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ABSTRACT – We describe the EEG findings of an infant with early-onset
epileptic encephalopathy with mutation of the KCNQ2 gene and a family
history of neonatal seizures. The infant presented with multifocal drug-
resistant seizures with onset during the third day of life. Family history
was positive for early-onset neonatal seizures. Metabolic screening and
neuroimaging were negative. Direct sequencing of KCQN2 from both the
mother and child revealed a heterozygous cytosine-to-guanine mutation
(Dedek et al., 2003). Interictal EEG showed a very discontinuous pattern
which evolved towards a defined burst-suppression pattern during sleep
and a multifocal, random, attenuation pattern during wakefulness. Focal,
tonic seizures with head deviation, sometimes followed by asynchronous
and asymmetrical clonic jerks, eyelid myoclonias, and polypnoea, were
recorded. Ictal EEG was characterised by focal, low-voltage, fast activity,
followed by recruiting theta rhythms and bilateral, focal, spike-wave

ne hemisphere and subsequently dif-
introduced, resulting in a significant

dual reduction in seizure frequency,
shed with video sequences]

alopathy, infant, burst-suppression

nel Kv7.2 subunit, are closely asso-
ciated with benign familial neonatal
seizures (BNFS) (Biervert et al., 1998;
Charlier et al., 1998; Singh et al.,
complexes, alternatively localised to o
fusing to the other. ACTH therapy was
improvement in EEG activity and gra
with cessation at age 13 weeks. [Publi

Key words: KCNQ2, epilepsy, enceph

The KCNQ gene family encodes
for several subunits of voltage-
gated potassium channels which are
expressed in the central nervous
d
o
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system and which are responsible
for the modulation of M-current,
a slowly activating, non-inactivating
potassium conductance that inhibits
neuronal excitability (Weckhuysen
et al., 2012). Mutations of the KCNQ2
gene, which encodes for the chan-

1998; Heron et al., 2007). Emerging
reports in the literature (Millichap
and Cooper, 2012), however, demon-
strate that alterations of KCNQ2
may also be associated with an
epileptic encephalopathy pheno-
type which differs from BNFS in both
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lectroclinical presentation and evolution. Early
ecognition of such mutations has important diagnos-
ic, prognostic, and therapeutic implications, thus
ppropriate neurophysiological characterisation of
uch emerging phenotypes is gaining new relevance.

e describe EEG findings of an infant with early-onset
pileptic encephalopathy with a positive family history
or adrenocorticotropic hormone (ACTH)-responsive
eonatal seizures and a missense mutation in the
CNQ2 gene, which was also found in his mother. The
enetic characteristics of the family have already been
eported elsewhere (Dedek et al., 2003). Our current
eport specifically focuses on early EEG findings.

ase study

boy was born at term from non-consanguineous
arents after an uneventful pregnancy. Due to a
rolonged delivery period and poorly characterised
ymptoms of foetal distress, he was born by Caesarean
ection, with a birth weight of 4 kg and an Apgar score
f 6 and 8 at 1 and 5 minutes, respectively. During his

hird day of life, he developed multifocal seizures,
haracterised by left or right head deviation and upper
nd lower limb involvement, and was hospitalised at
nother institution. At hospital, several antiepileptic
rugs (AEDs) were administered (phenobarbitone,
henytoin, pyridoxine, phenobarbital, and vigabatrin)
ithout seizure control or reduction. Computed

omography (CT) performed at days 7 and 30 and mag-
etic resonance imaging (MRI), performed at 18 days
f life were reported as normal. At 41 days of life, the
atient was first referred to our institute. Neurological
xamination showed diffuse hypotonus. Biochemical
creening was performed (serum electrolytes, glucose
evel and ammonia, biotinidase screening, serum and
erebrospinal fluid (CSF) lactate and amino acids,
erum ammonium, urine and CSF organic acids, urine
uanidine-acetate-methyl-transferase (GAMT) and
reatinine, CSF/serum glucose ratio, and sulfi-test)
hich yielded no significant results. MRI was nor-
al and MR spectroscopy was within normal age

arameters.
egative results in diagnostic testing led to a more

n-depth investigation of the patient’s clinical history.
epeated anamnestic investigation revealed that the
atient’s mother had a history of cyanotic spells and
onvulsions during the second postnatal day. The
pileptic Disord, Vol. 15, No. 2, June 2013

eizures had a frequency of 2-3/day and were clinically
haracterised by right or left limb and facial jerks.
eizures temporarily stopped after administration
f phenobarbital but reappeared after a short

ime. ACTH therapy was started and she became
eizure-free within one month. After obtaining the
bove-mentioned anamnestic data, genetic testing for

d
O
i
g
A
r
r

Epileptic encephalopathy and KCNQ2 mutation

utations in the KCNQ2 gene was undertaken. Also,
CTH therapy was introduced, resulting in a significant

mprovement in EEG activity and gradual reduction in
eizure frequency, with cessation at age 13 weeks. PCR
mplification and subsequent direct sequencing of
CQN2 exon 5 from both the patient’s and his mother’s
NA, revealed a heterozygous mutation of cytosine

o guanine, leading to the substitution of serine by
ryptophan at amino acid position 247 (S247W) of the
redicted protein (data already published; Dedek et al.,
003).
he patient underwent a follow-up period of four
ears, during which he was seizure-free. He presented
ith psychomotor delay and pyramidal paraparesis
ecame evident by the end of the first year. Sub-
equent referral to his local rehabilitation unit was
ndertaken.

