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ABSTRACT
Aim: To assess the cognitive function and language ability in children with benign

partial epilepsy with centrotemporal spikes.
Methods: Twenty-five patients with benign partial epilepsy with centrotemporal

spikes were included. They were divided into two subgroups. Group I: 10 patients with ro-

landic focus who were not treated. Group II: 15 patients with rolandic focus receiving treat-

ment. A third Group of 12 healthy subjects have been studied. All children underwent

standardized neuropsychological testing: electroencephalogram recording, Wechsler Intelli-

gence Scale for Children-revised, Peabody Picture Vocabulary Test-III (PPVT-III) and Boston

Naming Test (BNT), both during active disease (T1) and 2 years after recovery from epi-

lepsy (T2).
Results: At T1 evaluation, no significant differences in group I and II patients about

general intelligence, when compared with controls, were found. Group I and II patients

were impaired with respect to controls in the receptive and expressive vocabulary evaluated

with PCVT-III and BNT, respectively. At T2 evaluation, group I and II patients showed a nor-

malization of the language abnormalities.

Conclusion: Deficits of speech-related abilities can be detected in children with this type of epi-
lepsy: these dysfunctions seem to be independent of the effects of antiepileptic treatment and are
reversible after remission of epilepsy.

INTRODUCTION
Benign rolandic epilepsy of childhood with centrotemporal
spikes (BECTS) is the most common form of epilepsy in
childhood. Its onset is between the ages of 2 and 13 years,
with a peak at 7–8 years, usually followed by recovery dur-
ing adolescence (1). Seizures predictably occur during sleep,
often in the early morning hours.

Benign rolandic epilepsy of childhood with centrotempo-
ral spikes can be associated with mild cognitive and learn-
ing difficulties; poor performance is reported in a number of
functional domains including language (2–5), attention
(6,7), spatial perception (8), memory (9), executive function
(2,10) and academic achievement (11). Despite many stud-
ies, there are conflicting data in neuropsychological func-
tion of these patients and it is still unclear if epileptiform
activity might be an important determinant of cognitive dif-
ficulties in BECTS. In addition, there are very few longitudi-
nal studies evaluating the patients after resolution of
epilepsy.

Our prospective study aimed to characterize neuropsy-
chological function in a sample of children followed at the
same institutions since their diagnosis, to assess the

relationship between electroencephalogram (EEG) findings
and the neurocognitive function explored and to evaluate
whether the abnormal neuropsychological findings were
transient.

MATERIALS AND METHODS
Subjects
In our prospective study, we enrolled 26 children (age
range from 7.5 to 11.3 years) affected by BECTS, as fol-
lowed up, at the Department of Paediatrics, University of
Chieti, University of Rome and at the Department of
Child Neuropsychiatry, University of Naples. The study
began in April 2005, and the children were followed by
periodical clinical and EEG evaluations from the onset of
epilepsy.

Parents of the participants provided informed consent,
and the study was approved by the ethical committee of the
University of Chieti.

Inclusion criteria were as follows: (i) age over 6 years;
(ii) uneventful pregnancy and delivery, normal neonatal sta-
tus and early psychomotor development; (iii) normal
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intelligence (full-scale intelligence quotient above 80); (iv)
normal neurological examination and brain MRI; (v) right
handedness and no family history of left handedness; (vi)
normal auditory functioning. Diagnosis of BECTS was
made according to criteria defined by the International
Classification of Epilepsy and Epileptic Syndromes (12).
The typical seizures were hemifacial, characterized by clo-
nic manifestations involving the hemiface, sometimes pre-
ceded by unilateral paresthesia involving tongue, lips, gums
and cheek; the jerks were often associated with a lateral
tonic deviation of the mouth involving lips and tongue,
resulting in drooling. The seizures lasted from less than a
minute to 5 min and spread to the homolateral arm and,
rarely, to the leg. In all patients, EEGs were recorded during
wakefulness with hyperventilation and photic stimulation
and during drowsiness and sleep (stages 1–4); all patients
showed a normal, well-organized and symmetrical back-
ground activity. We recorded only interictal EEGs: in all
patients, we found typical centrotemporal spikes, clearly
localized in the central regions; the main spikes component
was diphasic with a maximum surface, negative, rounded
peak followed by a smaller positive peak; this was followed
by a negative or negative–positive slow wave. A relatively
minute positive spike often preceded this spike slow wave
complex. The spikes significantly increased in frequency
during drowsiness and throughout all sleep stages. Subjects
studied were divided into three groups, and patients were
not randomized to treatment. Group I consisted of 10
patients (four boys and six girls) aged between 8.0 and
11.2 years [mean standard deviations (SD) ± 9.6 ± 1.6] at
the onset of the first seizure. They all had a rolandic focus,
and were not given any treatment, having experienced only
one seizure (seven patients) or very rare seizures, not more
than three per year (three patients). Group II consisted of
16 patients (seven boys and nine girls); age of the onset of
the first seizure was between 7.8 and 11.3 years
(mean ± SD 9.5 ± 1.8). They had a rolandic focus and were
treated with various antiepileptic drugs (AEDs) monothera-
py: carbamazepine in six cases, valproic acid in seven cases
and levetiracetam in three cases. After the first seizure, the
patients of this group suffered from very frequent seizures
(two or three seizures in the first week from the onset);
therefore, after the third seizure, we began antiepileptic
therapy in all patients of this group. All patients showed an
excellent response to therapy: after at least 5 months from
the beginning of therapy, all children were seizure-free.
The duration of treatment ranged from 2.0 to 3.1 years
(mean ± SD 2.5 ± 0.6). Control group (group III) com-
prised 12 healthy subjects aged from 7.5 to 11.2 years
(mean ± SD 9.3 ± 1.8) of the same sex and socioeconomic
status with no known learning, language or neurological
problems. Each control participant underwent the same
EEG recordings and neuropsychological evaluations as the
group I and group II patients to rule out neurological and
sensory impairment, as well as undiagnosed seizure disor-
ders or EEG abnormalities. All subjects studied attended
normal schools and their school records were within the
average range for their class.

