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Objective: Neuropsychological evidence revealed language impairment in children with benign epilepsy with centrotemporal spikes 
(BECTS). This study investigates language function using task-activated fMRI.
Methods: We conducted a language task fMRI study on three groups on a 3.0T MRI scanner, including a new onset drug naïve group 
(NODN-BECTS, n=11, age=9.6±1.6), an established epilepsy with medication-treated group (Med-BECTS, n=17, age=10.7±2.2) and 
a healthy control group (HC, n=18, age=10.8±1.7). We use MATLAB14 and SPM12 to pre-process and analyze the data. A one- 
sample t-test was used to identify task-related brain activation changes in each group, based on the general linear model (GLM). And, 
then two sample t-test was performed to compare different activated regions between groups. In addition, scores on the most recent 
Mandarin school exams were acquired to examine and contrast extra-scanner language performance.
Results: Statistical results show that some language-related brain regions (such as the left superior frontal gyrus and cerebellar vermis) were 
additionally activated in the NODN-BECTS group compared with the HC group. Compared with NODN-BECTS and HC groups, decreased 
activations were found in language-related regions in the Med-BECTS group, including the left insula, superior and middle frontal gyri, and 
bilateral middle occipital gyri. On the Mandarin school exams, the average score for HC was 87.3±8.2, NODN was 84.8±7.8, and Med was 
78.2±13.2. There was a trend toward statistical significance between the Med and the HC (p = 0.074) as well as NODN (p = 0.092) groups. 
No statistically significant differences were found between the HC and the NODN-BECTS groups.
Significance: Language task fMRI reveals additional areas of activation in new onset BECTS compared to healthy controls which 
may be compensatory in nature. Antiseizure medications (ASMs) and/or longer duration of BECTS additionally appears to affect 
language-related regions and reduce their functional ability.
Keywords: benign epilepsy with centrotemporal spikes, cognition, language impairment, functional magnetic resonance imaging

Introduction
Benign epilepsy with centro-temporal spikes (BECTS) is the most common type of idiopathic childhood focal epilepsy, 
characterized by abnormal nocturnal epileptiform spike activity originating in the rolandic or sensorimotor cortex, 
without a significant lesion. BECTS accounts for about 15% of children with epilepsy, with the incidence of 6.2– 
21 per 100,000 children,1 and it accounts for about 15–24% in China. It is a typical age-dependent syndrome, the age of 
onset between 3 and 13 years old, and the epileptic seizures can subside between 15 and 17 years old.2 The classic 
electroencephalogram (EEG) shows frequent blunt high-voltage centro-temporal spikes (CTS), often followed by slow 
waves activated by sleep and tend to spread or shift from side to side.
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Traditionally, BECTS has been considered a benign syndrome with a favorable prognosis because of the self-limiting 
nature of the disease and the widely held belief that cognitive abilities will be preserved. However, a growing literature 
has suggested that BECTS can be associated with abnormalities in cognition, particularly language and language- 
dependent abilities, including expressive and receptive verbal and written language, IQ, visuomotor abilities, reading 
disorders and executive dysfunction.3–7 However, others have noted that the cognitive correlates may be even more 
widespread. For example, Malfait et al concluded that some children in the BECTS group had weakness across multiple 
cognitive domains (below 25th percentile rank) including 53% for vocabulary, 47% for verbal fluency, 40% for working 
memory, and 40% for reading comprehension.8 A recent systematic review and meta-analysis of cognition in this 
syndrome reported with spread and nonfocal cognitive impairments.9 But little research has focused on the brain 
functional differences between new-onset drug naïve BECTS patients and BECTS patients on medications.

Recently, some studies had found that anti-seizure medications (ASMs) could negatively or positively affect a patient’ 
s cognition. Adam Strzelczyk noted that topiramate and zonisamide might be associated with negative effects in some 
aspects of cognition; cannabidiol, fenfluramine, levetiracetam, brivaracetam and lamotrigine might have some positive 
effects, while the remaining ASMs did not appear to have a detrimental effect. They also claimed that there was 
enormous heterogeneity in cognitive, behavioural and developmental impairments that was complex and could change 
naturally over time; there was a lack of standardized instruments for evaluating these outcomes in developmental and 
epileptic encephalopathies, with a reliance on subjective evaluations by proxy (caregivers).10. Therefore, there is a great 
need to develop a tool that can objectively evaluate the effects of ASMs on the cognitive function of patients. In another 
study, Vincenzo Crunelli announced that attention deficits could be detected before the epilepsy diagnosis, might persist 
even when seizures were pharmacologically controlled and were aggravated by valproic acid monotherapy.11 Thus, in 
addition to the disease itself, ASMs do affect cognitive function in children with epilepsy.

