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Background and Purpose  Benign childhood epilepsy with centrotemporal spikes (BECTS) 
does not always have a benign cognitive outcome. We investigated the relationship between 
cognitive performance and altered functional connectivity (FC) in the resting-state brain net-
works of BECTS patients.
Methods  We studied 42 subjects, comprising 19 BECTS patients and 23 healthy controls. 
Cognitive performance was assessed using the Korean version of the Wechsler Intelligence 
Scale for Children-III, in addition to verbal and visuospatial memory tests and executive func-
tion tests. Resting-state functional magnetic resonance imaging was acquired in addition to 
high-resolution structural data. We selected Rolandic and language-related areas as regions of 
interest (ROIs) and analyzed the seed-based FC to voxels throughout the brain. We evaluated 
the correlations between the neuropsychological test scores and seed-based FC values using 
the same ROIs.
Results  The verbal intelligence quotient (VIQ) and full-scale intelligence quotient (FSIQ) were 
lower in BECTS patients than in healthy controls (p<0.001). The prevalence of subjects with a 
higher performance IQ than VIQ was significantly higher in BECTS patients than in healthy con-
trols (73.7% vs. 26.1%, respectively; p=0.002). Both the Rolandic and language-related ROIs ex-
hibited more enhanced FC to voxels in the left inferior temporal gyrus in BECTS patients than 
in healthy controls. A particularly interestingly finding was that the enhanced FC was correlated 
with lower cognitive performance as measured by the VIQ and the FSIQ in both patients and 
control subjects.
Conclusions  Our findings suggest that the FC alterations in resting-state brain networks related 
to the seizure onset zone and language processing areas could be related to adaptive plasticity for 
coping with cognitive dysfunction.
Key Words    benign childhood epilepsy with centrotemporal spikes, cognition, 

intelligence quotient, functional connectivity, 
functional magnetic resonance imaging.

Role of Language-Related Functional Connectivity 
in Patients with Benign Childhood Epilepsy 
with Centrotemporal Spikes

INTRODUCTION

Cognitive impairment is one of the most common comorbid disorders in childhood epi-
lepsies, and its negative effects on the immature brain can be more deleterious than sei-
zures.1-3 The high prevalence of cognitive comorbidities even in newly diagnosed drug-
naïve patients suggests the presence of intrinsic abnormalities attributable to genetic factors 
or inherited traits of the epileptogenic brain.4-7 However, certain epilepsy syndromes are 
associated with gradual cognitive or behavioral decline as the seizures and epileptiform dis-
charges (EDs) are prolonged. Furthermore, the causal relationships between epilepsy-relat-
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ed factors [e.g., etiology, onset age, seizure type and frequen-
cy, disease duration, and antiepileptic drugs (AEDs)] and 
cognition have not yet been clearly delineated.

Recent progress in neuroimaging techniques has provided 
some evidence of underlying neurobiological mechanisms, 
especially related to microstructural or functional altera-
tions of the brain. Our previous studies also showed that al-
though childhood epilepsy patients appeared to have a normal 
brain structure on visual inspection of the images obtained us-
ing magnetic resonance imaging (MRI), they exhibited mi-
crostructural abnormalities correlated to poor cognition 
when assessed using diffusion tensor imaging (DTI) or vox-
el-based morphometry (VBM) methods.5,8 Studies of altered 
functional connectivity (FC) in pediatric epilepsy patients 
are becoming more common, mainly concerning the resting-
state brain network by measuring the degree of synchroniza-
tion in slow blood-oxygen-level-dependent (BOLD) signal 
fluctuations.9-11 Resting-state functional magnetic resonance 
imaging (rs-fMRI) is particularly useful in young children 
with or without cognitive problem since no specific task needs 
to be performed.

