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Abstract

Objective: Median nerve somatosensory evoked fields (SEFs) conduction times reflect the 

integrity of neural transmission across the thalamocortical circuit. We hypothesized median nerve 

SEF conduction time would be abnormal in children with Rolandic epilepsy (RE).

Methods: 22 children with RE (10 active; 12 resolved) and 13 age-matched controls 

underwent structural and diffusion MRI and median nerve and visual stimulation during 

magnetoencephalography (MEG). N20 SEF responses were identified in contralateral 

somatosensory cortices. P100 were identified in contralateral occipital cortices as controls. 

Conduction times were compared between groups in linear models controlling for height. N20 

conduction time was also compared to thalamic volume and Rolandic thalamocortical structural 

connectivity inferred using probabilistic tractography.

Results: The RE group had slower N20 conduction compared to controls (p=0.042, effect size 

0.6 ms) and this difference was driven by the resolved RE group (p=0.046). There was no 

difference in P100 conduction time between groups (p=0.83). Ventral thalamic volume positively 

correlated with N20 conduction time (p=0.014).
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Conclusions: Children with resolved RE have focally decreased Rolandic thalamocortical 

connectivity.

Significance: These results identify a persistent focal thalamocortical circuit abnormality in 

resolved RE and suggest that decreased Rolandic thalamocortical connectivity may support 

symptom resolution in this self-limited epilepsy.
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1. INTRODUCTION

Rolandic epilepsy (RE, also called self-limited epilepsy with centrotemporal spikes, 

SeLECTS) is the most common focal developmental epileptic encephalopathy, characterized 

by a transient period of mild to severe cognitive symptoms and sleep-potentiated interictal 

spikes and seizures arising from the sensorimotor cortex (Wickens et al., 2017; Thorn 

et al., 2020). Rolandic epilepsy overlaps clinically with more severe epilepsy aphasia 

syndromes, and sparse cases have been linked to a monogenic gene mutation (Carvill 

et al., 2013). Electrographic features are highly penetrant between first-degree relatives, 

but disease symptoms can also be discordant between monozygotic twins suggesting 

a complex interplay between genes, environment, and development may contribute to 

symptom expression in RE (Bray et al., 1964; Bray et al., 1965; Vadlamudi et al., 2006). RE 

symptoms and electrophysiology lie on a spectrum with continuous spike-wave during slow 

wave sleep, Landau-Kleffner syndrome, and centrotemporal spikes and sharp waves without 

epilepsy (Lemke et al., 2017). Most children with RE have cognitive deficits detected on 

formal testing during the active phase of the disease (Wickens et al., 2017). Seizures and 

cognitive symptoms are both self-limited (Ross et al., 2020).

Electrophysiological and structural evidence implicate focal dysfunction of the Rolandic 

thalamocortical circuits in RE. Children with RE have focally abnormal white matter 

microstructure near the sensorimotor cortex (Ostrowski et al., 2019; Ciumas et al., 2014; 

Kim et al., 2013). Sleep spindles, which are generated in the reticular nucleus of the 

thalamus and entrained in thalamocortical circuits, are focally decreased in the sensorimotor 

cortex in children with RE during the active phase of the disease (Beenhakker et al., 

2009; Kramer et al., 2021). Clinical symptoms -- seizures and cognitive symptoms – and 

electrographic features – epileptiform spikes and sleep spindle deficits – resolve in disease 

resolution (Kramer et al., 2021; Ross et al., 2020; Xie et al., 2018). Direct measures 

of thalamocortical white matter connectivity reveal that children with RE have abnormal 

structural and functional thalamocortical connectivity to the Rolandic cortex (Kwon et al., 

