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Abstract
Background: Cognitive alterations are associated with benign childhood focal epilepsy with centrotemporal spikes (BCECTS) including aspects of executive
functions. Objectives: This study presents the performance profile on attention and executive function tests of fifty-eight children (BCECTS, n = 30 and controls,
n = 28) aged 8-13 years. Methods: The following tools were employed: Vocabulary and Block Design subtests from the Wechsler Intelligence Scale for Children
III, Stroop Test, Modified Card Sorting Test, Controlled Oral Word Association – FAS and Tower of London. Results: Children with BCECTS presented
average IQ measure, although their performance was statistically worse when compared to the control group. Children with BCECTS showed significantly
lower performance compared to the control group in the following variables: total number of recollected words on the oral fluency test, total number of
categories, categorization effect and total number of errors in MCST; and execution time for the Stroop Test Card 1. After controlling for the IQ effect, the total
number of errors in the MCST did not show any significant difference between the groups. Discussion: Children with BCECTS showed lower performance
in attention and executive functions when compared to healthy children. The results suggest that the concept of “benign” BCECTS should be reconsidered.
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Introduction
Benign focal childhood epilepsy with centrotemporal spikes
(BCECTS) is one of the most frequent epileptic syndromes in
childhood. Given its favorable prognosis, with seizures generally
ceasing near puberty with normalization of electroencephalogram
(EEG), neuropsychological evaluation was usually not considered.
However, reports on cognitive disturbances presented by children
with BCECTS have challenged the concept of favorable prognoses.
Executive and attentional deficits1, related to daily activities and
proper social relationships have been previously described1-11,
including reading disabilities, sustained attention deficits, selective
attention deficits, divided attention deficits, visuomotor and behavior
difficulties.
The sustained attention deficits may be related to rightsided epileptiform activities in BCECTS, interfering in the right
hemisphere function of sustaining attention. Attention is involved
in cognitive functions and enables access to memory, sensory stimuli
and motor responses.
These functions are acquired gradually during childhood and
adolescence12, progressively providing the child with the abilities
to initiate, persist and accomplish tasks13. This study aims to
investigate the performance profile of children with BCECTS by
using neuropsychological tests that evaluate cognitive domains
such as attention and executive functions and compare them to
the performance of children with no neurological disturbances.
We compared the differences in attention and executive functions
between the performance of children with BCECTS and children
without epilepsy.
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Methods
Participants
Fifty-eight children aged between 8 to 13 took part of this study.
Thirty children fulfilled the clinical and electroencephalographic
criteria for BCECTS, according to the International League Against
the Epilepsy (ILAE). All the children from the study group were
assisted at the Child Neurology Clinic at the Hospital das Clínicas at
the Universidade de São Paulo. The exclusion criteria were: estimated
Intellectual Quotient (IQ) < 70; neuroimaging abnormalities; clinical
disorders interfering with cognitive abilities; diagnosis of attention
deficit hyperactivity disorder; and medical treatment for psychiatric
and/or other central nervous system (CNS) disorders (except primary
headache).
The control-group was represented by twenty-eight children
according to demographic variables: age, gender, schooling and
socio-economic levels, and selected among students in São Paulo
city public schools. The exclusion criteria were the same employed
for BCECTS children, in addition to the lack of complaints regarding
learning difficulties. The groups were similar according to gender,
age, schooling and socio-economic status.

Procedure
All children with BCECTS were submitted to a neurological evaluation
and complementary exams, neuroimaging, cranial tomography (CT)
or cranial magnetic resonance (MR) and EEG. Both study and control
groups were submitted to the same neuropsychological evaluation.
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A questionnaire assessing the socio-demographic data was applied
to the responsible informants. In order to check for hand preference,
the child was given a pencil and a sheet of paper and asked to write
his/her name. The hand spontaneously chosen to accomplish the task
was recorded. The study was approved by the Ethics Committee of
the University of São Paulo Medical School and written informed
consent was obtained from respective responsible persons.

to the study group (mean = 103.13; SD = 2.76) as shown in Table 1. The
analysis of the relationship between the estimated IQ and the efficiency
in the tests showed significant associations only for some of the test
scores. Also, despite presenting a weak correlation, the IQ results were
positively correlated with the total number of words in FAS (rho = 0.392).

Attention and executive functions

Measures (neuropsychological evaluation) and instruments
Intellectual efficiency: short form of the Wechsler Intelligence Scale
for Children Third Edition14,15, i.e., Vocabulary and Block Design
subtests sum of the scaled scores for the calculation of estimated IQ16.
Attention and executive functions: Modified Card Sorting
Test17, to evaluate the executive functions of cognitive flexibility,
categorization ability and attention errors in the strategy for action;
Controlled Oral Word Association – FAS18 used as a measurement of
phonemic verbal fluency; Victoria Stroop Test19,20, to evaluate selective
attention and mental flexibility; Tower of London21 as a measurement
of the executive planning function.

