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« Seizures were in remission before adolescence with normal development or mild deficits at the most.
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ABSTRACT

Objective: To elucidate the characteristics of the myoclonic seizures alone, or predominant myoclonus
combined with generalized tonic-clonic seizures (GTCS) and/or absences, in early childhood, and discuss
its classification.
Methods: Forty-two children were retrospectively recruited between January 2006 and June 2015.
Results: The mean age of seizure onset was 40.5 months. They were divided into 4 groups: myoclonic sei-
zures alone; predominant myoclonus combined with GTCS; predominant myoclonus combined with
absences; predominant myoclonus combined with both GTCS and absences. Interictal EEG showed gen-
eralized spike- or polyspike-wave discharges at 2-4 Hz. Seizures were controlled in 22 patients at a mean
age of 60.5 months. The psychomotor development was normal (30/37) or mildly delayed (7/37).
Conclusions: We reported a cohort of patients with early childhood myoclonic epilepsy (ECME), with the
following characteristics: Seizures started below 5 years old in otherwise normal children; Seizure types
included myoclonic seizures alone or combined with GTCS and/or absences; Febrile or afebrile GTCS might
appear firstly; Interictal EEG showed generalized spike- or polyspike-wave; Seizures usually were in
remission before adolescence with normal development or mild cognitive or behavioral deficits in most.
Significance: ECME might be an independent epileptic syndrome not established by International League
Against Epilepsy (ILAE) previously.
© 2017 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights
reserved.

1. Introduction are genetically determined and affect otherwise normal individuals
of both sexes. GGEs manifest with absences, myoclonic jerks or
generalized tonic-clonic seizures (GTCS), alone or in varying com-
binations and severity (Panayiotopoulos, 2005). According to the
age at onset, GGEs proposed by International League Against Epi-
lepsy (ILAE) include: myoclonic epilepsy in infancy (MEI), epilepsy
with myoclonic absences (MAE), epilepsy with myoclonic atonic
seizures also named as Doose syndrome, childhood absence epi-

Genetic (idiopathic) generalized epilepsies (GGEs) constitute
one-third of all epilepsies (ILAE, 1989; Engel and ILAE, 2001). They

Abbreviations: CAE, childhood absence epilepsy; ECME, early childhood
myoclonic epilepsy; EOAE, early onset absence epilepsy; GGEs, genetic (idiopathic)
generalized epilepsies; GTCS, generalized tonic-clonic seizures; ILAE, International

League Against Epilepsy; IPS, intermittent photic stimulation; JAE, juvenile absence
epilepsies; JME, juvenile myoclonic epilepsy; MEI, myoclonic epilepsy in infancy;
MAE, epilepsy with myoclonic absences; PME, progressive myoclonus epilepsies;
VEEG, video-electroencephalogram.
* Corresponding author at: Department of Pediatrics, Peking University First
Hospital, No. 1, Xi’anmen Street, Xicheng District, Beijing 100034, China.
E-mail address: zhixian.yang@163.com (Z. Yang).

http://dx.doi.org/10.1016/j.clinph.2017.06.244

lepsy (CAE), juvenile absence epilepsies (JAE), and juvenile myoclo-
nic epilepsy (JME) and so on (Berg et al., 2010). Among them,
absence seizures are the cardinal presentations of CAE and JAE,
which appear in childhood and adolescent respectively. Absence
seizures with onset in the first 3 years of life were reported and
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were named as early onset absence epilepsy (EOAE) (Fernandez-
Torre et al., 2005; Shahar et al., 2007), filling the blank of possible
GGE with absences during infancy. Myoclonic seizures are the
most important seizure type in two GGEs: (1) MEI has its onset
between the age of 6 months and 3 years; (2) JME is onset at age
of 5-16 years and myoclonic jerks usually appear around the age
of 14-15 years (Panayiotopoulos, 2005). However, little attention
was paid to the patients with predominantly myoclonic seizures
but seizure started at early childhood, particularly between the
age of 3 and 5 years. In addition to well-described GGEs of early
childhood that have myoclonic jerks as a predominant seizure
type, some other seizure types were indispensable, such as myo-
clonic atonic seizures for Doose syndrome, and myoclonic absence
seizures for MAE (Panayiotopoulos, 2005).

In our clinical practice, we noticed that a number of young chil-
dren were presented by generalized seizures including myoclonic
seizures alone or predominant myoclonic seizures combined with
GTCS and/or absence seizures. However, the clinical features such
as the seizure onset age and seizure types prevented them to be
included into any kind of epileptic syndromes named by ILAE. In
this study, we report such a cohort of young children, analyze
the electroclinical characteristics of their epilepsy, and then dis-
cuss its classification in the current electroclinical syndromes.

2. Patients and methods

This study was approved by the Ethical Committee of Peking
University First Hospital. The individuals’ parents had given
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written informed consent to publish this case details. All data were
analyzed anonymously.

