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Generalized Spike-Waves, Multiple Loci, and Clinical
Course in Children with EEG Features of Benign Epilepsy
of Childhood with Centrotemporal Spikes
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Summary: In 41 patients with EEG features of benign
epilepsy of childhood with centrotemporal spikes
(BECCT), we noted associated generalized spike-wave
discharges (GSWD) in 14.6% and multiple independent
sharp wave foci in 9.8%. The presence or absence of

these EEG features was not predictive of the clinical
course. The high incidence of GSWD in children with
BECCT suggests a possible relation in the expression of
these two EEG traits. Key Words: Benign epilepsy of
childhood—Electroencephalography—Child—Seizures.

Benign epilepsy of childhood with centrotempo-
ral spikes (BECCT) is a common electroclinical
syndrome of childhood, characterized clinically by
easily controlled seizures affecting an otherwise
normal child (Lerman and Kivity-Ephraim, 1974).
Electrographically, distinct monomorphic sharp
waves with blunted peaks are evident in the cen-
trotemporal area or occasionally in other locations
(Liders et al., 1987; Drury and Beydoun, 1991).
The seizures, when nocturnal, may be partial or
generalized tonic-clonic. Diurnal seizures most
commonly present as speech difficulties or sensory-
motor symptoms affecting the face and upper ex-
tremity (Beaussart, 1972), although diverse seizure
patterns have been described (Loiseau and Beaus-
sart, 1973). The seizures abate, and the EEG be-
comes normal in almost all patients by adolescence
(Loiseau et al., 1983). Atypical EEG features in this
syndrome are the appearance of generalized spike-
wave discharges (GSWD) or the occurrence of
more than two independent sharp wave foci. De-
spite extensive studies, controversy exists about
the incidence of associated GSWD on EEG, with
reported rates varying between 0 and 55% (Lom-
broso, 1967; Beaussart, 1972; Blom et al., 1972;
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Beaumanoir et al., 1974; Lerman and Kivity, 1975;
Dalla Bernardina and Beghini, 1976; Liiders et al.,
1987). The incidence of multiple independent sharp
wave foci (MISWF) in this syndrome and the asso-
ciated clinical course have rarely been reported
(Dalla Bernardina and Beghini, 1976; Liiders et al.,
1987). Consequently, we wished to determine the
incidence of GSWD and MISWF in patients meet-
ing EEG criteria of BECCT, compare the clinical
course of patients with typical and atypical EEG
findings, and determine whether the incidence of
GSWD is more common in patients with EEG fea-
tures of BECCT than in the general population.

MATERIAL AND METHODS

All EEGs recorded from children aged 2-18 years
between April 1986 and April 1989 at the University
of Michigan EEG laboratory were retrospectively
reviewed for focal epileptiform activity. Inclusion
criteria for EEG features of BECCT were rigorous.
Only records that met each of the following criteria
were included:

1. Normal background features (mild back-

ground slowing was accepted if attributable to
medication effect)
Focal, monomorphic, di- or triphasic sharp
waves with blunted peaks increasing in fre-
quency during drowsiness or sleep if those
states were achieved



1092 A. BEYDOUN ET AL.

3. Absence of focal slowing

4. Absence of other types of focal epileptiform

activity

MISWF was defined as three or more indepen-
dent foci from noncontiguous areas, with at least
one discharge from each hemisphere, each satisfy-
ing the morphologic and activation criteria. Record-
ings were made on 21-channel instruments, with
electrodes placed according to the International 10-
20 system, and use of referential, longitudinal bipo-
lar and transverse bipolar montages. Hyperventilation
and photic stimulation were performed on all patients.