Diagnostic workup
All patients underwent clinical neurological examinations,
brain MRI and EEG evaluations. Awake and sleep EEG
recordings were performed. Electrodes were placed accord-
ing to the International 10–20 System. EEGs were analysed
visually by the senior author and scored according to Bast
et al. (13) and Aebyet al. (14). Five grades were defined
(grade 0 = normal EEG; grade 1 = normal background,
unilateral centro-temporo-parietal sharp wave focus; grade
2 = normal background, bilateral independent sharp waves
located in the centro-temporo-parietal electrodes; grade
3 = destructured background, intermittent slow wave focus,
sharp waves diffusing to one hemisphere or multiregional
sharp waves; grade 4 = destructed background, intermittent
slow wave focus, sharp waves diffusing to both hemi-
spheres). Only patients with EEG grades 1 and 2 were
included, those with grades 3 and 4 were considered atypi-
cal and, therefore, excluded from the study; one patient of
group II was excluded from the study for this reason.

Neuropsychological assessment
General intelligence was measured with the Wechsler Intel-
ligence Scale for Children-revised (WISC-R) to verify cogni-
tive performance in both qualitative and quantitative terms
and it covers a total intelligence quotient (TIQ) consisting
of two types of evaluation: that of cognitive performance
related to verbal aspect (verbal intelligence quotient, VIQ)
and that of cognitive performance related to nonverbal and,
therefore, to performance (performance intelligence quo-
tient, PIQ). With respect to language, receptive vocabulary
was evaluated with the Peabody Picture Vocabulary Test-III
(PPVT-III) (15); moreover, Boston Naming Test (BNT) was
used to identify naming deficiencies and impaired word-
retrieval capacities (16). Neuropsychological tests were
given to all participants within 7 days after their EEG
recordings.

Study design
All children were carefully evaluated from the onset of the
epilepsy (periodical clinical and EEG evaluations have been
performed in all children) for at least 4 years; the two
assessments that are subjects of this report have been car-
ried out after 1 year from the onset of the disease (T1) and
2 years after the remission (after at least 8 months from the
withdrawal of AED treatment in the Group II patients)
(T2). All patients were treated with AED-monotherapy: 6
patients with carbamazepine, 7 with valproic acid and 3
with levetiracetam.

At T1 complete diagnostic workup, complete cognitive
assessment was performed. Re-evaluation at T2 consisted of
complete clinical neurological and psychiatric investiga-
tions, as well as EEGs including sleep.

Statistical analyses
Means and SD were calculated. The Statistical Package
(IBM, Somers, NY, USA) for the Social Sciences version for
Windows 10.0 was used, and the level of significance con-
sidered was p < 0.05. Chi-square test, T test, ANOVA and
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nonparametric tests for independent samples were carried
out depending on the situation under analysis. Statistical
analysis of the data was performed using means and their
corresponding relative SDs; raw scores were converted into
age-based normalized T scores (mean 50, SD 10), and then
means were obtained. A test for independent samples was
conducted to compare the performance of subjects with
BECTS and control subjects and a T test for paired samples
to compare data within subjects. A one-way ANOVA was used
to compare neuropsychological performance according to
EEG features and a least significant difference post hoc
analysis to investigate which groups differed from each
other (patients were grouped by side of epileptic spikes).

RESULTS
Intake data (T1)
A total of 25 patients were studied; the relevant data of the
three groups are shown in Table 1. EEG recordings were
grade 1 in 9 (36%) patients with right hemispheric foci and
in 7 (28%) patients with left hemispheric foci. Independent
bilateral foci (EEG grade 2) were found in 9 (36%) patients.

Cognitive performance
Our results did not show a significant difference in the gen-
eral intelligence of the three groups, which was measured
with TIQ, VIQ and PIQ. Furthermore, these parameters
appeared to be independent of AED treatment, age of
patients and age of onset; moreover, no significant differ-
ence was found between patients with right unilateral, left
unilateral or bilateral foci.

