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Summary

Purpose—The white matter (WM) is considered critical for linking cortical processing networks 

necessary for cognition. The aim of this study was to assess diffusion tensor imaging (DTI) 

measures of regional WM in children with nonlesional localization-related epilepsy in comparison 

to controls, and to determine the relation between lobar WM and neuropsychological performance.

Methods—Forty children with nonlesional localization-related epilepsy and 25 healthy controls 

with no neurological or psychiatric disorders and normal magnetic resonance imaging (MRI) were 

recruited. All patients and controls underwent neuropsychological testing that evaluated 

intelligence, language, memory, executive function, and motor function, as well as DTI to assess 

regional WM measures of fractional anisotropy (FA) and mean diffusivity (MD). The regional FA 

and MD were compared between patients and controls, and correlated with neuropsychological 

function. The relations between regional FA and MD with age at seizure onset and duration of 

epilepsy were assessed.

Key Findings—Twenty-one patients had left-sided and 19 patients had right-sided epilepsy. 

There were no significant differences in seizure-related variables including age at seizure onset, 

duration of epilepsy, seizure frequency, and number of antiepileptic medications, as well as no 

significant differences in neuropsychological function and DTI measures of white matter in left-

sided compared to right-sided epilepsy. Therefore, all the patients with epilepsy were treated as 

one group. Patients with epilepsy performed significantly worse on intelligence (p < 0.001), 

language (p < 0.001), and executive function (p = 0.001) evaluation than controls. Patients had 

significantly reduced FA in left frontal (p = 0.015), right frontal (p = 0.004), left temporal (p = 

0.039), right temporal (p = 0.003), right parietal (p = 0.014), and right occipital (p = 0.025) WM 

relative to controls. There were no significant regional WM differences (all p > 0.05) in MD 

between patients and controls. There was a significant positive correlation between right temporal 

FA with language (r = 0.535, p < 0.001) and executive function (r = 0.617, p < 0.001), as well as 
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between body of corpus callosum FA with intelligence (r = 0.536, p < 0.001) and language (r = 

0.529, p < 0.001) in patients. Left parietal MD was significantly correlated with language (r = 

−0.545, p < 0.001) in patients. FA of right temporal WM was significantly associated with age at 

seizure onset (t = 4.97, p < 0.001).

Significance—There was widespread regional WM abnormality in children with nonlesional 

localization-related epilepsy, which was associated with impaired neuropsychological function. 

The impairment in WM may reflect disruption in the connectivity for cortical processing 

networks, which is necessary for the development of cognition.
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Neuropsychological impairment is an important comorbidity of epilepsy (Dodrill, 2004) and 

affects up to 82% of children with epilepsy (Cormack et al., 2007; Berg et al., 2008; Hoie et 

al., 2008). Intractable localization-related epilepsy of childhood onset can result in more 

generalized neuropsychological effects such as greater reduction of levels of intellectual 

function, memory, and executive function than would be expected from a focal epileptogenic 

process (Hermann et al., 2002). Although there are numerous publications on the detrimental 

effects of chronic intractable epilepsy on neuropsychological performance in children and 

adolescents (O’Leary et al., 1981, 1983), to date, there is no report on the structural 

correlates of neuropsychological deficits beyond brain volumetric assessment in children 

with epilepsy (Hermann et al., 2006).

White matter (WM) tracts are thought to play a crucial role in linking the different 

components of the cortical processing networks necessary for cognition (Mesulam, 1990). 

Hence, injury to the WM may lead to loss of “connectivity” between these cortical regions 

and therefore neuropsychological impairment (O’Sullivan et al., 2001). Along these lines, 

there is evidence to suggest that WM is vulnerable to seizure-related injury (Jorgensen et al., 

1980; Dwyer & Wasterlain, 1982). Therefore, impairment in WM integrity related to 

epilepsy may result in reduced neuropsychological function. The integrity of the WM can be 

assessed with diffusion tensor imaging (DTI).