Fifty EEGs from 41 patients satisfied the EEG
criteria for BECCT and were reviewed for associ-
ated GSWD or MISWF. We were careful to distin-
guish GSWD from physiologic patterns such as
hypnogogic hypersynchrony or bilateral indepen-
dent discharges appearing synchronously and mim-
icking a generalized discharge. In addition, several
features characterizing the focal sharp waves were
analyzed, including hemispheric lateralization, the
number of independent foci, the presence of a hor-
izontal dipole, the number of discharges in various
states, the presence of a preceding positive poten-
tial or aftergoing slow wave, and the effect of photic
stimulation and hyperventilation. The occurrence
of a horizontal dipole was assessed from the refer-
ential montage to ipsilateral ear and considered pre-
sent if a bianterior positivity was noted synchro-
nously with the discharges (Gregory and Wong,
1984). The relative numbers of sharp waves in
wakefulness, drowsiness, and sleep were deter-
mined by counting during 5-min epochs.

After we reviewed their medical records, we di-
vided the 41 children into three clinical groups ac-
cording to their history and clinical course: (a) chil-
dren who met the clinical criteria for BECCT (de-
scribed below); (b) children with seizures who did
not satisfy the clinical criteria for BECCT; and (c¢)
children without seizures or with only a history of
febrile seizures.

Patients in the first group satisfied each of the
following clinical criteria for BECCT: {a} nocturnal
partial or generalized tonic-clonic seizures (GTCS)
and/or daytime partial or secondarily GTCS; (b)
normal development and normal neurologic exami-
nation; and (¢) no other seizure types. The inci-
dence of GSWD and MISWF in each of the three
clinical groups was calculated. The distribution of
children in each of the three clinical groups was
compared according to the presence or absence of
associated GSWD or MISWF (Fisher’s test). The
characteristics of the sharp waves were compared
according to the presence or absence of associated
GSWD or MISWF (Fisher’s test).
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RESULTS

There were 22 boys (54%) and 19 girls (46%) with
an average age of 8 years (range 2.5-14.5 years).
The group that met the electroclinical criteria of
BECCT consisted of 19 children (46%): 11 boys and
8 girls. Their average age at the time of recording
was 7.5 years (range 2.5-12 years) and their average
age at seizure onset was 6 years (range 2-10.5
years). Eight children had typical orofacial seizures
with or without speech arrest, 8 had nocturnal focal
motor or GTCS, 1 had right focal motor seizures
that secondarily generalized, and one had right
focal motor seizures with deviation of the head to
the right. Twelve children underwent brain com-
puted tomography (CT) scans, all of which were
normal.

The group with seizures that did not satisfy the
clinical criteria of BECCT consisted of 13 children
(32%): 8 boys and 5 girls. Their average age at the
time of recording was 8.5 years (range 4.5-14.5
years), and their average age at seizure onset was 5
years (range 6 months to 11 years). Two children
had mild developmental delay and otherwise typical
orofacial seizures with or without speech arrest.
Two had a history of absence seizures, with coex-
isting GTCS in 1. Two had a history of diurnal
GTCS and mild developmental delay. Three chil-
dren had partial complex seizures that secondarily
generalized in 2. Of the other 4 children, 1 had two
seizures during the course of a viral encephalitis at
age 7 years and was neurologically normal at the
time of the EEG 2 months later, 1 had a history of
head trauma and left focal motor seizures, 1 had
refractory right focal motor seizures that started at
age 6 months due to an arteriovenous malformation,
and 1 was an 11-year-old girl with mild developmen-
tal delay and a history of possible infantile spasms
between the ages of 6 and 12 months with no sei-
zures since. Seven underwent brain CT scans; five
were normal, one showed a right frontotemporal
contusion, and the other showed a calcified arterio-
venous malformation in the left parietal white mat-
ter.

The third group consisted of 9 children (22%): 3
boys and 6 girls. Their average age at the time of
recording was 7.5 years (range 4.5-11 years). Four
children had behavioral disorders but no history of
seizures, and 4 had a history of febrile seizures.