This study focused on patients with benign childhood epi-
lepsy with centrotemporal spikes (BECTS), which is the most 
common childhood epilepsy syndrome and has been consid-
ered a relatively benign disorder due to spontaneous seizure 
remission occurring in almost 90% of patients.12,13 However, 
the evidence accumulated over the last decade has indicated 
that BECTS might not be as benign as originally thought, with 
several studies demonstrating associated deficits in intelli-
gence, attention, and executive function.14 Furthermore, even 
the current diagnostic criteria of BECTS do not include struc-
tural lesions, while recent functional magnetic resonance im-
aging (fMRI) studies have revealed altered FC between vari-
ous regions in large-scale brain networks.15-20

The first goal of the present study was to identify differenc-
es in the resting-state FC patterns between BECTS patients 
and healthy controls. Moreover, since we hypothesized that 
the effects of FC alterations between specific brain areas 
would be correlated with cognitive impairments in BECTS 
patients, the intellectual functioning in various cognitive do-
mains was tested and its relationships with FC changes were 
also assessed. Since several studies have demonstrated that 
intellectual problems in BECTS patients are mainly linked 
to language function, our regions of interest (ROIs) included 
not only the epileptogenic Rolandic cortex but also language-
related areas.16,17,21-23

METHODS

Subjects
We recruited children and adolescents who had visited the 
epilepsy clinic of Ewha Womans University Mokdong Hos-
pital. The diagnosis of epilepsy and determination of epilep-
tic syndrome were made based on the clinical history, elec-
troencephalography (EEG) features, and neuroradiological 
findings by expert neurologists (H.J.K., J.H.L., and H.W.L.).24,25 
Structural lesions identified by the visual inspection of im-
ages obtained using MRI, neuropsychiatric disorders that 
could influence cognitive function (e.g., psychotic disorder, 
autism spectrum disorder, or mental retardation), and other 
chronic illness were considered as exclusion criteria. However, 
patients with attention deficit hyperactivity disorder were not 
excluded since these patients were able to follow the standard 
school curriculum.

Twenty-four patients suffering from BECTS were initially 
included in this study. They were elementary-, middle-, or high-
school students who were able to understand and answer neu-
ropsychological test questionnaires. However, four subjects 
with an intelligence quotient (IQ) of less than 70 were subse-
quently excluded. The epileptogenic hemisphere of each pa-
tient was determined based on EEG abnormalities detected 
at the time of diagnosis. Routine EEG data were re-examined 
at the time of the rs-fMRI study (within 3 months) to con-
firm the epileptogenic hemisphere, in addition to subcatego-
rizing the patients based on the frequency of EDs.

We also recruited 25 healthy participants as a control group 
with age, sex, and education distributions that were similar 
to those in the patient group. Individuals with any past or 
current medical issues including epilepsy and neuropsychiat-
ric disorders, a history of febrile convulsion, or a family histo-
ry of epilepsy in first-degree relatives were excluded from the 
control group.

This study was approved by the Human Investigation 
Committee of the Ewha Womans University Medical Center 
(IRB No. 2010-001-233-2). Written informed consent was ob-
tained from all participants and/or their parents.

Neuropsychological assessment
All of the study participants underwent comprehensive neu-
ropsychological testing. General intelligence was evaluated 
using the Korean version of the Wechsler Intelligence Scale for 
Children-III (K-WISC-III). The parameters assessed were 
verbal intelligence quotient (VIQ), performance intelligence 
quotient (PIQ), and full-scale intelligence quotient (FSIQ), and 
four factorial subscales consisting of a verbal comprehension 
index (VCI), perceptual organization index (POI), freedom 
from distractibility index (FDI), and processing speed.26 The 
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Rey Auditory Verbal Learning Test (AVLT) and Rey-Osterri-
eth Complex Figure Test (RCFT) were used to assess verbal 
and visuospatial memory functioning, respectively.27,28 Exec-
utive functioning was assessed by the Trail-Making Test Parts 
A and B and the Stroop Color-Word association tests, which 
measure attention and the speed of cognitive processing.29,30 
All raw scores from the above tests were converted into age-
adjusted scores.

MRI for acquiring functional and structural images
MRI data were acquired with a 3.0-tesla scanner (Achieva TX 
series, Philips, Best, the Netherlands) equipped with T2*-
weighted gradient echo planar imaging capabilities. Functional 
images of 150 volumes with BOLD contrast in the axial plane 
were collected using the following parameters: repetition 
time=2,000 ms, echo time=32 ms, in-plane resolution=1.67× 
1.67 mm, matrix=144×144, and slice thickness=5.00 mm (32 
slices). The subjects were instructed to close their eyes and re-
main as motionless as possible during scanning.

High-resolution structural images were also obtained dur-
ing the same imaging methodology using the following pa-
rameters: in-plane resolution=0.50×0.50 mm, matrix= 448× 
448, and slice thickness=1.00 mm (160 slices). Images were 
acquired in the coronal plane using a 3D sensitivity encoding 
sequence for the anatomical images, and in the axial plane us-
ing an echo planar imaging sequence for the functional images.