Forty-two children were retrospectively recruited from approx-
imately 42,814 video-electroencephalogram (VEEG) recordings
monitored in our hospital between January 2006 and June 2015
(Fig. 1), and had the following criteria: (1) Normal development
before onset of epilepsy. (2) Onset of the seizures before 5 years
old. (3) Myoclonic seizures alone or predominant myoclonic sei-
zures combined with GTCS and/or absence seizures throughout
the disease course. The occurrences of GTCS were confirmed by
careful history-taking from their caregivers and at least two occur-
rences with a loss of consciousness and subsequent postictal sleep.
The myoclonic seizures and/or absence seizures were identified by
VEEG with synchronous polyelectromyography monitoring. (4)
Presence of interictal generalized spike- or polyspike-wave dis-
charges, without consistent focal spikes. (5) No evidence of struc-
tural or metabolic etiology. Brain magnetic resonance imaging
(MRI), biochemical studies including lactate, pyruvate, and ammo-
nia were normal in all patients. Plasma amino acids and urine
organic acids or mitochondrial genome analysis detected in some
patients were all normal. (6) Exclusion of established epileptic syn-
dromes with myoclonic seizures was based on the definitions built
by ILAE. The exclusion of MEI was based predominantly on the
presence of other seizure types except for myoclonic seizures or
seizure onset over 3 years old. Febrile convulsion and preceding
afebrile GTCS before the onset of myoclonic seizures and then
replaced by myoclonic seizures were not excluded from MEI (Ito
et al., 2012). Exclusion of Doose syndrome was based mainly on
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Fig. 1. The screening diagram of 42 patients included in the study. MEI: myoclonic epilepsy in infancy; LGS: Lennox-Gastaut syndrome; JAE: juvenile absence epilepsies; JME:

juvenile myoclonic epilepsy; GTCS: generalized tonic-clonic seizures.



1658 Z. Yang et al./Clinical Neurophysiology 128 (2017) 1656-1663

lacking myoclonic atonic seizures and atonic seizures during the
clinical evolution. In the present study, in order to define patients
without atonic seizures or myoclonic atonic seizures, two condi-
tions must be met: (1) The two seizure types were not detected
by VEEG with synchronous polyelectromyography monitoring;
(2) The suspicious symptoms of atonic seizures or myoclonic ato-
nic seizures such as body stagger, slow glacis or falling down were
never observed clinically, and only nodding and/or jerk attacks
were judged to be myoclonic seizures here. Exclusion of MAE
was based on lacking myoclonic absence seizures, the hallmark
of MAE. Exclusion of other symptomatic epilepsies and progressive
myoclonus epilepsies (PME) was based on whether there had
developmental delay before and after onset of epilepsy, or estab-
lished etiology including structural or metabolic abnormalities.
The presence of mild cognitive or behavioral deficits in the course
of epilepsy was not as an exclusion criteria.

VEEG monitoring was performed using a Nihon Kohden digital
video-EEG-1100 K instrument for about 4 h, covering both awake
and sleep states. EEG electrodes were positioned over the scalp
according to the international 10-20 system, with the correspond-
ing polyelectromyography to record the activity of muscles includ-
ing deltoid, quadriceps femoris and so on. Hyperventilation and
intermittent photic stimulation (IPS) were performed in all patients.
The EEG traces were evaluated by two qualified neurophysiologists.

Clinical records and VEEG recordings were reviewed to obtain
information including sex, birth history, history of febrile seizures,
age at seizure onset, seizure types, electroclinical features, treat-
ment, and outcome variables, as well as family history of epilepsy
or febrile seizures. Psychomotor development was evaluated clin-
ically in all patients.

3. Results
3.1. General features

Forty-two patients (34 males and 8 females) were identified. The
mean and median ages at seizure onset were 40.5 and 41 months
(range 16-60 months), and approximately two-thirds of them
(69.0%) started between 2 and 4 years old. Two patients (4.8%,
patient 18, 21) had asphyxia at birth. Four patients (9.5%) had a his-
tory of febrile seizures. Eight patients (19.0%) had a family history of
epilepsy, and five patients (11.9%) had a family history of febrile
seizures. Physical and neurological examination were unremark-
able in all patients and none of them had physical dysmorphisms.
The main clinical features of the patients were summarized in Table 1.