2022), and an aberrant developmental trajectory of thalamocortical structural connectivity 

to the sensorimotor cortex persists beyond disease resolution (Thorn et al., 2020). Taken 

together, these findings demonstrate that alterations in thalamocortical connectivity persist 

beyond symptoms, potentially providing compensatory mechanisms that support symptom 

resolution.
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Somatosensory evoked magnetic fields (SEFs) are summated neural responses to peripheral 

nerve sensory stimulation measured in the Rolandic cortex. In the case of median nerve 

somatosensory stimulation, neural activity arrives at the primary somatosensory cortex 

after transmission along peripheral nerves, dorsal medial lemniscus, and thalamocortical 

white matter as a dominant surface-negative signal (e.g., N20) approximately 20 ms after 

stimulation. This evoked potential thus provides a direct assay of integrity of the Rolandic 

thalamocortical circuit. In contrast, visual evoked fields (VEFs) are summated neural 

responses to visual stimulation measured in the primary visual cortex. Neural activity arrives 

at the primary visual cortex after transmission from the retina, along the optic nerves and 

thalamocortical optic tracts as a dominant positive signal (e.g., P100) approximately 100 ms 

after stimulation. Cortical visual evoked potentials are sensitive to subtle structural deficits 

along the visual pathway but are not expected to be disrupted by a disease that affects focal 

thalamocortical Rolandic circuits (Toosy et al., 2014).

Given converging evidence for Rolandic thalamocortical circuit dysfunction in RE, we 

hypothesized that median nerve SEF conduction time would be abnormal in children 

with RE compared to controls, reflecting aberrant functional and structural connectivity 

of the thalamocortical sensorimotor circuit. We further hypothesized that conduction time 

along the visual pathway would be similar in children with RE and controls, confirming 

that the thalamocortical dysfunction in RE is focal to the sensorimotor circuit. After 

identifying a difference in N20 conduction time, we explored the relationships between 

N20 conduction time and thalamic volume, ventral nucleus volume, and white matter 

connectivity to help localize the anatomical source of this dysfunction. Identification of 

focally impaired thalamocortical conduction time to the Rolandic cortex provides a novel 

biomarker for RE, helps localize the anatomical disruption, and provides further insight into 

the pathophysiology of symptoms and resolution in this common childhood disease.

2. METHODS

2.1 Subjects

Children 4–15 years of age who received a clinical diagnosis of RE by a child neurologist 

following 1989 International League Against Epilepsy criteria, confirmed to have a history 

of focal motor or generalized seizures, and an EEG showing sleep-activated centrotemporal 

spikes were eligible for this prospective study (International League Against Epilepsy 

(ILEA), 2017; ILAE, 2014). Control subjects without a history of seizure or known 

neurologic disorder were also recruited (n=13). RE and control subjects with a history of 

unrelated neurologic disease were excluded, although children with attention disorders and 

mild learning difficulties consistent with known RE comorbidities were included (Wickens 

et al., 2017). Children with RE were grouped into two categories of seizure risk: Active, 

defined as having had a seizure within 12 months (n=10); and Resolved, defined as being 

seizure free for >12 months (n=12) because most children who have been seizure free for 12 

months have entered terminal remission (Ross et al., 2020). Two subjects who were initially 

enrolled during active disease returned after disease resolution and were included in the 

Resolved group.
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Subject age, sex, current medications, and date of last seizure were collected at the time 

of visit. Subject height on the visit date was extrapolated from the subjects’ individualized 

growth curve available from the electronic medical record (n=29, Center for Disease Control 

and Prevention, 2017) or from an estimate of the height provided by the child’s guardian 

on the visit date (n=6). Subjects and their guardians gave age-appropriate informed consent 

according to standards reviewed by the Institutional Review Board at Massachusetts General 

Hospital.

2.2 Magnetoencephalogram (MEG) acquisition and processing

MEG data were recorded with a 306-sensor system at 2,035 Hz sampling rate (Elekta-

Neuromag, 204 planar gradiometers and 102 magnetometers) inside a magnetically shielded 

room. For each recording session, the head position was recorded approximately every four 

minutes and deemed satisfactory based on reasonable distance values of the head and the 

MEG helmet.