Preprocessing of rs-fMRI data
Preprocessing of rs-fMRI data was performed using SPM8 
software (http://www.fil.ion.ucl.ac.uk/spm/), and included 
the removal of head movement artifacts, spatial normalization 
to the same coordinate frame as the template brain conform-
ing to the Montreal Neurological Institute (MNI) space, and 
spatial smoothing with a Gaussian kernel of 4 mm full-width-
at-half-maximum. Transformation parameters for spatial nor-
malization were derived from segmentation of the high-resolu-
tion structural image coregistered to the mean functional image. 
Additionally, DPARSF (http://rfmri.org/DPARSF) was used 
to remove linear trends due primarily to systematic increases 
or decreases in the signal, to regress out nuisance covariates, 
and to filter at 0.01–0.08 Hz. Six head movement parameters 
estimated during spatial realignment and cerebrospinal fluid 
and white matter signals were included as nuisance covariates.

During the preprocessing process, rs-fMRI data of one pa-
tient and two controls were excluded due to head movements 
that were larger than the voxel size. Thus, the preprocessed 
signals from 19 patients and 23 controls were finally used 
for the seed-based analyses performed in the next step.

Statistical analyses
We created seed masks of the Rolandic and language regions 
using MAsks for Region of INterest Analysis software (MA-
RINA, version 0.6.1, B. Walter, Giessen, Germany). The Ro-
landic mask covered the bilateral inferior frontal gyri (pars 
triangularis and pars opercularis) and the Rolandic opercu-
lum and insula. The language area includes the bilateral infe-
rior frontal gyri, middle and superior temporal gyri, and su-
pramarginal gyri in addition to the left angular gyrus and left 
cerebellar crus I.31-34

These seed masks were subsequently transformed from 
the standard MNI space into the individual functional brain 
space of each subject. The BOLD time series of the voxels with-
in each seed region were averaged to generate the reference 
time series for that seed. A correlation map was produced 
for each subject and each seed region by computing the cor-
relation coefficient between the reference time series and the 
time series of all brain voxels. Correlation coefficients were 
converted into z values using Fisher’s Z transform to improve 
the normality of the data.

Each individual Z value was entered into a random-effects 
one-sample t-test to identify brain regions showing significant 
connectivity to the Rolandic or language seed regions within 
each BECTS patient or control subject. Significant clusters 
were determined at the combination of the voxel-level height 
threshold of a p-value of 0.05 false discovery rate (FDR) cor-
rected for multiple comparisons and the cluster-level extent 
threshold of a p-value of 0.05 FDR corrected for multiple com-
parisons. The Z values were also entered into a random-ef-
fects two-sample t-test to identify differences in FC between 
BECTS patients and controls. Voxels survived a p-value of 0.05 
FDR corrected for multiple comparisons at the voxel-level 
were considered to show significant difference between the 
two groups. The anatomical localization of significant clusters 
was identified using MNI coordinates. To investigate whether 
the Rolandic or language FC was correlated with cognitive 
performance in our subjects, the value of each voxel from the 
fMRI seed-based FC maps was extracted and then correlated 
with cognitive test scores. Bonferroni correction for multiple 
comparisons was performed using a corrected p-value thresh-
old of 0.0071 (=0.05/7) for the seven intellectual subdomains 
with significant group differences, which were included in the 
final correlation analyses.

Statistical analyses of the clinical characteristics and neu-
ropsychological test scores were performed using SPSS (ver-
sion 21.0, IBM Corp., Armonk, NY, USA). Chi-square and 
independent t-tests were used to compare categorical and 
continuous variables, respectively. A two-sided p value of less 
than 0.05 was considered to indicate statistical significance.
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RESULTS

Clinical characteristics
The clinical characteristics of the 19 BECTS patients and 23 
healthy controls included in the final analyses are summa-
rized in Table 1. There were no group differences in sex or 
age distribution at the time of study (p=0.382 and 0.122, re-
spectively). The age of the BECTS patients at seizure onset 
was 7.37±2.71 years (mean±standard deviation, range=3–12 
years), their clinical seizure duration was 30.89±40.83 months 
(range=0–135 months), and the duration of AEDs was 57.42± 
19.26 months (range=28–104 months) at the time of the rs-
fMRI study. The most commonly prescribed AEDs were ox-
carbazepine (5/19, 26.3%) and valproic acid (5/19, 26.3%), 
with daily dosage ranges of 300–600 mg and 400–1,000 mg, 
respectively. Other AEDs included carbamazepine (2/19, 
10.5%) and lamotrigine (2/19, 10.5%) at 400 mg and 100–
200 mg daily, respectively. Three patients were not on AEDs, 

and the other two patients were on dual AED therapy be-
cause they were partly through AED switching (Oxcarbaze-
pine 300 mg plus Valproic acid 450 mg, Lamotrigine 200 mg 
plus Valproic acid 250 mg daily, respectively).

