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ABSTRACT – Aim. Typical absence seizures are observed in various epilepsy
syndromes, however, few series have focused on early-onset absence
epilepsy (EOAE). We aimed to evaluate the occurrence of this seizure type
in children under 4 years of age in order to evaluate their electroclinical
characteristics and outcome.
Methods. We retrospectively studied (2006-2014) the electroclinical fea-
tures of children with normal development and typical absence seizures
starting before the age of 4 (with available pre-treatment video-EEG).
Results. Nine patients were included. Among them, eight patients had
rhythmic myoclonic jerks involving the muscles of the upper face (eye-
brows and eyelids) or neck, present from the onset to the end of the
typical absence discharge. The myoclonia were synchronous with spike-
wave complexes. One patient with GLUT-1 deficiency was refractory to
antiepileptic polytherapy. The other eight became seizure-free; five with
one antiepileptic drug and three with a combination of two drugs. The treat-
ment was successfully withdrawn in five of the six patients who achieved
two years of seizure freedom. None of them exhibited any other seizure
type. Four of the eight patients with normal schooling required some sup-
port. We observed a positive correlation between the duration of absence
seizure and the age of the patient at examination.
Conclusion. Most of the patients under four years with only typical absence
seizures had EOAE, and the motor symptoms may represent a distinctive
age-related feature of EOAE. Further investigations are required to better
correlate the role of brain maturation with the duration of the absence.
[Published with video sequence on www.epilepticdisorders.com]

Key words: typical absence seizure, early-onset absence epilepsy,
childhood absence epilepsy, myoclonus, paediatric epilepsy syndrome
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ypical absences (TAbs) are generalized seizures
linically defined by a transient impairment of con-
ciousness of sudden onset and termination, lasting
or seconds, with a concomitant bilateral, generalized,
egular and symmetric spike-wave (SW) or polyspike-
ave EEG discharge of 2.5 to 4 Hz (Panayiotopoulos,

008). TAbs have mainly been described in epilep-
ic syndromes that mostly affect children from 4
ears of age to adolescence, formerly defined as
diopathic generalized epilepsy; childhood absence
pilepsy (CAE), juvenile absence epilepsy, and juve-
ile myoclonic epilepsy (Panayiotopoulos, 2008).
Abs have also been described in eyelid myoclo-
ia with absences, also called Jeavons syndrome, or
erioral myoclonia with absences (Panayiotopoulos,
008). Nonetheless, early-onset TAbs have also been
eported in early-onset absence epilepsy (EOAE), an
pileptic syndrome affecting children under the age of
in whom typical absences are the only seizure type.

OAE is rare, representing 0.7 to 1% of epilepsy cases
efore the age of 4 (Chaix et al., 2003; Caraballo et al.,
011). The first reports in the 80s were isolated cases
De Marco, 1980; Cavazzuti et al., 1989) while more
ecently, series of cases have been reported (Chaix
t al., 2003; Shahar et al., 2007; Caraballo et al., 2011;
errotti et al., 2011a, 2011b; Giordano et al., 2013). For
ertain authors, EOAE should be seen as a distinct
ntity (Shahar et al., 2007; Verrotti et al., 2011a), whereas
thers suggest that it lies within a continuum with
ther syndromes, such as CAE (Verrotti et al., 2011b;
iordano et al., 2013). However, some authors consider
arly-onset TAbs as a probable exclusion criterion for
AE (Panayiotopoulos, 2008). EOAE is often regarded
s a severe condition with a high rate of refractoriness
Chaix et al., 2003). More recently, it has been shown
hat early-onset TAbs can also be a symptom of glu-
ose transporter type 1 (GLUT-1) deficiency syndrome
DS) (Leary et al., 2003) and some authors have reported

utations in the SLC2A1 gene, which encodes GLUT-1,
n up to 10% of children with TAbs with an onset before
he age of 4 (Suls et al., 2009; Arsov et al., 2012; Muhle
t al., 2013).
n this study, we analysed a series of patients with TAbs
tarting before the age of 4, with the aim of better defin-
ng their electroclinical characteristics and outcome.

atients and methods
38

tudy design and patients

n this retrospective study, we included children first
eferred to Robert-Debré University Hospital, Paris,
rance, between January 2006 and June 2014.
he inclusion criteria were repetitive transient loss
f consciousness with an onset before the age of

o
f
o
T
b
t
c

, normal development, normal neurological exami-
ation, and pre-treatment video-EEG documentation
f TAbs according to the Panayiotopoulos definition
f 2008; clinical symptoms associated with general-

zed high-amplitude spikes and double or, at most,
riple rhythmic SW complexes, at a frequency of 2.5-