3.2. Clinical manifestations

For the patients with myoclonic seizures alone or predominant
myoclonic seizures with GTCS and/or absence seizures here, the
occurrences of GTCS could be confirmed by history-taking from
their caregivers in most patients. It was not difficult to differentiate
GTCS from clusters of myoclonic seizures or non-epileptic events
based on the clinical information, in which a loss of consciousness,
significant autonomic symptoms, and postictal sleep supported the
diagnosis. According to the seizure types, we divided them into 4
groups: (1) myoclonic seizures alone in 3 patients (Group 1). The
onset ages were all above 3 years old. One of them had a history
of febrile seizures. (2) predominant myoclonic seizures combined
with GTCS in 12 patients (Group 2). The onset seizure type was
myoclonic seizures in four or GTCS in eight. The presenting ages
in seven patients were above 3 years old. One patient started myo-
clonic seizures at age of 16 months, which then combined with
GTCS during the course. The afebrile GTCS with or without febrile
GTCS started before 3 years old and still existed after myoclonus
appearing in the four patients (patient 12-15). (3) predominant

myoclonic seizures combined with absence seizures in 7 patients
(Group 3). The initial seizure type was myoclonic seizures in one
and was not identified in the other 6 patients. Three patients of
them had a history of febrile seizures. (4) predominant myoclonic
seizures combined with GTCS and absence seizures in 20 patients
(Group 4). Sixteen patients of them started with afebrile GTCS with
or without preceding febrile GTCS, one started with a myoclonic
seizures and 3 patients could not confirm the onset seizure type.

In total, twenty-four patients (24/32, 75%) were confirmed as
onset with GTCS (febrile or afebrile) in group 2 and 4. Of them, ele-
ven patients started with febrile GTCS that then evolved to combine
with afebrile GTCS. And the other 13 patients had only afebrile
GTCS. Further reviewing the interval from the first GTCS to the
presenting of other seizures types in these 24 patients, the data of
18 patients was available. The interval ranged from 7 days to
25 months, with a mean and median of 6.2 months and 4.5 months
respectively. In these 18 patients, the frequency of GTCS varied from
once a year to more than 10 times within a few days.

3.3. VEEG recordings

A total of 133 VEEG recordings were obtained in the 42 patients,
one to eight recordings in each one. A normal background activity
was observed in 35 out of 42 patients. For the other 7 patients, the
slower rhythm of the background activity and/or lacking dominant
rhythm in occipital areas during eyes closed were observed. All
patients demonstrated generalized high- to very high-amplitude
spike- or polyspike-wave discharges at 2-4 Hz on the interictal
EEG. These interictal discharges presented only during sleep in
14 patients, and during both awake and sleep stages in the other
28 patients, which aggravated during sleep in 6 patients. No con-
sistent focal spikes were observed. For ictal periods, myoclonic sei-
zures and/or absence seizures were identified by VEEG with
synchronous polyelectromyography in all patients. The manifesta-
tions of myoclonic seizures included a sudden shake of the whole
body or only single or multiple limb(s), a rapid nod or a quick
twitch of mouth corners, accompanied by a brief throaty vocaliza-
tion sometimes. EEG showed generalized very high-amplitude
spike- or polyspike-wave discharges at 2-4 Hz for 0.5-2 s, corre-
sponding to the burst of electromyography (approximately
50-300 ms) involving the bilateral deltoid and/or quadriceps
femoris (Supplementary Fig. S1). Of note, rhythmic myoclonus that
manifested as continuous rhythmic jerks of the upper extremities
without loss of consciousness was observed in 2 patients here
(patient 3, 35). The manifestations of absence seizures included
staring, lower responding and action reducing or stop for 5-15s
accompanied by slight rhythmic eyelid blinking or head swinging,
or oropharyngeal automatism in a few patients. The corresponding
EEG showed generalized regular or irregular high-amplitude spike-
wave discharges at 1.5-3 Hz during the event (Supplementary
Fig. S2). These absence seizures were able to be evoked by hyper-
ventilation in 5 patients (patient 22, 23, 32, 36, 40). And myoclonic
seizures were able to be evoked by IPS in 2 patients (patient 22,
32). In addition, a combination of the two seizure types in a single
event above was observed in 7 patients (patient 18, 22, 30, 35,
38-40), presenting as several myoclonic seizures followed by an
absence seizure.

3.4. Treatment and outcomes

Most patients were treated by 1-5 kinds of antiepileptic drugs,
including valproic acid in 33 patients, levetiracetam in 17, lamot-
rigine in 16, topiramate in 13, clonazepam in 12, oxcarbazepine/
carbamazepine in 8, phenobarbital in 2, and prednisone in one
patient. Myoclonic seizures in one patient (patient 22) were
aggravated by oxcarbazepine. At the time of performing this
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Table 1
General characteristics of the patients in our study.

