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Abstract

Objective: To investigate the clinical and neurophysiological characteristics of epileptic negative myoclonus as the first and only
ictal symptom of benign epilepsy with centrotemporal spikes. Methods: Electrophysiological evaluations included polygraphic
recordings with simultaneous video electroencephalogram monitoring and tests performed with patient’s upper limb out-
stretched in standing posture. Epileptic negative myoclonus manifestations, electrophysiological features, and responses to
antiepileptic drugs were analyzed. Results: The authors report 2 patients with benign epilepsy with centrotemporal spikes, who
had epileptic negative myoclonus as the first and only seizure type. Video electroencephalogram monitoring results showed that
their negative myoclonus seizures were emanating from the contralateral central and the parietal regions. Epileptic negative
myoclonus was controlled by administration of valproate and levetiracetam. Conclusion: Epileptic negative myoclonus can be
the first and only seizure type of benign epilepsy with centrotemporal spikes, and long-term follow-up monitoring should be the

care for the recurrence and/or presence of other types of seizures.
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Epileptic negative myoclonus is an epileptic attack character-
ized by brief (50-400 milliseconds) muscle inhibitions with
focal, multifocal, or bilateral distribution and time-locked to
sharp wave or spike-and-wave discharges on the contralateral
central areas, without apparent preceding myoclonic events.'*
Epileptic negative myoclonus is a rare epileptic condition
whose exact physiopathology remains unresolved.

As an unspecific motor disorder, epileptic negative myoclo-
nus can be observed in a wide etiological spectrum ranging from
idiopathic, such as benign epilepsy with centrotemporal spikes,
to symptomatic forms due to cortical dysplastic lesions,'** an
adverse reaction to antiepileptic drugs,” or more recently, auto-
immune encephalitis.'®'" In the idiopathic group, it can be
detected in children suffering from partial epilepsy, including
benign epilepsy with centrotemporal spikes.®'?

Benign epilepsy with centrotemporal spikes, or rolandic
epilepsy, is the most common benign focal epilepsy of
childhood. It is characterized by an excellent prognosis with

the spontaneous normalization of the electroencephalogra-
phy (EEG) on reaching puberty.'* It is an idiopathic, age-
specific epileptic syndrome with a high level of genetic
predisposition and a benign course. Seizures are focal and
involve unilateral sensorimotor functions of the face causing
speech arrest and hypersalivation. Seizures frequently
spread either to an upper arm ipsilateral to the facial side
involved or to both arms.'*!'?

Epileptic negative myoclonus may be the presenting symp-
tom in some children with benign epilepsy with centrotemporal
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spikes. However, epileptic negative myoclonus has rarely
been reported as the first symptom in these clinical situations.
In this article, the authors describe the clinical and EEG find-
ings from 2 boys diagnosed with benign epilepsy with cen-
trotemporal spikes who suffered from frequent epileptic
negative myoclonus as the first and only ictal symptom. The
authors report a detailed clinical and video EEG characteris-
tics of their seizures and discuss the electrophysiological
implications.

Material and Methods

The clinical and EEG characteristics of patients with epileptic
negative myoclonus as the presenting seizure type were ana-
lyzed. Data gathered included demographic information, med-
ical and family history, clinical presentation, interictal EEG
findings, ictal EEG findings if available, the presence or
absence of other seizure types, and the response to any anti-
epileptic drug therapy prescribed.

Electrophysiological Investigation

Electrophysiological evaluation included at least 1 cycle of
awake and asleep EEG with hyperventilation and photic sti-
mulation in accordance with the international 10/20 system
for electrode placement. All video EEG recordings were obtained
on a digital Micromed EEG machine (Nihon Kohden digital
100 K, Japan) with a high-frequency filter at 70 Hz and
time constant at 0.3 seconds. Tests for awake and asleep
status (eyes open or closed) and for hyperventilation were
included in the EEG examination. To examine the paroxys-
mal limb movements and to capture typical seizures, the
patients were instructed to stand and raise both upper limbs
and keep them outstretched in front of the body. They were
also instructed to write, to read by holding a book in their
hands, or to grasp a toy during the video EEG monitoring.
The authors included video EEG recording with surface
silver disk electrodes from the right deltoid and quadriceps.
These EEG tracings were examined and interpreted by 2
certified neurophysiologists.