Furthermore, neuroimaging data including cortical thickness and volume showed a higher than expected 
abnormalities12,13 in different cortical and subcortical regions.

Functional magnetic resonance imaging (fMRI) studies reported that blood oxygen-level dependent (BOLD) fMRI 
activities were influenced by epileptiform activities.14–16

In our previous study, we applied regional homogeneity (ReHo) analysis to the resting state fMRI data and detected 
changes of resting state networks in children with BECTS comparing with healthy controls. The ReHo method evaluates 
the synchronization between the time-series of a voxel and its neighboring voxels.17,18 Our previous findings showed that 
children with BECTS had increased synchronization in language activation regions and decreased synchronization in 
default mode network regions compared to healthy controls.19

There are many factors that potential influence cognitive dysfunction (especially language dysfunction) in children 
with BECTS, such as age of seizure onset, type of seizure, duration of disease, influence of antiseizure medications and 
EEG patterns. To date, knowledge of how these factors affect brain activation and brain networks in children with 
BECTS is limited. A recent study has shown that children with BECTS exhibited a greater range of language network 
activation on task BOLD-fMRI examinations compared to healthy controls.8

Nevertheless, whether and to what extent ASMs affect the activation of language networks remains an important 
question. Therefore, in the present study, we investigated extra-scanner language performance using a standardized 
school-based test and the corresponding changes in language activation map and reorganization patterns using a language 
activation task fMRI, comparing a new-onset drug-naïve BECTS group (NODN group), children in chronic BECTS 
group treated with ASMs (Med group), and healthy controls (HC group).

Methods
Participants
Participants included 46 right-handed Chinese-speaking children, aged 8–12 years, including 11 children with new-onset 
drug naïve BECTS (NODN group), Table 1), 17 with established BECTS treated by ASMs (Med group), and 18 healthy 
controls (HC group). Children with BECTS were recruited from the Shenzhen Children’s Hospital, Guangdong, China, 
and met the following inclusion criteria: (1) Confirmed diagnosis of BECTS that included: a. EEG showing classic 
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centrotemporal spikes arising from a normal background; b. Clinical history of at least one seizure that was consistent 
with the diagnosis of BECTS; c. No additional neurological condition. d. Age between 6 and 13 years old. e. Written 
informed assent from each enrolled child as appropriate by age and consent from a parent or legal guardian. (2) The 
exclusion criteria were: a. Seizures or syndromes inconsistent with BECTS; b. Any structural changes or pathologic 
abnormality of cerebrum revealed by magnetic resonance imaging (MRI); c. Other neurological or neuropsychiatric 
disorders, such as cerebral palsy, attention deficit hyperactivity disorder, or neurometabolic diseases.

Patients were diagnosed by the pediatric neurologists from the neurology department in Shenzhen Children’s 
Hospital, and the healthy controls were recruited from nearby primary schools in Shenzhen. In addition, Mandarin 
was the first language of all participants. At the time of recruitment, all participants were screened by an MRI scanner 
and those with abnormal structure of brain were excluded. We also collected their mid-term and final Mandarin test 
scores which represented their language ability (an academic achievement test considered related to language ability, in 
which lower scores represented lower language ability, with a total raw score of 100). The mean scores were calculated 
for each group, this providing a stable metric of extra-scanner performance. Seizure types for BECTS patients include 
tonic seizures, clonic seizures, atonic seizures, tonic-clonic seizures, and focal seizures with a loss awareness. EEG 
results differed from patients to patients, including temporal (middle or posterior usually) spikes, sharp slow wave singly 
or frequently, continuous emission during sleep, left and right side out of sync, etc. This study was approved by the 
Health Science Institutional Review Board of University of Wisconsin-Madison (No.2012–0376).

Medication Usage
Twelve of 17 BECTS patients in MED group took one antiseizure medication (lamotrigine n=6; topiramate n=1; 
oxcarbazepine n=3; levetiracetam n=1; valproate n=1), the other 5 patients took two or three ASMs (lamotrigine 
+valproate, valproate +levetiracetam). The average medication period was 2.42±1.33 years. There were no other forms 
of treatment in progress.