The initial EEG study at the time of diagnosis revealed very 
frequent EDs on the left (8/19, 42.1%), right (4/19, 21.1%), 
or either hemisphere (7/19, 36.8%). The routine EEG study 
at the time of the rs-fMRI study revealed frequent (>1 per 
minute) or abundant (≥1 per 10 seconds) EDs in only 8 pa-
tients (42.1%), with the other 11 patients (57.9%) exhibiting 
no or only rare (≤1 per 10 minutes) EDs in EEG.

Findings of neuropsychological tests
Table 2 compares the neuropsychological performance scores 
between the BECTS patients and health controls. General in-
telligence scores including VIQ, PIQ, and FSIQ evaluated us-

Table 1. Clinical characteristics of the BECTS patients and healthy con-
trols

Clinical characteristic BECTS Controls p
Number of subjects 19 23 -

Sex (male:female) 10:9 9:14 0.382

Age at fMRI study (years) 13.42±2.29 12.17±2.74 0.122

Age at onset (years) 7.37±2.71 - -

Duration of seizure (months) 30.89±40.83 - -

AED at fMRI study

Duration (months) 57.42±19.26 - -

Type, n (%)

None 3 (15.8)

Carbamazepine 2 (10.5)

Oxcarbazepine 5 (26.3)

Valproic acid 5 (26.3)

Lamotrigine 2 (10.5)

Dual treatment 2 (10.5)

EEG epileptiform discharges

Location, n (%)

Left CT or CTP 8 (42.1)

Right CT or CTP 4 (21.1)

Both CT or CTP 7 (36.8)

Frequency, n (%)

None 9 (47.4)

Rare (≤1 per 10 min) 2 (10.5)

Occasional (≤1 per min) 0 

Frequent (>1 per min) 3 (15.8)

Abundant (≥1 per 10 sec) 5 (26.3)

Data are n (%) or mean±standard deviation values.
AED: antiepileptic drug, BECTS: benign childhood epilepsy with cen-
trotemporal spikes, CT: centrotemporal, CTP: centrotemporoparietal, 
EEG: electroencephalography, fMRI: functional magnetic resonance 
imaging.

Table 2. Comparisons of neuropsychological test scores between 
the BECTS patients and healthy controls

Neuropsychological test
BECTS 
(n=19)

Controls 
(n=23)

