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ABSTRACT – We report the case of a young boy carrying a de novo mis-
sense mutation (c.1199G>T; p.R400L) in the SLC2A1 gene who presented
initially with benign myoclonic epilepsy of infancy. Eventually, he had a poor
outcome with refractory generalised tonic-clonic, myoclonic and absence
seizures, ataxia, significant mental impairment and slowing of head growth.
He responded poorly to ketogenic diet. This case extends the phenotype
of GLUT1-related syndromes and also sheds light on the genetic basis

ggesting that variable outcome may
d with video sequences]

ome, seizure, children, myoclonus,

learning impairment as they grow
older (Mangano et al., 2005). This
prompted the ILAE Classification
Core Group to remove the word
“benign” from the name of this
syndrome (Engel, 2006).
Mutations in the SLC2A1 gene are
associated with a spectrum of neu-
of myoclonic epilepsies of infancy su
depend on genetic factors. [Publishe
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Of the idiopathic generalised
epilepsy (IGE) syndromes, the earli-
est onset is that of benign myoclonic
epilepsy of infancy (MEI) (Auvin
et al., 2006; Dravet and Bureau, 2005;
Lin et al., 1998). The genetic basis
of MEI is unknown. Its prognosis
is usually good, with spontaneous
d
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seizure remission and normal cog-
nitive outcome (Auvin et al., 2006;
Dravet and Bureau, 2005; Lin et al.,
1998). However, recent retrospec-
tive series suggest that up to 30%
of affected children develop either
other seizure types or cognitive or

rological disorders, including IGE
syndromes such as early-onset,
juvenile or adult-onset absence
epilepsy (Mullen et al., 2010).
Here we describe the case of a
young boy who presented with typ-
ical MEI but had a poor evolution
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polyspikes and/or polyspike-waves during myoclonic
ith refractory generalised seizures and psychomo-
or impairment. Genetic studies revealed a de novo

issense mutation in the SLC2A1 gene.

ase study

his boy was first evaluated at six months of
ge because of a recent occurrence of jerks.
e had no significant personal or familial his-

ory and normal development milestones. Physical
nd neurological examinations were normal, with a
ead circumference of 44 cm (percentile 50). Video-
lectroencephalographic (EEG) recording disclosed a
ormal background and occurrence of spontaneous
yoclonic jerks, synchronous with generalised spike-

nd-wave discharges (figure 1, see video sequence).
o reflex myoclonus could be elicited. He was

reated with valproate, which led to complete seizure
ontrol with a follow-up of one year. Based on the
lectroclinical presentation and on the response to
alproate, we made an initial diagnosis of benign MEI.
owever, at 18 months, he started to have recurring
yoclonic seizures, de novo generalised tonic-clonic

nd absence seizures (figure 2) which required the
ddition of lamotrigine and topiramate, without satis-
pileptic Disord, Vol. 13, No. 3, September 2011

actory control. In addition, developmental delay as
ell as ataxia of gait and recession of head growth

ppeared, with a head circumference of 50 cm (per-
entile 10) at the age of four years. A lumbar puncture
as then performed, showing mild hypoglycorrhachia

CSF glucose level of 39 mg/dL with a blood glucose

A B

igure 1. Sample of interictal (A) and ictal (B) EEG recordings at six mon
as used in (A) and bipolar longitudinal (rows 1-8) and transversal m
ivision and 300�V per cm. A) The interictal recording shows a normal
ecording shows a myoclonic seizure; a generalised spike-and-wave d
refer to video sequence).
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MEI and GLUT1 deficiency

evel of 84 mg/dL) and a presumptive diagnosis of
LUT1 deficiency syndrome (GLUT1-DS) was made.
three-month ketogenic diet (4:1) program failed to

educe seizures despite good compliance.
equence analysis of the SLC2A1 gene, performed by
irect sequencing according to procedures described
lsewhere, revealed the presence of a heterozygous
issense mutation (c.1199G>T; p.R400L) which was not

bserved in his parents or 275 ethnically matched con-
rol individuals (Suls et al., 2009).

iscussion

ince its description in 1981, more than 150 patients
ith MEI have been reported (Auvin et al., 2006; Dravet

nd Bureau, 2005; Lin et al., 1998). Criteria for diagno-
is proposed by Dravet et al. (Dravet and Bureau, 2005)
re: (1) the occurrence, usually between four months
nd three years, of brief myoclonic seizures (which
an be spontaneous and/or reflex) in an otherwise
ormal infant, (2) EEG showing normal background,
are interictal spike-waves enhanced by drowsiness
nd slow sleep which may be evoked by intermit-
ent photic stimulation, and generalised spike-waves,
301

ths of age. Bipolar longitudinal montage with midline electrodes
ontage (rows 9-16) used in (B); time scale is 1 second per time
background with a 6-Hz posterior dominant rhythm. B) The ictal
ischarge closely followed by a burst of EMG activity (myoclonus)