Statistical analysis
The results were analyzed with the statistical package STATA/SE
version 11 for Windows. The chi-squared test for categorical variables
and the T-test for numerical variables analysis were performed to
verify the differences between control and study groups concerning
the socio-demographic variables and the tests scores. When the
groups presented different variances, the unequal variance t-test was
used and if the groups presented equivalent variances, the t-test for
equal variances was chosen. The differences between the control and
study groups concerning the estimated IQ were also evaluated by the
t-test. Further analyses were made controlling for the IQ measure to
verify the significance of the cognitive variables. In order to test the
influence of the estimated IQ in each test score presenting difference
(dependent variables) between the groups (independent variable), the
covariance analysis (ANCOVA) was used, isolating the IQ interference
(covariable) and checking if the difference between the groups
persisted. Furthermore, the relationship between the estimated IQ and
the scores of the tests for attention and executive function was verified
by Pearson correlation. The significance level established was P ≤ 0.05.

Results
Fifty-eight children were evaluated (32 boys and 26 girls) between
the ages of 8 and 13 (average age = 10.3 SD = 1.7), all of them from
public schools in the city of São Paulo. Among these, thirty children
(18 boys and 12 girls) with an average age of 10.5 (SD = 1.7) and
diagnosed with BCECTS, represent the study-group and twenty
eight healthy children (14 boys and 14 girls) with an average age of
10.11 (SD = 1.7) represented the control-group.
Regarding the laterality of the epileptiform activity in the EEG,
ten children (70% male) presented left-sided discharges, 9 children
(78% male) right-sided discharges and eight children (75% female)
presented bilateral discharges. Regarding the use of anticonvulsants,
fourteen children (71% male) were not taking medication while
thirteen (62% female) were under medication, of which twelve were
under monotherapy and only one under polytherapy. Of the 30
children, three showed no epileptiform activity on EEG.
The comparative statistical analysis between the study and the
control groups showed that the groups were homogeneous regarding
socio-demographic variables.

Intellectual efficiency
The comparison between the estimated IQ in both groups showed
a significant difference between the means (p = 0.013) and a better
efficiency in the control group (mean = 112.28; SD = 2.20) in contrast

Modified Card Sorting Test
The groups were statistically different when comparing the number of
categories score (p = 0.007), categorization efficiency (p = 0.007) and
total errors (p = 0.019) revealing a better performance of the controlgroup, as shown in Table 1. There were no significant difference in the
number of perseverative errors and failure to maintain set.

Controlled Oral Word Association – FAS
The analysis of the results revealed significant difference (p =
0.0004) between the groups for the Verbal Fluency test with a better
performance of the control group as shown in Table 1.

Victoria Stroop Test
The analysis of the execution time in boards 1 and 3 and errors
in board 3 as well as time of board 2 in the Stroop test – Victoria
version showed significant differences only for the time of board 1
of the test (p = 0.029).
Due to the fact that one subject of the study group could not
read, therefore could not run the Cards 1 and 2, a separate analysis
was conducted for this test. It is presented in Table 1.
Table 1. Mean (SD) neuropsychological test results for the study group
and control group
Measure
BCECTS
Control Group
p
*IQ
103.13 (15.12) 112.28 (11.68) 0.013
0.007
*MCST – No. of categories
3.8 (1.64)
4.85 (1.17)
*MCST – Categorization efficiency
23.86 (11.33) 31.75 (10.20) 0.007
*MCST – Total errors
16.36 (7.58)
11.5 (7.79)
0.019
*MCST – Perseverative errors
4.16 (3.21)
2.82 (3.25)
0.119
*MCST – Set loss
0.67 (0.08)
0.67 (0.94)
0.510
0.0004
*F.A.S.
16.93 (6.54)
23.5 (6.77)
**Stroop Test I
20.17 (6.93)
16.82 (3.92)
0.029
*Stroop Test II
25.56 (7.59)
24.35 (7.73) 0.461
**Stroop Test III
36.89 (2.73)
34.71 (1.92) 0.519
**Stroop Test III errors
0.62 (1.11)
0.32 (0.47)
0.193
*Tower of London – total score
28.46 (4.00)
20.03 (3.31) 0.111
*Tower of London – extra attempts
6.6 (3.05)
5.57 (2.94)
0.198
*Tower of London – planning time
6.79 (5.13)
5.09 (3.68)
0.156
*Tower of London – mean execution time 24.52 (12.44)
19.65 (8.65) 0.091

* T-test for equalvariances. ** T-test for unequalvariances.

Tower of London
There were no significant differences for the total score, number of
extra attempts, mean time of planning and execution between both
groups. The values are described in Table 1.