Hz, with gradual and regular slowing down from
he initial to the terminal phase of the discharge
Panayiotopoulos, 2008).

e reviewed all first pre-treatment video-EEG records,
nalysed the clinical and electrographic characteris-
ics of the absences, and reviewed clinical records
o obtain information about the patient’s sex, age at
eizure onset, history of febrile seizures, presence of
ther seizure types, family history of epilepsy, treat-
ent, investigations including lumbar puncture, MRI

nd neuropsychological assessments, and outcome.

easurements and procedures

ideo-EEG was performed during wakefulness and,
epending on the child’s cooperation, sleep, photic
timulation, and hyperventilation conditions. EEG
ecordings were carried out using Ag-AgCl scalp elec-
rodes positioned according to the international 10-20
ystem, as well as electrocardiographic, respiration-
ate, and electromyographic electrodes. Signals were
cquired by computerized systems and recorded using
ontages with a common reference electrode.
hildren were defined as responsive to treatment
hen they were seizure-free. Seizure freedom was
efined as an absence of seizures reported by the fam-

ly, consistent with an absence of seizures during the
ideo-EEG recording.
e evaluated the frequency (number per hour) and

he mean duration (in seconds) of absence seizures
uring the first video-EEG recording. Using a Pear-
on correlation test (Prism software, GraphPad), we
valuated the correlation between age (in months) at
ecording and these two parameters.

esults

f the 656 patients who underwent EEG in our unit
or investigation of a repetitive transient loss of
onsciousness during the study period, electroclinical
bsences were documented in 194 children. Absence
eizures started before the age of 4 in 16 patients,
Epileptic Disord, Vol. 19, No. 2, June 2017

f whom seven had atypical absences. Nine patients
ulfilled the criteria for TAbs starting before the age
f 4.
hese nine patients included four girls and five
oys, none of whom had a past medical his-

ory of epilepsy or febrile seizures. Their main
linical characteristics are summarized in table 1.
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ase 3 had pseudo-hypoaldosteronism with a muta-
ion of the mineraloglucocorticoid receptor. Case 4
ad a history of malaria. A perinatal history was present

n one patient (Case 5) with intrauterine growth retar-
ation and premature birth at 27 weeks within a
ontext of toxaemia. A first or second-degree fam-
ly history of epilepsy was found in six cases with
ither symptomatic epilepsy (Case 1: post-meningitis
pilepsy in a brother; and Case 3: post-encephalitis
pilepsy in the mother and epilepsy within a context of
ongenital hemiplegia in the father), idiopathic gener-
lized epilepsy with full remission without treatment in
dulthood (Cases 8 and 9), or with ongoing antiepilep-
ic treatment (Case 6). A cousin of Case 2 had seizures
ut no further details were available. No child had
elayed milestones at the onset of TAbs. The mean

ollow-up time was 33.4 months (range: 11-63).

olygraphic semiology

he mean age at onset of absences was 23.5 months
range: 7-38) (table 1). All patients had at least one
bsence during video-EEG recording. Eight patients
ut of nine had rhythmic myoclonic jerks of the eye-
rows, eyelids or neck during absence seizures (table 2
nd video sequence).
he mean age at first EEG was 33 months (range: 13-
6). The mean diagnostic delay was 10 months (range:
-19 months). Polygraphic features, including video-
EG and surface EMG, are summarized in table 2.
ackground activity was normal in all. Among the
ight patients who slept during the EEG recording,
even had diffuse paroxysmal abnormalities. Ictal EEG
howed generalized symmetric SW discharges of 2.5-
Hz. The mean duration of absences was 7.5 seconds

range: 2-14 seconds). Polygraphy of patients with
yoclonia showed that the jerks were rhythmic, last-

ng from the onset to the end of the EEG discharge
nd were synchronous with each SW complex, with-
ut any tonic or hypotonic manifestations (figure 1
nd video sequence). Out of the nine patients, seven
nderwent photic stimulation without any significant
ffect. Hyperventilation was difficult to induce at this
ge; four patients underwent spontaneous hyperven-
ilation while crying, which activated absences in one
f them.
e found a correlation between the duration of the

eizure and the age at EEG recording (figure 2) without
pileptic Disord, Vol. 19, No. 2, June 2017

ny change in the seizure frequency (absences/hour)
figure 2; upper part).

iagnosis

rain MRI was performed in four children, and was nor-
al. Four patients underwent lumbar puncture; one

