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Juvenile myoclonic epilepsy (JME) is a common idiopathic
generalized and age-related epileptic syndrome. This syndrome
is distinctively characterized by myoclonic jerks often associated
with generalized tonic-clonic seizures (GTCS) and, less often,
absence seizures1,2. Myoclonic seizures occur often shortly after
awakening and can be precipitated by sleep deprivation and also
by alcohol and photic stimulation. Usually, patients with JME
respond well to appropriate treatment with valproate3,4. Other
useful anti-epileptic drugs (AEDs) also used with other
generalized epilepsies include: lamotrigine, levetiracetam and
topiramate5.
The interictal electroencephalogram (EEG) shows diffuse

bilateral polyspike and slow waves (PSW) and spike and wave
complexes (SWC) on a normal background2. The usual
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ORIGINALARTICLE

frequencies are greater than 3 Hz. Electroencephalogram
asymmetries are not uncommon in JME, varying between 16.5
to 73% in previous studies6-9. These asymmetric features can
contribute to the misdiagnosis of this syndrome and lead to
treatment with carbamazepine or oxcarbazepine that may have
an aggravating effect particularly on absences and
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myoclonus10,11. We would like to determine whether there is a
difference in response to treatment between patients with and
without EEG asymmetries. The objective of this study is to
further characterize patients with focal electroencephalographic
abnormalities and more specifically in terms of response to
treatment.

METHODS AND MATERIALS
We retrospectively reviewed clinical and EEG data of a group

of consecutive JME patients which were followed at our
Epilepsy Service during the period of June 2007 to January 2008.
All EEGs were routine EEGs mostly with sleep deprivation.
Diagnosis of JME was made according to International League
Against Epilepsy criteria; including i) myoclonic jerks with or
without GTCS or absence and ii) normal neurologic examination
(Commission on Classification and Terminology of the
International League Against Epilepsy, 1989). Patients were
excluded if myoclonic jerks were related to brain hypoxia,
metabolic or degenerative disorders, as were those
with intellectual deficiency or with abnormal finding on
neuroimaging.
Charts were reviewed for all patients looking for; type of

seizure, age of onset of each type, diagnostic delay, history of
febrile seizures, family history of seizures, seizure precipitating
factors (sleep deprivation, alcohol abuse, photic stimulation),
atypical seizure characteristics and response to AEDs. The
diagnostic delay was defined as the number of years between
seizure onset and the beginning of appropriate treatment or the
diagnosis of idiopathic generalized epilepsy. Atypical seizure
characteristics included; presence of auras or post-ictal
confusion in absence or myoclonic seizures, asymmetric or
unilateral seizures and post-ictal focal deficit (Todd’s paralysis).
Response to treatment was divided into two groups. Patients
were in the AED-sensitive group if they were seizure-free with
the first appropriate drug on monotherapy. In this group, we also
included patients with occasional myoclonus, as were those with
seizure recurrence related to non-compliance. The AED-resistant
group included patients with recurrent seizures with at least one
AED including valproic acid, lamotrigine, topiramate or
levetiracetam.
The first EEG available for each patient was blindly reviewed

by two independent board-certified electroencephalographers
looking for; generalized SWC, generalized PSW, polyspikes
(PS), photosensitivity, diffuse slowing and asymmetries. The
electroencephalographers were unaware of the name of the
patient, sex and clinical data. The age of the patient was
mentioned on the EEG. Asymmetries were defined as unilateral
sharp waves or spikes, unilateral SWC and PSW discharges with
above 50% voltage asymmetries or with unilateral onset
becoming generalized and focal slowing6. An EEG was
classified as containing asymmetries if at least a single
asymmetric discharge fulfilling the above definition was
identified. All EEGs except three were performed with sleep
recording.
For statistical analysis, Fisher’s exact test was applied for

categorical data and Student’s t-tests for continuous data. Kappa
and McNemar tests were used to quantify interrater agreement.
Asymmetries were considered when described by both
examiners. The statistically significant p-value was < 0.05.

