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Abstract

Objective—Benign epilepsy with centrotemporal spikes (BECTS) is the most common
childhood idiopathic localization-related epilepsy syndrome. BECTS present normal routine
magnetic resonance imaging (MRI), however, quantitative analytic techniques have captured
subtle cortical and subcortical MR anomalies. Network science, including graph theory (GT)
analyses, facilitates understanding of brain covariance patterns, potentially informing in important
ways how this common self-limiting epilepsy syndrome may impact normal patterns of brain and
cognitive development.

Methods—GT analyses examined the developmental covariance among cortical and subcortical
regions in children with new/recent-onset BECTS (/=19) and typically developing healthy
controls (7=22) who underwent high resolution MRI and cognitive assessment at baseline and 2
years later. Global (transitivity, global efficiency, and modularity index, @) and regional measures
(local efficiency and hubs) were investigated to characterize network development in each group.
Associations between baseline-based GT measures and cognition at both time points explored the
implications of GT analyses for cognition and prospective cognitive development. Furthermore, an
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individual contribution (IC) measure was investigated to observe how important is for BECTS to
resemble controls regarding their correlation matrices.

Results—Groups exhibited similar Q and overall network configuration, with BECTS presenting
significantly higher transitivity and both global and local efficiency. Furthermore, both groups
presented a similar number of hubs with BECTS showing a higher number in temporal lobe
regions compared to controls. The investigated measures were negatively associated to 2-year
cognitive outcomes in BECTS.

Significance—Children with BECTS present a higher-than-normal g/obal developmental
configuration compared to controls, along with divergence from normality in terms of its regional
configuration. Baseline GT measures demonstrate potential as a cognitive biomarker to predict
cognitive outcome in BECTS two years after diagnosis. Similarities and differences in
developmental network configurations and their implications for cognition and behavior across
common epilepsy syndromes are of theoretical interest and clinical relevance.

Keywords
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INTRODUCTION

Benign epilepsy with centrotemporal spikes (BECTS) is the most common idiopathic
localization-related epilepsy (ILRE) syndrome in childrenl~4. Although classically referred
to as a “benign” syndrome given its uncomplicated prognosis with remission of seizures
typically prior to puberty, there is ample evidence that children affected by BECTS exhibit
an increased rate of cognitive and academic problems compared to healthy peers®8. Despite
a wealth of investigations examining important dimensions of BECTS in cross-sectional
research, less examined is the prospective course of brain development and its association
with cognitive maturation.

Although BECTS is a focal epilepsy syndrome, structural and functional alterations have
been observed in areas that extend beyond the primary centrotemporal epileptogenic regions.
Cross-sectional studies examining children with chronic BECTS have reported anomalies
that include both decreased cortical thickness in left perisylvian regions® and increased
cortical thickness in bilateral middle and inferior frontal gyri, bilateral supramarginal gyrus,
and left insulal?; along with hypertrophy of bilateral putamen! and lower volume of the
right caudate2. In addition, both white matter (WM) and functional discrepancies have been
reported comprising lower fractional anisotropy in left inferior frontal and supramarginal
regions, and lower functional connectivity between left sensorimotor and right inferior
frontal gyrus, respectively!3-14, Similarly, while interest has been longstanding in regard to
the complications of language based abilities in children with BECTS1>-17, cognitive
complications of BECTS have been reported in diverse areas of mentation compared to age-
matched control peers8-18-20 including not only language related skills but intelligence,
memory, attention, and executive function (for reviews see [21-22]). Importantly, cognitive
and MR abnormalities have been reported in new-onset cases as well, with the nature and
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range of anomalies varying across studies?3-26, attesting to the fact that these abnormalities
are not necessarily secondary to the effects of epilepsy chronicity and medication
treatment20,

Prospective cognitive and imaging research in BECTS is much less common. The limited
available evidence has suggested that anomalies in prospective brain development are
characterized by slowed cortical thinning compared to typically developing children in
bilateral frontal, parietal, occipital, and left insular regions, with persisting hypertrophy of
the putamen bilaterally24. The cognitive anomalies that have been detected at baseline?”
appear to persist over time without a definable pattern of deterioration or improvement?4.