p

K-WISC-III

FSIQ 93.37±13.45 118.35±9.52 <0.001*

VIQ 91.79±15.09 119.78±9.89 <0.001*

PIQ 96.53±12.29 112.52±11.24 <0.001*

Absolute V-P 11.16±8.88 10.48±7.99 0.795

Relative V-P -4.74±13.66 7.26±11.11 0.003*

VCI 92.16±15.75 118.22±10.22 <0.001*

POI 99.89±10.87 112.65±12.93 <0.001*

FDI 99.37±18.15 120.00±9.73 <0.001*

Processing speed 89.05±20.08 112.78±15.16 <0.001*

Auditory verbal memory test 

Immediate recall 9.17±3.37 10.13±2.72 0.316

Delayed recall 9.00±3.36 10.44±2.84 0.147

Recognition 9.67±2.61 9.45±1.99 0.772

Visuospatial memory test

Copy 15.00±0.68 15.00±1.27 1.000

Immediate recall 11.44±4.20 11.68±2.78 0.832

Delayed recall 11.61±3.03 12.38±3.07 0.438

Executive function test

Trail-making test part A 32.16±13.39 30.49±8.61 0.650

Trail-making test part B 76.73±42.97 60.40±15.04 0.139

Stroop: word 5.50±3.26 6.64±3.22 0.276

Stroop: color–word 6.33±4.59 7.82±4.19 0.292

Data are mean±standard-deviation values.
*Statistical significance at p<0.05.
BECTS: benign childhood epilepsy with centrotemporal spikes, FDI: free-
dom from distractibility index, FSIQ: full-scale intelligence quotient, K-
WISC-III: Korean version of the Wechsler Intelligence Scale for Children-
III, PIQ: performance intelligence quotient, POI: perceptual organization 
index, VCI: verbal comprehension index, VIQ: verbal intelligence quo-
tient, V-P: verbal–performance intelligence quotient discrepancy.
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ing the K-WISC-III were significantly lower in the BECTS pa-
tients than in the healthy controls (p<0.001). The absolute 
verbal-performance intelligence quotient discrepancy (V-P) 
was 11.16±8.88 (range=1–30) for the BECTS patients and 
10.48±7.99 (range=0–23) for the controls (p=0.795), regard-
less of the direction of the discrepancy. A discrepancy of 13 
points or more, which is often considered to be statistically 
significant in the general population (31.7%),26,35 occurred in 
31.6% (6/19) of patients and 34.8% (8/23) of controls. How-
ever, the relative values of V-P differed significantly between 
the patient and control groups (-4.74±13.66 vs. 7.26±11.11, p= 
0.003). Only 26.1% (6/23) of the control subjects showed a 
PIQ>VIQ discrepancy, while the other 73.9% (17/23) had a 
VIQ>PIQ discrepancy. In comparison, 73.7% (14/19) of 

BECTS patients exhibited a PIQ>VIQ discrepancy, while the 
other 26.3% (5/19) had a VIQ>PIQ discrepancy (p=0.002) (Fig. 
1A). The scores for the four factorial subscales of K-WISC-III 
(VCI, POI, FDI, and processing speed) were also lower in 
BECTS patients (p<0.001). Within the patient group, the sub-
group of eight subjects with frequent EDs showed no signifi-
cant differences in VIQ, PIQ, or FSIQ, but their VCI was rela-
tively lower than for the rest of the group (84.38±14.05 vs. 
97.82±14.99, p=0.064) (Fig. 1B).

The verbal and visuospatial memory performance scores 
determined using the AVLT and RCFT did not differ signif-
icantly between the patient and control groups. There were 
also no significant differences in the frontal executive func-
tion test scores between the patient and control groups.

Rolandic FCA  Language FCB  

5

4

3

2

1

0

5

4

3

2

1

0

Fig. 2. Group differences in the seed-based FC patterns between BECTS patients and control subjects. A: Increased FC was observed with voxels in 
the left inferior temporal gyrus in the patient group than in the control group when using a Rolandic mask covering the bilateral inferior frontal 
gyri (pars triangularis and pars opercularis) and the Rolandic operculum and insula as the seed. B: Increased FC was observed with voxels in the left 
inferior temporal gyrus in the patient group than in the control group when using a language mask covering the bilateral inferior frontal gyri, mid-
dle and superior temporal gyri, and supramarginal gyri in addition to the left angular gyrus and left cerebellar crus I as the seed. BECTS: benign 
childhood epilepsy with centrotemporal spikes, FC: functional connectivity.

Fig. 1. Group differences in the cognitive performance between BECTS patients and control subjects. A: The control group showed a higher pro-
portion of subjects with a VIQ>PIQ discrepancy, whereas the patient group contained a significantly higher percentage of those with a PIQ>VIQ 
discrepancy (p=0.002). B: The eight frequent (>1 per minute) ED presenters in the patient group exhibited a lower VCI than the infrequent ED pre-
senters (p=0.064). BECTS: benign childhood epilepsy with centrotemporal spikes, ED: epileptiform discharge, PIQ: performance intelligence quotient, 
VCI: verbal comprehension index, VIQ: verbal intelligence quotient.
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rs-fMRI findings 

Rolandic FC
In the patient group, maps of the Rolandic FC exhibited pos-
itive correlations with more-restricted regions, including the 
bilateral superior temporal gyri and the right claustrum. In the 
control group, the Rolandic area exhibited strong positive FC 
correlations with distributed areas, including the left superi-
or temporal gyrus, left middle frontal gyrus, and right supe-
rior frontal gyrus (Supplementary Fig. 1A in the online-only 
Data Supplement). The statistically significant voxel distribu-
tions in specific brain areas are summarized in Supplemen-
tary Table 1 (in the online-only Data Supplement).