EG and clinical findings

he patient arrived at our institution in a soporous
tate, alternating between apparent wakefulness and
leep and presenting with multiple daily seizures. The
nterictal EEG showed a very discontinuous pattern

hich evolved towards a defined burst-suppression
attern during sleep. Bursts showed high-voltage,
elta activity associated with spikes and polyspikes,

asting for 2-3 seconds, while attenuation sequences
ere characterised by low-voltage activity, sometimes
ith recognisable, low-voltage, theta rhythms. During

he waking periods, burst-suppression gave way to
multifocal, random, attenuation pattern with asyn-

hronous, bilateral bursts and random appearance of
ttenuation after the paroxysms. Epileptiform activity
as prevalently found over the central, temporal, and
arietal regions.
erial video-EEG monitoring showed several focal
eizures which alternatively originated from both
emispheres (see video sequences), prevalently from

he left. Seizure semiology was characterised by uni-
ateral eye and head deviation, upper limb hypertonus
ometimes followed by asynchronous and asymmet-
ical clonic jerks, eyelid myoclonias, and polypnoea.
ctal EEG was characterised by focal, low-voltage, fast
ctivity, followed by recruiting theta rhythms and
ilateral, focal, spike-wave complexes, alternatively

ocalised to one hemisphere and subsequently
159

iffusing to the other.
ne week after introduction of ACTH therapy, an

mprovement of the general EEG pattern and a pro-
ressive reduction of abnormalities was documented.
n improved continuity of background activity with

esolution of the burst-suppression pattern was also
ecorded.
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he interictal EEG was characterised by repeated irre-
ular spikes and polyspike-wave complexes recorded
ver the right frontal and temporal regions, in asso-
iation with similar, yet asynchronous, abnormalities
ound over the left parietal and temporal regions.
uring the following few weeks, seizures were still

ecorded, but became more and more sporadic, until
nally disappearing after four weeks since the intro-
uction of ACTH. Recorded seizures were tonic, focal
eizures, characterised by upper left limb contrac-
ion, right eye and head deviation, oral automatisms,
nd hyperextension of the head and trunk. Ictal EEG
as still characterised by focal, right central, low-

oltage, fast activity, followed by a recruiting, alpha-like
hythm.
fter seizure cessation, the EEG pattern showed
radual and significant improvement, with more syn-
hronous, yet slow (3-5 c/sec), background activity.
pikes and polyspikes were still evident, especially

n sleep, asynchronously over the bilateral central
egions, and persisted almost unchanged in the fol-
owing EEG, until the last control at the age of 3 years.

rganisation of sleep activity also gradually improved.

iscussion

o date, 15 cases of KCNQ2 mutations, underlying a
ery severe, early-onset epilepsy with encephalopa-
hy, have been reported, including our own (Dedek
t al., 2003; Borgatti et al., 2004; Schmitt et al., 2005;
teinlein et al., 2007; Weckhuysen et al., 2012) (table 1).
he 11 case reports reported by Weckhuysen et al.
2012), Schmitt et al. (2005), and Borgatti et al. (2004)
ncluded a detailed description of both seizure semi-
logy and EEG characteristics, while the three cases
escribed by Steinlein et al. (2007) were generically
eported to have neonatal seizures with no associat-
d description of EEG characteristics. In accordance
ith our report, among the cases for which semiology
as described, focal tonic seizures appear to be a

onstant feature. Head deviation, cyanosis, and focal
lonic seizures, also described in our case, are com-
only reported, while myoclonias appear not to be

s frequent. In one case, as in ours, spasms were also
escribed. Seizure frequency, when reported, is multi-
le daily while duration varies from seconds to several
inutes. Reported EEG findings showed multifocal

pileptiform abnormalities or a burst-suppression
64

attern. Our patient alternated between a pattern of
ultifocal random attenuation and burst suppression,

n relation to wake/sleep cycles. In reported cases,
EG during follow-up showed either the persistence
f multifocal epileptiform activity or the presence
f focal, slow rhythms. In relation to therapy, an

nteresting finding in our case was a significant

M
e
c

S
N
d

esponse to ACTH therapy as opposed to the reported
carce effectiveness of other AEDs (Weckhuysen et al.,
012).