No. Sex Seizure Seizure type  Interval from onset to AEDs Age at seizure  Psychomotor History  Family history of
onset at onset other seizure types control development of FS epilepsy or FS
Myoclonic seizures
1 M 5y MS / LTG n.a. normal — -
2 F 3yllm MS / VPA, LEV n.a. normal - -
3 M 4y8m MS / PB, VPA n.a. normal + -
Myoclonic seizures and GTCS
4 M 4y5m MS n.a. VPA, TPM, CBZ n.a. normal — EP
5 M 3y6m MS n.a. VPA, TPM S5y4m normal — -
6 M  4y8m GTCS- 20d VPA, LEV 5y2m delay — -
7 M 4y6m MS 1y VPA, LTG, LEV, TPM 7y10m normal — -
8 M 3y5m GTCS- 1m 0XC, VPA 4y normal - -
9 M 3y8m GTCS% 40d LEV, CZP, VPA, LTG 4y2m normal - -
10 M 4y6m GTCS- 5m n.a. n.a. normal - EP
1 M 1y4m MS 1m LEV, CZP n.a. delay — -
12 M 2y2m GTCS% n.a. VPA n.a. normal — EP
13 M 2y2m GTCS- 1y OXC, VPA, LTG, LEV, 4y9m normal - -
TPM
14 M 2y4m GTCS% 3m n.a. n.a. normal — -
15 M 2y11m GTCS- n.a. VPA, OXC 3y9m normal - EP
Myoclonic seizures and absence seizures
16 F 4y6m MS n.a. VPA, LEV, TPM, CZP, LTG n.a. delay - -
17 F 2y11m n.a. / VPA n.a. delay - EP
18 M 3y9m n.a. / VPA, LEV, TPM n.a. normal — -
19 F 5y n.a. / LTG, VPA, LEV 6y normal - ES
20 M 3y n.a. / TPM, LTG, VPA, LEV 7y7m normal + -
21 M 2y2m n.a. / n.a. n.a. normal + -
22 F 3y6m n.a. / 0XC, VPA 4y9m normal + -
Myoclonic seizures, GTCS and absence seizures
23 M 3y4m n.a. / VPA, OXC, LTG, LEV, 7y normal — —
TPM, Prednisone
24 M 3yllm n.a. / VPA, CZP, LTG, TPM n.a. normal — -
25 M 2y8m GTCSt 20d VPA 3y normal - EP
26 M 2y6m GTCSt 1y4m LEV, CZP, VPA 4y3m normal - -
27 M 3y2m MS n.a. VPA, LTG n.a. normal — -
28 F 3y4m GTCS- 6m LEV, CZP, VPA 5y4m normal — —
29 M 2y6m GTCS% n.a. n.a. n.a. normal — -
30 M 4y GTCS- n.a. LEV, VPA, CZP, TPM 6y3m delay - -
31 M 3y4m GTCS- 1w TPM, VPA, LEV n.a. delay — —
32 M 2y10m GTCS- 1m VPA, LTG 3y normal - -
33 F 5y GTCSt 3m LTG, VPA 5y7m normal — EP
34 M 3y4m GTCS- 1y VPA 5y6m normal — -
35 F 2y2m n.a. / VPA, LTG, TPM, CZP 2y4m delay - FS
36 M 3y9m GTCSt 7m LEV, CZP, VPA 5y1lm normal — FS
37 M 3y5m GTCS- 4m n.a. n.a. normal - -
383 M 1y7m GTCS* 2ylm LEV, CZP n.a. normal - FS
39 M 1y6m GTCS- 9m LTG, VPA, PB, CZP n.a. delay - EP
40 M 4y6m GTCS- 5m n.a. n.a. normal - -
41 M 3y8m GTCS+ n.a. VPA, OXC, LTG 5y8m normal — —
42 M 3y5 GTCSt n.a. VPA, CZP, LTG, TPM, 4y8m normal - FS
0XC

AEDs: antiepileptic drugs; FS: febrile seizures; MS: myoclonic seizures; GTCS: generalized tonic-clonic seizures; GTCS-: afebrile GTCS; GTCS#: febrile or afebrile GTCS; VPA:
valproic acid; LEV: levetiracetam; LTG: lamotrigine; TPM: topiramate; CZP: clonazepam; OXC: oxcarbazepine; CBZ: carbamazepine; PB: phenobarbital.

retrospective study, seizures in 22 patients had been controlled,
and two of them (patient 32, 41) had discontinued medications
and remained seizure free. The mean and median ages at seizure
control were 60.5 and 61.5 months (range 28-94 months). Normal
psychomotor development was described in 34 patients, and mild
cognitive or behavioral deficits were in 8 patients.

4. Discussion

Classification of the epilepsies into distinct electroclinical
epileptic syndromes has been one of the most significant achieve-
ments of modern epileptology. Syndromic diagnosis can provide
clinicians with a framework to describe the clinical course, predict
prognosis, and make correct therapeutic decisions. Accurate classi-
fication relies on the clinical manifestation of epileptic seizures,
EEG findings, age of seizure onset, family history, as well as

concomitant neurological manifestations. However, in some cases,
the clinical features may not fulfill those required criteria for an
established syndrome, and the epilepsy, therefore, remains unde-
termined or incompletely classified (Dragoumi et al., 2015). Here,
we found such a cohort of patients who had myoclonic seizures
alone or predominant myoclonus combined with GTCS and/or
absences, in early childhood. Though the clinical presentations of
them indicated a possibility of GGE, they could not fit into any
clearly defined epileptic syndromes. In this study, we analyzed
their electroclinical characteristics and discussed the classification
of this cohort.