Clinical Case

Patient |. This patient was a 3-year 7-month-old right-handed
boy with a history of mild motor control and language delays.
He was admitted to our pediatric outpatient clinic experiencing
frequent rapid falls to the ground for the past 13 days. The falls
were attributed to a sudden loss of motor control over his left
lower leg. Myoclonic jerks, however, were not reported. He
was born after an uneventful pregnancy and delivery and had
normal development. Physical and neurologic findings were
unremarkable, as was cranial magnetic resonance imaging
(MRI). There was no family history of epilepsy or neurological
diseases. He reported some weakness in the left upper and
lower limbs. Consciousness was fully preserved and he was
able to speak intelligibility during the attacks. However, it is

unknown whether there was somatosensory aura preceding the
seizures. The initial awake EEG performed after partial sleep
deprivation revealed frequent bilateral centrotemporal spikes
and sharp slow-wave complexes predominantly on the right
side. Enhancement of the epileptiform activity was noted dur-
ing the early sleep stages, covering up to 60% to 70% of the
sleep record (Figure 1). Metabolic screening was remarkable,
including blood lactate, ammonia, arterial blood gases, cami-
tine, and very-long-chain fatty acids. The patient was dis-
charged with a normal neurological examination and a
treatment with valproic acid (20 mg/kg/d). Four months later,
he was presented with sudden episodes of brief loss of tone in
the left leg that occasionally caused him to fall to the ground.
These events occurred several times daily. He did not have
partial motor or generalized seizures. In view of this sympto-
matology, a video EEG study was indicated.

Patient 2. This patient was a 9-year 4-month-old right-handed
previously healthy boy but presented with episodes of sudden
drops of his left arm for a month without impairment of con-
sciousness. The frequency of drop attacks was unaccounted for
due to the difficulty of being monitored or observed. He was
born after an uneventful pregnancy and delivery and had nor-
mal development. There was no family history of epilepsy or
neurological diseases. His EEG during wakefulness revealed a
very active rolandic focus on the right side, with spreading to
the left, compatible with the diagnosis of rolandic epilepsy. A
sleep record showed similar findings. Valproate was initiated
and falls disappeared within a few weeks. Cranial MRI was
normal. He was discharged with a normal neurological exam-
ination and valproate was initiated (22 mg/kg/d), leading to
disappearance of seizures within a few weeks.

Results
Video EEG Evaluation

During wakefulness, the EEG showed frequent bilateral
centrotemporal discharges predominantly maximal over the
right central area and occasionally generalized and diffuse
spike-and-wave paroxysms. The background activity was
normal.

Subsequently, the 2 children were asked to stand and extend
arms and remain in that posture while the authors recorded any
atonic seizures. The authors captured frequent atonic seizures
involving the left extremities of both boys. During these attacks,
boys suffered from repeated episodes of brief and unexpected
loss of postural tone in the left leg (patient 1) and in the left arm
(Figure 2; patient 2). The intensity of the symptomatology was
remarkably variable from slight sensation of weakness or
instability to severe loss of equilibrium. The duration of the
seizures, which sometimes occurred in clusters, was variable
ranging from 250 to 400 milliseconds. These focal inhibitory
events were immediately followed by an intense recuperation
of the tone and corporal position which were unaccompanied by
jerks. Focal atonic seizures did not precipitated by sensory
stimuli, such as touch, sound, or startle. Interictal EEG data
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Figure |. Enhancement of the epileptiform activity was noted during the early sleep stages, covering up to 60% to 70% of the sleep record.

Figure 2. Brief and unexpected loss of postural tone in the left arm
(patient 2).

showed typical rolandic spikes, consisting of a focal negative
diphasic slow spike of medium to high voltage followed by a
slow wave located in the centrotemporal areas.

Subsequently, the 2 boys were asked to sleep for EEG data
acquisition. The data showed continuous or almost continuous
diffuse spike-and-wave discharges that occupied more than the
60% to 70% of the recordings.

