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Abstract: This paper investigates brain–behaviour associations between interictal epileptic dis-
charges and cognitive performance in a population of children with self-limited focal epilepsy with
centro-temporal spikes (SeLECTS). Sixteen patients with SeLECTS underwent an extensive neuropsy-
chological assessment, including verbal short-term and episodic memory, non-verbal short-term
memory, attentional abilities and executive function. Two quantitative EEG indices were analysed,
i.e., the Spike Wave Index (SWI) and the Spike Wave Frequency (SWF), and one qualitative EEG
index, i.e., the EEG score, was used to evaluate the spreading of focal SW to other parts of the
brain. We investigated associations between EEG indices and neuropsychological performance with
non-parametric Spearman correlation analyses, including correction for multiple comparisons. The
results showed a significant negative correlation between (i) the awake EEG score and the Block
Tapping Test, a visuo-spatial short-term memory task, and (ii) the sleep SWI and the Tower of London,
a visuo-spatial planning task (pcorr < 0.05). These findings suggest that, in addition to the usual
quantitative EEG indices, the EEG analysis should include the qualitative EEG score evaluating the
spreading of focal SW to other parts of the brain and that neuropsychological assessment should
include visuo-spatial skills.

Keywords: IED and cognition; visuo-spatial skills; EEG score

1. Introduction

The link between interictal epileptic discharges (IED) and cognition has mostly been
studied within the framework of self-limited focal epilepsy (SeLFE), more specifically in
self-limited focal epilepsy with centro-temporal spikes (SeLECTS). This frequent epileptic
syndrome accounts for 6 to 7% of all childhood epilepsies and affects children with normal
cerebral MRI and development prior to seizures. Age at onset is usually between 3 to
14 years. EEG usually shows characteristic triphasic high-voltage spike-and-wave com-
plexes that are typically located in the centro-temporal area. These abnormalities usually
activate in drowsiness and sleep. Typically, most patients present rare, brief, nocturnal focal
seizures involving orofacial and brachial regions and normally resolved by puberty [1].
Because of infrequent seizures, typical and frequent IED and a low need for anti-epileptic
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drugs, SeLECTS constitute an ideal model to study IED impact on cognition. At the most
severe end of the same continuum, this link between IED and cognition is illustrated by
the concept of epileptic encephalopathy with continuous spike and waves during sleep
(EE-CSWS), defined as severe global or task-specific cognitive regression associated with al-
most continuous and diffuse IED during sleep. Because this encephalopathy may arise as a
complication of SeLFE, these two entities are part of the same spectrum [2–4]. Interestingly,
cases of Landau–Kleffner syndrome (i.e., an EE-CSWS with specific language regression in
the form of auditory agnosia) are reported in patients without seizure [5]. At the opposite
end of the spectrum, a SeLECTS EEG pattern is more frequently present in patients diag-
nosed with a developmental language disorder or attention-deficit/hyperactivity disorder
than in the general population [6–8]. This suggests a close relationship between IED and
cognition rather than an impact of seizures or anti-epileptic drugs.

Children with SeLECTS are at higher risk of developing learning disorders and aca-
demic difficulties, which are for the most part reversible after epilepsy remission [9].
Despite the common assertion that SeLECTS patients display a normal-ranged intellectual
quotient (IQ), it appears statistically inferior to healthy peers [10,11]. Even if mean IQ may
be overestimated by excluding patients with an IQ below 80 from most studies, it seems
that, through a lack of sensitivity, exclusive analysis of IQ fails to adequately apprehend
cognitive impairment in these patients [9]. Through a more comprehensive neuropsycho-
logical assessment, the literature concludes that SeLECTS is associated with an elevated
frequency of language deficits, behavioural disturbances, attention-deficit/hyperactivity
disorder, as well as verbal and non-verbal memory, attentional processes and executive
functions impairment, with no typical cognitive pattern [9].

Associations have already been shown in SeLECTS between IED intensity, defined
by quantitative parameters in wake and/or sleep EEG and academic or behavioural prob-
lems [12], specific learning disorders [13], verbal memory [14,15], verbal IQ [16], word and
sentence reading [16], performance in selective visual attention [17] or central information
processing speed [18].

Fewer authors used qualitative parameters to measure IED intensity, such as Massa
et al., who isolated five EEG and clinical criteria predictive of complicated evolution (i.e.,
academic and behavioural problems) in SeLECTS [19]. In 2021, a case–control study driven
by our team showed that a qualitative EEG score inspired by the aforementioned Massa
study and focusing on IED spreading offered better sensitivity, specificity and agreement
between readers with different levels of expertise than the usual quantitative indices (i.e.,
Spike Wave Index and Spike Wave Frequency) to differentiate EE-CSWS from typical
SeLFE [20].

While the association between SeLECTS and possible language impairment is now
broadly accepted, data regarding visuo-spatial abilities are still scarce. In this matter, poorer
visuo-spatial performance were reported in children with SeLECTS compared to their
healthy peers [9,21–23]. The few studies investigating the link between these skills and
IED intensity showed an association between visuo-spatial memory and sleep Spike Wave
Index (SWI) or awake Spike Wave Frequency (SWF) [24–26].

To date, no studies have explored the link between IED and cognition in a continuous
approach within a population of children, including the whole SeLECTS continuum, from
learning disorders without any history of seizures to EE-CSWS. Moreover, there are no
guidelines in the literature regarding the EEG index that should be used to evaluate the
epileptic activity impact on cognitive performance. The objective of this study was to
answer the three following questions: first, in a population of children with SeLECTS, is
there an association between IED intensity and cognitive performance, evaluated through
a comprehensive neuropsychological assessment? Second, can this association not only be
found in sleep but also in wakefulness? Finally, could a qualitative EEG analysis, focusing
on IED spreading instead of intensity, show associations between cognitive functioning
and interictal epileptic activity?
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2. Materials and Methods

This retrospective study was approved by the Ethics Committee of the Hôpital Uni-
versitaire Des Enfants Reine Fabiola (HUDERF), Brussels, Belgium (CEH 59/22).

2.1. Patient Selection

Patients with SeLECTS were identified from the database of patients who underwent
a long-term EEG in an epilepsy investigation unit in HUDERF between 2016 and 2022.

The patients had to fulfil the following inclusion criteria: (a) a SeLECTS EEG pattern
(i.e., triphasic high-amplitude spike-and-wave complexes in the centro-temporal regions,
activated in drowsiness and sleep [1]); (b) age range 6 to 12 years; (c) standardised neu-
ropsychological assessment less than six months apart from EEG; (d) normal cerebral MRI;
(e) normal neurodevelopment, defined as walking independently before 18 months, first
words spoken before 18 months and first sentences before 3 years of age; and (f) no history
of treatment with corticosteroids before the analysed period. The fulfilment of these criteria
was determined by analysing their medical file.

Patients’ files were analysed to identify the presence of a neurocognitive regression in
at least two domains of development (i.e., language, behaviour, learning, memory, attention,
social interactions, motor skills and global intelligence, as assessed through comprehensive
neuropsychological evaluation). Language regression was defined as a regression in at
least three of the language domains (i.e., phonology, morphology, syntax, semantics and
pragmatics) without auditory–verbal agnosia, and frontal syndrome was defined as be-
havioural disturbances with a combination of attention impairment, impulsiveness, mood
swings and perseveration with deficits in reasoning, thought formulation and learning
strategy [27].

2.2. EEG Analyses

All EEG studies were carried out using 21 scalp electrodes according to the Inter-
national 10–20 system, with the BrainRT system (OSG, Belgium). Extracts of 20 min
wakefulness and the first 10 min of NREM sleep were created from long-term EEG studies
for each patient by author P.D. These two files were randomly and blindly renamed by a
medical doctor not participating in this study.

