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The aim of this study was to evaluate the interval between the ﬁrst and last seizures, the
normalization of the electroencephalogram (EEG), and to identify factors of inﬂuence.
Medical records of children were analyzed with benign childhood epilepsy with centrotemporal spikes. Variables age at ﬁrst and last seizure, gender, interval between the ﬁrst and
last seizure, the ﬁrst seizure and EEG normalization, lateralization of the epileptiform
discharges, and last epileptic seizure and EEG normalization. The mean time between the
ﬁrst and last seizure was 3.34 years. Early onset of seizures and unilateral discharges were
factors that increased the interval between the ﬁrst and last seizures (p < 0.001). Interval
between the last seizure and EEG normalization was 2.40 years, without inﬂuence of age
(p ¼ 0.986). Interval was shorter in bilateral discharges (p ¼ 0.035). The antiepileptic
medicine did not alter the natural history of disease progression. In younger children, the
interval between last seizure and normalization of the EEG is reduced compared to older
children.

Introduction
Benign childhood epilepsy with centrotemporal spikes
(BECTS), also called rolandic epilepsy (RE), is the most
common self-limited focal epilepsy, with an estimated prevalence of 20 to 25% in school children with epilepsy.1
Although the earliest reports of the disease date back to
the 16th century, its syndromic components were only
characterized by Nayrac and Beaussart (1958) in 1958.2,3
BECTS affects children between 6 and 9 years of age, but the
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ﬁrst seizure can occur between 3 and 12 years,4 with a slight
predominance in males (1.5:1),5 and spontaneous resolution
in adolescence, usually before 18 years of age, with a peak at
12 to 13 years, with or without medication6,7 usually before
18 years of age.
The symptoms observed during the seizures may vary
considerably from child to child and, in some cases, from one
episode to another.8 In most cases, seizures are infrequent, have
a short duration, usually lasting only 2 to 3 minutes, and occur
during sleep (nonrapid eye movement), without impaired
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awareness. The main clinical manifestations of seizures consist
of unilateral facial sensory (numbness) and/or motor (clonic
contractions) symptoms, involvement of the oropharyngeallaryngeal, including dysarthria (due to loss of the power and
coordination of the musculature responsible for the articulation of words) and sialorrhea (autonomic manifestation).9
With regard to its electroencephalographic features,
BECTS is characterized by normal background activity,
with sudden, high-voltage centrotemporal spikes, often followed by sleep-activated slow waves tending to spread out or
shift from side to side. These spikes are unilateral in approximately 60% of cases and bilateral in approximately 40%; they
may be mono- or multifocal.10,11 Study showed correlation
between the number of ripples and the number of seizures.12
In BECTS, the epileptogenic zone involves a neuronal
network of the rolandic cortex surrounding the central
sulcus bilaterally (somatosensory cortex) that represents
the face and oropharynx and reﬂects the maturation instability of the age-related lower rolandic region.5,13 Although
BECTS is one of the most common types of childhood focal
epilepsies, clinical, and electroencephalographic factors
that may inﬂuence the time between cessation of epileptic
seizures and normalization of the electroencephalogram
(EEG) have not been well studied, a fact that justiﬁes this
research.

Methods
This study retrospectively analyzed medical records of children with both clinical and electroencephalographic criteria
for BECTS in the Neurology Department of Hospital das
Clínicas, Universidade de São Paulo. The variables studied
were age of the child at the time of the ﬁrst and last seizure,
gender, time interval between the ﬁrst and last seizure,
between the ﬁrst seizure and EEG normalization, and also
the last epileptic seizure and EEG normalization lateralization
of the epileptiform discharges, and treatment with antiepileptic medications (AEMs). The inclusion criteria applied were
medical records detailing the clinical and EEG criteria, according to the International League against Epilepsy, after being
seizure free for 2 years; at least two consecutive normal EEGs
with intervals of at least 2 years between them; medical
follow-up for at least 2 years after normalization of the EEG;
and at least one normal neuroimaging (brain computed tomography or MRI). Exclusion criteria were children with
abnormal neurological examination, severe chronic or psychiatric comorbidities, and EEG without epileptiform discharges
generalized discharges at 3 Hz continuous discharges and
generalized polyspike. EEGs were performed in sleepiness,
sleep, and wakefulness with electrodes distributed according
to the international system 10 to 20 and under sleep deprivation. Since many children had epileptiform discharges to the
right, to the left, or bilaterally, their lateralization was considered to be the area of predominance of discharges.