During MEG acquisition, left and right median nerve evoked fields were collected at random 

median nerve inter-stimulation intervals ranging from 100 to 140 ms over a period of 

approximately four minutes. Subjects were instructed to stay awake and monitored via live 

video feed. For these data, the minimum necessary stimulation amplitude required to trigger 

a visibly confirmed thenar contraction was used. Following median nerve stimulation, visual 

evoked field data were collected during the same visit. For this, subjects were instructed to 

keep their eyes open and affixed to a plus sign projected on a screen in the middle of their 

visual field while flashing checkered patterns appeared on the screen, randomly switching 

across four quadrants corresponding to the right and left upper and lower visual fields with 

interstimulation intervals ranging from 333–525 ms.

2.3 Magnetic Resonance Imaging (MRI) acquisition

All subjects underwent structural and diffusion MRI recording as close to the day of 

MEG acquisition as possible (median 0.0 days between MEG and MRI, range: −22.0 to 

36.0 days). All images were visually inspected by a neuroradiologist to confirm no gross 

structural abnormalities. All images were acquired in the same Siemens 3.0 T MRI with 

a 64-channel head coil at the Martinos Center for Biomedical Imaging and included: 1) 

T1 MultiEcho Magnetization Prepared RApid Gradient Echo (MEMPRAGE) images (176 

slices, 1.0 mm slice thickness, 1.0×1.0×1.0 mm3 voxel size, repetition time (TR): 2,530ms, 

inversion time (TI): 1,100ms, flip angle: 7°) with 4 different Echo Times (TE), 1.69 ms, 

3.55 ms, 5.41 ms and 7.27 ms; 2) T2 Fluid Attenuated Inversion Recovery (FLAIR) (192 

slices, 0.9×0.9×0.9 mm3 voxel size, 5,000 ms TR, 1,800 ms TI, and TE 7 ms; 3) Diffusion 

Weighted Imaging (DWI) (64 diffusion-encoding directions, 82 ms TE, 8,080 ms TR, flip 

angle:90°, voxel size=2.0×2.0×2.0 mm3, diffusion sensitivity of b=2,000 s/mm2, number of 

slices=74, no skip).

2.4 Magnetic Source Imaging of SEFs and VEFs

Averaged evoked fields were detected and measured in source space. Using FreeSurfer, 

each participant’s cortical surface was tessellated using a combination of T1 and T2-FLAIR 

images when available (n=31), or only the T1 images (n=2) otherwise, and decimated to 
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10,242 dipoles per hemisphere, corresponding to approximately 5 mm spacing between 

adjacent source locations (Fischl et al., 1999; Hämäläinen et al., 1987). To compute 

the MEG forward solution, a three-compartment boundary-element model was employed 

following the assumed geometrical intracranial space (FreeSurfer, 2021). Inner and outer 

skull and inner skin triangulations were generated using a watershed algorithm applied onto 

the T1 images of each participant. Minimum-norm estimate (MNE) software was applied 

to estimate cortical current distribution, assuming orientation of the source to be fixed 

perpendicular to the cortical mesh (Mamashli et al., 2017).

After acquisition, in off-line analysis, channels contaminated with artifact were identified 

and not considered during analysis. The noise covariance matrix was estimated from each 

MEG recording and the cortical generators then estimated using anatomically constrained 

dynamic statistical parametric mapping (dSPM). Data were filtered between 0.1 Hz and 

500 Hz for somatosensory evoked responses and 1.5 Hz and 70 Hz for visually evoked 

responses. The data were then epoched into single trials beginning 200 ms prior to stimulus 

onset and ending 500 ms after stimulus onset. Epochs were rejected if the peak-to-peak 

amplitude during the epoch exceeded 2,000 fT/cm and 10,000 fT in any of the gradiometer 

or magnetometer channels, respectively. Averaged trials were subsequently analyzed from 

20 ms prior to stimulus onset to 100 ms after stimulus onset for SEF, and from 20 ms prior 

to stimulus to 200 ms after stimuls onset for VEF.