Each segment was then scored using three EEG indices: (1) the Spike Wave Index
(SWI), corresponding to the percentage of spike and wave (SW) activity calculated by
dividing the number of seconds demonstrating one or more spike-and-wave complexes
in the 20 min awake period divided by 1200 s, or in the 10 min period of sleep divided by
600 s, multiplied by 100 to express the results as percentages; (2) the Spike Wave Frequency
(SWF), corresponding to the number of spike-and-wave complexes in the first 100 s of
the EEG; (3) a qualitative EEG score that was created by Aeby et al. in 2005, based on
the Massa study [19], focusing on the background (normal or abnormal, i.e., intermittent
slow wave focus in wakefulness and/or abnormal or absent spindles in sleep), the number
of epileptic foci and their diffusion to other electrodes. Five grades are defined: grade 0
(normal EEG); grade 1 (normal background, unique focus of SW of low amplitude); grade
2 (normal background, multiple (≥2) asynchronous foci of SW of low amplitude); grade
3 (normal or abnormal background, high-amplitude SW diffusing to one hemisphere or
multiple asynchronous foci of SW of high amplitude or unique focus of high amplitude SW
with a mirror focus); and grade 4 (abnormal background, high-amplitude SW diffusing to
more than 80% of the electrodes) [28].

Quantitative indices (i.e., SWI and SWF) were determined by a previously published
automated spike detection algorithm [29,30]. Two physicians (P.D. and A.A.) indepen-
dently determined the qualitative EEG score. This EEG score was analysed with the same
parameters for each patient of this study: bipolar montage, time constant of 10 s, amplitude
of 100 µV/cm, high band filter of 0.3 Hz and low band filter of 70 Hz.
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2.3. Neuropsychological Testing

All of the participants underwent a comprehensive neuropsychological assessment,
developed by our team in 2016 after an extensive literature review, designed to screen
SeLECTS patients for cognitive complications. The tests were performed by two ex-
perienced neuropsychologists (S.G. and S.B.). The following functions were assessed:
(1) verbal short-term memory, with the WISC-V Digit Span subtest, in which the child
has to repeat number lists of increasing length, forward and backwards [31]; (2) verbal
long-term memory, evaluated by the RLS-15, a task where the subject must memorize a list
of 15 words, with 5 free recalls and a delayed recall after 20 min [32]; (3) visuo-spatial short-
term memory with the Block Tapping Test, assessing the ability to reproduce visuo-spatial
sequences of increasing length by touching specific blocks placed in a two-dimensional
grid [33]; (4) attention through the Test of Attentional Performance, a computerized task
measuring the reaction time and its variations to a visual stimulus, with (phasic alert) or
without (tonic alert) an auditory warning [34]; (5) executive functions, i.e., visuo-spatial
planning with the Tower of London test, in which the child has to reorganise three pearls
on three sticks in a given configuration, with respect to specific rules [35], and cognitive
inhibition via the Counting Stroop Test, a task where the subject has to inhibit automatic
responses [35–37].

2.4. Statistics

Statistical analyses were conducted using Jamovi [38]. The relationship between cogni-
tive performance and EEG indices was investigated with Spearman’s nonparametric rank
correlation, applying Bonferroni’s multiple comparisons correction within each cognitive
domain [39]. We used raw scores for all neuropsychological measurements, and age was
defined as a control variable. A pcorr < 0.05 was considered statistically significant.

3. Results
3.1. Clinical Data

Among the 125 patients with a SeLECTS EEG pattern who had a long-term EEG
between 2016 and 2022, 26 patients underwent a standardised neuropsychological assess-
ment, 19 of them less than six months apart from the EEG. We excluded two patients for an
abnormal neurodevelopment and one for an abnormal cerebral MRI. We finally included
16 patients. Their detailed clinical characteristics are reported in Table 1. Age at EEG was
8 ± 1.25 years. Of all the participants, 14 were male.

Among our 16 patients, two had no history of seizures. Their EEG was performed to
rule out absence seizures whilst they presented with learning disabilities. Nine patients
were treated with anti-seizure medication at the time of the EEG, six with one anti-epileptic
drug and three with two different anti-epileptic drugs (Levetiracetam, Valproic Acid,
Clobazam or Topiramate). A cognitive regression (i.e., frontal syndrome or language
impairment) concordant with an EE-CSWS was reported in four patients. The duration
between the EEG and the neuropsychological testing was 2 ± 1.81 months.

3.2. EEG Characteristics

Detailed EEG characteristics are reported in Table 2. Two patients had no IED during
wakefulness, but IED were found in their sleep EEG. The following results are expressed
in median and interquartile (IQR). Awake SWI was 7.5; 51.25% (median; IQR), sleep SWI
was 68; 31%. Awake SWF was 12; 54.75 (median; IQR), sleep SWF was 75; 144. Awake
EEG score was 1; 3 (median; IQR) and sleep EEG score was 3; 2.5. Seven patients had a left
unilateral focus, three had a right unilateral focus and six had bilateral foci.
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Table 1. Clinical characteristics.

Patient Number Sex Age at Seizure
Onset (Years)

Age at the Time of
EEG (Years) Treatment during EEG Type of Regression if Present

1 M 6 7 / /

2 M 4 6 LVT Frontal syndrome, language

3 M 3 6 LVT /

4 M 4 6 LVT Frontal syndrome, language

5 M 6 7 / /

6 M 8 9 LVT, VPA /

7 M / 8 / /

8 M 6 7 VPA /

9 M / 8 / /

10 M 9 9 VPA /

11 M 9 9 / /

12 M 6 7 LVT, CLB Frontal syndrome

13 F 10 10 / /

14 F 4 7 / /

15 M 8 9 VPA /

16 M 7 8 VPA, TPA Frontal syndrome

Abbreviations: CLB = Clobazam, LVT = Levetiracetam, TPA = Topiramate, VPA = Valproic Acid.

Table 2. EEG data.

Patient
Number

Awake
SWI

Awake
SWF

Awake EEG
Score Sleep SWI Sleep

SWF
Sleep EEG

Score

EEG
Lateralisation of

Interictal Foci

EEG Lobar
Distribution of
Interictal Foci

1 51 56 1 73 52 4 L CT

2 98 217 4 100 352 4 B CP, F

3 3 30 1 50 72 1 L C

4 63 57 1 84 140 3 R CT

5 7 9 4 54 63 4 B F

6 87 227 4 71 284 4 B PT

7 34 38 1 66 79 1 L CT

8 0 0 0 1 2 2 L C

9 12 15 2 38 49 2 B C

10 4 2 4 76 99 4 R F

11 7 5 1 54 49 2 B CT

12 82 145 4 95 330 4 R CT

13 0 2 1 1 2 1 L F

14 0 0 0 1 2 1 L CT

15 2 0 1 72 75 3 L CT

16 8 0 4 96 246 4 R CP, T

Abbreviations: SWI = Spike Wave Index, SWF = Spike Wave Frequency, R = right, L = left, B = both, C = central,
CT = centro-temporal, CP = centro-parietal, F = frontal, PT = parieto-temporal, T = temporal.
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3.3. Relationship between IED and Neuropsychological Data

The results are summarised in Table 3. Our results showed a statistically significant
negative correlation between the awake EEG score and the Block Tapping Test (rs = −0.73;
pcorr < 0.05), highlighting that higher awake EEG score is associated with poorer perfor-
mance in visuo-spatial short-term memory (Figure 1). Patients with higher sleep SWF also
tended to have lower scores on the Block Tapping Test, but this tendency did not reach
statistical significance after Bonferroni’s correction (rs = −0.58; pcorr = 0.196). Additionally,
we found a significant negative correlation between sleep SWI and the Tower of London
(rs = −0.87, pcorr < 0.05). In other terms, the higher the sleep SWI, the lower the score in
this visuo-spatial planning task (Figure 2).

Table 3. Spearman’s correlations (without correction) between EEG indices and neuropsychological
parameters.