Statement of Ethics
This study was analyzed and approved by the Ethics and
Research Committee of the Hospital das Clínicas of the Faculty
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of Medicine of the University of São Paulo. The research was
approved by the Ethics and Research Committee of the Hospital das Clínicas of the Faculty of Medicine of the University of
São Paulo. All data were analyzed anonymously. It was a study
based on data collection of medical records.

Statistical Analyses
All analyses were performed using Stata software. The level
of statistical signiﬁcance was set at p < 0.05. Categorical
variables, including sex and lateralization of discharges
(uni or bilateral), were compared using Chi-squared tests
and continuous variables, including age at seizure onset, age
at last seizure, and age at EEG normalization using t-tests.
Multivariate logistic regression analysis was performed to
adjust for possible correlations between factors independently predicting remission, employing variables that differed signiﬁcantly on univariate analysis. Odds ratios (ORs)
and 95% conﬁdence intervals (CIs) were calculated. The
Shapiro–Wilk’s test was used to verify the normality of the
continuous variables (age of the child at ﬁrst seizure, last
seizure, and EEG normalization, interval I (between the ﬁrst
and last seizure), interval II (between the ﬁrst seizure and
EEG normalization), and interval III (between the last seizure
and EEG normalization). The hypothesis H0 was rejected, and
the hypothesis of normality could not be excluded, resulting
in p-values of p ¼ 0.644, p ¼ 0.349, p ¼ 0.616, p ¼ 0.069,
p ¼ 0.784, and p ¼ 0.134, respectively.

Results
A total of 274 medical records were evaluated, 58 of which
were selected after applying the inclusion and exclusion
criteria. The majority of unselected cases were due to the
patient’s abandonment of outpatient follow-up. The group
consisted of 31 (53.45%) boys and 27 (46.55%) girls.
The average age of the children in the ﬁrst seizure was 6.35
years (SD: 2,431 from 1.2 to 11.5 years) in the last 9.65 years
(SD: 2.16; 4.9–15 years), and at the time of EEG normalization
11.92 years (SD: 2.35; 6.8–16 years; ►Table 1). EEG normalization was deﬁned as a normal EEG background activity with
no spike discharges. In 14 (24.14%) cases, epileptiform discharges were bilateral and 44 unilateral (75.86%), 24 (41.38%)
on the left, and 20 (34.48%) on the right.
A total of 17 (29.31%) children received AEM during
the period of outpatient follow-up, and treatment time
ranged from 2 months to 2 years (mean of 15 months).
Table 1 Time evolution between the onset and end of epileptic
seizures, and normalization of the electroencephalogram
tracing
Average
time (y)

Standard
deviation

95% CI

Interval I

3.34

2.066

2.801–3.888

Interval II

5.53

2.209

4.953–6.115

Interval III

2.40

1.475

2.017–2.793

Abbreviation: CI, conﬁdence interval.
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Sex

Age (first
seizure)

Bilateral
discharges

AEM

Interval I

p ¼ 0.592

p < 0.001

p ¼ 0.024

p ¼ 0.352

Interval II

p ¼ 0.547

p < 0.001

p ¼ 0.670

p ¼ 0.308

Interval III

p ¼ 0.938

p ¼ 0.986

p ¼ 0.035

p ¼ 0.559

Abbreviation: AEM, antiepileptic medication.

The medications given were oxcarbazepine (8), sulthiame
(6), and valproic acid (3), all in monotherapy. There was no
difference between the treated and untreated groups in
relation to the average age of the child in the ﬁrst seizure
(t-test: p ¼ 0.5229), and the same was true in relation to sex
of patients (Fisher’s exact test: p ¼ 0.260), and between the
laterality of epileptiform discharges and administration or
not of AEM (Fisher’s exact test: p ¼ 0.767).
The laterality of the discharge also showed no association
with the average age of the child at the time of EEG
normalization (analysis of variance: p ¼ 0.7495).
According to the t-test, child’s sex did not inﬂuence the
mean age of the child at the ﬁrst seizure (p ¼ 0.905).