Our hypotheses were first that nonlesional intractable localization-related epilepsy is 

characterized by diffuse bilateral WM changes, as manifested by reduced fractional 

anisotropy (FA) and elevated mean diffusivity (MD); and second, FA and MD demonstrate 

good correlation with neuropsychological performance. The aims of this study were to 

assess DTI measures of regional WM in children with nonlesional localization-related 

epilepsy compared to controls, and to assess the relation between lobar WM and 

neuropsychological performance.

Methods

Subjects

This study was approved by the Hospital for Sick Children’s research ethics board, and 

written informed consent was obtained from parents and assent from children. Children with 
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nonlesional localization-related epilepsy who were being worked up for epilepsy surgery 

were recruited into the study. Location of the epileptogenic zone was determined by ictal 

and interictal video–electroencephalography (EEG), magnetoencephalography (MEG), and 

fluorodeoxyglucose–positron emission tomography (FDG-PET) scan. All patients had 

normal 3T magnetic resonance imaging (MRI) with high-resolution epilepsy protocol. The 

control group consisted of healthy subjects with no neurologic or psychiatric disorders and 

were recruited through institutional website and poster publication. All control subjects had 

normal MRI.

Neuropsychological assessment

A comprehensive test battery assessing five domains including intelligence, language, 

memory, executive function, and motor function were carried out in patients and controls. 

Table 1 shows the details of the tests and the ability tested. A generalized 

neuropsychological impairment has been reported in localization-related epilepsy of 

childhood onset (Hermann et al., 2002). Therefore, the assessment targeted these multiple 

domains rather than focused on selected functions. These tests have been shown to be 

sensitive to cognitive deficits among children with newly diagnosed epilepsy and normal 

MRI scans (Hermann et al., 2008), and in children with medically refractory epilepsy (Smith 

et al., 2002). The tests selected allow for administration of materials across the age range 

included in the study.

MRI and DTI

MRI was performed on Philips 3T scanner (Achieva, Philips Medical System, Best, The 

Netherlands) using an 8-channel phased array head coil in all patients and controls. The 

imaging in patients consisted of axial and coronal fluid-attenuated inversion recovery 

(FLAIR) (repetition time/echo time [TR/TE] = 10,000/140 msec, slice thickness = 3 mm, 

field of view [FOV] = 22 cm, matrix = 316 × 290), T2 and PD (TR/TE = 4,200/80/40 msec, 

slice thickness = 3 mm, FOV = 22 cm, matrix = 400 × 272), volumetric three-dimensional 

(3D) T1 (TR/TE = 4.9/2.3 msec, slice thickness = 1 mm, FOV = 22 cm, matrix = 220 × 220) 

and DTI (TR/TE = 10,000/60 msec, slice thickness = 2 mm, field of view = 22 cm, matrix = 

112 × 112, number of excitation = 1, sensitivity encoding factor of 2, b = 1,000 s/mm2, 32 

noncollinear directions). The imaging in controls included axial FLAIR, T2 and PD, 

volumetric 3D T1 and DTI, using the same parameters as those for patients.

DTI images were processed using the functional MRI brain (FMRIB) Software Library 

(FSL), version 4.1 (www.fmrib.ox.ac.uk/fsl; Smith et al., 2004). Briefly, raw DTI images 

were corrected for eddy current distortions (Jenkinson & Smith, 2001); then a diffusion 

tensor model was fitted to the data at each voxel (Behrens et al., 2003). Measurements of FA 

and MD were calculated. Each child’s T1-weighted image was classified into gray matter 

(GM), WM, and cerebrospinal fluid (CSF) using a priori child probability map (Wilke et al., 

2003) and an automated tissue segmentation algorithm (FSL-FMRIB’s Automated 

Segmentation Tool [FSL-FAST] [Zhang et al., 2001]). Next, the T1-weighted scans were 

transformed into DTI space using a series of linear and nonlinear algorithms (Woods et al., 