The averaged median nerve N20 evoked potentials were contralaterally detected in the 

somatosensory cortex by identifying the distinct N20-P35 shape (Figure 1). Following the 

identification of the first clear N20 signal, the localization and tangential orientation of 

each dipole in the hand region of the somatosensory cortex was visually confirmed for 

accuracy. Subjects without an identifiable N20 evoked potential in the somatosensory cortex 

were excluded. For each subject, the vertex with the largest amplitude at the N20 peak 

was selected and the conduction time recorded contralaterally. The visual evoked potentials 

were detected in the occipital cortex by identifying the P100 signal. The localization and 

orientation of each dipole was visually confirmed to be adjacent to the pericalcarine fissure, 

inverted and contralateral to the corresponding visual field stimuli. Subjects without an 

identifiable P100 evoked potential in the visual cortex were excluded. The vertex with 

the largest amplitude at the P100 peak was selected and the conduction time recorded for 

each subject. Upper and lower quadrant results were averaged for a single measure per 

hemisphere.

2.5 Posthoc Analyses:

2.5.1 Thalamic volume and cortical surface measurements.—Intracranial 

anatomical landmarks along the three-neuron pathway that median nerve evoked fields 

traverse from the wrist to the cortex were analyzed. This pathway includes synapses in the 

ipsilateral dorsal root ganglion and the contralateral ventral posterolateral nucleus of the 

thalamus. Thalamic volume estimates were performed on the T1-MEMPRAGE volumes 

using thalamic segmentations tools in FreeSurfer 7.1.1 (FreeSurfer, 2021; Iglesias et al., 

2018). The combination of T1-MEMPRAGE and T2-FLAIR volumes were used, when 

available, to estimate the entire thalamic volume and regional thalamic volumes (anterior, 
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lateral, ventral, intralaminar and posterior) (Iglesias et al., 2018). Two subjects did not 

complete MRI (n=33 available for analysis). Two subjects had only T1-MEMPRAGE 

available.

2.5.2 Probabilistic Tractography.—From the thalamus, median nerve sensory evoked 

fields travel through the corona radiata white matter to the sensory cortex. To evaluate 

the thalamocortical structural connectivity of this circuit, probabilistic tractography was 

performed on available MR diffusion data (n=33).

To evaluate the Rolandic sensorimotor thalamocortical white matter, we computed the 

structural connectivity to the postcentral gyrus target region of interest (ROI) from two seed 

ROIs: a) the entire ipsilateral thalamus; and b) the ventral region of the ipsilateral thalamus. 

We applied ball-and-stick model-based probabilistic diffusion tensor tracking (Probtrackx2 

through Functional Magnetic Resonance Imaging of the Brain (FMRIB) Software Library 

(FSL) 5.0.4 / FMRIB Diffusion Toolbox (FDT) (Behrens et al., 2003). The Desikan-Killiany 

atlas was used to segment the postcentral gyrus (Desikan et al., 2006).

BedpostX (Bayesian Estimation of Diffusion Parameters Obtained using Sampling 

Techniques for modeling Crossing Fibers) was used to estimate the principal diffusion 

direction per voxel. 500 streamlines per seed ROI voxel were sampled using Probtrackx2 

with a 0.2 curvature threshold with distance correction on. A step length of 0.5 mm was 

used for each streamline with a maximum of 2000 steps per streamline. Streamlines were 

terminated when they reached the target ROI or they met the rejection criteria by each 

hemisphere. Loop checks were performed to prevent streamlines from looping back on 

themselves, and a subsidiary fiber volume threshold of 0.01 of the parent fiber volume 

was applied to exclude negligible volumes. Using the number of streamlines launched from 

the seed ROI and the number of voxels in the target ROI a Connectivity Index (CI) was 

calculated (Chu et al., 2015). The CI was then normalized by the volume (number of voxels) 

of the seed ROI. Appropriate tracts were confirmed with visual analysis.

2.6 Statistical analyses

To detect a difference in the distributions of SEF conduction times between children with 

RE and controls, we estimated a linear mixed effects model with group as predictor and a 

random subject specific intercept to account for two observations per subject (left and right 

SEF conduction time). Height was included as a covariate. We note that height and age 

are collinear and because height is expected to directly impact SEF measures, we included 

height instead of age as a covariate in the models.

To evaluate whether duration of epilepsy remission (duration seizure free), thalamic volume, 

or Rolandic thalamocortical structural connectivity predicted SEF conduction time, we 

estimated mixed effects models of a similar form; in separate models, we included each of 

these variables as a predictor, a random subject specific intercept, and height as a covariate.