Receptive and expressive vocabulary
Group I and II patients displayed significantly lower results
than controls (group III) in their ability to recognize and
express interpersonal relations, measured by PPVT and
BNT. They did not differ according to their EEG focus,
AED treatment, age of onset, age of patients and EEG
grade. Furthermore, group I showed data similar to those of
group II for PPVT and BNT. Again, no significant differ-
ences were found according to the focus side, AED treat-
ment, age of patients and age of onset.

Results at T2
No patient and control was lost at follow-up. All 25 children
showed normal EEG during wakefulness and sleep.

Cognitive performance
Group I and group II patients continued to show normal
performance with regard to TIQ, VIQ and PIQ, when com-
pared with healthy subjects. Moreover, comparison
between group I and group II patients showed no significant
difference.

Receptive and expressive vocabulary
No significant difference in PPVT and in BNT was recorded
either between group I and group II subjects, or between
the two groups and healthy controls. Ta
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DISCUSSION
In general, evaluating the relationship between epilepsy
and disorders of cognitive function is complex because of
the different factors involved, such as age-at-onset, type,
frequency and severity of seizures, the existence of under-
lying lesions, focus side, AED treatment and the ampli-
tude of the discharges. BECTS is a good model for such
an evaluation as age-at-onset is fairly homogeneous, there
are few seizures, treatment is not systematic and of short
duration when given and there are no underlying cerebral
lesions.

This study analyses intelligence and language competence
in a sample of children with BECTS: we did not find a sig-
nificant difference between patients and controls in terms of
WISC-R test, in accordance with some studies (3,17–19)
but in contrast with others (2,20–22); in particular, Vago
et al. (19) demonstrated that children with BECTS had a
TIQ and a VIQ within the normal range.

In the area of verbal abilities, our study showed that dur-
ing the active disease, impairments in expressive and recep-
tive vocabulary can be detected. Some studies have shown
significantly greater impairment in cognitive function, par-
ticularly in the areas of language ability, in patients on
AEDs treatment compared with those untreated (7); this
could be attributed to two reasons: the disease is more
severe and requires treatment; therefore, it is this severity of
the seizures that makes the difference between treated and
untreated patients. This hypothesis is supported by works
reporting that the higher spike frequency on EEG appeared
to correlate with poorer neuropsychological performance
(2,19,23,24). The second reason is that changes in cognitive
abilities are because of adverse effects of AEDs. In fact, drug
treatment is often considered as a potential bias in the inter-
pretation of the existence of effects of epilepsy on cognitive
function, because several researchers have demonstrated
cognitive deficits in children taking AEDs (25). In our study,
there were no differences in cognitive abilities between chil-
dren taking AEDs and those not taking AEDs. The absence
in our study of a significant difference between treated and
untreated groups does not support a relationship between
AED treatment and the occurrence of neuropsychological
disorders. These results are in agreement with other data
reported in literature (8,11,23). In particular, a recent study
assessed prospectively language and speech ability in chil-
dren with BECTS: mild deficits in both receptive and
expressive grammar and in vocabulary were found, and no
significant difference between patients with and without
AED treatment concerning speech and school performance
was observed, suggesting that an improvement in cognitive
abilities examined cannot be explained as the result of AED
treatment (26).

With regard to the effects of epilepsy on cognitive disor-
ders, our experience suggests a role of the epilepsy per sè. In
fact, some authors have suggested that paroxysmal abnor-
malities may alter cerebral mechanisms underlying cogni-
tive activity and that the pattern of functional cerebral
representation in patients with focal epilepsy depends on
the focus side (27); paroxysmal abnormalities might be

responsible for an impairment of brain maturation even in
regions distant from discharges.

In our study, the laterality of the EEG focus was not
related to performance in tests, as was already found in ear-
lier works that considered this variable (8,23,25). In con-
trast, some studies have reported side-specific deficits:
impairment in attention and visuospatial tests, but not in
verbal span, in the case of prevalently right-sided anomalies
(7,24) or in language tests in the case of left-sided preva-
lence (5).

Finally, our results at T2, after complete recovery from
BECTS, demonstrated that impairments PPVT and BNT
were no longer found. Accordingly, in previous studies
(2,6,8), at remission, patients exhibited a normalization of
neuropsychological anomalies. In contrast, other authors
(24) found residual deficit even in patients whose seizures
and EEGs had been resolved. Because in our study, both
group I and group II patients, after remission of seizures,
returned to show normal results, and it seems that language
defects are reversible whether patients are treated or not;
the reversibility of the deficiencies is not related to the with-
drawal of therapy but to the disappearance of the seizures.

A relatively brief, limited test battery was used in this
study, and it is possible that a more comprehensive evalua-
tion could have uncovered other areas of cognitive or
behavioural concern. However, our study has compared the
performance results of the patients with normative data,
using a control group.

In conclusion, in patients with BECTS, cognitive defects
in receptive and expressive vocabulary can be detected, and
these problems appear both in treated patients and
untreated patients; at remission from BECTS, both defi-
ciencies are no longer present; therefore, the deterioration
of some cognitive abilities may be explained as the result of
a negative impact of the BECTS itself on neuropsychologi-
cal function.
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