1998a,b) to allow region of interest (ROI) analysis using a predefined anatomic template 

(Kabani et al., 2002). The template, modified by Mabbott et al. (2009), consisting of 
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bilateral frontal, temporal, parietal, and occipital lobes, was applied to each subject’s WM 

segmentation via affine registration (Woods et al., 1998a,b), which was then transformed 

into DTI space (Fig. 1). In addition to hemispheric lobar data, the corpus callosum was 

manually traced using Analyze 10.0 (Biomedical Imaging Resource; Mayo Clinic, 

Rochester, MN, U.S.A.). Each subjects’ high-resolution T1 was transformed into stereotaxic 

space, and the midsagittal slice was identified. Next, the corpus callosum was manually 

traced in the sagittal plane and subdivided into three equal parts denoting the genu, body and 

splenium. FA and MD were calculated for each ROI.

Statistical analysis

Statistical analysis was done using SAS version 9.3 (SAS Institute Inc, Cary, NC, U.S.A.). 

The baseline characteristics of right localization-related epilepsy compared to left 

localization-related epilepsy patients, and all patients with epilepsy compared to controls 

were done using t-tests for continuous data, and chi-square test for nominal data.

The raw neuropsychological test scores were first converted to z-scores, and a composite 

score for each of the five neuropsychological domains was then computed using principal 

component analysis. This data reduction process served to reduce the number of 

comparisons and therefore reduced type I error. The composite scores of neuropsychological 

domains of patients with left-sided epilepsy were compared with those with right-sided 

epilepsy using t-tests. If there were no differences in the scores between these patients, then 

the scores of all patients would be compared to controls using t-tests. A subgroup analysis of 

patients with frontal lobe epilepsy (FLE) was done by comparing the composite scores of 

these patients to those of controls using t-tests; the FLE sample was the only patient 

subgroup large enough to permit these comparisons.

The FA and MD of regional WM (frontal, temporal, parietal, occipital, and corpus callosum) 

were compared between patients with right-sided and left-sided epilepsy using multivariate 

analysis of variance (MANOVA). If there were no differences in the DTI measures of WM 

between right-sided and left-sided epilepsy, then the FA and MD of regional WM of all 

patients would be compared to controls using MANOVAs. MANOVAs were also used for 

subgroup analyses of FA and MD of regional WM comparing FLE patients and controls.

The FA and MD of regional WM were then correlated with neuropsychological function 

using Pearson correlation, with p < 0.001 considered as statistically significant. Correlations 

of the mean FA and MD of regional WM with neuropsychological function were also 

conducted in the subgroup with FLE. The FA and MD of lobar WM were regressed against 

clinical seizure parameters (age of seizure onset and duration of epilepsy). A p < 0.001 was 

considered statistically significant.

Results

Forty children with nonlesional localization-related epilepsy and 25 healthy controls were 

recruited. The mean age of patients was 13.5 years (range 7.0–17.4 years; standard deviation 

[SD] 2.9) and the mean age of controls was 14.2 years (range 8.7–18.7 years; SD 2.7; Table 

2). There was no significant difference between the age of the patients and controls (p = 
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0.299). The mean age of seizure onset was 8.1 years (SD 3.8), mean duration of epilepsy 

was 5.2 years (SD 3.2), mean number of seizures per week was 12.2 (SD 22.4), and mean 

number of antiepileptic drugs was 2.2 (SD 0.7). Twenty-one patients had seizures arising 

from the left hemisphere: 11 in the left frontal lobe, 6 in the left temporal lobe, and 4 were 

multilobar. Nineteen patients had seizures arising from the right hemisphere: 11 in right 

frontal lobe, 3 in the right temporal lobe, 1 in the right parietal lobe, and 4 were multilobar. 