To test if conduction times in the active and remission groups differed from the control 

subjects, we estimated linear mixed effects models with conduction time as the dependent 
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variable, group and height as independent variables, and a random subject-specific intercept 

to account for two observations per subject (left and right hemisphere SEF conduction time).

Equivalent control tests were done using VEF conduction time, group, and LGN volume.

3. RESULTS

3.1 Participant information

For SEF, 22 children with RE (mean age 11.9 years, range: 8.0–16.9 years, 3F; active RE: 

mean age 11.0 years, range: 9.0–14.7 years; resolved RE: mean age 12.7 years, range: 

8.0–16.9) were included, of whom 8 were on anti-seizure medication (ASM). Thirteen 

control children (mean age 11.9 years, range 8.0–15.1 years, 7F) were included. For VEF, 

22 children with RE (mean age 11.8 years, range: 9.0–16.9 years, 4F; active RE: mean age 

10.5 years, range: 9.0–14.6 years; resolved RE: mean age 13.4 years, range: 10.4–16.9) were 

included, of whom 7 were on anti-seizure medication (ASM). Fourteen control children 

(mean age 12.5 years, range 9.0–15.1 years, 8F) were included. Subject characteristics are 

provided in Table 1.

3.2 Children with resolved RE have delayed median nerve sensory conduction time

Children with RE have delayed median nerve SEF conduction time compared to controls 

(p=0.042; effect size 0.6 ms, 95% CI [0.021, 1.201], average conduction time of RE group: 

21.3 ± 1.6 ms, average conduction time of controls: 20.4 ± 1.0 ms, Figure 2A). Separating 

RE subjects into active or remission groups, only the SEF conduction time in the remission 

group differed from controls (p=0.046, effect size 0.7 ms, 95% CI [0.0, 1.4]; active group 

p=0.48, effect size 0.5 ms, 95% CI [−0.2, 1.2]).

3.3 No difference in VEF conduction between RE and Controls

There was no evidence of a difference in visual field P100 conduction time to the occipital 

cortex between RE and controls (p=0.83, Figure 2B). Taken together, these results identify 

a focal conduction delay along the Rolandic thalamocortical white matter circuit in children 

with resolved RE.

3.5 Ventral thalamic volume predicts SEF conduction time

We found no evidence that thalamic volume predicts SEF conduction time (p=0.11, effect 

size 0.0003 ms/mm3, 95% CI [−0.0001, 0.0007]). However, the ventral thalamic region, 

through which the median nerve stimulus travels, was larger in RE compared to controls 

(p=0.037, effect size 239 mm3, 95% CI [15, 462] mm3, Figure 3A) and had a positive 

relationship with conduction time (p=0.023, effect size 0.0008 ms/mm3, 95% CI [0.0001, 

0.0015] ms/mm3, Figure 3B).

3.6 Thalamocortical white matter structural connectivity does not predict SEF conduction 
time

To evaluate whether white matter structural connectivity predicted SEF conduction time, we 

used probabilistic tractography to compute the CI between somatosensory cortex and the 
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whole thalamus, and between somatosensory cortex and the ventral thalamus (Table 2). We 

found no evidence of a relationship between either CI and SEF conduction time (p>0.3).

DISCUSSION

In this prospective cross-sectional study, we found evidence for a conduction delay in the 

median nerve somatosensory evoked fields in children with resolved RE compared to control 

subjects. We found no evidence for a conduction abnormality in visual evoked potentials 

between children with RE and control subjects. Taken together, these data demonstrate an 

emergent abnormality in the Rolandic thalamocortical circuit in RE and suggest that focally 

decreased Rolandic thalamocortical connectivity may support symptom resolution in this 

transient focal epilepsy.