Field Neuropsychological
Test

Awake
SWI

Awake
SWF

Awake EEG
Score

Sleep
SWI

Sleep
SWF

Sleep EEG
Score

Verbal
memory

Forward verbal span
n = 12

Spearman’s Rho
p value

0.87
0.05

0.14
0.68

−0.03
0.93

−0.43
0.16

−0.13
0.7

−0.36
0.28

Reverse verbal span
n = 12

Spearman’s Rho
p value

−0.13
0.70

0
1

−0.28
0.39

−0.48
0.11

−0.39
0.23

−0.42
0.19

RLS free recall mean
n = 11

Spearman’s Rho
p value

0.10
0.79

0.26
0.5

−0.19
0.62

−0.41
0.23

−0.13
0.73

−0.38
0.31

RLS delayed recall
n = 11

Spearman’s Rho
p value

−0.09
0.82

0.10
0.79

−0.23
0.55

−0.51
0.13

−0.45
0.22

−0.07
0.85

Visuo-
spatial

memory

Block Tapping Test
n = 13

Spearman’s Rho
p value

−0.38
0.22

−0.42
0.18

−0.73
0.007 *

−0.45
0.12

−0.58
0.05

−0.51
0.09

Attention
Reaction time tonic

alert
n = 15

Spearman’s Rho
p value

−0.07
0.81

−0.31
0.27

0.29
0.31

0.31
0.26

0.25
0.39

0.38
0.19

Standard deviation
tonic alert

n = 15

Spearman’s Rho
p value

0.01
0.98

−0.2
0.5

0.34
0.24

0.24
0.39

0.2
0.50

0.29
0.31

Reaction time phasic
alert

n = 15

Spearman’s Rho
p value

0.16
0.59

0.05
0.85

0.34
0.24

0.37
0.17

0.29
0.31

0.29
0.32

Standard deviation
phasic alert

n = 15

Spearman’s Rho
p value

−0.19
0.50

−0.49
0.08

−0.22
0.45

0.16
0.58

−0.30
0.29

0.20
0.48

Executive
function

Commission errors
phasic alert

n = 15

Spearman’s Rho
p value

−0.12
0.68

−0.11
0.70

−0.33
0.25

0.04
0.89

0.03
0.92

−0.05
0.86

Reaction time Stroop
test

n = 11

Spearman’s Rho
p value

0.28
0.37

−0.01
0.97

0.15
0.64

0.23
0.45

−0.12
0.71

0.24
0.46

Standard deviation
Stroop
n = 11

Spearman’s Rho
p value

0.10
0.75

0.09
0.79

0.03
0.93

0.11
0.72

0.07
0.83

0.05
0.87

Tower of London
n = 11

Spearman’s Rho
p value

−0.30
0.4

0.07
0.84

−0.21
0.55

−0.87
<0.001 *

−0.58
0.08

−0.51
0.13

Abbreviations: SWI = Spike Wave Index, SWF = Spike Wave Frequency. * Statistically significant correlations after
multiple comparisons Bonferroni’s correction: pcorr < 0.05.



Brain Sci. 2023, 13, 1566 7 of 13

Brain Sci. 2023, 13, x FOR PEER REVIEW 6 of 13 
 

statistical significance after Bonferroni’s correction (rs = −0.58; pcorr = 0.196). Additionally, 
we found a significant negative correlation between sleep SWI and the Tower of London 
(rs = −0.87, pcorr < 0.05). In other terms, the higher the sleep SWI, the lower the score in this 
visuo-spatial planning task (Figure 2). 

Table 3. Spearman’s correlations (without correction) between EEG indices and neuropsychological 
parameters. 

Field Neuropsychological Test  
Awake 

SWI 
Awake 

SWF 
Awake EEG 

Score 
Sleep SWI Sleep SWF 

Sleep EEG 
Score 

Verbal 
memory 

Forward verbal span 
n = 12 

Spearman’s Rho 
p value 

0.87 
0.05 

0.14 
0.68 

−0.03 
0.93 

−0.43 
0.16 

−0.13 
0.7 

−0.36 
0.28 

 
Reverse verbal span 

n = 12 
Spearman’s Rho 

p value 
−0.13 
0.70 

0 
1 

−0.28 
0.39 

−0.48 
0.11 

−0.39 
0.23 

−0.42 
0.19 

 
RLS free recall mean 

n = 11 
Spearman’s Rho 

p value 
0.10 
0.79 

0.26 
0.5 

−0.19 
0.62 

−0.41 
0.23 

−0.13 
0.73 

−0.38 
0.31 

 
RLS delayed recall 

n = 11 
Spearman’s Rho 

p value 
−0.09 
0.82 

0.10 
0.79 

−0.23 
0.55 

−0.51 
0.13 

−0.45 
0.22 

−0.07 
0.85 

Visuo-spatial 
memory 

Block Tapping Test 
n = 13 

Spearman’s Rho 
p value 

−0.38 
0.22 

−0.42 
0.18 

−0.73 
0.007 * 

−0.45 
0.12 

−0.58 
0.05 

−0.51 
0.09 

Attention 
Reaction time tonic alert 

n = 15 
Spearman’s Rho 

p value 
−0.07 
0.81 

−0.31 
0.27 

0.29 
0.31 

0.31 
0.26 

0.25 
0.39 

0.38 
0.19 

 
Standard deviation tonic alert 

n = 15 
Spearman’s Rho 

p value 
0.01 
0.98 

−0.2 
0.5 

0.34 
0.24 

0.24 
0.39 

0.2 
0.50 

0.29 
0.31 

 
Reaction time phasic alert 

n = 15 
Spearman’s Rho 

p value 
0.16 
0.59 

0.05 
0.85 

0.34 
0.24 

0.37 
0.17 

0.29 
0.31 

0.29 
0.32 

 
Standard deviation phasic alert 

n = 15 
Spearman’s Rho 

p value 
−0.19 
0.50 

−0.49 
0.08 

−0.22 
0.45 

0.16 
0.58 

−0.30 
0.29 

0.20 
0.48 

Executive 
function 

Commission errors phasic alert 
n = 15 

Spearman’s Rho 
p value 

−0.12 
0.68 

−0.11 
0.70 

−0.33 
0.25 

0.04 
0.89 

0.03 
0.92 

−0.05 
0.86 

 
Reaction time Stroop test 

n = 11 
Spearman’s Rho 

p value 
0.28 
0.37 

−0.01 
0.97 

0.15 
0.64 

0.23 
0.45 

−0.12 
0.71 

0.24 
0.46 

 
Standard deviation Stroop 

n = 11 
Spearman’s Rho 

p value 
0.10 
0.75 

0.09 
0.79 

0.03 
0.93 

0.11 
0.72 

0.07 
0.83 

0.05 
0.87 

 
Tower of London 

n = 11 
Spearman’s Rho 

p value 
−0.30 

0.4 
0.07 
0.84 

−0.21 
0.55 

−0.87 
<0.001 * 

−0.58 
0.08 

−0.51 
0.13 

Abbreviations: SWI = Spike Wave Index, SWF = Spike Wave Frequency. * Statistically significant 
correlations after multiple comparisons Bonferroni’s correction: pcorr < 0.05. 

 
Figure 1. Significant association between the Block Tapping Test and the awake qualitative EEG 
score. (rs = −0.727; pcorr < 0.05). 

0
1
2
3
4
5
6
7
8
9

0 1 2 3 4

Bl
oc

k 
Ta

pp
in

g 
Te

st

Awake EEG Score

Block Tapping Test

Figure 1. Significant association between the Block Tapping Test and the awake qualitative EEG score.
(rs = −0.727; pcorr < 0.05).

Brain Sci. 2023, 13, x FOR PEER REVIEW 7 of 13 
 

 
Figure 2. Significant association between the Tower of London and the sleep Spike Wave Index (SWI; 
rs = −0.87; pcorr< 0.05). 

4. Discussion 
This study is the first to investigate the link between cognition and IED in a popula-

tion of children with an EEG pattern of SeLECTS, including patients without any history 
of seizures, patients with typical SeLECTS and patients with EE-CSWS, to better illustrate 
the continuum where these entities fall [4]. Moreover, we examined this link through a 
linear analysis to better capture the full SeLECTS spectrum, where most existing studies 
divided their samples by categories of IED intensity or cognitive complications 
[12,13,17,19,25,40]. 