There were no significant differences in age, sex, mean age of seizure onset, duration of 

epilepsy, seizure frequency, and number of antiepileptic drugs between patients with right-

sided and left-sided epilepsy (all p > 0.05).

Neuropsychological Tests

The mean raw test scores for patients and controls are shown in Table 3. Patients performed 

significantly worse on measures of intelligence, language, executive function, and the 

psychomotor speed component of motor function. There were no significant differences 

between patients and controls on all raw test scores of memory and speeded fine motor 

dexterity (p > 0.05).

Principal component analysis explained 0.897 of the variation in intelligence domain, 0.913 

of the variation in language domain, 0.714 of the variation in memory domain, 0.630 of the 

variance in executive function domain, and 0.737 of the variation in motor domain (Table 

S1).

There were no significant differences in intelligence (p = 0.717), language (p = 0.581), 

executive function (p = 0.641), memory (p = 0.885), and motor function (p = 0.493) between 

patients with right- and left-sided epilepsy. Overall patients performed significantly worse 

than controls on intelligence (p < 0.001), language (p < 0.001), and executive function (p = 

0.001; Fig. 2). There was a trend for poorer performance in motor function (p = 0.018) in 

patients relative to controls. There was no significant difference in memory performance (p 

= 0.073) in patients relative to controls. Subgroup analysis showed FLE patients performed 

significantly worse than controls on intelligence (p < 0.001), language (p < 0.001), and 

executive function (p < 0.001), and a trend for poorer performance in memory (p = 0.044) 

and motor function (p = 0.025).

Diffusion tensor imaging

There were no significant differences in overall FA (F = 0.415, p = 0.936), and also no 

significant regional differences in FA (all p > 0.05) between patients with right-and left-

sided epilepsy. There were significant group differences in FA between all patients and 

controls (F = 2.03, p = 0.037). Patients with epilepsy had significantly reduced FA in the left 

frontal (p = 0.015), right frontal (p = 0.004), left temporal (p = 0.039), right temporal (p = 

0.003), right parietal (p = 0.014), and right occipital (p = 0.025) WM relative to controls 

(Fig. S1). There were no significant differences in FA in the left parietal and left occipital 

WM, genu, body, and splenium of corpus callosum in patients relative to controls. There 

were no significant overall group differences (F = 1.27, p = 0.261), and also no significant 

regional differences (all p > 0.05) in MD between patients and controls (Fig. S2).

Widjaja et al. Page 5

Epilepsia. Author manuscript; available in PMC 2013 December 18.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



In the subgroup with FLE, there was no significant overall difference in FA between patients 

and controls (F = 1.99, p = 0.0610), but FLE patients had significant reduction in FA in the 

left frontal (p = 0.028), right frontal (p = 0.009), right temporal (p = 0.029), right parietal (p 

= 0.009), genu (p = 0.012), body (p = 0.009), and splenium of corpus callosum (p = 0.044). 

There were no significant overall differences (F = 1.03, p = 0.444) or regional differences in 

MD between FLE patients and controls (all p > 0.05).

Relation between DTI parameters and neuropsychological domains

There was a significant positive correlation between right temporal FA and language (r = 

0.535, p < 0.001) and executive function (r = 0.617, p < 0.001), as well as between the body 

of corpus callosum FA and intelligence (r = 0.536, p < 0.001) and language (r = 0.529, p < 

0.001) in patients (Table S2). There were weaker correlations between right and left frontal, 

left temporal, right parietal, body of corpus callosum FA, and executive function (r = 0.500–

0.542, all p value between 0.001 and 0.005), as well as between right temporal FA and 

intelligence (r = 0.465, p < 0.005) in patients. In the subgroup with FLE, there was a weak 

positive correlation between body of corpus callosum FA and executive function (r = 0.660, 

p = 0.004).