Analysis of Intervals
The mean time between the ﬁrst and the last seizure (interval
I) was 3.34 years (SD: 2,066), the mean time between the ﬁrst
seizure and EEG normalization (interval II) was 5.53 years,
and between the last seizure and EEG normalization (interval
III) was 2.40 years (►Table 1).
Inﬂuence of the independent variables sex, age, laterality
of epileptiform discharges in EEG, and use of AEM on the
intervals studied (►Table 2).

Interval I (between the First and Last Seizure) in Relation
to Sex, Age, Laterality, and Antiepileptic Medication
The regression model included as a dependent variable
interval I and the independent variables (predictors) sex,
age at ﬁrst seizure, and laterality of epileptiform discharges
(bilateral or unilateral), and AEM explains 37.99% ¼ adjusted
R2 33.31% of the range variance, having moderate to strong
inﬂuence; it is a model with statistical signiﬁcance, F
(4.53) ¼ 8.12; p < 0.001.
The sex and AEM had no statistically signiﬁcant effect on
interval I (p ¼ 0.592 and p ¼ 0.352, respectively); however,
the variables age at the ﬁrst seizure and bilateral epileptiform discharges showed signiﬁcance of p < 0.001 and
p ¼ 0.024, respectively.
In these cases, the size of the β effect was strong and
moderate with β ¼ minus 0.550, and minus 0.251, respectively. There was no multicollinearity problem calculated by
the mean variation inﬂation factor (VIF) 1.02, being close to 1
for all variables. Therefore, the model shows that for an
increase of 1month in the age of the child at the ﬁrst seizure,
the interval I decreases by 0.43 months. In the same way, the
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occurrence of bilateral discharges decreases the interval I by
13.15 months.

Interval II (between the First Seizure and Normalization of
the EEG) in Relation to Sex, Age, Antiepileptic Medication,
and Bilaterality of EEG Discharges
The regression model included interval II as the dependent
variable and sex, medication, and age of the child at the ﬁrst
seizure as independent variables (predictors), and epileptic
discharge bilaterality explains 25.53% (adjusted R2 ¼ 19.91%)
of the variance of the interval, having a moderate to strong
relationship and model with statistical signiﬁcance, F
(4.53) ¼ 4.54 p ¼ 0.003.
The variables sex (p ¼ 0.547), AEM (p ¼ 0.308), and bilateral EEG discharges (p ¼ 0.670) were not statistically signiﬁcant. However, the variable age of the child at the time of the
ﬁrst seizure was found to have a statistically signiﬁcant
effect, p < 0.001.
The age variable at the ﬁrst seizure has a strong predictor
effect with β ¼ 0.47. The model has no multicollinearity
problem calculated by the mean VIF ¼ 1.02, being close to
one for all variables. Therefore, the model shows that for an
increase of 1 month in the age of the child at the ﬁrst seizure,
interval II decreases by 0.43 months, with statistical difference (p < 0.001).

Interval III (between Last Seizure and Normalization of
EEG) in Relation to Sex, Age at the First Seizure, and
Bilaterality of Epileptiform Discharges
The regression model, including interval III as the dependent
variable and sex, medication, age at ﬁrst seizure, and bilateral EEG discharges independent (predictor) variables,
explains 8.77% (adjusted R2 ¼ 1.88%) of the variance of the
interval having weak relation and a model without statistical
signiﬁcance, F (4.53) ¼ 1.27 and p ¼ 0.2921. The variables sex
(p ¼ 0.938), age at ﬁrst seizure (p ¼ 0.986), and AEM
(p ¼ 0.559) had no effect with statistical signiﬁcance. However, the bilateral discharges variable has a statistically
signiﬁcant effect (p ¼ 0.035) and moderate predisposition
effect of β ¼ 0.28. Thus, bilaterally epileptiform discharges on
EEG increased interval III by 11.60 months.