Compared to healthy controls, the patient group exhibited 
significantly greater Rolandic FC to voxels in the left inferior 
temporal gyrus (Fig. 2A). The areas showing a lower Rolan-
dic FC in the patient group were not statistically significant 
after correcting for multiple comparisons (Table 3).

Language FC
In the patient group, the language area exhibited strong FC 
to distributed regions including the bilateral middle tempo-
ral gyri and the right occipital fusiform gyrus. In the control 
group, the language area exhibited strong positive FC corre-
lations with distributed areas, including the left supramar-
ginal gyrus and bilateral cerebellar pyramis (Supplementary 
Fig. 1B in the online-only Data Supplement). Voxel distribu-
tions in specific brain areas with statistical significance are 
also summarized in Supplementary Table 1 (in the online-
only Data Supplement).

Compared to healthy controls, the patient group exhibited 
significantly greater language FC to voxels in the left inferior 
temporal gyrus (Fig. 2B). The areas showing a lower language 

FC in the patient group were not statistically significant after 
correcting for multiple comparisons (Table 3).

Correlation between FC map and neuropsychological 
measures
In our subjects, either the Rolandic or language FC to voxels 
with significant group differences in two-sample t-tests dem-
onstrated significant negative correlations with scores on the 
K-WISC-III IQ subscales, especially those related to language 
domains. More specifically, enhanced Rolandic FC to voxels 
in the left inferior temporal gyrus was correlated with more 
impaired performance as measured by VIQ (r=-0.501, p= 
0.0007) (Fig. 3A) and FSIQ (r=-0.472, p=0.0016) (Fig. 3C). 
PIQ showed a trend of being negatively correlated with the 
Rolandic FC to the same area, but this was not statistically 
significant after correcting for multiple comparisons (r=-0.330, 
p=0.0329) (Fig. 3B). A higher language FC to voxels in the 
left inferior temporal gyrus was correlated with lower perfor-
mance as measured by VIQ (r=-0.541, p=0.0002) (Fig. 4A) 
and FSIQ (r=-0.526, p=0.0003) (Fig. 4C). PIQ also exhibited 
a trend of being negatively correlated with the language FC 
to the same area, but this was not statistically significant after 
correcting for multiple comparisons (r=-0.400, p=0.0086) 
(Fig. 4B). However, there was no statistical significance in the 
BECTS group alone without control subjects in the correlation 
analysis. 

Correlation plots of factorial subscales with either the 
Rolandic or language FC to the same area are presented in 
Supplementary Figs. 2 and 3 (in the online-only Data Sup-
plement), respectively. Enhanced Rolandic FC to voxels with 
significant group differences was correlated with greater im-
pairments in cognitive performance as measured by VCI (r= 
-0.474, p=0.0015) (Supplementary Fig. 2A in the online-on-

Table 3. Regions exhibiting differences between the patient and control groups in seed-based functional connectivity to voxels throughout the brain

Seed region kε
Peak level

T score
Coordinate (mm)

p (FDR-cor) p (unc) X Y Z Regions
Rolandic area

PT>HC 73 0.038* <0.001 5.159 -28 -10 -44 Left inferior temporal gyrus

HC>PT 98 0.674 <0.001 4.425 -20 12 -10 Left putamen lentiform nucleus

47 0.674 <0.001 4.211 -20 -76 -26 Left cerebellar posterior lobe, uvula

75 0.674 <0.001 3.907 50 26 14 Right inferior frontal gyrus

0.674 <0.001 3.644 48 22 22 Right middle frontal gyrus

50 0.674 <0.001 3.704 -46 -50 -6 Left temporal fusiform gyrus

0.908 0.001 3.393 -52 -54 -2 Left inferior temporal gyrus

Language area

PT>HC 149 0.036* <0.001 5.281 -28 -12 -46 Left inferior temporal gyrus

39 0.301 <0.001 4.003 -4 38 -18 Left medial frontal gyrus

HC>PT 128 0.117 <0.001 4.838 50 20 18 Right inferior frontal gyrus

*Statistical significance at FDR-cor p <0.05.
FDR-cor: corrected false discovery rate, HC: healthy controls, kε: cluster, PT: patients, unc: uncorrected.
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ly Data Supplement), FDI (r=-0.434, p=0.0041) (Supplemen-
tary Fig. 2C in the online-only Data Supplement), and process-
ing speed (r=-0.506, p=0.0006) (Supplementary Fig. 2D in 
the online-only Data Supplement). Enhanced language FC to 
voxels with significant group differences was correlated with 
greater impairment of cognitive performance as measured by 
VCI (r=-0.517, p=0.0005) (Supplementary Fig. 3A in the on-
line-only Data Supplement) and FDI (r=-0.438, p=0.0037) 
(Supplementary Fig. 3C in the online-only Data Supplement).