The 42 patients here were divided into 4 groups according to
the seizure types throughout the courses, including patients with
myoclonic seizures alone, predominant myoclonic seizures with
GTCS, predominant myoclonic seizures with absence seizures,
and predominant myoclonic seizures with both GTCS and absence
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seizures. The clinical presentations and EEG characteristics of them
had similar but different aspects from other GGEs such as MEI,
Doose syndrome and JME, in which myoclonus was also the most
common seizure type. So, was the epilepsy in this cohort an atyp-
ical subtype of these GGEs above or an independent epileptic syn-
drome? We discussed as follows:

4.1. The difference and relation with MEI

MEI is the youngest form of GGE in the International Classifica-
tion of Epilepsies and Epileptic Syndromes (ILAE, 1989), character-
ized by myoclonic seizures starting in the first three years of life in
otherwise normal infants, and the lack of other seizure types
except for rare simple febrile seizures (Mangano et al., 2005;
Auvin et al., 2006; Darra et al., 2006). In 2012, Ito et al. (2012)
reported a group of MEI who presented with recurrence afebrile
GTCS before the onset of myoclonus, and these GTCS mostly disap-
peared within several months and were replaced by myoclonic sei-
zures (Ito et al., 2012). For the three patients in group 1 who had
myoclonic seizures (one with a history of febrile seizures) and
eight patients in group 2 who had afebrile GTCS with or without
febrile GTCS and then developed myoclonus, the clinical and EEG
manifestations of myoclonic seizures were similar to those in
MEL In addition, developmental outcome was relatively favorable
in patients here as that in MEI. Although two of them had mild
mental retardation, this less favorable developmental outcome
was reported in MEI also (Rossi et al., 1997). So the word “benign”
has been suggested by ILAE to be removed from the name of
benign MEI (Berg et al., 2010; Engel, 2006). Above contents sup-
ported the possibility that the generalized epilepsy in these
patients was linked to MEIL Although a special case that one MEI
patient had his first seizure at the age of 40 months (Caraballo
et al., 2013), the age of seizure onset in most patients in group 1
and 2 were more than 3 years old, later than that in most MEIs.
Four patients in group 2 started with febrile or afebrile GTCS before
3 years old, in whom the afebrile GTCS still existed after myoclonic
seizures appearing, precluding them to be diagnosed as MEI (Ito
et al., 2012). Moreover, four patients in group 2 started with myo-
clonic seizures and developed afebrile GTCS later. Although GTCS
had been described to develop later in the clinical course of some
ME], it appeared during adolescence mostly (Mangano et al., 2005;
Auvin et al., 2006; Darra et al., 2006), which was obviously differ-
ent from the early-childhood presentation here. In addition, most
patients in these two groups were controlled by more than two
kinds of antiepileptic drugs, whereas most MEI patients could be
controlled by valproic acid monotherapy or combined with
another medicine (Rossi et al., 1997). All above indicated that this
epilepsy might be different from typical MEI, though had some
similar presentations. So, should the two groups be recognized as
two atypical subgroups of MEI, or one or two different epileptic
syndromes? (Fig. 2).

4.2. The difference and relation with Doose syndrome

Doose syndrome accounts for about 1-2% of all childhood
epilepsies. Two-thirds of the patients are boys. It is characterized
by myoclonic atonic seizures that often occur together with atonic,
myoclonic and absence seizures between 7 months and 6 years,
and peaks at 2-4 years (Panayiotopoulos, 2005). Children are nor-
mal prior to the onset of seizures. Febrile or afebrile GTCS often
appears first, followed by explosive myoclonic atonic seizures a
few weeks later (Neubauer et al., 2008). The prognosis is relatively
good in about 50% of cases if the seizures could be brought under
control rapidly and consistently (Neubauer et al., 2008). For the
patients in group 3 and 4 here (20 boys and 7 girls), myclonic
and absence seizures with or without preceding febrile or afebrile