One issue that remains unexplored is how the initial cortical and subcortical structural
irregularities may affect maturation of other brain regions and influence typical cognitive
development. Using graph theory (GT), we address this central question of brain and
cognitive development in order to better understand this common epilepsy syndrome. GT
analyses have been used to investigate the covariance of cortical volumes cross-sectionally
in healthy children?8 and children with epilepsy29-30, This method of brain analysis
measures associations of cortical volumes among diverse brain regions and clarifies which
areas play a relatively more important role during development. Although informative,
cross-sectional analyses tell only part of the story. Therefore, the purpose of this study is
twofold. First, we prospectively investigate the covariance network development among
cortical and subcortical structures in children with BECTS during the first two years
following epilepsy diagnosis compared to healthy controls. Second, we examine the
association between network metrics near epilepsy onset (baseline) and cognitive
performance at baseline and two years later. This approach potentially informs the degree to
which GT measures may serve as potential biomarkers of cognitive status and cognitive
development in this common childhood epilepsy syndrome. As we demonstrate, GT
measures calculated on baseline morphological networks appear to be promising as
cognitive biomarker in BECTS, particularly for 2-year neuropsychological outcomes.

METHODS

Participants

Participants included 19 youth with recent-onset BECTS and 22 normally developing
controls that were matched to BECTS in terms of age and sex. All participants completed
neuropsychological assessment and neuroimaging at two different time points. The baseline
assessment was performed within 12 months of epilepsy onset. In BECTS, the time between
time points was 1.81-2.25 years (average 2.0 years), and in controls it was 1.86-2.15 years
(average 1.9 years). Details and rationale for selection criteria for participants can be found
in a previous publication3. In short, inclusion criteria comprised epilepsy diagnosis within
12 months, no other developmental disabilities, no other neurological disorder, and normal
clinical MRI. A pediatric neurologist certified by the American Board of Psychiatry and
Neurology diagnosed individuals with BECTS according to the International League
Against Epilepsy (ILAE) international classification of epilepsy32. Criteria for inclusion of
control participants included no neurological disorders, no history of seizures, no history of
any classic precipitating injury (e.g., febrile seizures), no previous loss of consciousness for
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>5 min, and no other family history of a first-degree relative with epilepsy or febrile
convulsions. All children with epilepsy were attending regular schools at the time of
baseline evaluations, and intelligence quotients (1Q) were within normal levels. Details
regarding demographic and clinical characteristics of the study participants are provided in
Table 1. A flow-chart regarding retention of participants can be found in the supplementary
document (Figure 1S). All procedures were conducted by research staff.

The project protocol was reviewed and approved by the institutional review board of the
University of Wisconsin School of Medicine and Public Health. Families and children gave
written informed consent or assent, respectively, on the day of the study.

Neuropsychological assessment

In this investigation we included cognitive measures assessing the domains of immediate33
and delayed verbal memory33, psychomotor speed34, and speeded motor dexterity3® based
on a previous investigation on the same group of BECTS?7. In addition, we added tests of
intelligence3® and executive function3’, based on the usually-affected domains in BECTS?L,
These test scores were standardized according to age-based norms. Details of the tests and
targeted cognitive domains are presented in Table 2. In summary, 10 cognitive tests were
included for investigation of their relationship with GT results of morphological networks at
baseline.