DISCUSSION

The present study investigated intellectual functioning in vari-
ous cognitive domains in BECTS patients and control sub-
jects, as well as their relationships with FC changes in resting-
state brain networks using Rolandic and language FC analysis. 
The main aim was to provide new insights into the biological 

mechanisms underlying BECTS. The main findings of this 
study were as follows: 1) BECTS patients showed significant-
ly lower cognitive performance as measured by K-WISC-III 
IQ scores, in addition to different V-P patterns, 2) both the 
Rolandic and language areas exhibited greater FC to voxels 
in the left inferior temporal gyrus in BECTS patients than in 
healthy controls, and 3) the K-WISC-III IQ scores of our sub-
jects were negatively correlated either with Rolandic or lan-
guage FC to voxels in the left inferior temporal gyrus, dem-
onstrating higher seed-based FC values in BECTS patients 
than in the healthy controls.

Clinical characteristics and cognitive performance
Recent studies of BECTS have addressed various functional 
deficits including in language, attention, memory, and executive 
functioning, in addition to academic achievements.4,14-16,21,23,36 
Our BECTS patients also showed significantly worse perfor-
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Fig. 3. Relationship between intelligence quotient scores on the Korean version of the Wechsler Intelligence Scale for Children-III and Rolandic FC. 
Rolandic FC to voxels in the left inferior temporal gyrus, which was greater in the patient group (red dots) than the control group (blue squares), 
was correlated with greater impairment of cognitive performance as measured by (A) VIQ (r=-0.501, p=0.0007), (B) PIO (r=-0.330, p=0.0329), and 
(C) FSIQ (r=-0.472, p=0.0016). The cutoff for statistical significance was a corrected p of 0.0071. FC: functional connectivity, FSIQ: full-scale intelli-
gence quotient, PIQ: performance intelligence quotient, VIQ: verbal intelligence quotient.

Fig. 4. Relationship between Korean version of the Wechsler Intelligence Scale for Children-III intelligence quotient scores and language FC. Lan-
guage FC to voxels in the left inferior temporal gyrus, which was greater in the patient group (red dots) than in the control group (blue squares), 
was correlated with greater impairment of cognitive performance as measured by (A) VIQ (r=-0.541, p=0.0002), (B) PIQ (r=-0.400, p=0.0086), and 
(C) FSIQ (r=-0.526, p=0.0003). The cutoff for statistical significance was a corrected p of 0.0071. FC: functional connectivity, FSIQ: full-scale intelli-
gence quotient, PIQ: performance intelligence quotient, VIQ: verbal intelligence quotient.
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mance across various measures of intelligence in K-WISC-
III tests; however, the verbal and visuospatial memory per-
formance scores and frontal executive function test scores did 
not differ significantly between the patient and control groups, 
which is not fully consistent with the findings of previous stud-
ies. Nevertheless, some of our findings are compatible with the 
previous literature, such as our BECTS patients exhibiting 
prominently lower performance in the language-related cog-
nitive domain. The VIQ (among IQ measurement parame-
ters) and the VCI (among factorial subscales) showed the 
largest mean differences between BECTS patients and healthy 
controls. We also noted differences in the V-P pattern between 
the BECTS and controls, with the patient group showing a 
much higher proportion with a PIQ>VIQ discrepancy than the 
controls. Regarding language dysfunction in BECTS, many 
previous studies have found abnormal literacy and language 
function,16,23,37,38 and a recent meta-analysis emphasized the 
presence of reading and phonological processing deficits and 
highlighted the importance of early literacy and language as-
sessment in BECTS.21

A particularly interestingly finding of the present study 
was that our patient subgroup with frequent EDs showed rel-
atively lower scores on the VCI subscale, which is the most lan-
guage-specific cognitive measurement. Since our study had a 
cross-sectional design, it is difficult to determine whether these 
cognitive differences or FC alterations result from the trajec-
tory of neurodevelopmental disruption or secondary patholo-
gy induced by the propagation of EDs. However, the negative 
tendency of the VCI score combined with the ED frequency 
suggests that poor seizure control has a deleterious impact on 
cognitive function.23,39