Our results show a negative correlation between (1) IED spreading (i.e., spike-and-
wave complexes diffusion to the other brain regions) in wakefulness and a short-term 
visuo-spatial memory task (Block Tapping Test) and (2) IED intensity in sleep and a task 
involving executive function, and more specifically, visuo-spatial planning (Tower of Lon-
don). Therefore, our findings confirm the association between IED and cognition in Se-
LECTS, suggesting more precisely an association between IED and visuo-spatial skills in 
these children. Furthermore, they demonstrate that, in addition to epileptic activity inten-
sity in sleep, SW spreading in wakefulness also correlates to cognitive performance in pa-
tients with SeLECTS. 

Studies investigating the relationship between epileptic activity intensity and visuo-
spatial performance in SeLFE are scarce. A negative correlation between long-term visuo-
spatial memory performance and awake SWF has been reported by Vintan et al. in a group 
of 18 patients diagnosed with SeLECTS [26]. Zhang et al. showed in a larger group of 60 
children with SeLECTS that patients with a sleep SWI > 55% had lower scores in a visuo-
spatial memory test than patients with a sleep SWI < 55%. Moreover, bilateral epileptic 
foci were associated with worse visuo-spatial performance [25]. Unlike our study, none of 
these studies reported the application of a multiple comparisons correction during their 
statistical analyses. 

There is evidence of possible visuo-spatial memory impairment in SeLECTS. For in-
stance, Baglietto et al. and Metz-Lutz et al. reported lower scores in the Block Tapping Test 
in patients with SeLECTS compared to controls [21,41]. By contrast, Lindgren et al. failed 
to demonstrate a difference in their sample using a similar test [42]. In a study comparing 
40 untreated patients with a SeLECTS EEG pattern, with or without related epilepsy, to 
40 healthy participants, Weglage et al. showed poorer performance in short-term visuo-

0

1

2

3

4

5

6

7

8

0 10 20 30 40 50 60 70 80 90 100

To
w

er
 o

f L
on

do
n

Sleep SWI

Tower of London

Figure 2. Significant association between the Tower of London and the sleep Spike Wave Index (SWI;
rs = −0.87; pcorr < 0.05).

4. Discussion

This study is the first to investigate the link between cognition and IED in a population
of children with an EEG pattern of SeLECTS, including patients without any history of
seizures, patients with typical SeLECTS and patients with EE-CSWS, to better illustrate the
continuum where these entities fall [4]. Moreover, we examined this link through a linear
analysis to better capture the full SeLECTS spectrum, where most existing studies divided
their samples by categories of IED intensity or cognitive complications [12,13,17,19,25,40].

Our results show a negative correlation between (1) IED spreading (i.e., spike-and-
wave complexes diffusion to the other brain regions) in wakefulness and a short-term
visuo-spatial memory task (Block Tapping Test) and (2) IED intensity in sleep and a task
involving executive function, and more specifically, visuo-spatial planning (Tower of
London). Therefore, our findings confirm the association between IED and cognition in
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SeLECTS, suggesting more precisely an association between IED and visuo-spatial skills
in these children. Furthermore, they demonstrate that, in addition to epileptic activity
intensity in sleep, SW spreading in wakefulness also correlates to cognitive performance in
patients with SeLECTS.

Studies investigating the relationship between epileptic activity intensity and visuo-
spatial performance in SeLFE are scarce. A negative correlation between long-term visuo-
spatial memory performance and awake SWF has been reported by Vintan et al. in a
group of 18 patients diagnosed with SeLECTS [26]. Zhang et al. showed in a larger group
of 60 children with SeLECTS that patients with a sleep SWI > 55% had lower scores in
a visuo-spatial memory test than patients with a sleep SWI < 55%. Moreover, bilateral
epileptic foci were associated with worse visuo-spatial performance [25]. Unlike our study,
none of these studies reported the application of a multiple comparisons correction during
their statistical analyses.

There is evidence of possible visuo-spatial memory impairment in SeLECTS. For
instance, Baglietto et al. and Metz-Lutz et al. reported lower scores in the Block Tapping
Test in patients with SeLECTS compared to controls [21,41]. By contrast, Lindgren et al.
failed to demonstrate a difference in their sample using a similar test [42]. In a study
comparing 40 untreated patients with a SeLECTS EEG pattern, with or without related
epilepsy, to 40 healthy participants, Weglage et al. showed poorer performance in short-
term visuo-spatial memory [43]. In similar-sized samples, Northcott et al. and Volkl-
Kernstock et al. reported an impairment of short- and long-term verbal and non-verbal
memory in children with SeLECTS [23,44]. In 2021, a meta-analysis regarding working
memory in paediatric epilepsy conducted by Poole et al. revealed impairments in the
phonological loop and the visuo-spatial sketchpad in epileptic children. Unfortunately, no
distinction was made between SeLECTS and other epileptic syndromes and the relationship
between these cognitive impairments and IED was not investigated [45].

Galer et al. studied sleep-related consolidation of declarative memories in SeLFE
through a verbal (associations of word pairs) and visuo-spatial (location of object pairs
presented on a grid) long-term memory task. While their patients displayed similar
performance to controls in immediate retrieval, their performance decreased significantly
after a night of sleep, becoming inferior to controls. Furthermore, higher SWI during NREM
sleep was associated with lower scores in the visuo-spatial task, supporting the hypothesis
that IED could interfere with sleep-dependent memory consolidation [24].

Neuroimaging studies suggest that the neural correlates of visuo-spatial memory lie
in the frontal and parietal cortices. Functional MRI studies identified a superior frontal–
intraparietal network where brain activity, myelination and development of visuo-spatial
working memory seem to be related during childhood [46,47]. Interestingly, several func-
tional connectivity studies conducted in SeLECTS precisely showed altered brain functional
connectivity in these regions, which seemed partly driven by the IED. Changes in connectiv-
ity strength in the default mode network were also reported in SeLECTS. The appropriate
regulation of this resting-state network involving the praecuneus, medial prefrontal cortex
and lateral parietal cortex seems to correlate with several cognitive functions including
working memory and attentional processes. Here again, changes in connectivity seem
linked to the IED [48]. In our study, no correlation was found between IED spreading or in-
tensity and performance in attention tasks. This could be caused by our reduced number of
patients, or by the great variability of attentional skills depending on cognitive availability.

To our knowledge, this study is the first to correlate visuo-spatial planification to
interictal epileptic activity. However, impairments of executive functions such as inhibition,
cognitive flexibility, or verbal fluency in SeLECTS were brought to light by previous
studies [10,12,49,50]. Croona et al. showed poorer performance in the Tower of London
task in 17 SeLECTS patients compared to a control group matched for age, sex and estimated
intelligence [51]. Filippini et al. showed lower scores in a structured figural fluency task
in SeLECTS patients compared to healthy peers [52]. In our study, only visuo-spatial
planification correlated with epileptic activity intensity, and no relationship was found
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between IED and cognitive inhibition, which could possibly be related to the small size of
our sample.

The finding that in wakefulness, the EEG index that focuses on the spreading of IED
correlates with cognitive performance is in line with the results of Aeby et al. in 2021. Their
results showed that this EEG score, measured in wakefulness and sleep, offered better
sensitivity, specificity and agreement between readers with different levels of expertise than
the usual quantitative indices (i.e., SWI and SWF) to differentiate EE-CSWS from typical
SeLFE [20]. These observations could be explained by the “remote inhibition” concept,
which proposes the existence of epilepsy-induced inhibition of neurons that surround or are
remote from the epileptic focus but connected with it via cortico-cortical or polysynaptic
pathways [53]. This concept originated from the demonstration, in FDG-PET studies,
of focal hypermetabolism at the site of epileptic foci, associated with hypometabolism
in remote connected brain areas, such as frontal and parietal cortices and the default
mode network [54]. Therefore, we could extrapolate that the more an IED spreads to the
other brain regions, the more it could disrupt cerebral connectivity, thus interfering with
cognitive networks.