MRI acquisition and processing

MR images were obtained on a 1.5-T GE Signa MRI scanner (GE Healthcare, Waukesha,
WI, USA). T1-weighted images were acquired using a three-dimensional (3D) spoiled
gradient recall (SPGR) with imaging parameters: repetition time (TR)=24ms, echo time
(TE)=5ms, flip angle=40°, thickness=1.5mm, slices=124, plane=coronal, field-of-view
(FOV)=20cm, matrix=256x256. Processing of T1-weighted images was performed with the
software Freesurfer (http:/freesurfer.net) (version 5.3) using the recon-all pipeline38-39,
Details regarding image processing can be found in a previous publication?4. In short, we
performed automatic cortical surface parcellation and subcortical structures segmentation,
with cortical volume changes calculated using Freesurfer’s processing stream for
longitudinal images®C. Once both baseline and follow-up scans were longitudinally
processed, the change in volume between time points normalized to the baseline evaluation
((TP,-TP1)/TP4) was calculated. Aside from calculations of prospective development,
baseline volumes also underwent GT investigations in order to study possible associations to
neurocognitive measures. Baseline volumes were obtained from the longitudinally processed
data.

Matrix and graph theory measures: calculations and statistical analyses

Methods for matrices creation and GT measures can be found in a previous investigation®L.
In short, we calculated a weighted undirected matrix of 85 nodes based on the correlation
coefficients of the covariance between nodal volume changes for each group. Each matrix
was resampled by replacement 500 times; and the null distribution was calculated based on
500 random matrices with the same number of nodes and degree distribution as the pertinent
graphs. P-values were corrected for multiple comparisons (Bonferroni correction) and

Epilepsia. Author manuscript; available in PMC 2020 July 31.


http://freesurfer.net/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Garcia-Ramos et al.

Page 5

matrices were corrected for intracranial volume (ICV) and age. A combination of
proportional thresholding with the Minimum Spanning Tree (MST) as its backbone was
employed as graph thresholding. For example, a hybrid threshold of 25% means the MST (a
subset of the whole graph that connects every node just once without making loops and not
allowing disconnected nodes) plus a 25% of the rest of the strongest correlations from the
matrix (see [42] for details). GT measures were obtained from each resampled matrix and
averages were used for analyses. Table 1S of the supplementary file contains the list of the
85 nodes used and their abbreviations.

Global measures such as transitivity, global efficiency (GE), and Q were calculated in order
to investigate the properties of network segregation, integration, and configuration,
respectively. Transitivity characterizes the level of segregation of the network, i.e., the
degree of clustering of nodes in the network. Global and local efficiency were calculated to
examine network integration*3. Finally, the community structure indexes the configuration
of a network into segregated communities while Q speaks to how easify those communities
are identified by the algorithm. Given that the modularity algorithm provides a statistical
estimate for each output*4, we calculated modularity 1000 times for each group and the
highest proportion was chosen as the number of modules in that group. Next, we used the
open source software Gephi 9.2 (https://gephi.org) for the 2D visualization of community
structure using the Force Atlas 2 algorithm (scaling=2000). These global metrics were
calculated over a range of hybrid thresholds (15%-35%) to ensure that the results were not
driven by graph density.

Betweenness centrality (BC) was investigated here in order to identify the hubs of the
networks; calculated for each group at a hybrid threshold of 25%. Hubs are nodes that are
critical for the configuration of the network#>. BC measures the relevance of a node for the
communication between other nodes in the network#®. Hubs for each group were identified
as those nodes with BC higher than one standard deviation above the mean. Group
differences were investigated by performing two-sample student’s t-test for the global and
regional measures (both correcting for multiple comparisons using Bonferroni correction).
No statistical comparisons were undertaken in the visualization of community structure
since only qualitative observations are performed.

Correlation analyses of baseline GT with cognition

To determine whether MR-based GT measures might serve as potential biomarkers of
cognition, GT metrics were also calculated at the baseline evaluation, and correlated to
cognitive performance at both baseline and the 2-year follow-up assessments. To obtain a
better sense of the associations, GT metrics were derived for adjacency matrices
corresponding to each participant. This was done by applying the AOP (add-one-patient)
approach formulated by Saggar et al.#. With this method one of the BECTS participants is
added to the control group before the correlation matrix is calculated. Then the matrix of the
control group is subtracted from the one containing the controls plus one BECTS and a
matrix reflecting the effect of that single BECTS participant is obtained. This was done for
each BECTS participant (7=19) and GT metrics were obtained for each. In this way each
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participant’s cognitive results at baseline and at 2-year follow-up would have a
corresponding GT value at baseline.