RESULTS
A group of 28 patients with a diagnosis of JME were

identified, from the adult (18 patients) and pediatric population
(10 patients). Table 1 shows clinical characteristics of our JME
patients. There were 8 male and 20 female patients with ages
ranging between 13 and 56 years. Frequencies and mean ages at
the onset of each seizure type are also detailed on Table 1.
Atypical seizure characteristics were identified in seven patients
of whom one had post-ictal confusion following absence, one
with post-ictal confusion after myoclonic seizure, predominantly
unilateral myoclonus in four patients and head turning before
GTCS in one patient. Eleven patients (39.3%) were resistant to
at least one appropriate AED, including valproate, lamotrigine,
topiramate or levetiracetam. In this subgroup of patients, three
had recurrent seizures on treatment with two AEDs, one patient
had recurrence with two different drugs on monotherapy and
seven were seizure-free with two AEDs. There were 17 patients
(60.7%) included in theAED-sensitive group. The majority were
treated with valproate (67.9%) followed by lamotrigine (39.3%).
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Table 1: Clinical characteristics of JME patients
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Four female patients were not exposed to valproate acid and
were prescribed lamotrigine being of child bearing age. Another
patient discontinued valproate during pregnancy and four
stopped this drug because of adverse effects.
The EEGs were obtained before starting therapy in 43% of

patients. In the other cases, patients were receiving AEDs at the
first visit in our clinic, or the EEG recorded before the onset of
treatment was not available. The EEG features are summarized
in Table 2. Two patients had a normal EEG and both were
receiving AED when the EEG was performed. All patients
except these two had generalized epileptiform abnormalities. In
our group, EEG asymmetries were detected in 16 patients
(57.1%). They consisted in lateralized spikes (Figure 1A and
1B), unilateral PSW or SWC, discharges with unilateral onset
becoming generalized (Figure 2) or with above 50% voltage
asymmetries (Figure 3). Concordance between examiners for
identification of EEG asymmetries was good but not excellent
(Kappa: 0.602). The difference between both examiners wasn’t
statistically significant with the McNemar test, also signifying
that the interrater agreement was good.
Proportion of epileptiform EEG asymmetries between the

AED-sensitive and the AED-resistant groups were compared
(Figure 4). In our resistant subgroup, 7 of the 11 patients (63.6%)
had asymmetries versus 9 of 17 patients (52.9%) in the sensitive
group. This did not reach statistical significance (p: 0.705).
Further comparison of clinical and EEG features between
patients with and without asymmetries was done and no
significant differences were found in terms of age, family history
of seizure, atypical seizure characteristics, presence of polyspike
and slow waves, photosensitivity and timing of EEG related to
onset of treatment. These findings are summarized in Table 3.

DISCUSSION
Epileptiform EEG asymmetries in juvenile myoclonic

epilepsy are frequent and various rates are reported in the
literature: 16.5%4,6, 38.1%12 and 72.7%8. In our study, more than
half the patients, namely 57.1%, had EEG asymmetric features.
Our results support the fact that asymmetries are frequently
found in JME. Notwithstanding that it is a generalized epilepsy

syndrome, we often found lateralized or fragmented
abnormalities associated with generalized discharges when
carefully examining the tracing of these patients. In fact, our
cohort of patients all had generalized abnormalities, with the
exception of two patients whose tracings were normal. In our
group, the asymmetries were not identified in a persistent
unilateral manner and could, on the same tracing, alternate from
one hemisphere to the other. This finding was in keeping with
fragments of generalized spike and wave complexes.
We reviewed the first EEG for each patient but it would have

been interesting to compare also the persistence of EEG
asymmetries from one tracing to the other, on the same patient.
Also, only 43% of EEGs were done before treatment withAEDs.
The treatment may have modified or suppressed generalized and
asymmetric discharges differently.
The presence of EEG asymmetries in JME is well recognized.

Lombroso13 described the evolution of interictal findings in
serial EEGs from patients with primary generalized epilepsy and
found 56% of patients with consistent EEG asymmetries. He
proposed two possible explanations: focal cortical pathology
such as microdysgenesis or development of localized, self-
sustaining hyperexcitability in low-threshold cortical structures
subjected to repeated generalized epileptiform activity. Morever
Usui et al reported not only focal electroencephalographic
features but focal semiologic features in patients with JME using
EEG-video monitoring14.
In a rat model of another type of idiopathic generalized

epilepsy (IGE) using the Genetic Absence Epilepsy Rat from
Strasbourg, epileptic discharges are initiated focally in the

* n= 25; SW: spike and waves; PSW: polyspike and slow waves
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Table 2: EEG findings in JME patients