Task fMRI Design
All participants in each group underwent a language task—Name Pictures Silently. The total scanning time was 
approximately 20 minutes, including functional and structural acquisition. During the task, all the participants were 
instructed to name the pictures displayed on the screen silently in their mind.

The block design mode was used for the fMRI language task (Figure 1). Four blocks made up the entire scan session. 
Each block contained a 30-second silent naming task (10 pictures in each block, 3s per picture), followed by a 30-second 
rest baseline, in which participants were instructed to focus on a fixation cross for 30s between blocks. The rest baseline 
before the first task block was set to 40 seconds, because the first 5 time points (10 seconds) of fMRI data would be 
discarded due to the instability of the initial MRI signal. The video projector projected the task stimuli onto the screen 
above the participant’s head, and the participant could watch them through a mirror attached to the MRI head coil. Before 
the test, participants were trained to name pictures silently to ensure that they could fully understand the procedures.

MR Data Acquisition
Structural and functional brain imaging data were acquired on a Signa Excite 1.5T MR imaging system (General Electric, 
Fairfield, USA) and a standard head coil. Foam pads were used to reduce head motion and scanner noise. All participants are 

Table 1 Clinical Characteristics in BECTS Patients and HC

Groups Numbers Gender  
(M/F)

Age  
(m ± std in Years)

Onset Age 
(Years)

Duration 
(Years)

Seizure’s Hemispheric 
Localization (L/R)

Mandarin 
Scores

HC 18 11/7 10.8±1.7 – – – 87.3±8.2

NODN 11 7/4 9.6±1.6 8.5±2.0 0.7±0.4 4/7 84.8±7.8

MED 17 9/8 10.7±2.2 9.3±1.6 2.4±1.3 9/8 78.2±13.2

Abbreviations: m, mean; std, standard deviation; HC, healthy controls; NODN, BECTS patients without drugs; MED, BECTS patients with antiseizure medications 
treatment; M/F, male/female; L, left hemisphere; R, right hemisphere.
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required to remain still, open their eyes, and listen to instructions to complete the language task. The language task fMRI data 
were acquired by using an echo planar imaging (EPI) sequence with the following parameters: Repetition time (TR) = 2000ms, 
echo time (TE) = 30ms, flip angle = 90, 26 axial slices, thickness/skip = 4/0mm, in-plane resolution = 64 × 64, 190 volumes.

Structural images include axial T2WI (TR = 2300ms, TE = 108ms, FoV read = 230mm, 17 axial slices, voxel size = 
0.6×0.6×6.0mm3), axial FLAIR (TR = 9000ms, TE = 134ms, FOV read = 230mm, 17 axial slices, voxel size = 0.7×0.7×6.0mm3) 
and T1 3D-MPRAGE (TR = 2300ms, TE = 2.26ms, FOV read = 256mm, 176 sagittal slices, voxel size = 1.0×1.0×1.0mm3).

Data Preprocessing
Data were preprocessed and analyzed by using MATLAB13 (MathWorks, Sherborn, MA) and Statistic Parametric 
Mapping (SPM12, http://www.fil.ion.ucl.ac.uk/spm/). Due to the instability of the initial MRI signal, the first 5 time 
points (10 seconds) of the fMRI data of each subject were discarded to allow the longitudinal magnetization to reach 
a stable state, and allow the participants to adapt to the scanning environment. Subsequently, the remaining 180 volume 
images were preprocessed. The preprocessing of the fMRI datasets included realignment, slice timing, co-registration, 
normalization and smooth. Specifically, all EPI data were spatial normalized to a standard template of MNI (Montreal 
Neurological Institute). A 4-mm full-width at half-maximum (FWHM) isotropic Gaussian kernel was used to smooth the 
normalized data to reduce noises. All those subjects with head motion greater than 3.0 mm or 3◦ in any of the six 
parameters (x, y, z, pitch, roll, yaw) were excluded. Seven participants in NODN group, 5 in MED group and 4 in HC 
were excluded due to strenuous head movement, 46 participants in three groups were included finally.

First-Level and Second-Level Analysis
In order to identify task-related activation changes in each group, one sample t-test was performed in SPM on the results 
of the first-level general linear model (GLM) containing specific functions of the experimental conditions, including age 
and gender as covariates.