In sleep, the EEG index correlating with neuropsychological measurements is the SWI,
in agreement with several studies reporting associations between sleep SWI and word
memory retention, sentence reading, verbal IQ or behaviour disorders [14,16,18]. Without
guidelines regarding a gold-standard index, a wide variety of indices are used to measure
interictal epileptic activity in the literature. Hence, numerous studies used indices based
on the number of IED in a specific time period (similar to SWF) instead of the number
of seconds containing IED (i.e., SWI) and showed correlations between IED in sleep and
language impairments, verbal memory or selective visual attention performance, or with
the existence of academic or behavioural problems, correlated themselves with IQ, auditory–
verbal, visuo-spatial and attentional capacities [12,13,15,17,19,40]. Although our analyses
failed to identify a significant correlation between SWF and cognitive measurements, we
found a negative tendency between sleep SWF and the Block Tapping Test, investigating
visuo-spatial memory.

Exploring the link between cognition and interictal epileptic activity leads the way
to a broad treatment issue. In EE-CSWS, several retrospective studies show that, under
corticosteroids, a decrease in epileptic activity intensity correlates with improved cognitive
performance and IQ [55,56]. Levetiracetam also appears effective in IED intensity as well
as on cognitive capacities [28]. In a pilot study regarding sleep-related declarative memory
consolidation in SeLFE led by Urbain et al., normalisation of the sleep EEG in an EE-CSWS
patient under hydrocortisone treatment was associated with the normalisation of overnight
memory performance, which was not the case in another patient under the same treatment,
whose sleep EEG was only partially improved [57]. However, cognitive regression or
stagnation can be difficult to identify and, because SeLECTS and EE-CSWS belong to the
same spectrum, the threshold for which treatment is appropriate may be debatable. The
potential benefit of anti-epileptic drugs has not yet been demonstrated in SeLECTS without
cognitive regression. Even though treatment with Levetiracetam or Sulthiame seems to lead
to a substantial reduction in IED intensity, it is unclear whether that decrease is associated
with a cognitive improvement and this question needs to be addressed by well-designed
randomized control studies [58]. A few uncontrolled studies suggest a positive impact of
Levetiracetam on cognitive functions [59,60]. Amongst them, McNally et al. reported on
seven patients with learning disorders and displaying a SeLECTS EEG pattern without
a history of seizures and demonstrated that their parents noticed an improvement in
scholarly results and/or language after the empirical introduction of Levetiracetam [61].
Nevertheless, the evidence of a visuo-spatial impairment in SeLECTS brings to light the
importance of a comprehensive neuropsychological assessment in the follow-up of these
patients, allowing for an early detection of such cognitive deficits, in order to implement
rehabilitation strategies such as cognitive rehabilitation and individualised school care.
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The main limitation of our study is the limited number of patients. Although this
strengthens the significance of our results, we could have possibly brought other significant
correlations to light with a larger sample. Furthermore, it could be interesting to compare
our patient results with a control group of healthy peers, to better apprehend their cognitive
deficits in contrast to healthy children. A certain degree of heterogeneity can also be high-
lighted in our sample regarding anti-epileptic drugs, a common limitation in the scientific
literature [10]. It should be noted that, while the literature suggests a possible detrimental
effect of Levetiracetam on behaviour, there is no consistent evidence of cognitive impair-
ment associated with the use of Levetiracetam in children [60]. One controlled study
comparing Levetiracetam and Sulthiame in a group of 80 patients with SeLECTS treated for
6 months and evaluated with a longitudinal neuropsychological assessment concluded that
anti-epileptic monotherapy did not negatively affect cognitive performance. However, the
impact on behaviour was more debatable, with five dropouts due to behavioural problems
in the levetiracetam group, even though the study showed a tendency to a decreased CBCL
total score after 6 months in both groups, indicating a reduced incidence of behavioural
disturbances [62]. By contrast, Valproic Acid, in comparison to other anti-seizure medi-
cations, may be associated with an increased risk of impairments in memory, attention
and executive function [60]. However, it is worth noticing that almost half of our patients
were not under any treatment at the time of their EEG. This heterogeneity is also found
in the neuropsychological assessment, which can be explained by the children’s cognitive
availability to respond to certain tests. Because of the retrospective design, some delay
can also be noted between this assessment and the EEG of each child. A shorter interval
between both exams would allow us to be more representative of the children’s functioning
at a given time and, consequently, to discover more associations between the children’s
cognitive functioning and their epileptic activity. Moreover, in sleep, EEG indices were
computed using the first ten minutes of NREM sleep, and we could have possibly brought
to light a stronger relationship between IED in sleep and cognition with an entire night
analysis. However, other studies have suggested that the first ten minutes of sleep are
adequately representative of epileptic activity during a whole night [14]. Another limita-
tion of our study is that, for practical reasons, the majority of our patients could not be
tested for language. Therefore, the absence of an association between epileptic activity and
verbal memory in our study should be interpretated with caution. Lastly, our study was
conducted in a tertiary centre, which might generate a selection bias.

To better apprehend the impact of epileptic activity on cognition, further studies
should investigate associations between IED intensity and spreading and performance in a
comprehensive neuropsychological and language assessment in a large group of patients
displaying a SeLFE EEG pattern without any history of seizures nor anti-epileptic therapy.

5. Conclusions

This retrospective study conducted in a population representative of the SeLECTS
spectrum, from learning disorders with IED and typical SeLECTS to EE-CSWS showed
an association between IED and cognition, reflecting differently during wakefulness and
sleep. During sleep, we showed a negative correlation between cognitive performance and
SW intensity, an association already suggested in the literature, while in wakefulness, the
parameter having the most significant impact on cognitive function appears to be their
spreading to other parts of the brain. Therefore, it would be useful to add an EEG score
investigating wake- and sleep-related qualitative parameters in the EEG evaluation of
SeLECTS patients in further studies as well as in the day-to-day care of these children.
Lastly, as both cognitive functions correlating with IED were visuo-spatial, our results
bring to light the relevance of comprehensive neuropsychological assessment, including
visuo-spatial skills. Further studies are needed to confirm our results in a larger population.

Author Contributions: Conceptualization, P.D. and A.A.; Data curation, P.D.; Formal analysis, P.D.,
C.R. and D.V.D.; Investigation, S.G. and S.B.; Methodology, P.D., A.A., C.R., C.U., S.G., D.V.D. and
S.B.; Software, R.R. and A.N.; Writing—original draft, P.D. and A.A.; Writing—review and editing,



Brain Sci. 2023, 13, 1566 11 of 13

C.R., R.R., A.N., D.V.D., A.A. and S.B. All authors have read and agreed to the published version of
the manuscript.

Funding: This project was carried out with the support of the Fund iris-Recherche (2022-J1820690-
226889), managed by the King Baudouin Foundation. Coralie Rouge was supported by “The Bel-
gian Kids’ Fund for Pediatric Research” (Brussels, Belgium; https://www.belgiankidsfund.be/fr/
index.cfm, accessed on 7 November 2023), “The King Baudouin Foundation” (Brussels, Belgium;
Home|Koning Boudewijnstichting (kbs-frb.be)) and Excellence of Science (EOS) Project (MEMODYN,
No. 30446199).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Hôpital Universitaire Des Enfants Reine
Fabiola (HUDERF), Brussels, Belgium (CEH 59/22).

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to practical reasons.