Figure 1: A) Unilateral fragments of spike and wave in the right frontal
region. B) Generalized spike and wave discharges elsewhere in the same
EEG tracing.
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somatosensory cortex and then involve the thalamo-cortico-
thalamic circuitry15. Beaumanoir et al (1974) have already
reported focal spikes especially in centrotemporal area in
absence epilepsy16. The hypothesis of focal hyperexcitability in
primary generalized epilepsy is attractive and could explain the
existence of asymmetries in IGE such as JME.
There also exists inter-evaluator variability in the

interpretation of the asymmetries. The two board-certified
electroencephalographers blindly and independently evaluated
the tracings and some discordance was found for the presence
and type of asymmetries. The concordance between blinded
examiners was good but not excellent for identifying the
presence of asymmetries. This may reflect the inherent
variability of EEG interpretation. This finding has not been
addressed in other studies and could explain some of the
variability in the proportion of JME patients with focal EEG
features from study to study. This finding may also have
influenced the categorization of patients with and without
asymmetries in our study.
The purpose of our study was to further define the

characteristics of the patients with EEG asymmetries and more
particularly their response to treatment. The great majority of the
patients with JME responded well to the treatment3,17. In our
cohort, 39.3% of the patients qualify as resistant to the treatment.
These values are close to those obtained in another study where
30% of the patients were resistant to valproic acid18. These rates
are higher than those normally reported in the JME, probably
because they reflect a higher incidence of refractory epilepsy in
referral centres for epilepsy. In our study, we included treatment
with newer AEDs. Some of these treatments may be less

effective than valproate and particularly for treatment of
myoclonus. Nevertheless, the choice of treatment in our study
reflects the real life practice and is influenced by the side effect
and teratogenicity of valproic acid. Furthermore, a patient with
occasional myoclonus and without other types of seizures was
not classified in the AED-resistant group. In our group, patients
with asymmetries did not correspond to patients who were
refractory to the medication. The proportion of patients with
asymmetries was not statistically significant when comparing
patients who were resistant and sensitive to AED, with values of
63.6% and 52.9% respectively. The small number of patients in
our study may have influenced our negative results producing a
type II error (failure to reject the null hypothesis when in fact

there is a difference between the two groups). Our study has
some other limitations: the retrospective design, the fact that
only one EEG was analysed per patient and the use of several
different AEDs that might have different efficacy in JME.
There is conflicting data in the literature whether patients

with EEG asymmetries represent a different epilepsy population
with respect to response to treatment. Despite being a small
cohort, our study with strict methodology to avoid interpretation
bias provides some answer to this question. Our results are
consistent with the study published in 1994 of 85 patients who,
with or without asymmetries, showed no significant difference in
their response to an anti-epileptic treatment6.

* n: 14; † n: 11; AED: anti-epileptic drug; PSW: polyspike and slow
waves
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Table 3: Clinical and EEG features of patients with and
without asymmetries

Figure 2: Unilateral discharges with onset in the right frontal region
then becoming generalized.

Figure 3: Spike and wave complexes with above 50% voltage
asymmetry; amplitude greater on the right side.

https://doi.org/10.1017/S0317167100051519 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100051519


THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

830

In another study of 33 patients, it was concluded that the focal
abnormalities were more frequent in patients who did not
respond to valproic acid (VPA)18. Focal EEG abnormalities were
identified in 40% of the patients in the VPA resistant group, as
opposed to 10% in the VPA sensitive. Different inclusion criteria,
lack of blinded EEG review and different epilepsy population
may explain this finding compared to our study. In fact, two
patients suffering from intellectual deficiency were included, as
were some patients with asymmetric findings on neuroimaging.
In comparison to their study, the tracings of our cohort were
evaluated by two independent blinded electroencephalographers
and the new AEDs used in the treatment of JME were included.
We were unable to note any significant difference in the

asymmetries with respect to patients’ age. No difference was
found between patients whose treatment was yet to begin and
those who were already undergoing the AED treatment at the
time of the EEG. We have not identified any clinical or
electroencephalographic characteristics associated with
asymmetries in our group of JME patients. In our group of
patients with asymmetries, six patients (37.5%) had atypical
seizure characteristics versus one (8.3%) in the group without
asymmetries. This result was non-significant, possibly because
of our small sample size.

CONCLUSIONS
We must be aware of these asymmetric features of EEG

because they can lead to the misdiagnosis of JME or IGE for a
diagnosis of partial epilepsy with secondary generalization. It is
very important to choose an appropriate AED treatment in this
case because treatment with carbamazepine or oxcarbazepine
may have an aggravating effect10,19,20 in IGE. Morever, in our
study, the presence of asymmetric features in JME was not
associated with a poor response to a judicious anti-epileptic
treatment including more recent AEDs. More data is clearly
needed including studies with video-EEG and prospective study
to further elucidate the significance of EEG and/or clinical
asymmetries in this group of patients.
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