Six children (14.6%, 3 boys and 3 girls) had
GSWD noted independent of hyperventilation or
photic stimulation (Fig. 1). Four had atypical spike-
waves (generalized 4- to 6-Hz spikes or polyspike-
waves), and 1 each had 3-Hz spike-wave and slow
spike-wave discharges. Two of these children met
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FIG. 1. EEG of 8-year-old girl during
drowsiness. Single generalized spike-
wave discharge and multiple indepen-
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criteria for the electroclinical syndrome (1 had a
single orofacial partial motor seizure, and the other
had infrequent partial motor seizures affecting the
face and hand), 2 were referred because of febrile
seizures, and 2 were developmentally delayed, one
with diurnal GTCS and the other with speech arrest
and left focal motor seizures (Table 1).

Four children (9.8%, 1 boy and 3 girls) had
MISWEF (Figs. 1 and 2). Two had the electroclinical
syndrome with typical seizures, 1 was referred be-
cause of viral encephalitis and seizures, and the
other had GTCS and developmental delay (Table 1).
The distribution of clinical diagnoses was not sta-
tistically different whether the EEG pattern was
typical or also showed GSWD or MISWF (Table 1).

The sharp waves were restricted to the right
hemisphere in 32% of the records, to the left hemi-
sphere in 30%, and were bilateral in 38%. There was
a single focus in 62%, two foci in 30%, and three
foci in 8% (Table 2). Table 3 summarizes the prin-
cipal characteristics of the sharp waves in each of
the three categories. A horizontal dipole was iden-
tified in 52% of the records. There was a preceding
positivity in 28% and an aftergoing slow wave in
74% of the records. Background EEG activity was

normal in 88% and mildly slow in 12%. Photic stim-
ulation and hyperventilation did not activate the fo-
cal sharp waves in any child. The average number
of discharges for all records during a 5-min epoch
was 43 during wakefulness, 85 during drowsiness,
and 121 in sleep. These various features of the focal
sharp waves were not statistically different among
the EEGs with typical features, those showing
MISWF, or EEGs with associated GSWD.

DISCUSSION

The incidence of GSWD in children with EEG
features of BECCT is of interest because of the very
nature of this syndrome. Although the epileptiform
discharges and the typical seizures are focal in this
syndrome, BECCT shares many characteristics
with the idiopathic generalized epilepsies. Onset is
in childhood between the ages of 3 and 13 years,
family histories suggest an autosomal dominant in-
heritance with variable penetrance, development
and neurologic findings are normal, and seizures are
easily controlled and remit by adolescence in al-
most all cases.

In our series, 14.6% of children with EEG fea-

TABLE 1. Incidence of GSWD and MISWF and associated clinical course of BECCT

Typical EEG Typical and Typical and
Parameter features GSWD MISWF Total %

Electroclinical syndrome

of BECCT 16 2 19¢ 46.3
Seizures but not

electroclinical syndrome

of BECCT 9 2 13 31.7
No seizures or only

febrile seizures 7 0 9 22
Total 32 4 414 100
Percentage 78 14.6 9.8

GSWD, generalized spike-wave discharges—MISWF, multiple independent sharp wave foci; BECCT, benign epilepsy of childhood

with centrotemporal spikes.
“ One patient had both GSWD and MISWF.
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tures of BECCT had associated GSWD. Previous
series (Table 4) reported a GSWD incidence ranging
from 0 to 55%, this wide range reflecting different
criteria for case selection and variable interpreta-
tion of what constitutes GSWD. Three previous se-
ries used inclusion criteria comparable to ours
based on EEG findings but studied only patients
who also fulfilled the clinical criteria of BECCT
(Lombroso, 1967; Beaussart, 1972; Lerman and
Kivity, 1975). The incidence of associated GSWD
in these series was 12.1, 6.8, and 7.0%, respec-
tively. We noted a similar incidence of GSWD in
the children who fulfilled the electroclinical syn-
drome, since 2 of 19 had associated GSWD (10.5%).
In the two series with higher GSWD incidence rates
of 53.8 and 25% (Beaumanoir et al., 1974; Dalla
Bernardina and Beghini, 1976) as well as the series
of Liiders et al. (1987), the inclusion criteria either
were not well defined or were not specified.