eizures, and (3) good response to valproate. Our
atient thus fulfilled all the above criteria at the time of
resentation. Since the earliest description of the syn-
rome, it was stressed that prognosis was usually good.
eizures typically abate with time, antiepileptic treat-
ent may be stopped and most children have a normal
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igure 2. Sample of interictal (A) and ictal (B) EEG recordings at six
rows 9-16) in (B); time scale is 1 second per time division and se
-Hz generalised spike-and-wave discharges. B) The ictal recordin

evelopment. Although myoclonic seizures gradu-
lly disappear in most children, a significant minority
resent other seizure types at a later age, includ-

ng generalised tonic-clonic and early-onset absence
eizures (Caraballo et al., 2011; Dravet and Bureau,
005). Evolution to typical juvenile myoclonic epilepsy
as also been reported (Auvin et al., 2006). Psycho-

ogical outcome is also favourable for most children
chieving normal IQ. Again, however, 20% show a sig-
ificant cognitive or learning impairment (Mangano
t al., 2005). These differences in outcome might be
elated to a delay in treatment onset and seizure con-
rol, inappropriate educational attitudes or to side
ffects of treatment, as suggested by various authors.
ur findings, however, offer another explanation.

ndeed, we suggest that some cases initially pre-
enting as benign MEI but with atypical evolution,
ncluding early-onset absence seizures, pharmacore-
istance and cognitive impairment, might be attributed
o a GLUT1 glucose transporter deficiency due to

mutation in the SLC2A1 gene. Typical manifesta-
ions of the GLUT1-DS, or DeVivo syndrome, include
evelopmental delay, ataxia, hypotonia and acquired
icrocephaly in association with a reduced CSF glu-

ose concentration. Infantile seizures are frequent
nd of various types: generalised tonic and/or clonic,
02

bsence, myoclonic, astatic and partial seizures (Leary
t al., 2003). In addition, some SLC2A1 mutations result

n milder phenotypes associated with a wide range of
pilepsies, including early-onset, juvenile and adult-
nset absence epilepsy (Mullen et al., 2010; Suls et al.,
009), myoclonic absence epilepsy and other classic
GE syndromes. Despite a less severe course than the

o
s
2
b
t
o
o

s of age. Bipolar longitudinal (rows 1-8) and transversal montage
vity 300 �V per cm. A) The interictal recording shows a burst of
ows an absence seizure with a 3-Hz generalised spike-and-wave.

lassic phenotype, ataxia and cognitive impairment
ay occur, as was the case in our patient. Ketogenic

iet is considered as the treatment of choice for
LUT1-DS, with a positive effect being expected on

eizures and other features of the disease, such as
aroxysmal movement disorders or cognitive impair-
ent. However, some children, including our patient,

o not show any benefit from the diet (Leen et al.,
010).
he missense mutation we identified (c.1199G>T) is
redicted to lead to a single amino acid arginine-to-

eucine substitution (p.R400L). Although we did not
erform functional analysis, evidence from the litera-

ure supports the pathological nature of the mutation.
he highly conserved arginine residue involved is pre-
icted to be required for substrate affinity of the

ransporter (Salas-Burgos et al., 2004) and substitution
f the corresponding arginine to lysine in GLUT4, a par-
logue of GLUT1, has been shown to abolish transport
ctivity in vitro (Schurmann et al., 1997). In addition, the
utation was not found in the parents of our patient

r control individuals.
ery little is known of the genetics of MEI. Autoso-
al recessive inheritance has been reported in one

amily with linkage to chromosome 16p13.3 (Zara and
e Falco, 2005) and a family history of febrile seizures
Epileptic Disord, Vol. 13, No. 3, September 2011

r idiopathic epilepsy syndrome is reported in some
poradic cases (Auvin et al., 2006; Dravet and Bureau,
005; Lin et al., 1998). However, no genetic defect has
een reported so far. Our findings, thus, for the first

ime, shed light on the genetic basis of atypical cases
f MEI and may offer an explanation for its variable
utcome. We suggest that MEI is a heterogeneous
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yndrome, from both clinical and genetic perspec-
ives, with multiple different molecular substrates. We
ropose that other cases with an atypical or poor out-
ome, including the occurrence of seizure types other
han myoclonic seizures, poor seizure control and
bnormal development, might be linked to SLC2A1
utations. For these cases, the adjective “benign”

hould indeed be dropped. The genetic basis and the
ole of the SLC2A1 gene in the typical benign cases, as
ell as the role of yet undiscovered genes, remain to
e solved. �
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Legend for video sequence
Excerpt of video-EEG recording demonstrating a
myoclonic seizure.
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Etiology: GLUT-1 deficiency
Phenomenology: myoclonic seizure, generalized,
absence (dialeptic) seizure
Localization: —
Syndrome: myoclonic epilepsy in infancy
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