Detailed Analysis of EEG Recordings During Focal
Epileptic Negative Myoclonus

The episodes of sudden loss of postural tone in the left upper
and/or lower limb were time-locked to the right side centro-
temporal spikes and sharp slow-wave complexes and epilepti-
form discharges (Figure 3). These paroxysms were slightly
asymmetrical that were maximum over the left hemisphere.
The duration of the focal inhibitory seizures was brief, and
consciousness was fully preserved. Neither of the patients
experienced myoclonic jerks.

Treatment and EEG Evolution

After the video EEG—polygraphic recording analyses, the
patients were diagnosed with rolandic epilepsy. Both were
treated with valproate (20 mg/kg/d). These 2 children experi-
enced a marked clinical and EEG improvement after treatment.
After 4 months, patient 1 was presented with sudden episodes
of brief loss of tone in the left leg that occasionally caused his
falls to the ground. However, atonic seizures leading to the falls
recurred in patient 1 prompting an increase in valproate dosage
to 24 mg/kg/d. After half a year of follow-up, patient 2 appears
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Figure 3. A focal negative diphasic slow spike of medium to high voltage followed by a slow wave located in the centrotemporal areas.

to be seizure-free. No intellectual decline was observed in this
patient and the scholarly progress is fair.

Discussion

Both patients in this study had typical electroencephalographic
findings, but none of them had typical rolandic seizures or any
other seizure type preceding epileptic negative myoclonus
attack. During video EEG monitoring, epileptic negative myo-
clonus was detected when patients stood with their arms out-
stretched to maintain a tonic posture. Simultaneous
electromyography (EMG) monitoring provided valuable infor-
mation regarding the time relationship between a spike and an
epileptic negative myoclonus attack.'® Thus, the brief lapse of
postural tone due to the inhibition of muscular activity was easy
to observe. To explain possible neurophysiological mechan-
isms, some reports indicate that epileptic negative myoclonus
is produced by an inhibitory action on the primary sensorimotor
cortex corresponding to the body segment on which it occurs."”
Other investigations, however, indicate a significant associa-
tion between the contralateral centroparietal spike component
and epileptic negative myoclonus,'®'® suggesting a cortical
excitatory mechanism.

In the 2 cases presented in this study, contralateral localiza-
tion of the epileptogenic zone with unilateral atonia and the
EMG silent period were correlated with the slow-wave compo-
nent of the contralateral rolandic spike-and-wave discharges.
This observation is in accordance with other investigations in
which the slow-wave component of the spike-and-wave com-
plexes was narrowly associated with the inhibitory focal

seizures. Similarly, other investigators have also reported that
patients with epileptic negative myoclonus associated with
contralateral rolandic spikes, a rough coincidence between the
interruption of the EMG activity and the slow component of the
spike-and-wave discharges.'’?%%? It was observed that high-
amplitude spikes followed by a large slow wave in the lateral
motor regions with a tendency to generalize and accompanied
by dropping of the outstretched contralateral arm was often
related to epileptic negative myoclonus.® Furthermore, the
amplitude, range, and frequency of the discharges were also
related to the intensity of the clinical manifestations variably
oscillating from slight focal atonia to severe gait disturbances,
originating pseudoataxia.**** High-amplitude but diffused and
frequent discharges could markedly influence the function of
the cortex and could potentially lead to epileptic negative myo-
clonus attack. These might be potential targets for intervention.
Although detailed studies have analyzed the pathophysiologi-
cal basis of this condition, the conclusions have varied. Some
reports suggest that the onset of the EMG silent period was
related to a negative component of the spike on the EEG,
occurring before the slow wave.*!