GTCS occurred between 18 and 63 months. The age of seizure
onset, clinical and EEG characteristics of myoclonic and absence
seizures, and the favorable prognosis of our patients appeared to
resemble those in Doose syndrome. However, they could not be
included in this syndrome because of lacking myoclonic atonic
and atonic seizures during disease courses, the cardinal seizure
types of it. Indeed, the typical myoclonic atonic seizures are myo-
clonic seizures followed by a post-myoclonic silent period of mus-
cle inhibition that causes the child to stagger or fall. The presence
of the atonic phenomenon can be appreciated only if the involved
muscles are active in posture maintenance during the jerk and its
intensity may vary. If the muscle is at rest, the post myoclonic phe-
nomenon cannot be seen clinically or captured on EMG recordings.
However, we thought that if myoclonic atonic seizures appeared
during disease course, they might be observed more or less rather
than never in the daily activities by family guardian. A research of
Oguni et al. (2001) divided the patients with myoclonic-astatic epi-
lepsy of early childhood into myoclonic group, atonic group (only
atonic seizures or atonic seizures with preceding minor myoclonia)
and myoclonic-atonic group (involve equal intensity of both com-
ponents). The first group included patients never experienced a
drop attack, which was similar to our patients. They did not find
a clear difference among the groups, and considered the myoclonic
group as a part of Doose syndrome rather than a different epileptic
syndrome (Oguni et al., 2001). However, if patients never con-
firmed myoclonic atonic seizures by clinically or EMG recordings
were diagnosed as Doose syndrome, the name of epilepsy with
myoclonic atonic seizures, eponymic term to Doose syndrome,
should be canceled from the list of classification and terminology
reported by ILAE (Berg et al., 2010). A similar example was that
severe myoclonic epilepsy in infancy was the eponymic term to
Dravet syndrome assigned by ILAE in 2001 (Engel and ILAE,
2001) and then was removed in 2010 (Berg et al., 2010). Therefore,
in our opinions, in order to facilitate clinicians to diagnose Doose
syndrome more easily and accurately, the epilepsy of these
patients in our group 3 and 4 should be separated from the Doose
syndrome.

4.3. The difference and relation with JME

JME is characterized by the triad of absences, myoclonic jerks
and GTCS with an age-related onset. Usual age at onset is
12-17 years (Neubauer et al., 2008). Because the patients in our
study, particularly in group 4, had similar seizures types with
JME, we once considered a possibility that these patients might
be a subgroup of JME with an earlier seizure onset. However, sev-
eral evidences against this hypothesis were found: At first, GTCS
usually (happened in 90% of cases) occurs a few months after the
myoclonic jerks in JME (Panayiotopoulos, 2005; Neubauer et al.,
2008). Whereas in most patients here, GTCS appeared as the first
seizure type. Moreover, the myoclonic seizures in JME often arose
in the morning, shortly after awakening, which was not found in
our patients here. In addition, for JME, complete freedom from sei-
zures can usually be achieved with medication, but the medicine
must be given for life (Neubauer et al., 2008). Whereas most of
our patients here were seizure-free before adolescence. Therefore,
although the seizure types and relative good prognosis were simi-
lar between our patients and JME, it was impossible to classify
them into the same syndrome. Apparently, they have different
clinical features, such as, the age of seizure onset and control, the
order of seizures appearance, and the occurrence time of myoclo-
nic seizures.

In summary, after comparing the clinical and EEG characteris-
tics in different epileptic syndromes (Table 2), we preferred to rec-
ognize the syndrome described here as a different syndrome, even
though there was overlap between the patients in our study and
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Fig. 2. The difference and relation between ECME and MEI. The x axis is the onset age of different seizure types. The solid line means that ME (blue), FS (red) or GTCS (yellow)
started in different ages and existed for different periods. The red dotted line means that FS could occur or not occur during the courses. MEI: myoclonic epilepsy in infancy;
ECME: early childhood myoclonic seizures; ME: myoclonic seizures; FS: febrile seizures; GTCS: generalized tonic-clonic seizures. (For interpretation of the references to color

in this figure legend, the reader is referred to the web version of this article.)

Table 2
Comparison of the clinical characteristics between several GGEs and the ECME here.
MEI Doose syndrome ECME JAE JME
Age at onset 7m-3y 7m-6y (peak: 2-4y) 1.5-5y (peak: 2-4y) 5-20y (peak: 10-12y) 12-20y (peak: 14-15y)

Seizure types

Myoclonic seizures 100% 100% 1
Absence seizures - >50% +
Afebrile GTCS + >70% +
Myoclonic atonic - 100% .
Atonic seizures - >30% -

~30% 100%
100% ~30%
>90% >90%

MEI: myoclonic epilepsy in infancy; JAE: juvenile absence epilepsies; JME: juvenile myoclonic epilepsy; ECME: early childhood myoclonic epilepsy; GTCS: generalized tonic-

clonic seizures.