I
i
s
m
g
a
i
f

Frequent myoclonic jerks in early-onset absence epilepsy

Case 8) had hypoglycorrhachia and was then screened
or mutations in SLC2A1, which confirmed the diagno-
is of GLUT-1 DS (table 1).
ccording to their electroclinical features, the nine
atients in our series may be considered a homoge-
eous group with onset of TAbs before the age of 4,
ith normal development at onset, and a predomi-
ance of rhythmic myoclonic jerks that accompanied

he absence seizure.

reatment

ive patients received valproate and four received
thosuximide as a first-line treatment. All five patients
ho first received valproate either displayed no

eizure control with treatment (Cases 1, 4, 8 and 9)
r had side effects (Case 3; vomiting), and had to
e switched to ethosuximide or lamotrigine. Only
ne of the four patients who first received ethosux-

mide displayed no seizure control and was switched
o valproate (Case 6). Of the nine patients in our
eries, four required bitherapy for symptoms to be
ontrolled; valproate and ethosuximide (Case 9), val-
roate and lamotrigine (Cases 4 and 6), or valproate
nd lamotrigine associated with a ketogenic diet (Case
; GLUT-1 DS). All patients except one (Case 8; GLUT-
DS) reached seizure freedom. One patient relapsed
nder bitherapy (Case 4).

utcome

o patient in our series experienced any other type of
eizure. Among the eight patients who were followed
or more than two years, six were seizure-free for two
ears or more and could stop their treatment without
ny relapse over a mean follow-up period of 33 months
range: 16-72).
ognitive outcomes are summarized in table 1. Eight
atients were school-aged. All benefited from normal
chooling, but four required some support at school;
wo for attention deficit, one for dysphasia, and one
or borderline intellectual function within the context
f GLUT-1 DS.

iscussion
141

n our study, we found a homogeneous electroclin-
cal group of nine patients with TAbs as the only
eizure type, starting before the age of 4, and with nor-
al neurodevelopment at onset. This homogeneous

roup was diagnosed as having EOAE. We observed
high frequency of rhythmic myoclonic features

nvolving the eyebrows, eyelids or neck, observed
rom the beginning to the end of the EEG discharge.
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he duration of the absence seizure seemed to corre-
ate with the age at recording.
ll patients diagnosed after 2009 (based on the descrip-

ion of GLUT1-DS in the case of early-onset Tabs)
Suls et al., 2009) were systematically investigated for
ypoglycorrhachia. Before 2009, a lumbar puncture

w
P
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nt 4 (lower part) showing rhythmic myoclonic jerks of frontal
es of the absence seizures on EEG.
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as performed when the patients did not meet the
anayiotopoulos criteria for CAE (Agostinelli et al.,
013). This led to the diagnosis of GLUT1-DS in one of
ur nine patients. This patient required a combination
f three antiepileptic drugs and a ketogenic diet and
id not achieve full seizure control. The frequency of
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igure 2. Correlation of the number of absence seizures (upper
art) and the mean duration of recorded absence seizures (lower
art) with age at the time of EEG recording (Pearson correlation

est). Sz: seizure.

LUT-1 DS in our series was consistent with the litera-
ure in which mutations in the SLC2A1 gene are found
n up to 10% of patients with EOAE (Suls et al., 2009;
rsov et al., 2012; Muhle et al., 2013). Although the num-
er of patients in our series was limited, the response

o treatment was not as good as for CAE (Glauser et
l., 2010); three required bitherapy to be seizure-free,
ncluding one who relapsed. Valproate was withdrawn
ue to a lack of efficacy or side effects in five of the nine
atients, as described by others (Belcastro et al., 2013).
ild cognitive or behavioural abnormalities were also
ore frequent than in CAE (D’Agati et al., 2012; Masur

t al., 2013).
everal studies have attempted to classify EOAE and
44

etermine whether it represents an entity distinct from
yndromes already described. Among these previous
tudies, the clinical characteristics and outcome of
atients were highly variable. This may be explained
y differences among the inclusion criteria, includ-

ng diverging definitions of “typical” absences. Some
uthors excluded any motor symptoms, in particular

n
I
a
d
C
a
c

hythmic myoclonic jerks, while others used broader
nclusion criteria (Chaix et al., 2003; Caraballo et al.,
011). To avoid this bias, we selected patients before
he age of 4, referred due to loss of consciousness
ith normal development and neurological examina-