Transitivity, GE, Q, and average BC were calculated from the matrix representing each of
the BECTS participants at a hybrid threshold of 25%. In addition, the individual contribution
(IC) measure was calculated®’. This measure reflects the similarity between the matrix
containing only controls and the matrix containing controls plus each BECTS participant. A
value close to 1 means a high contribution of the BECTS participant to the control group
matrix while a value close to 0 means low contribution. This measure was also calculated to
see how beneficial it is for BECTS to be similar to controls in terms of cognition and,
therefore, was also included in the correlation analysis. These calculations of subject-
specific GT measures and IC were also obtained for each of the control participants;
however, using the “Leave-one-out” approach’. Significant correlations were attested using
False discovery rate (FDR) correction.

Groups were similar in age (A1,40)=1.389, p=0.25), sex (x2=2.183; p=0.122),
socioeconomic status (SES) (A1,40)=0.145, p=0.71), grade (A1,40)=0.915, p=0.35), and 1Q
(A1,40)=0.363, p=0.55). MR analyses were corrected for intracranial volume (ICV). Given
that the average age between groups was one year different, albeit non significant, age was
also included as a nuisance covariate. Differences in age, SES, grade, and 1Q were tested
with the independent samples t-test; differences in sex were tested with the chi-squared test
of independence.

Community structure of morphological development

Figure 1 shows the modularity of the developmental networks for BECTS (right) and
controls (left). Although both groups showed 4 modules the blue module in controls is less
dense than the rest of the modules in controls, while BECTS are presenting similar density
among modules. This could represent a higher modular development in BECTS than in
controls. Figure 2S (supplementary document) shows the community structure consistency
across different thresholds.

Global measures

Figure 2 shows the global measures for the morphological development of both groups. As
can be seen, BECTS are presenting significantly higher transitivity and GE compared to
controls, implying that different brain regions in BECTS seem to be developing in higher
synchrony than controls. Although Qwas higher in BECTS than in controls, such
differences were not significant at any of the investigated thresholds.

Regional measures and network hubs

Local efficiency presented nodes with significantly higher values in BECTS (Figure 3)
comprising most bilateral cortical regions and some subcortical areas (left putamen, left
accumbens, left ventral DC, right thalamus, right caudate, right hippocampus, and the
brainstem). Therefore, the higher developmental integration between brain regions in
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BECTS compared to controls seems to be driven by groups of local interactions involving
temporal, parietal, and occipital areas.

Regarding the hubs of the network, both groups presented a similar number, with a total of
15 in controls and 14 in BECTS. Specifically, controls showed 5 hubs in the frontal lobe
versus 4 for BECTS, 5 hubs in the parietal lobe versus 2 in BECTS, 5 hubs in the temporal
lobe versus 8 in BECTS, and 2 hubs in the occipital lobe versus none in BECTS. The
configuration of hubs is evidently discrepant between groups, with different regions/lobes of
the brain as mediators on its development.

Correlation analyses

GT measures were calculated on correlation matrices based on baseline brain volumes to
determine associations with baseline and prospective cognitive performances. Since the test
of motor function (Grooved Pegboard-dominant hand [PGDOM]) has reverse interpretation,
scores were reversed prior to the analysis.