Median nerve sensory responses travel along a three-neuron pathway where the terminal 

neuron lies in the VPL nucleus and projects to the sensory Rolandic cortex through the 

corona radiata. The ventral thalamus further includes the VL thalamic nucleus which 

regulates sensory integration for motor control and projects to the supplementary motor 

regions, the VA nucleus which has projections to premotor cortex, and the VM nucleus 

which has projections to the somatosensory cortex and limbic structures. Investigation of 

this intracranial portion of the pathway revealed that the volume of the contralateral ventral 

thalamus positively correlated with conduction time in RE. We have previously reported 

abnormal Rolandic white matter structural connectivity in RE in disease resolution (Kwon 

et al., 2022). Increased structural connectivity would typically reflect increased myelinated 

fibers and support faster conduction time. Here, however, we found delayed conduction 

time in resolved RE. Further, conduction time correlated with ventral thalamic volume, 

which were larger in children with RE. Notably, prior work that has identified that children 

with smaller thalamic volumes and abnormal thalamocortical metabolic connectivity are 

at increased risk of sleep-potentiated epileptic encephalopathies (Fernández et al., 2017; 

Moeller et al., 2014; Agarwal et al., 2016). Thus, the positive relationship between ventral 

thalamic size and SEF conduction time may reflect a compensatory strategy to help inhibit 

the abnormal activity in this thalamocortical circuit (Li et al., 2021). Thus, the increased 

conduction time we see here in resolved RE may potentially reflect increased inhibitory 

processing at the level of the thalamus. Future mechanistic work is required to better 

understand this relationship.

We found that children with RE have a focal conduction delay in median nerve 

somatosensory evoked responses. These data suggest that the functional integrity of 

the thalamocortical sensorimotor circuit is abnormal in RE, and that a decrease in 

thalamocortical conduction may be a feature of disease resolution. Conduction time 

delays correlates with increased thalamic volume, implicating this node of the circuit in 

compensatory responses that may support symptom resolution.
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Highlights

• Children with resolved Rolandic epilepsy have increased median nerve 

somatosensory conduction time compared to controls.

• Ventral thalamic volume positively correlated with N20 conduction time.

• Focally decreased Rolandic thalamocortical connectivity may support 

symptom resolution in Rolandic epilepsy.
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Figure 1: Experimental set up and processing.
A) For somatosensory evoked field (SEF) testing, the distal median nerve was stimulated, 

resulting in an evoked response that synapses in the ventroposteriolateral thalamus and then 

arrives as an N20 signal in the sensory cortex. B) Magnetoencephalogram (MEG) cortical 

recordings were averaged across trials in each hemisphere and visually inspected for a N20 

dipole in sensor space. C) The peak N20 response was confirmed to localize to the hand 

representation area of the contralateral primary sensory cortex, and the N20 conduction time 

was measured as the time of the peak of the N20 amplitude deflection in source space. D) 

For visual evoked field (VEF) testing, checkered visual stimuli were displayed randomly in 

the four quadrants, resulting in an evoked response that synapses in the lateral geniculate 

nucleus of the thalamus and then arrives as a P100 signal in occipital cortex. E) MEG 

cortical recordings were averaged across trials in each hemisphere and visually inspected 

for a P100 dipole in sensor space. F) The peak P100 response was confirmed to localize 

in the contralateral pericalcarine cortex in source space and the P100 conduction time was 

measured as the time of the peak of the negative P100 amplitude deflection.
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Figure 2. Somatosensory Evoked Fields (SEF), but not Visual Evoked Fields (VEF), conduction 
times differ in children with Rolandic epilepsy and controls.
A) Children with Rolandic Epilepsy (RE) have delayed SEF median nerve N20 conduction 

time compared to controls (p=0.042) B) There is no evidence of a difference in VEF 

P100 conduction times across groups (p=0.8). Points indicate individual hemisphere 

measurements. For RE, bright red indicates the active RE and darker red indicates remission 

RE. Violin plots (Bechtold, 2016) indicate the density of conduction time values, the violin 

width represents the number of points at each value, the white represents the median value, 

and the darker shading indicates the interquartile range.
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Figure 3. Ventral thalamic volume is larger in Rolandic epilepsy and positively correlates with 
Somatosensory Evoked Fields (SEF) conduction time.
A) Children with Rolandic Epilepsy (RE) have a larger ventral thalamic volume than 

controls (p=0.037). Violin plots (Bechtold, 2016) indicate the density of conduction time 

values, the violin width represents the number of points at each value, the white dot 

represents the median value, and the darker shading indicates the interquartile range. B) 

The ipsilateral ventral thalamic volume correlates with N20 median nerve conduction time 

(p=0.023). Points indicate individual subjects (green: controls, red: RE). The black line 

(shaded gray region) indicates linear mixed effects model fit (95% confidence interval).
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Table 1.

