based on the clinical inter-
view, the patient was asked to perform shadowboxing repeatedly
under video-EEG monitoring to confirm the reproducibility and
specificity of the seizure-inducing effects and the existence of
refractory periods for the seizures. Furthermore, as shown in
Table 1, we added some other shadowboxing motions, such as
one without punching, one with maximum-intensity punching
by fully extending the arms (uncontrolled punching) as in an actual
boxing match, and one with the opposite punching hand and
standing position to verify the side specificity of the controlled
punching. We set each duration of shadowboxing at 3 minutes to
match his usual training. When a seizure occurred, we discontin-
ued the trial. We set 10-minute intervals between the trials as suf-
ficient for the patient to catch his breath. We detected the exercise-
induced reflex seizures four times only during shadowboxing with
right-sided controlled punching (see Fig. 2 and the attached video
online). At 10-20 seconds after the initiation of shadowboxing, as
soon as he felt a cephalic aura, he showed speech and behavioral
arrest. He exhibited phasic head version to the right and right-
sided facial jerking without impairment of awareness. Each seizure
lasted for 11-18 seconds. The EEG recordings showed moderate
amplitude rhythmic theta waves intermittently during versive sei-
zures. He was able to recall almost all names of pictures shown
during the seizures as memory tasks. He described that the names
came to his mind, but he was unable to say them out loud during
the seizures. Once a seizure had occurred, another seizure was less
likely to occur, as he described, and even if another seizure did
occur, the latency from the exercise initiation to the following sei-
zure was delayed. To further confirm whether a mere forward arm
extension without boxing could induce seizures, we asked him to
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Fig. 1. Interictal epileptiform discharges in the first awake scalp EEG with average reference montage. Note the isolated left temporal sharp wave, with maximum at T3 (A),
and left temporal sharp waves, with maximum at T3, overlaying intermittent moderate-amplitude irregular slow waves (B) seen once during a 30-minute outpatient EEG

session.
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Table 1
Results of exercise-loaded trials (shadowboxing).
Day Trial Shadowboxing Seizures
Stance Punching Punch laterality Punch intensity Induction Duration (s) Latency (s)
1 1 left-front + right controlled + 18 11
2 left-front + right controlled — — -
3 left-front + right controlled - - -
2 1 left-front + right controlled + 14 13
2 left-front + right controlled + 15 18
3 left-front - - - - -
4 left-front + right controlled - — -
3 1 left-front - - - - - -
2 left-front + right uncontrolled - — -
3 left-front + right controlled + 11 26
4 left-front + right controlled - - -
4 1 right-front - - - - -
2 right-front + left controlled - - -

The patient was instructed to continue shadowboxing for 3 minutes in each trial. In the table, “duration” indicates the ictal duration and “latency” indicates the latency from
exercise initiation to seizure onset. The trial numbers indicate the order of the trials performed on the same day. Shadowboxing motions without punching means footwork
only. We changed the stance of the shadowboxing to match the laterality of the punching. Controlled punching indicates punching in which the patient had to stop the
punching motion just before fully stretching the arm as in typical shadowboxing. Uncontrolled punching indicates punching with fully extended arm at maximum intensity
as in an actual boxing match. Shadowboxing with controlled punching reproducibly induced his seizures.
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Fig. 2. Exercise-induced reflex seizure. The EEG of an exercise-induced reflex seizure in Trial 1 on Day 1 is shown. The same EEG is shown with different montages: (A)
average reference montage; (B) longitudinal bipolar montage. The patient experienced a cephalic aura (@) at 11 seconds after the onset of shadowboxing. Next, his right hand
froze (A), and moderate amplitude rhythmic theta waves (underlined) appeared intermittently during versive seizures (*). During the seizure, he could not reply to the

examiner (H).

repeat the motion of reaching for an object on the desk as quickly
as possible, but no seizures were induced.

Brain magnetic resonance imaging examination showed a left
incomplete hippocampal inversion. Slight hypoperfusion in the left
temporal lobe was present on brain '?’I-iomazenil single-photon
emission computed tomography (SPECT) in both the early and

delayed states. There was no decrease in fluorodeoxyglucose meta-
bolism on a brain positron emission tomography examination and
no interictal epileptic discharges on magnetoencephalography.
From these results, we advised the patient not to perform right-
sided force-controlled straight punching during shadowboxing, but
we permitted all other exercises including shadowboxing with left-
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sided force-controlled straight punching, full-contact sparring, and
boxing matches, because boxing bolstered his confidence and
relieved his anxiety about epilepsy. Based on our advice, he was
able to continue boxing and achieve suppression of his exercise-
induced reflex seizures.