Most of our patients were taking AEDs, which could re-
duce both neuronal excitability and irritability, and so possi-
bly impair cognitive functioning including the psychomotor 
processing speed, sustained attention (i.e., vigilance), and 
learning.40,41 In general, polypharmacy, increasing the AED 
dosage, and taking older agents are known to be associated 
with cognitive toxicity. However, our patients were receiving 
standard monotherapy dosages, with the exception of two cas-
es of AED switching, and none of the patients were taking 
AEDs that are well known to exert adverse effects on cogni-
tion, such as barbiturates, benzodiazepines, and topiramate.

Altered FC
Several previous studies have documented that BECTS alters 
FC between motor and language networks during word-gen-
eration tasks or in the resting state.15-20,37 In our rs-fMRI in-
vestigation of the difference in seed-based FC patterns in 
BECTS compared with healthy controls, one of our seed re-
gions was the Rolandic area because BECTS patients usual-

ly exhibit characteristic facial or arm sensorimotor seizures 
in accordance with EEG findings, indicating the Rolandic 
cortex as a putative source of EDs.42 The present regional pat-
terns of positive Rolandic FC in the patient and control groups 
were similar to previous observations of aberrant FC be-
tween the motor and language-related brain networks,16,17 

and decreased FC in the default mode network, bilateral oc-
cipital lobes, and bilateral orbitofrontal cortex.18,20,22 The Ro-
landic ROIs exhibited greater FC to voxels in the left inferior 
temporal gyrus in BECTS patients than in control subjects, 
and this region is related to the semantic processing of spo-
ken words; analogous results were obtained for language FC.

The core language network has been well documented,31-34 
and our findings are also concordant with recent rs-fMRI 
studies of BECTS suggesting that abnormally enhanced con-
nectivity patterns can interrupt the normal language network 
and its function.18 Task-aided fMRI studies have also revealed 
that BECTS patients adopt less-efficient cognitive strategies, 
relying on regions outside of the core language network to per-
form a given task, such as using visual areas to make semantic 
decisions, whereas healthy controls employed regions related 
to attention and response monitoring (e.g., cingulate cor-
tex).15-17,22,37 However, as we investigated the resting-state brain 
networks of BECTS patients, we did not find specific BOLD 
fluctuations related to language processing, including read-
ing, phonological processing, and expressive or receptive lan-
guage.

Correlation between FC and neuropsychological 
measures
To determine whether these FC alterations are correlated 
with cognitive impairments, we plotted the cognitive test re-
sults against the seed-based FC values. The correlation anal-
ysis showed significant negative correlations between the 
Rolandic or language FC to the left temporal gyrus and K-
WISC-III test scores, especially for the verbal subdomains. 
These findings suggest that the connectivity could be enhanced 
in the language-related areas to compensate for poor verbal 
cognition. However, our correlation analysis did not produce 
statistically significant results for the patient group alone (i.e., 
without controls), possibly due to the left temporal gyrus par-
ticipating in semantic processing in both groups. Neverthe-
less, since the FC values to voxels of those regions differed 
significantly between the BECTS patients and control subjects, 
further studies involving large numbers of subjects are need-
ed to evaluate whether there are intergroup differences in the 
correlation coefficients. We also could not determine the ef-
fects of the location or frequency of EDs on the correlation 
coefficient of FC to verbal cognition. Longitudinal studies 
would be helpful for disentangling this, and explaining wheth-
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er the observed abnormalities represent a temporary delay in 
brain maturation or a persistent deviation from the normal 
developmental trajectory.

In summary, we suggest that the Rolandic spike focus inter-
rupts the normal neuronal connectivity of the language net-
work in the developing brain through either aberrant enhance-
ment or disruption. In addition to our previous data showing 
neuroimaging abnormalities in DTI and VBM,5,8 the current 
rs-fMRI study has demonstrated differences in FC in the lan-
guage and Rolandic areas between BECTS patients and healthy 
controls. We also found that our BECTS patients showed im-
paired cognitive performance, especially in the verbal do-
main, and correlated this with FC alterations in resting-state 
language-related brain networks. These observations suggest 
that altered FC in these cortical networks could be responsi-
ble for the cognitive dysfunction in these subjects.
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