Differences between groups in attention and executive function
tests after isolating of the IQ interference
ANCOVAs of the group effect for the scores in Stroop Test, MCST
and FAS setting estimated IQ as a covariant revealed significant
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differences for most of the considered tests, except for the Total errors
score in the MCST, as shown in Table 2.
Table 2. Result of ANCOVAs on the group effect over the scores in Stroop,
MCST and FAS tests setting estimated QI as covariant
Test
Stroop
MCST

FAS

Variable
Execution time for board
No. of categories
Categorization efficiency
Total errors
Recollected words with the letters F, A and S

F
4.48
5.09
4.98
3.70
8.66

p
0.039
0.028
0.030
0.060
0.005

Discussion
This study aimed to verify the performance obtained by children with
benign focal epilepsy in childhood and children without epilepsy
in neuropsychological tests of attention and executive functions.
Studies have shown an association between neurological disorders
and cognitive deficits1-10.
Although children with BCECTS presented average levels of
estimated IQ, their performance was significantly lower in specific
attention and executive functions tasks compared to that obtained
by the control group. This result is similar to the ones presented
by other studies2,5,10,22-25. It is noteworthy that most of these studies
used all or at least eight of the Wechsler Intelligence scale subtests
for the calculation of the total IQ, while we used only two subtests
(Block Design and Vocabulary) for the estimated IQ calculation.
The choice for the short form to estimate intellectual efficiency did
not compromise the analysis of results because it took into account
the reliability of both subtests as well as its correlation to the Global
Scale of the WISC-III. Both Vocabulary and Block Design subtests
present a high correlation with the global scale and provide good
measurements to evaluate general intelligence14,16. On the other
hand, some authors did not show any differences between the IQ
of BCECTS children and children in the control groups1,2,6,9,23,26-28.
This study showed that children with BCECTS presented
significantly worse performance than the control group in executive
functions of cognitive flexibility, categorization ability and attention
errors in the strategy for action, in phonemic verbal fluency and
selective attention and mental flexibility. Notwithstanding, the
performance in executive planning function did not present
discrepancy in comparison with the control group.
The results from the Victoria Stroop evaluating selective attention
and mental flexibility suggests that children with BCECTS present
an adequate ability for selective attention and mental flexibility.
However, slower performance in naming colors, which correlates
with previous studies finding that children with BCECTS perform
with reduced speed in attention tasks, was also observed29. However,
studies using other versions of the Stroop test showed different
results. Chevalier et al.4 found a significantly higher number of errors
made by children with BCECTS with the Incongruous card and no
difference between the groups concerning the performance with the
Control card. Baglietto et al.5 showed execution time significantly
higher in the study group compared to the control group, in addition
to a higher number of errors in the first two cards. In a more recent
study, the discrepancy among the results can be explained by the
use of different modalities of the Stroop test. However, these results
suggest that the deficient performance of children with BCECTS is
more likely related to the precision (measured by the total of errors)
than to the response speed.
Difficulties in planning and problem solving as assessed by the
Tower of London were not found in our study, contrary to previous
data showing worse performances for the children with BCECTS
compared to the control-group1.
The Phonemic Fluency Test (Controlled Oral Word Association)
seems to be sensitive to the presence of BCECTS. Studies showed
that children with BCECTS present worse performances in phonemic
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verbal fluency tasks1,22 even after total remission of seizures and EEG
normalization5,9,10. Such results agree with the results obtained in this
study and seem to confirm the presence of alterations in the verbal
fluency in children with BCECTS.
Finally, although we used the Modified WCST, differences in
performance in the MCST for executive functions of cognitive
flexibility, categorization ability and attention errors in the strategy for
action were verified. The comparison between groups revealed worse
performance in number of categories, categorization efficiency and
total number of errors scores for children with BCECTS, however no
significant difference related to perseverative errors and inability to
maintain the set. Our results partially agree with the results presented
by Hoie et al.22, which showed lower performance of children with
BCECTS in all WCST scores compared to the control-group.
Although our study has showed worse performance of children
with BCECTS in executive functions of cognitive flexibility,
categorization ability and attention errors in the strategy for action, in
phonemic verbal fluency and selective attention and mental flexibility,
the impact of the intellectual functions in the performance of these
tests must be considered, since there were differences in the estimated
IQ between the groups. The analysis of correlations between the tests
and the estimated IQ showed weak or null correlations between some
of the tests’ scores. However, studies with healthy children showed
that the estimated IQ influences the performance on executive
functions tests such as WCST and the Phonemic Fluency Test30.
This issue is usually neglected in studies5,9,23,25,27 or is approached as
an attempt to match the study and control groups according to the
participants IQ8,10,11,22,29.
This study has some limitations. One of them is that we did not
assess the possible influence of the frequency of epileptiform activity
on cognitive functioning, as many studies have linked the higher
frequency of discharges with an increased cognitive loss2,22,25. The fact
that previous studies used different instruments for the assessment of
cognitive functioning, and that only a few of them included executive
functions instruments, do not allow further comparisons. In addition, a
possible limitation is that psychiatric symptoms were not actively asked.

Conclusion
Our findings show that children with BCECTS present impaired
categorization ability, worse performance in color naming and deficits
in verbal fluency. These cognitive abnormalities are not influenced
by the intellectual capacity. Another important aspect is that, despite
evidence that BCECTS do impact on cognition, we must consider
that nearly half of the sample was taking antiepileptic drugs, which
probably plays an influence the cognition of children.
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