ion, whose first video-EEG showed absence seizures
hat fulfilled EEG criteria for TAbs.
olygraphy showed that eight out of the nine patients
n our series had rhythmic myoclonic jerks, syn-
hronous with SW complexes, lasting from the onset
o the end of the EEG discharge. Myoclonic jerks, along
ith absences, could also be evocative of epilepsy with
yoclonic absences (EMA) or eyelid myoclonia with

bsence (ELMA; also called Jeavons syndrome). EMA
as excluded in our patients because the myoclonic

erks involved the facial area and neck muscles without
ny involvement of the limbs. Moreover, the myoclonic
erks were never accompanied by a tonic compo-
ent, as seen in EMA (Bureau and Tassinari, 2005). The
bsences in our patients were the only seizure type and
ere rather shorter (2-14 seconds) than those usually
bserved in EMA (Bureau and Tassinari, 2005). ELMA
as also excluded in our patients because eye closure
id not trigger any absence seizures or any changes on
EG. Our patients did not exhibit any photoparoxys-
al response (Giannakodimos and Panayiotopoulos,

996). Finally, both EMA and ELMA are frequently
ssociated with pharmacoresistance and the occur-
ence of generalized tonic-clonic seizures (Bureau and
assinari, 2005). A previous video-polygraphic study
ocusing on myoclonic manifestations, associated with
ypical absences in CAE (n=12), reported findings sim-
lar to our observation, i.e. the occurrence of rhythmic

yoclonic jerks restricted to a limited area of the
ace or neck, synchronous with the SW complexes
n EEG (Capovilla et al., 2001). In several studies in
hich the characteristics of TAbs in CAE were precisely
escribed, the occurrence of rhythmic myoclonic jerks

n TAbs was reported (Holmes et al., 1987; Capovilla et
l., 2001; Sadleir et al., 2006). However, this is a relatively
are observation. Myoclonic jerks have been reported
o occur during 12.9% TAbs, based on the analysis of
26 TAbs from 27 children in one study (Holmes et al.,
987) and four from 47 children from another study
Sadleir et al., 2006). The high frequency of myoclonic
erks in our patients (88%) might be an age-related
eature.

e also found a correlation between the mean dura-
ion of absences and the age of the patients. The low
Epileptic Disord, Vol. 19, No. 2, June 2017

umber of patients in our study is clearly a limitation.
nterestingly, a correlation between the duration of
bsence and brain development has previously been
emonstrated in GAERS rats (Marescaux et al., 1992;
arçak et al., 2008). The progressive emergence of
bsence seizures in GAERS is correlated with SW dis-
harges from postnatal day 20 (P20) to P60, and is
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lso associated with a resistance to developing motor
eizures (Stage 5) in an amygdala-kindling model
Carçak et al., 2008). However, it is difficult at present to
urther extrapolate these experimental findings since
hey have not been investigated with regards to devel-
pmental changes in GAERS. We might hypothesize
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ive emergence of seizure overtime.
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Legend for video sequence

Video of clinical features during a video-EEG record-
ing showing rhythmic myoclonic jerks of frontal
muscles.
pileptic Disord, Vol. 19, No. 2, June 2017
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TEST YOURSELF
EDUCATION

(1) Typical absences as the only seizure type observed in a child before the age of 4 is consistent with which
of the following diagnoses:
A. Epilepsy with focal seizures
B. GLUT1 deficiency syndrome
C. The first symptoms of Lennox-Gastaut syndrome
D. Early-onset childhood absence epilepsy
E. The first symptoms of epilepsy with myoclonic atonic seizures

(2) What is the metabolic aetiology of 1/10 cases of early-onset absence epilepsy?
A. Mitochondrial disorders
B. Pyruvate deficiency
C. GLUT1 deficiency syndrome

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

Suls A, Mullen SA, Weber YG, et al. Early-onset absence
epilepsy caused by mutations in the glucose transporter
GLUT1. Ann Neurol 2009; 66: 415-9.

Verrotti A, Agostinelli S, Olivieri C, Chiarelli F,
Curatolo P. Early-onset pure absence epilepsy: a dis-
tinct epileptic syndrome. Acta Paediatr 2011a; 100:
647-50.

Verrotti A, Olivieri C, Agostinelli S, et al. Long term out-
come in children affected by absence epilepsy with onset
before the age of three years. Epilepsy Behav 2011b; 20:
366-9.
46

D. Menkes disease
E. Biotinidase deficiency

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
Epileptic Disord, Vol. 19, No. 2, June 2017

uestions. Correct answers may be accessed on the
“The EpiCentre”.
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