There was a significant negative correlation between left parietal MD and language (r = 

−0.545, p < 0.001) in patients. There was a weaker negative correlation between left parietal 

MD and intelligence (r = −0.478, p = 0.003); as well as between right and left frontal and 

temporal MD, right parietal MD, and language (r = −0.485 to −0.496, all p-value between 

0.001 and 0.005) in patients. In the subgroup with FLE, there was a weak negative 

correlation between left frontal MD (r = −0.640, p = 0.002), left temporal MD (r = −0.667, p 

= 0.001), left parietal MD (r = −0.617, p = 0.003), and language.

There was a weak correlation between right parietal FA and language (r = 0.540, p = 0.004) 

in controls. There was no significant correlation between either lobar FA or MD with 

neuropsychological function in controls.

Relation between DTI and clinical seizure parameters

There was a significant relation between FA of right temporal WM with age at seizure onset 

(t = 4.97, p < 0.001). The relations between FA of left frontal (t = 3.27, p = 0.002), right 

frontal (t = 3.40, p = 0.002), left temporal (t = 3.21, p = 0.003), left parietal (t = 3.225, p = 

0.003), and right parietal (t = 3.053, p = 0.004) WM and body of corpus callosum (t = 3.378, 

p = 0.002) with age at seizure onset were weak. There was a weak relation between FA of 

right temporal WM (t = 3.593, p = 0.001) and body of corpus callosum (t = 3.246, p = 

0.003) with duration of epilepsy. Similarly, the relations between MD of left frontal (t = 

−3.504, p = 0.001), right frontal (t = −3.309, p = 0.002), right temporal (t = −3.245, p = 

0.003), left parietal (t = −3.577, p = 0.001), right parietal (t = −2.895, p = 0.006), and right 

occipital (t = −2.814, p = 0.008) WM with age at seizure onset were also weak. No relation 

was detected between lobar MD and duration of epilepsy (all p > 0.05).
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Discussion

We found that patients with nonlesional localization-related epilepsy performed worse than 

healthy subjects in multiple domains of neuropsychological performance including 

intelligence, language, and executive function. Patients had reduced FA in multiple lobes 

including bilateral frontal, bilateral temporal, right parietal, and right occipital WM relative 

to healthy controls. There was a significant correlation between reduced right temporal FA 

and impaired language and executive function, as well as between reduced body of corpus 

callosum FA and decreased intelligence and language in patients. Although there was no 

significant difference in MD between patients and controls, there was a significant 

correlation between elevated left parietal MD and impaired language in patients. Neither FA 

nor MD was correlated with neuropsychological function in controls.

Considerable neuropsychological impairment has been reported in children and adolescents 

with chronic epilepsy (Farwell et al., 1985; Schoenfeld et al., 1999; Smith et al., 2002; 

Germano et al., 2005). Impairment in a wide range of cognitive functions including 

intelligence, language, attention, executive function, and psychomotor speed was also 

evident in children with newly diagnosed epilepsy (Oostrom et al., 2003; Hermann et al., 

2006), including children with localization-related epilepsy (Oostrom et al., 2003; Hermann 

et al., 2006). Childhood-onset localization-related epilepsy has been associated with more 

generalized cognitive effects than would be expected from a focal epileptogenic process 

(Hermann et al., 1997; Oyegbile et al., 2004a, b). A wide range of cognitive deficits 

including intelligence, language, executive function, and memory has been reported in 

childhood-onset temporal lobe epilepsy compared to more specific deficits seen in adult-

onset temporal lobe epilepsy (Hermann et al., 2002). We have found similar findings in that, 

relative to controls, children with localization-related epilepsy have widespread cognitive 

impairment involving intelligence, language, and executive function, including the subgroup 

with FLE.

We found widespread abnormal WM in both cerebral hemispheres in children with 

localization-related epilepsy, including the subgroup with FLE. The WM may be vulnerable 

to seizure-related changes in the pediatric brain. Dwyer and Wasterlain (1982) have 

examined the effects of electro-convulsive-induced seizures in rats at different 

developmental stages. They reported that seizures occurring early in development selectively 

impaired myelin accumulation out of proportion to their overall effect on brain growth. 