A two-sample t-test was performed to compare the different activated regions between groups. A cluster of >54 voxels 
with p-value <0.05 (FDR corrected) was considered statistically significant. Age and gender were included as covariates.

Results
Within Group
Based on a general linear model, the results from one-sample t-test showed different activated patterns and intensity of 
signals across the three groups, as shown in Figure 2. In the HC group, significantly activations were found in language- 
related regions during language task BOLD-fMRI scanning, including the left middle and inferior frontal gyrus, bilateral 
lingual, occipital gyri, bilateral cerebellar crus 1 as shown in Figure 2A. In NODN group, activation map showed similar 
(slightly decreased) activations in language areas, visual and cerebellar regions that had been seen in the HC group. 
Additionally identified were some new activation regions in NODN group compared with HC, including the right middle 

Figure 1 Task fMRI experimental block design.
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frontal gyrus in Figure 2B. In the Med group, we found decreased activation in language and visual areas (bilateral 
cuneus and precuneus) compared to the NODN group, as shown in Figure 2C.

Between Groups
NODN BECTS versus HC
Two Sample t-test showed increased areas of activation on the left frontal lobe and vermis of the cerebellum in the 
NODN group compared to HC. Additionally, decreased activations were seen in left middle frontal and inferior gyri and 
insula in NODN group. Figure 3 and Table 2 show the difference in activation in brain regions between the groups.

Med BECTS versus NODN BECTS
Compared to the NODN group, there are decreased activations in language regions (left superior and middle frontal gyri), 
visual network regions (left cuneus and precuneus) in the Med group. Figure 3 shows the difference in activation in brain 
regions between the groups.

Figure 2 One-sample t-test results in different groups (p<0.005, 10 voxel). (A) Healthy control group. (B) New onset drug naïve group (NODN group). (C) Medication 
group (Med). 
Abbreviations: L, left; R, right.
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Med BECTS versus HC
Compared to the HC group, there was decreased activations in language, regions (left superior and middle frontal gyri), 
visual network regions (bilateral cuneus and precuneus), bilateral cerebellum, and left sensori-motor regions in the Med 
group. Figure 3 show the difference in activation in brain regions between the groups.

Mandarin School Exam Performance
The average Mandarin school exams score of the HC group was 87.3±8.2, NODN group 84.8±7.8, and Med group 78.2 
±13.2. There was no statistically significant difference between the HC vs NODN, p = 0.687 groups. There was a trend 
towards significance in the NODN vs MED, p = 0.092 as well as the HC vs MED, p = 0.074 groups.

Figure 3 Two Sample t-test results between different groups (p<0.05, voxel>54, corrected by FDR Correction). (A) New-onset drug-naïve BECTS (NODN) versus HC. 
Warm colors indicate NODN> HC. (B) Chronic BECTS group treated with antiseizure medications (Med) versus New-onset drug-naïve BECTS (NODN). Cool colors 
indicate Med < NODN. (C) Chronic BECTS group treated with antiseizure medications (Med) versus HC. Cool colors indicate Med < HC. 
Abbreviations: L, left; R, right.
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Discussion
The patterns of language activation were seen in the HC group reflect findings noted in prior studies. In the NODN 
group, we identified increased activation in the left middle frontal lobe and cerebellar vermis compared with the HC 
group. Additionally, decreased activations were seen in left middle frontal and inferior gyri and insula in NODN group. 
This pattern of findings suggests that the language activation regions in NODN group is reorganized early in the course 
of the disorder, independent of ASM effects, and there are new areas that may represent compensation for areas of 
decreased activation in these subjects. This is consistent with other studies which have shown increased activation in 
middle frontal gyrus of patients with epilepsy, compared to HC.20–22 Other studies have shown the existence of an 
extended language activation map in BECTS. For example, Datta et al23 found an extended language network during an 
oral fMRI language task, involving activations in right middle temporal gyrus, left fusiform gyrus and right inferior 
prefrontal gyrus. In summary, these results indicate a considerable altered and reorganized language network in drug 
naïve BECTS patients with areas potentially playing a compensatory role to maintain language function.