onclusion

ur reported case highlights how cerebral activity
n KCNQ2 mutation-related epilepsy may be charac-
erised by burst-suppression patterns with associated
nterictal multifocal spikes and polyspikes. Such
pileptiform activity is congruous with what is clini-
ally observed during seizures which are characterised
y focal, tonic convulsions with head deviation and
yanosis, sometimes followed by focal, clonic seizures.
n conclusion, we underscore the association between
CNQ2 mutations and epileptic encephalopathy,
haracterised by early-onset, burst-suppression EEG
atterns, and the implication that such mutations
hould now accordingly be taken into account in the
iagnostic work-up of neonatal encephalopathies,
hen burst-suppression is the prevalent EEG
attern. �
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nterests.

eferences

iervert C, Schroeder BC, Kubisch C, et al. A potassium
hannel mutation in neonatal human epilepsy. Science
998; 279: 403-6.

orgatti R, Zucca C, Cavallini A, et al. A novel mutation in
CNQ2 associated with BFNC, drug resistant epilepsy, and
ental retardation. Neurology 2004; 63: 57-65.

harlier C, Singh NA, Ryan SG, et al. A pore mutation in
novel KQT-like potassium channel gene in an idiopathic

pilepsy family. Nature Genet 1998; 18: 53-5.

edek K, Fusco L, Teloy N, Steinlein OK. Neonatal convul-
ions and epileptic encephalopathy in an Italian family with
missense mutation in the fifth transmembrane region of

CNQ2. Epilepsy Res 2003; 54: 21-7.

eron SE, Cox K, Grinton BE, et al. Deletions or duplications
n KCNQ2 can cause benign familial neonatal seizures. J Med

enet 2007; 44: 791-6.
Epileptic Disord, Vol. 15, No. 2, June 2013

illichap JJ, Cooper EC. KCNQ2 potassium channel epileptic
ncephalopathy syndrome: divorce of an electro-mechanical
ouple? Epilepsy Curr 2012; 12: 150-2.

chmitt B, Wohlrab G, Sander T, Steinlein OK, Hajnal BL.
eonatal seizures with tonic clonic sequences and poor
evelopmental outcome. Epilepsy Res 2005; 65: 161-8.



E

Epileptic encephalopathy and KCNQ2 mutation

S
c
n

S
c

W
e
e

Video sequence 2

The first part of the video shows an interictal,
burst-suppression pattern during apparent sleep.
Bursts are characterised by high-voltage, delta
waves, intermingled with spikes and polyspikes,
and appear fairly synchronised and long-lasting, as
do the suppression periods, characterised by low-
voltage activity, sometimes with recognisable theta
rhythms.
The seizure shown in the second part of the video,
specular to the first reported episode, is charac-
terised by an initial eye and head deviation to the
left, followed 20 seconds later by deviation towards
the right, associated with hypertonus of the upper
limbs. Similar to what was recorded during the first
episode, the EEG shows an initial train of fast, low-
voltage activity, originating from the right frontal
regions which gives way to a high-voltage, spike-
wave activity involving the left hemisphere.

Key words for video research on
www.epilepticdisorders.com

Syndrome: neonatal seizures
Etiology: KCNQ2 mutation
Phenomenology: head deviation;
ingh NA, Charlier C, Stauffer D, et al. A novel potassium
hannel gene KCNQ2, is mutated in an inherited epilepsy of
ewborns. Nature Genet 1998; 18: 25-9.

teinlein OK, Conrad C, Weidner B. Benign familial neonatal
onvulsions: always benign? Epilepsy Res 2007; 73: 245-9.

eckhuysen S, Mandelstam S, Suls A, et al. KCNQ2
ncephalopathy: emerging phenotype of a neonatal epileptic
ncephalopathy. Annal Neurol 2012; 71: 15-25.

Legends for video sequences

Video sequence 1

The episode is characterised by right eye and head
deviation, associated with upper limb hypertonus.
Twenty seconds later, the patient shifts head and
gaze towards the left, while hypertonus is main-
tained. The EEG shows an initial train of fast,
low-voltage activity originating from the left frontal
regions which gives way to a high-voltage, spike-
wave activity involving the left hemisphere.
Together with persistent upper limb hypertonus,
bilateral eyelid myoclonias also appear, in associa-
tion with an increase in respiratory frequency which
is maintained until the end of the seizure. Asyn-
pileptic Disord, Vol. 15, No. 2, June 2013 165

chronous, bilateral, clonic jerks of the upper limbs
are also evident. At this point, the EEG is char-
acterised by high-voltage, spike-wave complexes
which diffuse from the left to the right hemisphere
and then give way to a right-sided, alpha-like activity.

eye deviation;
clonic seizure;
myoclonic (eyelids)
Localization: not applicable
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