Hermann et al. (2002) examined patients with childhood-onset chronic temporal lobe 

epilepsy and found greater reduction in WM volume compared to GM volume. During 

normal development in children and adolescents, there are greater age-related linear 

increases in WM volumes compared to GM volumes as demonstrated by in vivo quantitative 

MR (Pfefferbaum et al., 1994; Giedd et al., 1996; Courchesne et al., 2000; De Bellis et al., 

2001; Paus et al., 2001). The rapid growth of the WM in childhood may predispose the WM 

to seizure-related changes.

The widespread WM changes in patients with localization-related epilepsy may be related to 

spread of seizures. The kainate model of epilepsy in rats has shown widespread DTI 

abnormalities (Sierra et al., 2011), involving dorsal endopiriform nucleus, external capsule, 
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corpus callosum, dentate gyrus, thalamus, optic tract, horizontal limb of the diagonal band, 

stria medullaris, habenula, entorhinal cortex, and superior colliculus. Histology targeted to 

the abnormal FA showed altered myelination, neurodegeneration, and/or calcification of the 

tissue. DTI abnormalities have also been reported outside the hippocampus in temporal lobe 

epilepsy, including the internal capsule, external capsule, corpus callosum, fornix, and 

cingulum (Arfanakis et al., 2002; Concha et al., 2005; Thivard et al., 2005; Gross et al., 

2006; Focke et al., 2008). These findings appear to implicate a larger dysfunctional network, 

reaching well beyond the seizure focus in chronic unilateral epilepsy (Thivard et al., 2005; 

Nilsson et al., 2008). The treatment implication of the widespread WM impairment remains 

to be elucidated. Further study is needed to clarify if this widespread impairment in WM is 

predictive of poor neuropsychological outcome following epilepsy surgery.

Previous studies in adults with epilepsy have found a relation between impaired WM 

integrity and neuropsychological function. In one study of temporal lobe epilepsy, 

tractography of the parahippocampal gyrus demonstrated that reduced FA in left 

parahippocampal gyrus, and FA in the left and right parahippocampal gyri correlated with 

verbal and nonverbal memory, respectively (Yogarajah et al., 2008). McDonald et al. (2008) 

found that reduced FA and elevated MD of multiple fiber tracts (including uncinate 

fasciculus, arcuate fasciculus, parahippocampal cingulum, and inferior frontooccipital 

fasciculus) were related to verbal memory and naming performances but not with nonverbal 

memory or fluency. Diehl et al. (2008) evaluated the uncinate fasciculus of patients with 

temporal lobe epilepsy and found reduced FA of right uncinate fasciculus was correlated 

with visual delayed memory, whereas MD of left uncinate fasciculus was negatively 

correlated with auditory immediate and delayed memory. O’Muircheartaigh et al. (2011) 

found that reduced FA in the WM of supplementary motor area predicted word naming tasks 

and expression scores, and reduced FA in posterior cingulate predicted cognitive inhibitions 

scores on mental flexibility task in adults with juvenile myoclonic epilepsy. A more recent 

study in adults with nonlesional localization-related epilepsy found that IQ and cognitive 

impairment were strongly associated with clustering and path lengths as assessed using WM 

connectivity network (Vaessen et al., 2012). To our knowledge, the present study is the first 

to assess the relation between WM integrity in children with nonlesional localization-related 

epilepsy and neuropsychological function. Children with nonlesional localization-related 

epilepsy demonstrated a significant correlation between reduced right temporal FA and 

impaired language and executive function, between reduced body of corpus callosum FA 

and decreased intelligence and language, and between elevated left parietal MD and 

impaired language. The impaired WM integrity did not appear to be tightly linked to specific 

cognitive abilities, for instance poor language function was related to impaired WM integrity 

in right temporal, body of corpus callosum, and right parietal WM. This may be related to 

using lobar WM rather than specific white matter tracts, and using composite scores of 

neuropsychological function rather than specific neuropsychological abilities. The 

association between impaired language and reduced right temporal FA could be related to 

the role of the right anterior temporal lobe in language. Early in life, both left and right 

hemispheres contribute to language processing, with an increase in left hemisphere 

contribution with increasing age (Holland et al., 2001; Brown et al., 2005; Ressel et al., 