In addition to strict electrographic and clinical
inclusion criteria to assure a reliable diagnosis of
the electroclinical syndrome of BECCT, the coex-
istence of GSWD must be distinguished from four
other EEG features common in children with sei-
zures.

1. The interictal EEG in idiopathic generalized

epilepsy frequently shows fragments of spike-

TABLE 2. Number of foci according to EEG features

in BECCT
Typical EEG Typical and Typical and
Foci features GSWD MISWF Total
1 26 5 —_— 31
2 14 1 — 15
3 0 1 4 4+
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FIG. 2. Sleep EEG of 13-year-old boy.
Multiple independent sharp wave foci are
maximal at C3, C4, and Té.

wave discharges in addition to GSWD. These
focal discharges are usually located in the
frontal areas but can occur elsewhere. They
may shift between hemispheres, but more im-
portant, they are low-amplitude spikes that
differ morphologically from the typical sharp
waves of BECCT.

2. EEGs typical of BECCT will occasionally dis-
play bilateral independent discharges appear-
ing synchronously and mimicking a GSWD
(Fig. 3). This pattern, most common during
drowsiness or sleep, can be differentiated
from GSWD by the occasional presence of a
horizontal dipole, some interhemispheric
asynchrony (Blume, 1982; Liiders et al.,
1987), or the morphology of the discharges,
because even when enlarged in field and am-
plitude, the sharp waves retain their typical
morphology.

3. The EEG in a symptomatic generalized epi-
lepsy may show focal or multifocal spikes in
addition to the generalized discharges. The fo-
cal or diffuse slowing as well as the morphol-
ogy of the focal spikes differentiate this pat-
tern from that of BECCT.

TABLE 3. Distribution of sharp wave characteristics
according to EEG features in BECCT

Typical Typical Typical
EEG and and

Parameter features GSWD MISWF  Total
Number of EEGs 40 7 4 504
Horizontal dipole 21 4 2 26°
Preceding positivity 12 1 1 14
Aftergoing slow wave 30 5 3 37¢
Mild slowing 5 1 0 6

Abbreviations as in Table 1.
% One record had both GSWD and MISWF.
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TABLE 4. Reported incidence of GSWD in BECCT

No. of Percentage
Series patients GSWD of GSWD
Lombroso, 1967 58 7 12.1
Blom et al., 1972 40 3 7.5
Beaussart, 1972 221 15 6.8
Beaumanoir et al., 1974 26 14 53.8
Lerman and
Kivity, 1975 100 7 7.0
Dalla Bernardina
and Beghini, 1975 20 5 25.0
Liiders et al., 1987 ? 0 0.0
Beydoun et al.,
this series 41 6 14.6
Total” 506 57 11.3

% Excluding the series of Liiders et al.

4. Physiologic patterns such as hypnogogic hy-
persynchrony or rhythmic slowing provoked
by hyperventilation must be distinguished
from GSWD.

Because the EEG patterns of BECCT and GSWD
are both common, it has been suggested that their
coexistence may be due to chance alone (Liiders et
al., 1987). Cavazzuti et al. (1980) studied the EEGs
of 3,726 normal children and reported that 37 had
generalized epileptiform discharges, an incidence of
1%. Although the latter population and ours are not
identical, we noted a 14-fold increase in the inci-
dence of GSWD in children with EEG patterns of
BECCT. Because both patterns are genetically
transmitted with an age-dependent penetrance
(Metrakos and Metrakos, 1961; Heijbel et al., 1975),
our data suggest a possible relation in the expres-
sion of these two EEG traits.