those with the established syndromes such as MEI, Doose syn-
drome and JME. The present GGEs with only or predominant
absence seizures in infants, early children or juvenile were named
as EOAE, CAE and JAE respectively; and with only or primarily
myoclonic seizures in infants or juveniles were named as MEI
and JME. However, myoclonic seizures presenting as the cardinal
seizure type in early childhood was not noted by ILAE previously.
So, we suggested to name this syndrome as early childhood myo-
clonic epilepsy (ECME). Though this name was used by Delgado-
Escueta et al. (1990), the syndromic characteristics they described
were different with ours. They reported a syndrome with the

following inclusion criteria: “Age of onset 1-5 years, frequently
as febrile convulsions or myoclonic atonic (astatic) drop attacks.
Myoclonic atonic (astatic) drop attacks plus absence and myoclo-
nic and generalized tonic-clonic (GTCS) or clonic-tonic-clonic sei-
zures; may have myoclonic absence seizures. Awakening GTCS
and myoclonia become more prominent and persistent during
development...” However, in our study, the myoclonic atonic
seizure was an exclusion criteria, and myoclonic seizure was the
predominant seizure type, with or without GTCS and/or absences.
So, we think that the paper of Delgado-Escueta et al. (1990) was
prefer an early report of Doose syndrome, which was very different
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Fig. 3. Age of seizure onset in several established GGEs and the ECME here. MEI: myoclonic epilepsy in infancy; DS: Doose syndrome; ECME: early childhood myoclonic

seizures; JAE: juvenile absence epilepsies; JME: juvenile myoclonic epilepsy.

Table 3

The criteria defining ECME named by us, basically different from those defining ECME early described by Delgado-Escueta et al.

ECME in this report

ECME by Delgado-Escueta et al.

Age of onset
Onset type
Seizure types

<5 years (peak 2-4 years)
Febrile or afebrile GTCS or myoclonic seizures

seizures combined with GTCS and/or absences
No evidence of structural or metabolic

Normal

2- to 4-Hz generalized spike- or polyspike-wave
complexes, without consistent focal spikes
Focal seizures No

Precipitating factors

Aetiology
Development before onset
Interictal EEG

IPS or hyperventilation in a few patients
Remission before adolescence in most
Normal or mild cognitive or behavioral deficits

Seizure outcome
Development outcome

Myoclonic seizures alone or predominant myoclonic

Myoclonic seizures or absences could be induced by

1-5years

Febrile convulsions or myoclonic atonic (astatic) drop attacks

Myoclonic atonic (astatic) drop attacks plus absence and myoclonic and GTCS or
clonic-tonic-clonic seizures; may have myoclonic absence seizures

No evidence of structural or metabolic

Normal

2- to 3-Hz spike-wave or multispike-wave complexes and/or 4- to 6-Hz
multispike-wave complexes; frequent sensitivity to photo stimulation

No

Awakening GTCS and myoclonias become more prominent and persistent
during development

Complete control with valproate monotherapy is possible and frequent
Unknown

ECME: early childhood myoclonic epilepsy; GTCS: generalized tonic-clonic seizures.

with ours. After searching in Pubmed, we did not find other studies
about this probable syndrome. This was the first time to report an
independent epileptic syndrome named as ECME with the follow-
ing characteristics (Table 3): seizures started below the age of
5years in otherwise normal children, with a peak of 2-4 years
old (Fig. 3); seizure types included myoclonic seizures alone or pre-
dominant myoclonic seizures combined with GTCS and/or
absences occurred during the courses, and febrile or afebrile GTCS
could appear before other seizure types; generalized spike- or
polyspike-wave discharged at 2-4 Hz on interictal EEG, and myo-
clonic seizures or absences could be induced by IPS or hyperventi-
lation; seizures remission before adolescence with normal
development or mild cognitive or behavioral deficits in most. The
family histories of epilepsy (19.0%) or FS (11.9%) suggested the
underlying genetic contribution to these patients, which supported
our proposal that classifying this epilepsy as an independent
epileptic syndrome included in GGEs.

In the present study, we retrospectively screened the patients
from the tens of thousands of VEEG recordings in our hospital.
The starting point of this research to obtain the patients’ data
was not from the clinical perspective. Unavoidably, this way had
some disadvantages: the retrospective nature limited the
acquisition of detailed clinical data, which might induce potential
biases; the incidence rate of ECME or other well-established GGEs
could not be estimated through our research. However, our main
purpose was describing this unnoticed phenomenon in early child-
hood, and this screening method helped us to obtain more reliable
cases through meeting the strict inclusion and exclusion criteria,
though some cases might be ruled out excessively. In the future,
more multicenter, large-scale studies from different countries
were needed to further identify the morbidity, electroclinical

characteristics, and prognosis of this independent electroclinical
syndrome from the defined epileptic syndromes.

Funding

This research was supported by grants from Beijing key labora-
tory of molecular diagnosis and study on pediatric genetic diseases
(BZ0317).

Acknowledgments

We thank the patients and their families for participating.
Conflict of interest: None of these authors have any conflict of
interest to disclose.

Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.clinph.2017.06.
244,

References

Auvin S, Pandit F, De Bellecize |, Badinand N, Isnard H, Motte ], et al. Benign
myoclonic epilepsy in infants: electroclinical features and long-term follow-up
of 34 patients. Epilepsia 2006;47:387-93.