When comparing NODN group with MED group, the latter exhibited decreased activation in language (left superior 
and middle frontal gyri) and visual (left cuneus and precuneus) network regions. Similarly, when comparing HC with the 
MED group, the latter exhibited decreased activated in language (left superior and middle frontal gyri), visual regions 
(bilateral cuneus and precuneus), as well as the cerebellum, and sensorimotor regions. These findings indicate that ASMs 
and/or duration of BECTS may lead to reduction in language and other network functions. Research by Unnikrishnan 
et al22 showed intrauterine exposure to phenobarbitone and valproate impaired language development in CWE, with 
effects persisting into the second decade. Hamed23 reviewed the evidence that long-term treatment with some antiseizure 
medications (ASMs) [e.g. carbamazepine, phenytoin, valproate, lamotrigine, gabapentin, vigabatrin and oxcarbazepine] 
(even in therapeutic drug doses) might result in tinnitus, phonophobia, sensorineural hearing loss, dizziness, ataxia, 
disequilibrium, imbalance, nystagmus, abnormalities in saccadic and pursuit eye movements and delayed conduction 
within the cochlea, auditory nerve and brainstem auditory pathways evidenced by abnormalities in brainstem auditory 
evoked potentials and nystagmography recordings indicating auditory and central and/or peripheral vestibular dysfunc-
tions. These evidences might support the opinion that ASMs could lead to brain functional impairments.

Research by Lillywhite et al24 showed that when a high level of cognition is required, the difference in functional 
activation patterns between the BECTS group and the healthy controls was related to poor performance. They also 
hypothesized that language impairment in BECTS is a regional rather than a global issue.24 However, studies had found 
that BECTS patients and HC participants had significant differences in language fMRI laterality indices.22 They believed 
that, given that there were no obvious behavioral differences between the two groups, these differences in function 
activation may be compensatory in nature.

Participants also completed two school-based Mandarin examinations that provided insight into their extra-scanner 
language status. The mean of two administration of the test (midterm and final) was used which provided a stable 
performance metric. The results showed no significant difference between the NODN group and HC group, but with 
a trend towards significance when comparing the controls as well as NODN groups to the Med group. Thus, it seems that 

Table 2 Statistically Different Brain Regions in the Two Groups of BECTS Patients

Brian Regions H Peak MNI Coordinate Cluster Voxel Peak t Value

X Y Z

1 Rolandic_Oper, Insula L −30 12 18 162 −4.2128

2 Middle Frontal Gyrus, Superior Frontal Gyrus L −27 36 15 153 −4.2617
3 Cuneus, Occipital_Mid, Occipital_Inf_ L −18 −96 −3 111 −4.0186

4 Cerebellum Posterior Lobe R 9 −63 −18 80 −2.9898

5 Frontal_Sup_Orb_R, Middle Frontal Gyrus R 18 24 −15 70 −3.9907
6 Middle Occipital Gyrus R 36 −96 0 68 −5.3142

Notes: Negative t value indicates smaller t value in Med BECTS group. P<0.05, minimum voxel=54, corrected by FDR correction. 
Abbreviations: MNI, Montreal Neurological Institute; t, the t-value in T-test; H, hemisphere; L, left; R, right.
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the language reorganization in the NODA group appears to be adequately helping to compensate/maintain language 
while in the MED group the network changes are no longer.

Limitation
The sample size of this study is small, and although we have done our best to control the variables, continuing to expand 
the sample size will increase the confidence in the results even more. Therefore, in the next steps, we will continue to 
collect patients and seek multi-center collaboration.

Conclusions
FMRI language activation map responses in patients with new onset drug naïve BECTS (NODN) differed from healthy 
control (HC) participants. When performing an fMRI language task, some language-related activation regions in the 
NODA group were increased and suggestive of compensatory activation, inferring reorganization of language function.

When compared with the NODN and HC groups, the MED group exhibited decreased activation in multiple brain 
areas, perhaps indicating that the effects of ASM, the duration of BECTS, or their combination might have a detrimental 
impact on the patient’s language activation map and function.

BECTS was traditionally regarded as a “benign” syndrome, mainly because of its self-limiting nature in adolescence and 
good prognosis after the initial period of seizures.25,26 Nevertheless, additional research has demonstrated that BECTS patients 
harbor various cognitive and functional impairments in adulthood,27 especially language function.6,23,28 Our study also found 
that this disease, as well as ASMs could have an major influence on children’s neuropsychological development.
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