3. Discussion

We diagnosed a focal epilepsy patient with exercise-induced
reflex seizures, and identified right-sided force-controlled straight
punching as his seizure precipitant by analyzing video-EEG record-
ings. Onset symptoms in his early nocturnal seizures were similar
to those in the exercise-induced reflex seizures of early-phase focal
aware behavioral arrest of the right upper limb and ictal tachycar-
dia masked by exercise, further suggesting his seizure onset zone
to be in the vicinity of the left premotor cortex with operculo-
insular involvement [11-16]. However, based on the triggering
motion, the seizure onset zone is likely to be a broad pathological
network extending from the premotor cortex to the limbic
network.

Right-sided straight punching in boxing can be divided into
three motions: a forward body translation from an on-guard posi-
tion, a rotational movement around the trunk long axis, and a for-
ward extension of the right arm [17]. Because the first two
movements are also used in footwork for shadowboxing, the sei-
zures are probably mainly induced by the forward extension of
the right arm. In addition, punching is an attack with an opponent
in mind, and involves emotional factors [18]. The seizures in our
patient were consistently induced by force-controlled punching,
not by force-released punching or force-controlled arm stretching,
indicating involvement of the premotor cortex, which controls the
arm stretching [19], and the limbic network, which provides emo-
tional feedback to the premotor cortex [20]. The findings support
this concept, including the left anterior temporal interictal epilep-
tic discharges, left temporal hypoperfusion on '?’I-iomazenil
SPECT, and triggering of seizures in excessively nervous situations
without exercise. The presence of a broad pathological network
comprising multiple brain areas may underlie the drug-resistant
nature of exercise-induced reflex seizures [5].

The International League Against Epilepsy defines reflex sei-
zures as those that are objectively and consistently induced by a
specific afferent stimulus or patient activity [21]. Illingworth
et al. [6] emphasized that the specificity of the precipitant and
the relatively short latency are useful in the diagnosis of reflex sei-
zures. Movement-induced epilepsy is a rare form of reflex epilepsy
in which seizures are triggered by simple movement of a single
limb. This type of epilepsy has a refractory period after an evoked
seizure, and the seizure onset zone is located in the brain area
directly related to the movement [7]. The shadowboxing-induced
seizures in our patient have all of these characteristics of reflex
seizures.

To the best of our knowledge, there is no previous case report
on shadowboxing-induced reflex seizures. There are several pub-
lished case reports of epilepsy patients with focal aware behavioral
arrest seizure induced by repetitive upper limb movements [1422].
Their ictal scalp EEGs showed frontal to central rhythmic waves,
and one report identified the premotor cortex as the seizure onset
zone by intracranial survey. However, their seizure precipitants
were simple movements of a single limb, and were not part of an
exercise, which requires complex movements of multiple limbs
and cognitive functions such as attention, vigilance and motiva-
tion. Furthermore, none of the case reports of epilepsy patients
with exercise-induced seizures were intended to identify the
seizure-inducing movement in the exercise [45]. Our current find-
ing that a specific movement as well as non-motor and emotional
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elements induce reflex seizures broadens the concept of
movement-induced reflex epilepsy, and extends our understand-
ing of the pathophysiology of refractory exercise-induced seizures
[5].

Boxing was indispensable for our patient to gain confidence and
alleviate his anxiety about epilepsy. Consequently, depriving him
of boxing would diminish his quality of life, even though it would
resolve his exercise-induced seizures. For patients with exercise-
induced reflex seizures, such as our patient, it is important to break
down the exercise into several motions and identify the precipita-
tive movement to minimize exercise restriction. This strategy
should help maintain the quality of life of the patient, and may pro-
vide insight into the underlying pathophysiology.

4. Conclusion

We described a patient with focal epilepsy who had
shadowboxing-induced reflex seizures. By using video-EEG record-
ings, we were able to identify the specific motion that triggered the
exercise-induced reflex seizures. The identification of a specific
motion that provokes exercise-induced reflex seizures is useful
for not only understanding the pathophysiological basis of the dis-
order, but also for minimizing restriction of other beneficial
exercises.

5. Note
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