Discussion
BECTS is the most common form occurring in childhood, with
an incidence of around 10 to 20/100,000 children aged 0 to
15 years,14 accounting for 25% of all nonfebrile seizures
(incidence around 2.8 per 100,000 person years).15 Spontaneous complete remission during or near adolescence is one
of the most striking aspects of this epileptic syndrome and
occurs in 95.2% of cases.16 AEMs do not seem to be favorable
prognostic factors concerning the duration of the disease and
the frequency of focal epileptic seizures.17
The mean age at onset of epileptic seizures was 6.35 years,
a slightly lower age than that found in the literature, showing
variation between 3 and 14 years, with a peak between 8 and
9 years of age18–20 The remission of epileptic seizures was at
9.65 years on average, an earlier age than that described by
Journal of Pediatric Epilepsy

Vol. 9

No. 2/2020

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

Table 2 Statistical signiﬁcance between the dependent variable
(range) and independent variables (sex, age at onset of seizures,
laterality of epileptiform discharges, and antiepileptic medication
[regression model])

Miziara et al.

Rolandic Epilepsy

Miziara et al.

Bouma et al,7 who reported the occurrence of remission
around 12 years of age. As for EEG normalization, the mean
age was around 11 years, a result similar to that described by
Lee and You (2018).21
The mean time between the ﬁrst and the last seizure was
3.34 years, similar to those observed by other authors.22 EEG
normalization occurred, on average 2 years after the last
seizure, data in agreement with that described by other
authors.15 There is a greater chance of remission when
epilepsy starts within 5 to 10 years of age, a fact that was
observed in the present study.19,20 Therefore, our study
showed, in agreement with the literature, that the onset of
BECTS seizures occurs at preschool age and remission occurs
at the onset of puberty, most often regardless of whether
AEMs have been used. These data are in line with the selflimited term used for this form of epilepsy, which can be
attributed to the genetically determined abnormality of the
systemic functional maturation of the developing brain.14
The normal maturation of the brain allows the gradual
increase in the correlation of structural and functional
connectivity; however, some situations may alter the normal
trajectory of cerebral development, including the epileptic
discharges. Besseling et al showed that children with BECTS,
when compared with control children, present maturational
delay causing reduction in the correlation between structural connectivity and functional connectivity, a fact that
improves with age.23 The disappearance of the spikes, although later than the remission of seizures, is complete and
deﬁnitive. In our study, the EEG normalization was not
inﬂuenced by AEM. This differs from the study of Kim
et al, in which the AEM signiﬁcantly reduced the time to
EEG normalization. This disagreement can be explained by
the disproportion of children treated by those authors (73%
of the children were treated) in relation to our study, in which
only 29.31% of patients received medication. In both studies,
the most commonly used medication was oxcarbazepine
since this is the ﬁrst choice medication in cases of focal
epilepsy in children.24
The epileptic discharges present in self-limited epilepsies
are the result of spikes of excitation (spikes) and inhibition
(slow waves) that occur during a period of excessive activity
of excitatory and inhibitory pathways, necessary to brain
development. Cortical maturation involves regression of
axonal collateral and synapses, both excitatory and inhibitory concomitantly,25 to compensate for this excessive number
of synapses that were formed in the early stages of brain
development.26 The genetically determined (gene susceptibility)27 delay of brain maturation explains well-established
pattern of BECTS onset of childhood seizures and clinical
remission and EEG normalization near puberty, with focal
spikes in the centrotemporal region being the result of
increased focal excitability with possibility for regression.28
Otherwise, epileptogenic process may also be associated
with delaying the normal cortical maturation process.29
The consideration above agrees with our ﬁndings regarding the inﬂuence of the age of onset of crises over the interval
between the ﬁrst and last seizure, since the younger the child
at the ﬁrst seizure, the longer this interval will be, so that for
Journal of Pediatric Epilepsy
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each month of increase in the age of the child at the ﬁrst
seizure occurrence, the interval is reduced by 0.43 months.
Likewise, age also had a strong impact on EEG normalization.
Our results showed that unilateral epileptiform discharges, regardless of whether left or right, were associated
with the longest time between the ﬁrst and last seizures.
In conclusion, our results showed that the age at onset of
epileptic seizures is a determining factor for the time of
duration of epileptic seizures and for the maintenance of the
EEG abnormality. The early onset of epilepsy implies a longer
time between the ﬁrst and last seizure and between the ﬁrst
EEG normalization, but does not inﬂuence the interval
between the last seizure and EEG normalization.
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