In controls, transitivity at baseline could not be included due to high skewness, along with
the tests of motor speed/dexterity (PGDOM) and response inhibition (INHSS) at baseline,
and the tests of word knowledge (IQVOCS), visuoconstruction (IQBDS), verbal reasoning
(IQSIMS), and nonverbal reasoning (IQMRS) at follow-up. At baseline, controls showed
word knowledge (IQVOCS) significantly associated to Q (R=-0.46, p=0.03), IQSIMS
significantly associated to average BC (R=-0.53, p=0.012), and problem solving
(CORSORS) significantly associated to local efficiency (R=—-0.43, p=0.048); while at
follow-up, none of the tests showed a significant correlation. In all instances, the
associations were negative; however, none of them remained significant after FDR
correction. In the group of BECTS, Q could not be included due to high skewness, as well as
the tests of rote verbal learning (WLLSS) and INHSS at baseline, and the tests of delayed
verbal memory (WLDSS) and INHSS at follow-up. At baseline, IQBDS showed a
significant association to transitivity (R=-0.49, p=0.035), psychomotor speed (IQDSYMS)
showed a significant association to global efficiency (R=-0.48, p=0.039), local efficiency
(R=-0.49, p=0.032), and the IC measure (R=-0.46, p=0.047); and PGDOM to transitivity
(R=-0.5, p=0.029), local efficiency (R=-0.49, p=0.034), and the IC measure (R=-0.51,
p=0.026). However, none of the associations remained significant after FDR correction. At
2-year follow-up, IQVOCS showed a significant association to transitivity (R=—-0.61,
p=0.021), average BC (R=-0.68, p=0.008), and local efficiency (R=-0.55, p=0.044);
IQMRS showed a significant association with transitivity (R=-0.61, p=0.022), average BC
(R=-0.70, p=0.005), local efficiency (R=-0.63, p=0.016) and IC (R=-0.6, p=0.023); and
PGDOM presented significant correlation to local efficiency (R=-0.54, p=0.047). In all
instances, the associations were negative and remained significant after FDR correction.
Scatter plots showing such significant associations can be found in Figure 3S of the
supplementary document.

As can be seen, PGDOM was associated to GT measures in BECTS at both time points.
Furthermore, regarding the IC measure, BECTS presented a negative association regarding
the IC measure, meaning that a higher resemblance to controls renders a better cognitive
score.
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DISCUSSION

This study investigated the prospective covariance of brain volumetric development in
cortical and subcortical structures, considered as a network based on GT analyses, in
children with new/recent-onset BECTS compared to healthy controls. Furthermore, we
examined the volumetric relationship of the same cortical and subcortical regions as a
network at the baseline evaluation with concurrent and prospective cognitive outcomes. The
results showed that the group of BECTS seems to be presenting higher-than-normal
development —higher values than controls— at the global level, but with local efficiency and
hubs configuration highly divergent from controls. Furthermore, specific baseline GT
metrics showed associations between baseline and particularly prospective cognition in
BECTS, relationships that were considerably attenuated in the control group. Thus, the
disruptions in baseline and prospective network development as characterized by network
science metrics has concurrent and potential significance as a biomarker for cognition and
cognitive development.

Network configuration and global metrics

Groups presented dissimilarities in terms of transitivity and GE, which were significantly
higher in BECTS across thresholds with no significant differences in Q. The community
structure in BECTS was similar to controls in terms of the number of modules; however, in
controls, one of the modules was sparser than the rest which could explain the higher Q
observed in the BECTS group-although not significantly so. Previous studies that
investigated differences in brain development regarding cortical thickness have demonstrated
that certain regions tend to mature together, while other areas mature at different
developmental epochs*8-49, Specifically, Raznahan et al.*8 showed that cortical thickness
development is very heterogeneous in healthy subjects (from 9 years until adulthood) with
frontal and temporal cortical regions changing in synchrony with many other cortical areas
(mainly thinning with time). Such development could be interpreted as modular or
comprising a combination of different sets of regions developing together. BECTS
participants presented a distribution of modules with similar density across their 4 modules
while controls practically showed only 3 modules with such integration; therefore, BECTS
appear to be foo modular compared to controls in terms of their cortical-subcortical
developmental associations. In a previous publication by our group we examined changes in
cortical thickness in children with BECTS and controls, and showed that controls tended to
exhibit thinning across cortical regions comprising frontal and occipital areas, whereas
BECTS only presented a small area of cortical thinning in the left isthmus cingulate, and a
small region showing cortical thickening in the right precentral gyrus?. It should be noted
that the studies of Raznahan et al.#8 and our previous publication24 were based on cortical
thickness instead of the cortical volumes investigated here; therefore, the developmental
dynamics, although theoretically proportional, may not be the same. The apparent superior
developmental modularity observed in BECTS could represent abnormal developmental
associations (i.e., they might not be showing the expected regional development as the
control group or their same direction) or might be suggesting the potential achievement of
normality. This will be explored in the following subsection.
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Regional measures and network hubs