Most children with EEG manifestations of
BECCT will not have clinical epilepsy (Fois et al.,
1968; Lerman and Kivity-Ephraim, 1981). That 22%
of children in this series had no seizures or only
febrile seizures is not surprising. Thirty-two percent
of our patients had seizures but did not fulfill our
strict clinical criteria of BECCT. Although most in-
vestigators have evaluated primarily patients with
seizures and no neurologic deficit, children with de-
velopmental delay or structural lesions can have
typical seizures and a clinical course perfectly com-
patible with this electroclinical syndrome (Blom et
al., 1972; Santanelli et al., 1989). In such cases, two
conditions, i.e., BECCT and the neurologic deficit,
coexist without mutual interaction (Liders et al.,
1987). In our series, 4 of the 9 children in this cat-
egory would have fulfilled the clinical criteria if not
for mild developmental delay and should for clinical
purposes be considered to have the electroclinical
syndrome. The other 5 children (12%) had seizure
types (partial complex or absence) not seen in
BECCT (Lombroso, 1967; Blom et al., 1972) or sei-

zures clearly related to a structural lesion or CNS
infection. Thus, a child with seizures and EEG find-
ings of BECCT cannot be assumed to have this syn-
drome unless the seizure types, response to treat-
ment, and clinical course are consistent with this
diagnosis.

The clinical course of children with the EEG pat-
tern of BECCT and associated GSWD was reported
in only one previous series (Dalla Bernardina and
Beghini, 1976). They noted GSWD in 40% of pa-
tients with rolandic spikes and epilepsy and in 10%
of children with rolandic spikes without epilepsy,
suggesting that a child with associated GSWD has a
higher risk of seizures. Our data do not support
their conclusion since 2 of 9 patients with no history
of seizures or only febrile seizures and 2 of 19 chil-
dren with the electroclinical diagnosis of BECCT
had GSWD.

The incidence of MISWF in BECCT was re-
ported in two series: 55% by Dalla Bernardina and
Beghini (1976) and 37.5% by Liiders et al. (1987).
The high incidence in the former study probably
reflects their less rigorous definition of multifocal
spikes as two or more bilateral independent foci.
We noted MISWF in 9.5% of children with EEG
features of BECCT and in 10.5% of children with
the electroclinical syndrome. Dalla Bernardina and
Beghini (1976) suggested that a child is less likely to
have seizures if the EEG shows multifocal dis-
charges since they noted this pattern in 20% of chil-
dren with epilepsy and in 90% without epilepsy.
Our data do not support their conclusion because
we noted no statistical difference in the clinical
course among children with one, two, or more foci.
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FIG.3. EEG of 6 year-old boy during drowsiness; 3-s epoch
of bilaterally synchronous sharp-and-siow waves maintain-
ing morphology identical to preceding bilateral independent
activity.
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RESUME

Chez 41 patients présentant les caractéristiques EEG de 1’épi-
lepsie bénigne de I’enfance avec pointes centro-temporales
(BECT), les auteurs ont trouvé des décharges de pointes-ondes
généralisées dans 14.6% des cas et des foyers multiples indépen-
dants dans 9.8% des cas. La présence ou 'absence de ces car-
actéristiques EEG ne permettait pas de prédire I’évolution clin-
ique. La forte incidence de pointes-ondes généralisées chez des
enfants avec une BECT suggére une relation possible dans ’ex-
pression de ces deux traits EEG.

(P. Genton, Marseille)

ZUSAMMENFASSUNG

Bei 41 Patieten mit dem EEG-Merkmal einer benignen-
kindlichen Epilepsic mit zentrotemporalen spikes (BECCT)
fanden wir generalisierte SWK in 14.6% und unabhiingige sharp-
wave Foci in 9.8%. Das Vorhandensein oder Fehlen dieser en-
cephalographischen Merkmale hatte keinen EinfluB auf den kli-
nischen Verlauf. Die hohe Inzidenz von SWK bei Kidnern mit
BECCT laBit eine mogliche Verwandtschaft zwischen den zwei
EEG-Merkmalen vermuten.

(C. G. Lipinski, Heidelberg/Neckargemiind)