Surprisingly, the patients reported here had benign epilepsy
with centrotemporal spikes with negative myoclonus as the
first and only seizure manifestation. Epileptic negative myo-
clonus is typically associated with different seizure types and
not likely to be a marker of any special epileptic syndrome.
It has been increasingly recognized in either partial or general-
ized epilepsies.'®?32° Watemberg et al*’ published 5 cases of
benign epilepsy with centrotemporal spikes and epileptic neg-
ative myoclonus as the presenting seizure type. Thus, it was
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uncertain whether our patients with epileptic negative myoclo-
nus belong to the “pure” benign epilepsy with centrotemporal
spikes or an atypical benign partial epilepsy.*® In these patients,
in spite of the clinical severity with numerous falls, there was
no intellectual decline and the brain MRI was normal. The
seizures disappeared progressively after valproate monotherapy.
Thus, the overall prognosis of the 2 patients was benign, con-
firmed by following up for a year, in keeping with the diagnosis
of benign epilepsy with centrotemporal spikes. However, epi-
leptic negative myoclonus can be found in the syndrome of
continuous spike-and-wave discharges during slow sleep.
Even if epileptic discharges increased dramatically in sleeping
stage in the present cases, it is thought to be unlikely given the
lack of cognitive regression and atypical absences of other
seizures. The peculiar electroclinical presentation seen in the
2 patients differed from those of atypical benign childhood
epilepsy with centrotemporal spikes not only because of the
lack of typical rolandic attacks and atypical absence events but
also because of the lack of electrical status epilepticus in sleep.

One of the 2 patients in this study had a history of mild
motor and language delays, preceding the onset of epileptic
negative myoclonus and the diagnosis of benign childhood
epilepsy with centrotemporal spikes. This fact raises the ques-
tion of whether epileptic negative myoclonus is more likely to
occur in children with rolandic epilepsy, clinically evident or
not, who are neurologically abnormal prior to the diagnosis of
benign childhood epilepsy with centrotemporal spikes. Indeed,
Hahn et al*” reported a relatively high incidence (9%) of atonic
seizures among 43 benign childhood epilepsy with centrotem-
poral spikes children with a clinical course consistent with
atypical benign childhood epilepsy with centrotemporal spikes.
Although no studies with large cohorts of patients has been
published, the reported cases’®! have no abnormal develop-
ment. Thus, epileptic negative myoclonus as the initial mani-
festation of benign childhood epilepsy with centrotemporal
spikes may not be associated with the developmental status
of the patients. The patient with developmental delays in our
study had a missense mutation of the next-generation sequen-
cing technology DIAPH3 (c3038C>T; p.pro1013leu Heterozy-
gous mutation) gene, which was confirmed as having a de novo
origin by analysis of family members. This gene mutation can
contribute to the risk of autism spectrum disorders® and audi-
tory neuropathy.*® Based on this observation, the authors cau-
tiously speculate the cause of language delay in one of the
patients is this gene mutation. Further investigations are needed
to reveal the nature of relationship between them.

The response of epileptic negative myoclonus to antiepilep-
tic drugs depends on the etiology of the disease. The normal
cranial MRI and no intellectual decline in the patients
described here suggested that their epileptic negative myoclo-
nus were idiopathic. The antiepileptic medication reduced the
number of seizures and decreased the epileptiform activity on
the EEG in the immediate period. But during the later follow-
up, one of the patients with DIAPH3 gene mutation relapsed
after being seizure-free for 4 months. As a result, his valproate
dosage was increased and he remains seizure-free

(approximately 6 months at present). After initial treatment,
the other patient also remained seizure-free for 6 months.
Afterward, he presented frequent episodes of sudden drop of
the right arm during EEG monitoring, but they were over-
looked by his parents. Another antiepileptic drug, levetirace-
tam was prescribed and the patient remains seizure-free (1
month at present). These patients remain in our care and exhib-
ited no symptoms of any other type of seizure. These observa-
tions are in keeping with the proposal that the treatment
response remains uncertain when ictal epileptiform discharges
form part of the natural history of the underlying condition as in
the case of atypical benign partial epilepsy.

In summary, although well recognized in benign childhood
epilepsy with centrotemporal spikes, a short-lasting epileptic
negative myoclonus might be the only manifestation of the
rolandic epilepsy in some children. Detailed video EEG eva-
luation is necessary for making an accurate diagnosis. Long-
term follow-up is necessary to immediately detect any recur-
rence of epileptic negative myoclonus and the possible pres-
ence of any other type of seizure.
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