Acknowledgments: We acknowledge Adam Paulson for reviewing and correcting the language of
our paper.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Specchio, N.; Wirrell, E.C.; Scheffer, I.E.; Nabbout, R.; Riney, K.; Samia, P.; Guerreiro, M.; Gwer, S.; Zuberi, S.M.; Wilmshurst,

J.M.; et al. International League Against Epilepsy Classification and Definition of Epilepsy Syndromes with Onset in Childhood:
Position Paper by the ILAE Task Force on Nosology and Definitions. Epilepsia 2022, 63, 1398–1442. [CrossRef] [PubMed]

2. Van Bogaert, P.; Urbain, C.; Galer, S.; Ligot, N.; Peigneux, P.; De Tiège, X. Impact of Focal Interictal Epileptiform Discharges on
Behaviour and Cognition in Children. Neurophysiol. Clin./Clin. Neurophysiol. 2012, 42, 53–58. [CrossRef] [PubMed]

3. Fortini, S.; Espeche, A.; Galicchio, S.; Cersósimo, R.; Chacon, S.; Gallo, A.; Gamboni, B.; Adi, J.; Fasulo, L.; Semprino, M.; et al.
More than One Self-Limited Epilepsy of Childhood in the Same Patient: A Multicenter Study. Epilepsy Res. 2021, 177, 106768.
[CrossRef] [PubMed]

4. Halász, P.; Szũcs, A. Self-Limited Childhood Epilepsies Are Disorders of the Perisylvian Communication System, Carrying the
Risk of Progress to Epileptic Encephalopathies—Critical Review. Front. Neurol. 2023, 14, 1092244. [CrossRef]

5. Van Bogaert, P.; King, M.D.; Paquier, P.; Wetzburger, C.; Labasse, C.; Dubru, J.-M.; Deonna, T. Acquired Auditory Agnosia in
Childhood and Normal Sleep Electroencephalography Subsequently Diagnosed as Landau-Kleffner Syndrome: A Report of
Three Cases: Case Report. Dev. Med. Child. Neurol. 2013, 55, 575–579. [CrossRef]

6. Duvelleroy-Hommet, C.; Billard, C.; Lucas, B.; Gillet, P.; Barthez, M.; Santini, J.; Degiovanni, E.; Henry, F.; De Toffol, B.; Autret,
A. Sleep EEG and Developmental Dysphasia: Lack of a Consistent Relationship with Paroxysmal EEG Activity During Sleep.
Neuropediatrics 1995, 26, 14–18. [CrossRef]

7. Picard, A.; Heraut, F.C.; Bouskraoui, M.; Lemoine, M.; Lacert, P.; Delattre, J. Sleep EEG and Developmental Dysphasia. Dev. Med.
Child. Neurol. 2008, 40, 595–599. [CrossRef]

8. Holtmann, M.; Becker, K.; Kentner-Figura, B.; Schmidt, M.H. Increased Frequency of Rolandic Spikes in ADHD Children:
FREQUENCY OF ROLANDIC SPIKES. Epilepsia 2003, 44, 1241–1244. [CrossRef]

9. Wickens, S.; Bowden, S.C.; D’Souza, W. Cognitive Functioning in Children with Self-Limited Epilepsy with Centrotemporal
Spikes: A Systematic Review and Meta-Analysis. Epilepsia 2017, 58, 1673–1685. [CrossRef]

10. Vannest, J.; Tenney, J.R.; Gelineau-Morel, R.; Maloney, T.; Glauser, T.A. Cognitive and Behavioral Outcomes in Benign Childhood
Epilepsy with Centrotemporal Spikes. Epilepsy Behav. 2015, 45, 85–91. [CrossRef]

11. Zanaboni, M.P.; Pasca, L.; Bova, S.M.; Chiappedi, M.A.; Filippini, M.; Giordano, L.; Grumi, S.; Micheletti, S.; Operto, F.F.; Pruna,
D.; et al. WISC-IV Intellectual Profiles in Italian Children with Self-Limited Epilepsy with Centrotemporal Spikes. Epileptic Disord.
2023, 25, 160–172. [CrossRef] [PubMed]

12. Nicolai, J.; Aldenkamp, A.P.; Arends, J.; Weber, J.W.; Vles, J.S.H. Cognitive and Behavioral Effects of Nocturnal Epileptiform
Discharges in Children with Benign Childhood Epilepsy with Centrotemporal Spikes. Epilepsy Behav. 2006, 8, 56–70. [CrossRef]

13. Piccinelli, P.; Borgatti, R.; Aldini, A.; Bindelli, D.; Ferri, M.; Perna, S.; Pitillo, G.; Termine, C.; Zambonin, F.; Balottin, U. Academic
Performance in Children with Rolandic Epilepsy. Dev. Med. Child. Neurol. 2008, 50, 353–356. [CrossRef] [PubMed]

14. Storz, S.; Wilhelm, I.; Critelli, H.; Feldmann, M.; Ramirez, A.; Ramantani, G.; Huber, R.; Bölsterli, B.K. Sleep-Dependent Memory
Consolidation in Children with Self-Limited Focal Epilepsies. Epilepsy Behav. 2020, 113, 107513. [CrossRef]

15. Chan, S.; Pressler, R.; Boyd, S.G.; Baldeweg, T.; Cross, J.H. Does Sleep Benefit Memory Consolidation in Children with Focal
Epilepsy? Epilepsia 2017, 58, 456–466. [CrossRef] [PubMed]

16. Ebus, S.C.M.; Overvliet, G.M.; Arends, J.B.A.M.; Aldenkamp, A.P. Reading Performance in Children with Rolandic Epilepsy
Correlates with Nocturnal Epileptiform Activity, but Not with Epileptiform Activity While Awake. Epilepsy Behav. 2011, 22,
518–522. [CrossRef]

https://www.belgiankidsfund.be/fr/index.cfm
https://www.belgiankidsfund.be/fr/index.cfm
https://doi.org/10.1111/epi.17241
https://www.ncbi.nlm.nih.gov/pubmed/35503717
https://doi.org/10.1016/j.neucli.2011.11.004
https://www.ncbi.nlm.nih.gov/pubmed/22200342
https://doi.org/10.1016/j.eplepsyres.2021.106768
https://www.ncbi.nlm.nih.gov/pubmed/34547632
https://doi.org/10.3389/fneur.2023.1092244
https://doi.org/10.1111/dmcn.12025
https://doi.org/10.1055/s-2007-979713
https://doi.org/10.1111/j.1469-8749.1998.tb15424.x
https://doi.org/10.1046/j.1528-1157.2003.13403.x
https://doi.org/10.1111/epi.13865
https://doi.org/10.1016/j.yebeh.2015.01.041
https://doi.org/10.1002/epd2.20003
https://www.ncbi.nlm.nih.gov/pubmed/37358910
https://doi.org/10.1016/j.yebeh.2005.08.016
https://doi.org/10.1111/j.1469-8749.2008.02040.x
https://www.ncbi.nlm.nih.gov/pubmed/18294216
https://doi.org/10.1016/j.yebeh.2020.107513
https://doi.org/10.1111/epi.13668
https://www.ncbi.nlm.nih.gov/pubmed/28111743
https://doi.org/10.1016/j.yebeh.2011.08.008


Brain Sci. 2023, 13, 1566 12 of 13

17. Kim, E.-H.; Yum, M.-S.; Kim, H.-W.; Ko, T.-S. Attention-Deficit/Hyperactivity Disorder and Attention Impairment in Children
with Benign Childhood Epilepsy with Centrotemporal Spikes. Epilepsy Behav. 2014, 37, 54–58. [CrossRef]

18. Ebus, S.C.M.; IJff, D.M.; den Boer, J.T.; van Hall, M.J.H.; Klinkenberg, S.; van der Does, A.; Boon, P.J.; Arends, J.B.A.M.;
Aldenkamp, A.P. Changes in the Frequency of Benign Focal Spikes Accompany Changes in Central Information Processing Speed:
A Prospective 2-Year Follow-up Study. Epilepsy Behav. 2015, 43, 8–15. [CrossRef]

19. Massa, R.; de Saint-Martin, A.; Carcangiu, R.; Rudolf, G.; Seegmuller, C.; Kleitz, C.; Metz-Lutz, M.N.; Hirsch, E.; Marescaux, C.
EEG Criteria Predictive of Complicated Evolution in Idiopathic Rolandic Epilepsy. Neurology 2001, 57, 1071–1079. [CrossRef]

20. Aeby, A.; Santalucia, R.; Van Hecke, A.; Nebbioso, A.; Vermeiren, J.; Deconinck, N.; De Tiège, X.; Van Bogaert, P. A Qualitative
Awake EEG Score for the Diagnosis of Continuous Spike and Waves during Sleep (CSWS) Syndrome in Self-Limited Focal
Epilepsy (SFE): A Case-Control Study. Seizure 2021, 84, 34–39. [CrossRef]

21. Baglietto, M.G.; Battaglia, F.M.; Nobili, L.; Tortorelli, S.; De Negri, E.; Calevo, M.G.; Veneselli, E.; De Negri, M. Neuropsychological
Disorders Related to Interictal Epileptic Discharges during Sleep in Benign Epilepsy of Childhood with Centrotemporal or
Rolandic Spikes. Dev. Med. Child. Neurol. 2001, 43, 407. [CrossRef] [PubMed]

22. Pinton, F. Cognitive Functions in Children with Benign Childhood Epilepsy with Centrotemporal Spikes (BECTS). Epileptic Disord.
2006, 8, 13.