Subject characteristics. RE: Rolandic Epilepsy; SEF: Somatosensory Evoked Fields; VEF: Visual Evoked 

Fields.

ID Group Age (years) Sex Duration Seizure Free 
(Months)

Anti-Seizure Medication Centrotemporal Spikes Experiment

1 RE 8.0 M 29 None Left, Bilateral SEF

2 RE 9.0 M 4 None Right, Bilateral SEF, VEF

3 RE 9.1 F 1 Keppra, Lamictal Left, Bilateral VEF

4 RE 9.1 M 0 None None SEF, SEF

5 RE 9.6 M 7 None None SEF, VEF

6 RE 9.8 M 0 Valproate; Vimpat Right, Bilateral SEF, VEF

7 RE 9.9 M 6 None Right, Bilateral SEF, VEF

8 RE 10.1 M 5 None Not available VEF

9 RE 10.4 M 26 Keppra Right, Bilateral SEF, VEF

10 RE 10.9 M 10 None Left, Bilateral SEF, VEF

11 RE 11.0 F 2 None Left, Bilateral SEF, VEF

12 RE 11.3 M 1 None Right, Bilateral VEF

13 RE 11.5 M 20 None Left, Bilateral SEF, VEF

14 RE 11.6 M 2 Keppra None SEF, VEF

15 RE 11.8 M 17 None Left SEF

16 RE 11.9 M 24 Keppra Right, Bilateral SEF, VEF

17 RE 12.8 M 18 Keppra Right, Bilateral SEF

18 RE 12.8 F 34 None None SEF, VEF

19 RE 13.3 M 26 Keppra Left SEF, VEF

20 RE 13.7 M 51 None Right, Bilateral SEF

21 RE 14.6 M 0 Onfi Left SEF, VEF

22 RE 14.7 M 0 Keppra Left, Bilateral SEF

23 RE 14.8 F 5 None Right, Bilateral VEF

24 RE 14.8 M 40 None None SEF, VEF

25 RE 14.9 M 38 None Left SEF, VEF
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ID Group Age (years) Sex Duration Seizure Free 
(Months)

Anti-Seizure Medication Centrotemporal Spikes Experiment

26 RE 16.9 M 26 None Left SEF, VEF

27 Control 8.0 M SEF

28 Control 8.7 M SEF

29 Control 9.0 F SEF, VEF

30 Control 9.4 F SEF

31 Control 9.4 M SEF

32 Control 10.5 F SEF, VEF

33 Control 10.9 M VEF

34 Control 11.5 M VEF

35 Control 12.2 F VEF

36 Control 12.9 F VEF

37 Control 12.9 F SEF, VEF

38 Control 13.4 F VEF

39 Control 13.6 F VEF

40 Control 14.0 F SEF

41 Control 14.2 F SEF, VEF

42 Control 14.3 M SEF, VEF

43 Control 14.3 F SEF, VEF

44 Control 14.4 M SEF, VEF

45 Control 15.1 M SEF, VEF
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Table 2.

Diffusion MRIbased Connectivity Measurements. PCG: Postcentral gyrus.

Group Connectivity Index

Whole Thalamus to PCG – Left

RE  0.040 ± 0.016

Control  0.033 ± 0.016

Whole Thalamus to PCG – Right

RE  0.042 ± 0.015

Control  0.024 ± 0.009

Ventral Thalamus to PCG – Left

RE  0.035 ± 0.012

Control  0.040 ± 0.023

Ventral Thalamus to PCG - Right

RE  0.037 ± 0.017

Control  0.028 ± 0.012
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