Regarding local efficiency, BECTS participants showed higher local developmental
synchronization than controls across many of the cortical nodes. This indicates a higher
degree of synchronization in the maturation of these neighboring cortical regions in BECTS
compared to controls.

When investigating network hubs, the differences between groups became more evident.
Both groups presented a similar number; however, in controls, brain development seems
highly influenced by frontal and parietal brain regions (5 on each) followed by temporal (3)
and occipital areas (2). In BECTS, hubs were mainly from temporal regions (8), followed by
frontal (4) and parietal (2) areas, with no hubs from the occipital lobe (contrary to controls).
This is an evident disparity in terms of those areas that are developmentally bridging
different brain regions indicating that even though overall brain development seems similar
between groups, group differences are amplified at the regional level.

Comparison of epilepsy syndromes

We previously performed similar analyses in youth with Juvenile Myoclonic Epilepsy
(JME)*! and the results revealed a prospective network characterized by highly correlated
cortical regions that were unassociated with subcortical structures. Regarding network hubs,
JME participants showed half the total number of hubs than controls. However, the most
striking contrast between groups was that controls had ample representation of hubs from
the different modules and lobes of the brain, while in JME hubs were mainly from one
module, comprised mostly of subcortical structures, and excluded the parietal lobe and
prefrontal regions entirely. Hence, the prospective network development observed in
children with BECTS is strikingly different over the same time period compared to children
with JME, and it seems that typically developing children are befween BECTS and JME.
These divergent patterns speak to the epilepsy syndrome specificity of GT findings. It is
clear that children with BECTS present a developmental network that more closely
approaches that of the normally developing controls than patients with JME. This could be
viewed as consistent with population-based research that has reported that the long-term
social outcomes of children with BECTS appear largely uncomplicated and more similar to
controls compared to other epilepsy syndromes®C.

Associations of network features and cognition

For the first time in the child epilepsy literature we examined the association of baseline GT
measures with cognitive outcomes two years later. The fundamental issue addressed was
whether these metrics might serve as biomarkers for cognitive development over the
subsequent two years. For this study, we only focused on tests related to intelligence, verbal
memory, executive function and speed. Controls showed negative correlations between
baseline GT measures with baseline cognitive score that did not remain significant after
FDR correction, with no significant associations between baseline GT measures and 2-year
follow-up cognitive measures. However, regarding BECTS, GT measures from baseline
morphological networks were associated with both baseline and 2-year follow-up cognitive
testing, associations that remained significant after FDR correction. These preliminary
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analyses suggest that further validation of GT measures as biomarkers for cognitive function
and its prospective development may be worth pursuing.

Study limitations

This study has its limitations. The first is the relatively modest number of subjects in each
group. Larger groups may result in greater power and ability to detect additional
developmental differences between groups. Second, more than half of the patients were
treated with antiepileptic drugs (or AEDs) which might influence the results. We therefore
performed additional analyses controlling for AED and the results were similar to that
presented here (Figures 4S and 5S, supplementary document). Because this is a prospective
observational study it becomes impossible to isolate AED effects. The important point is that
this cohort of children with new-onset/recently diagnosed BECTS was treated at baseline as
they were 7 months post-diagnosis (on average), so there is no confounding of time with
treatment. Lastly, it is important to notice that the approach to obtain GT measures from
subject-specific morphological matrices was validated by Saggar el at.4” under similar
circumstances but with some differences such as (1) they examined cortical thickness rather
than cortical volume; (2) they used path length and graph diameter as measures of network
integration, and clustering coefficient as a measure of network segregation; and (3) their
sample was older (mean age: 17 years).