23. Völkl-Kernstock, S.; Willinger, U.; Feucht, M. Spacial Perception and Spatial Memory in Children with Benign Childhood Epilepsy
with Centro-Temporal Spikes (BCECTS). Epilepsy Res. 2006, 72, 39–48. [CrossRef] [PubMed]

24. Galer, S.; Urbain, C.; De Tiège, X.; Emeriau, M.; Leproult, R.; Deliens, G.; Nonclerq, A.; Peigneux, P.; Van Bogaert, P. Impaired
Sleep-Related Consolidation of Declarative Memories in Idiopathic Focal Epilepsies of Childhood. Epilepsy Behav. 2015, 43, 16–23.
[CrossRef]

25. Zhang, J.; Yang, H.; Wu, D.; Yang, C.; Yang, Y.; Zhou, W.; Zhang, X.; Sun, W. Electroencephalographic Abnormalities Are
Correlated with Cognitive Deficits in Children with Benign Childhood Epilepsy with Centrotemporal Spikes: A Clinical Study of
61 Cases. Epilepsy Behav. 2020, 106, 107012. [CrossRef]

26. Vintan, M.A.; Palade, S.; Cristea, A.; Benga, I.; Muresanu, D.F. A Neuropsychological Assessment, Using Computerized Battery
Tests (CANTAB), in Children with Benign Rolandic Epilepsy before AED Therapy. J. Med. Life 2012, 5, 114–119.

27. Roulet Perez, E.; Davidoff, V.; Despland, P.-A.; Deonna, T. Mental and Behavioural Deterioration of Children with Epilepsy and
CSWS: Acquired Epileptic Frontal Syndrome. Dev. Med. Child. Neurol. 1993, 35, 661–674. [CrossRef]

28. Aeby, A.; Poznanski, N.; Verheulpen, D.; Wetzburger, C.; Van Bogaert, P. Levetiracetam Efficacy in Epileptic Syndromes with
Continuous Spikes and Waves during Slow Sleep: Experience in 12 Cases. Epilepsia 2005, 46, 1937–1942. [CrossRef]

29. Nonclercq, A.; Foulon, M.; Verheulpen, D.; De Cock, C.; Buzatu, M.; Mathys, P.; Van Bogaert, P. Cluster-Based Spike Detection
Algorithm Adapts to Interpatient and Intrapatient Variation in Spike Morphology. J. Neurosci. Methods 2012, 210, 259–265.
[CrossRef]

30. Van Hecke, A.; Nebbioso, A.; Santalucia, R.; Vermeiren, J.; De Tiège, X.; Nonclercq, A.; Van Bogaert, P.; Aeby, A. The EEG Score Is
Diagnostic of Continuous Spike and Waves during Sleep (CSWS) Syndrome. Clin. Neurophysiol. 2022, 138, 132–133. [CrossRef]

31. Wechsler, D. Échelle d’intelligence de Wechsler Pour Enfants et Adolescents, 5ème Édition (WISC-V)—Adaptation Française 2016; ECPA:
Paris, France, 2016.

32. Rectem, D.; Poitrenaud, J.; Coyette, F.; Kalafat, M.; Van der Linden, M. Une épreuve de rappel libre à 15 items avec remémoration
sélective (RLS-15). In L’évaluation des Troubles de la Mémoire: Présentation de Quatre Tests de Mémoire Épisodique Avec Leur Étalonnage;
Solal: Marseille, France, 2004; ISBN 978-2-914513-60-9.

33. Fournier, M.; Albaret, J.-M. Étalonnage des blocs de Corsi sur une population d’enfants scolarisés du CP à la 6e. Développements
2013, 16–17, 76–82. [CrossRef]

34. Zimmermann, P.; Fimm, B. Tests D’évaluation de L’attention (TEA, Version 1.6): Normes Pour Enfants et Adolescents, Manuel
Supplémentaire; Psytest: Herzogenrath, Germany, 2004.

35. Mary, A.; Slama, H.; Mousty, P.; Massat, I.; Capiau, T.; Drabs, V.; Peigneux, P. Executive and Attentional Contributions to Theory
of Mind Deficit in Attention Deficit/Hyperactivity Disorder (ADHD). Child. Neuropsychol. 2016, 22, 345–365. [CrossRef] [PubMed]

36. Bush, G.; Frazier, J.A.; Rauch, S.L.; Seidman, L.J.; Whalen, P.J.; Jenike, M.A.; Rosen, B.R.; Biederman, J. Anterior Cingulate Cortex
Dysfunction in Attention-Deficit/Hyperactivity Disorder Revealed by FMRI and the Counting Stroop. Biol. Psychiatry 1999, 45,
1542–1552. [CrossRef] [PubMed]

37. Baijot, S.; Slama, H.; Söderlund, G.; Dan, B.; Deltenre, P.; Colin, C.; Deconinck, N. Neuropsychological and Neurophysiological
Benefits from White Noise in Children with and without ADHD. Behav. Brain Funct. 2016, 12, 11. [CrossRef]

38. The Jamovi Project 2023. Jamovi (Version 2.3) [Computer Software]. Available online: https://www.jamovi.org (accessed on 25
October 2022).

39. Bonferroni, C. Teoria Statistica Delle Classi e Calcolo Delle Probabilita. Pubbl. R. Ist. Super. Sci. Econ. Commericiali Firenze 1936, 8,
3–62.

40. Filippini, M.; Boni, A.; Giannotta, M.; Gobbi, G. Neuropsychological Development in Children Belonging to BECTS Spectrum:
Long-Term Effect of Epileptiform Activity. Epilepsy Behav. 2013, 28, 504–511. [CrossRef]

41. Metz-Lutz, M.-N.; Kleitz, C.; de Saint Martin, A.; Massa, R.; Hirsch, E.; Marescaux, C. Cognitive Development in Benign Focal
Epilepsies of Childhood. Dev. Neurosci. 1999, 21, 182–190. [CrossRef]

https://doi.org/10.1016/j.yebeh.2014.05.030
https://doi.org/10.1016/j.yebeh.2014.11.027
https://doi.org/10.1212/WNL.57.6.1071
https://doi.org/10.1016/j.seizure.2020.11.008
https://doi.org/10.1017/S0012162201000755
https://www.ncbi.nlm.nih.gov/pubmed/11409830
https://doi.org/10.1016/j.eplepsyres.2006.07.004
https://www.ncbi.nlm.nih.gov/pubmed/16938435
https://doi.org/10.1016/j.yebeh.2014.11.032
https://doi.org/10.1016/j.yebeh.2020.107012
https://doi.org/10.1111/j.1469-8749.1993.tb11711.x
https://doi.org/10.1111/j.1528-1167.2005.00337.x
https://doi.org/10.1016/j.jneumeth.2012.07.015
https://doi.org/10.1016/j.clinph.2022.03.013
https://doi.org/10.3917/devel.016.0076
https://doi.org/10.1080/09297049.2015.1012491
https://www.ncbi.nlm.nih.gov/pubmed/25763856
https://doi.org/10.1016/S0006-3223(99)00083-9
https://www.ncbi.nlm.nih.gov/pubmed/10376114
https://doi.org/10.1186/s12993-016-0095-y
https://www.jamovi.org
https://doi.org/10.1016/j.yebeh.2013.06.016
https://doi.org/10.1159/000017397


Brain Sci. 2023, 13, 1566 13 of 13

42. Lindgren, Å.; Kihlgren, M.; Melin, L.; Croona, C.; Lundberg, S.; Eeg-Olofsson, O. Development of Cognitive Functions in Children
with Rolandic Epilepsy. Epilepsy Behav. 2004, 5, 903–910. [CrossRef]