Berg AT, Berkovic SF, Brodie M], Buchhalter ], Cross JH, van Emde Boas W, et al.
Revised terminology and concepts for organization of seizures and epilepsies:
report of the ILAE Commission on Classification and Terminology, 2005-2009.
Epilepsia 2010;51:676-85.

Caraballo RH, Flesler S, Pasteris MC, Lopez Avaria MF, Fortini S, Vilte C. Myoclonic
epilepsy in infancy: an electroclinical study and long-term follow-up of 38
patients. Epilepsia 2013;54:1605-12.


http://dx.doi.org/10.1016/j.clinph.2017.06.244
http://dx.doi.org/10.1016/j.clinph.2017.06.244
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0005
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0005
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0005
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0010
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0010
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0010
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0010
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0015
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0015
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0015

Z. Yang et al./Clinical Neurophysiology 128 (2017) 1656-1663 1663

Darra F, Fiorini E, Zoccante L, Mastella L, Torniero C, Cortese S, et al. Benign
myoclonic epilepsy in infancy (BMEI): a longitudinal electroclinical study of 22
cases. Epilepsia 2006;47:31-5.

Delgado-Escueta AV, Greenberg D, Weissbecker K, Liu A, Treiman L, Sparkes R, et al.
Gene mapping in the idiopathic generalized epilepsies: juvenile myoclonic
epilepsy, childhood absence epilepsy, epilepsy with grand mal seizures, and
early childhood myoclonic epilepsy. Epilepsia 1990;31:519-29.

Dragoumi P, Chivers F, Brady M, Craft S, Mushati D, Venkatachalam G, et al. Epilepsy
with myoclonic-atonic seizures (Doose syndrome): when video-EEG
polygraphy holds the key to syndrome diagnosis. Epilepsy Behav Case Rep
2015;5:31-3.

Engel Jr ], International League Against Epilepsy (ILAE). A proposed diagnostic
scheme for people with epileptic seizures and with epilepsy: report of the ILAE
Task Force on Classification and Terminology. Epilepsia 2001;42:796-803.

Engel Jr ]. Report of the ILAE classification core group. Epilepsia 2006;47:1558-68.

Fernandez-Torre JL, Herranz JL, Martinez-Martinez M, Maestro I, Arteaga R, Barrasa
J. Early onset absence epilepsy: clinical features in three children. Brain Dev
2005;28:311-4.

Ito S, Oguni H, Osawa M. Benign myoclonic epilepsy in infancy with preceding
afebrile generalized tonic-clonic seizures in Japan. Brain Dev 2012;34:829-33.

Mangano S, Fontana A, Cusumano L. Benign myoclonic epilepsy in infancy:
neuropsychological and behavioural outcome. Brain Dev 2005;27:218-23.
Neubauer BA, Gross S, Hahn A. Epilepsy in childhood and adolescence. Dtsch Arztebl

Int 2008;105:319-27.

Oguni H, Fukuyama Y, Tanaka T, Hayashi K, Funatsuka M, Sakauchi M, et al.
Myoclonic-astatic epilepsy of early childhood-clinical and EEG analysis of
myoclonic-astatic seizures, and discussions on the nosology of the syndrome.
Brain Dev 2001;23:757-64.

Panayiotopoulos CP. The epilepsies: seizures, syndromes and
management. Oxfordshire (UK): Bladon Medical Publishing; 2005.

Proposal for revised classification of epilepsies and epileptic syndromes.
Commission on classification and terminology of the International League
Against Epilepsy. Epilepsia 1989;30:389-99.

Rossi PG, Parmeggiani A, Posar A, Santi A, Santucci M. Benign myoclonic epilepsy:
long-term follow-up of 11 new cases. Brain Dev 1997;19:473-9.

Shahar E, Genizi ], Nevo Y, Kaufman R, Cabot S, Zelnik N. Typical absence epilepsy
presenting prior to age of 3 years: an uncommon form of idiopathic generalized
epilepsy. Eur ] Paediatr Neurol 2007;11:346-52.


http://refhub.elsevier.com/S1388-2457(17)30471-6/h0020
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0020
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0020
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0025
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0025
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0025
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0025
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0030
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0030
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0030
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0030
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0035
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0035
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0035
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0040
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0045
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0045
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0045
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0050
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0050
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0055
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0055
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0060
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0060
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0065
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0065
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0065
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0065
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0070
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0070
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0075
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0075
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0075
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0080
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0080
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0085
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0085
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0085
http://refhub.elsevier.com/S1388-2457(17)30471-6/h0085

	Early childhood myoclonic epilepsy: An independent genetic generalized epilepsy with myoclonic seizures as the main seizure type
	Introduction
	Patients and methods
	Results
	General features
	Clinical manifestations
	VEEG recordings
	Treatment and outcomes

	Discussion
	The difference and relation with MEI
	The difference and relation with Doose syndrome
	The difference and relation with JME

	Funding
	Acknowledgments
	Supplementary material
	References