CONCLUSIONS

Children with BECTS showed a developmental configuration of their brain volume network
similar to that of controls, however, presenting higher global clustering and efficiency that
might represent a higher-than-normal development. This pattern, however, is not system-
wide as there were also notable discrepancies in the hub locations and local efficiency
between groups. Investigations of associations between GT measures at baseline from
extracted individual contributions of BECTS participants and cognitive testing two years
later showed a number of negative associations in BECTS that were significant
prospectively. This could make possible the use of GT measures as possible biomarkers of
cognitive abilities in this epilepsy syndrome.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

BECTS participants present a higher-than-normal g/obal developmental
configuration.

BECTS showed significantly higher local efficiency in most cortical regions
compared to controls.

BECTS showed their majority of hubs from the temporal lobe and none from
the occipital lobe compared to controls.

Baseline GT measures demonstrate potential as cognitive biomarkers in
participants with BECTS.
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Figure 1:
Modularity in controls (left) and BECTS (right). Node abbreviations are the same as in Table

1S. Same color nodes belong to the same module. The spatial distribution of nodes was
calculated using the force-atlas graph algorithm, where nodes that demonstrated stronger
connections are located closer in space, while nodes with fewer connections tend to be
farther in space. Bigger nodes represent the hubs of the network. Calculated at a hybrid
threshold of 25%.
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Figure 3:
Local efficiency in controls (blue) and BECTS (red). Filled symbols represent statistical

significance against random. *Statistically significantly after Student’s t-test analysis;
corrected for multiple comparisons (Bonferroni correction). Calculated at a hybrid density
level of 25%.
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Figure 4:

Nodes with high BC in controls (top) and BECTS (bottom) at their approximate anatomical
location. Nodes with the same color represent the same module (as in Figure 2). Labels are
the node abbreviations from Table 1S. Calculated at a hybrid density level of 25%.
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Demographic and Clinical Characteristics

Control (n=22)

Table 1:

BECTS (n=19)

Age (range: mean + SD) 8.4-149:113+20 8.1-14.9:105+19
Sex (F/M) 12/10 6/13

SES (mean + SD) 44+16 46+13
Grade (mean * SD) 52+21 46+19

1Q (mean % SD) 108.9+11.0 106.3 +15.9
Epilepsy duration (months, mean + SD) - 71+32
AED (Y/N) - 11/8
Epilepsy comorbidities at baseline: -

ADHD (Y/N) 3/16
Anxiety (Y/N) 4/15

SES=socioeconomic status; based on the mother’s education. AED:

Epilepsia. Author manuscript; available in PMC 2020 July 31.
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Table 2.
Cognitive tests for correlation analysis
Test Name Cognitive ability Abbreviation
1 WASI Vocabulary36 Word knowledge (word definition) IQVOCS
2 WASI Block Design36 Visuoconstruction (block design reproduction) 1QBDS
3 WASI Similarities3® Verbal reasoning (similarities between nouns) 1QSIMS
4 WASI Matrix Reasoning3® Nonverbal reasoning (visual reasoning) IQMRS
5 Children’s Memory Scale-11133  Total list learning (cumulative number of words learned across trials) WLLSS

6 Children’s Memory Scale-11133  Delayed verbal memory (total words spontaneously remembered in delayed recall) ~ WLDSS

7 D-KEFS Card Sorting Test?’ Problem solving (number of correct sorts) CORSORS
8 D-KEFS Inhibition3” Response inhibition (color-word interference) INHSS

9 WISC-IV Digit Symbol3* Psychomotor speed (speeded digit-symbol substitution) IQDSYMS
10  Grooved Pegboard3® Speeded motor dexterity (dominant hand) PGDOM
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