43. Weglage, J.; Demsky, A.; Pietsch, M.; Kurlemann, G. Neuropsychological, Intellectual, and Behavioral Findings in Patients with
Centrotemporal Spikes with and without Seizures. Dev. Med. Child. Neurol. 1997, 39, 646–651. [CrossRef]

44. Northcott, E.; Connolly, A.M.; Berroya, A.; McIntyre, J.; Christie, J.; Taylor, A.; Bleasel, A.F.; Lawson, J.A.; Bye, A.M.E. Memory
and Phonological Awareness in Children with Benign Rolandic Epilepsy Compared to a Matched Control Group. Epilepsy Res.
2007, 75, 57–62. [CrossRef]

45. Poole, B.J.; Phillips, N.L.; Stewart, E.; Harris, I.M.; Lah, S. Working Memory in Pediatric Epilepsy: A Systematic Review and
Meta-Analysis. Neuropsychol. Rev. 2021, 31, 569–609. [CrossRef] [PubMed]

46. Klingberg, T. Development of a Superior Frontal–Intraparietal Network for Visuo-Spatial Working Memory. Neuropsychologia
2006, 44, 2171–2177. [CrossRef] [PubMed]

47. Kwon, H.; Reiss, A.L.; Menon, V. Neural Basis of Protracted Developmental Changes in Visuo-Spatial Working Memory. Proc.
Natl. Acad. Sci. USA 2002, 99, 13336–13341. [CrossRef] [PubMed]

48. Bear, J.J.; Chapman, K.E.; Tregellas, J.R. The Epileptic Network and Cognition: What Functional Connectivity Is Teaching Us
about the Childhood Epilepsies. Epilepsia 2019, 60, 1491–1507. [CrossRef]

49. Zanaboni, M.P.; Varesio, C.; Pasca, L.; Foti, A.; Totaro, M.; Celario, M.; Provenzi, L.; De Giorgis, V. Systematic Review of Executive
Functions in Children with Self-Limited Epilepsy with Centrotemporal Spikes. Epilepsy Behav. 2021, 123, 108254. [CrossRef]

50. Premchand, A.; Tops, W. Impact of Rolandic Epilepsy on Language, Cognitive, and Behavioral Functioning in Children: A
Review. J. Pediatr. Epilepsy 2018, 19, 123–135. [CrossRef]

51. Croona, C.; Kihlgren, M.; Lundberg, S.; Eeg-Olofsson, O.; Edebol Eeg-Olofsson, K. Neuropsychological Findings in Children with
Benign Childhood Epilepsy with Centrotemporal Spikes. Dev. Med. Child. Neurol. 1999, 41, 813–818. [CrossRef]

52. Filippini, M.; Ardu, E.; Stefanelli, S.; Boni, A.; Gobbi, G.; Benso, F. Neuropsychological Profile in New-Onset Benign Epilepsy
with Centrotemporal Spikes (BECTS): Focusing on Executive Functions. Epilepsy Behav. 2016, 54, 71–79. [CrossRef]

53. Van Bogaert, P. Epilepsy Syndromes of Childhood with Sleep Activation: Insights from Functional Imaging. Eur. J. Paediatr.
Neurol. 2020, 24, 58–60. [CrossRef]

54. De Tiège, X.; Goldman, S.; Van Bogaert, P. Insights into the Pathophysiology of Psychomotor Regression in CSWS Syndromes
from FDG-PET and EEG-FMRI. Epilepsia 2009, 50, 47–50. [CrossRef]

55. Sonnek, B.; Döring, J.H.; Mütze, U.; Schubert-Bast, S.; Bast, T.; Balke, D.; Reuner, G.; Schuler, E.; Klabunde-Cherwon, A.; Hoffmann,
G.F.; et al. Clinical Spectrum and Treatment Outcome of 95 Children with Continuous Spikes and Waves during Sleep (CSWS).
Eur. J. Paediatr. Neurol. 2021, 30, 121–127. [CrossRef] [PubMed]

56. Buzatu, M.; Bulteau, C.; Altuzarra, C.; Dulac, O.; Van Bogaert, P. Corticosteroids as Treatment of Epileptic Syndromes with
Continuous Spike-Waves during Slow-Wave Sleep. Epilepsia 2009, 50, 68–72. [CrossRef] [PubMed]

57. Urbain, C.; Di Vincenzo, T.; Peigneux, P.; Van Bogaert, P. Is Sleep-Related Consolidation Impaired in Focal Idiopathic Epilepsies of
Childhood? A Pilot Study. Epilepsy Behav. 2011, 22, 380–384. [CrossRef] [PubMed]

58. Tacke, M.; Borggraefe, I.; Gerstl, L.; Heinen, F.; Vill, K.; Bonfert, M.; Bast, T.; Neubauer, B.A.; Baumeister, F.; Baethmann, M.; et al.
Effects of Levetiracetam and Sulthiame on EEG in Benign Epilepsy with Centrotemporal Spikes: A Randomized Controlled Trial.
Seizure 2018, 56, 115–120. [CrossRef]

59. Asadi-Pooya, A.A.; Forouzesh, M.; Eidi, H.; Mirzaghafour, S.E. Levetiracetam versus Carbamazepine in Treatment of Rolandic
Epilepsy. Epilepsy Behav. 2019, 94, 1–8. [CrossRef] [PubMed]

60. Besag, F.M.C.; Vasey, M.J. Neurocognitive Effects of Antiseizure Medications in Children and Adolescents with Epilepsy. Pediatr.
Drugs 2021, 23, 253–286. [CrossRef]

61. McNally, M.A.; Kossoff, E.H. Incidental Rolandic Spikes: Long-Term Outcomes and Impact of Treatment. Epilepsy Behav. 2015, 43,
135–138. [CrossRef]

62. Tacke, M.; Gerstl, L.; Heinen, F.; Heukaeufer, I.; Bonfert, M.; Bast, T.; Cornell, S.; Neubauer, B.A.; Borggraefe, I.; Baumeister, F.A.M.;
et al. Effect of Anticonvulsive Treatment on Neuropsychological Performance in Children with BECTS. Eur. J. Paediatr. Neurol.
2016, 20, 874–879. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.yebeh.2004.08.004
https://doi.org/10.1111/j.1469-8749.1997.tb07357.x
https://doi.org/10.1016/j.eplepsyres.2007.04.004
https://doi.org/10.1007/s11065-021-09491-7
https://www.ncbi.nlm.nih.gov/pubmed/33818735
https://doi.org/10.1016/j.neuropsychologia.2005.11.019
https://www.ncbi.nlm.nih.gov/pubmed/16405923
https://doi.org/10.1073/pnas.162486399
https://www.ncbi.nlm.nih.gov/pubmed/12244209
https://doi.org/10.1111/epi.16098
https://doi.org/10.1016/j.yebeh.2021.108254
https://doi.org/10.1055/s-0039-1677717
https://doi.org/10.1111/j.1469-8749.1999.tb00547.x
https://doi.org/10.1016/j.yebeh.2015.11.010
https://doi.org/10.1016/j.ejpn.2019.12.006
https://doi.org/10.1111/j.1528-1167.2009.02219.x
https://doi.org/10.1016/j.ejpn.2020.10.010
https://www.ncbi.nlm.nih.gov/pubmed/33132036
https://doi.org/10.1111/j.1528-1167.2009.02224.x
https://www.ncbi.nlm.nih.gov/pubmed/19682056
https://doi.org/10.1016/j.yebeh.2011.07.023
https://www.ncbi.nlm.nih.gov/pubmed/21872533
https://doi.org/10.1016/j.seizure.2018.01.015
https://doi.org/10.1016/j.yebeh.2019.02.009
https://www.ncbi.nlm.nih.gov/pubmed/30884401
https://doi.org/10.1007/s40272-021-00448-0
https://doi.org/10.1016/j.yebeh.2014.12.007
https://doi.org/10.1016/j.ejpn.2016.07.015

	Introduction 
	Materials and Methods 
	Patient Selection 
	EEG Analyses 
	Neuropsychological Testing 
	Statistics 

	Results 
	Clinical Data 
	EEG Characteristics 
	Relationship between IED and Neuropsychological Data 

	Discussion 
	Conclusions 
	References