2008; Kadis et al., 2011). It may be that the disturbance in networks for language processing 
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in children with epilepsy alters the timing or degree of the contribution of right hemisphere 

structures for language. There is also evidence that the right temporal lobe plays a role in 

certain aspects of language such as semantic processing, object naming (Lambon Ralph et 

al., 2001), and language comprehension (Crinion & Price, 2005).

The severity of abnormal WM was related to age at seizure onset, with greater reduction in 

FA associated with earlier age at seizure onset. Riley et al. (2010) have also found that lower 

FA in the posterior corpus callosum was significantly correlated to earlier age at seizure 

onset but not epilepsy duration. In addition, animal studies have demonstrated repeated 

electroconvulsive-induced seizures in the immature rat resulted in reduced brain growth, an 

effect found to be dependent on the developmental stage of the animals when seizures were 

induced, being more severe when seizures occurred at younger ages (Wasterlain & Plum, 

1973; Jorgensen et al., 1980). These data suggest that the immature brain may be more 

susceptible to changes related to recurrent seizures. The relation between abnormal WM and 

duration of epilepsy was weaker.

We have examined children with a variety of seizures. The heterogeneity in the seizure 

semiology of our patient population reflects the heterogeneity of the clinical population of 

pediatric patients being evaluated for epilepsy surgery. However, within our patient 

population, there was a greater predominance of FLE; hence, the subgroup analyses were 

conducted. We found that patients with FLE have widespread reduced FA involving the 

frontal and extrafrontal WM, including bilateral frontal, right temporal, right parietal, and 

genu, body, and splenium of corpus callosum. We also found a trend for correlation between 

FA of the body of corpus callosum and executive function, and between MD of the left 

frontal, left temporal, and left parietal WM with language in patients with FLE. These 

findings confirm that there are widespread effects of a focal epileptogenic process on 

structural and cognitive function in pediatric epilepsy.

In summary, we found widespread abnormal WM in children with nonlesional localization-

related epilepsy, which was associated with impaired neuropsychological function. Impaired 

WM integrity may be related to the direct effect of seizures. Alternatively, the data may 

reflect an underlying structural abnormality that is responsible for both the seizures and the 

neuropsychological deficits, or a combination of these factors. The impairment in WM 

integrity observed in our cohort of children with nonlesional localization-related epilepsy 

may reflect disruption in the connectivity for cortical processing networks, which is 

necessary for the development of cognition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Illustration of regional white matter mask overlaid on fractional anisotropy map. Blue, 

temporal white matter; red, frontal white matter; green, parietal white matter; yellow, 

occipital white matter.
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Figure 2. 
Bar chart showing mean composite scores of intelligence, language, memory, executive 

function, and motor function of patients and controls. Whiskers show 95% confidence 

interval of the composite scores.
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Table 1

Neuropsychological tests, ability tested, and domain

Domain Ability Tests

Intelligence Verbal Wechsler Abbreviated Scale of Intelligence (VIQ)

Nonverbal Wechsler Abbreviated Scale of Intelligence (PIQ)

Language Confrontation naming Boston Naming Test

Expressive naming Expressive Vocabulary Test-2

Receptive language Peabody Picture Vocabulary Test-IV

Memory Verbal memory Children’s Auditory Verbal Learning Test-II: Word list immediate recall

Children’s Auditory Verbal Learning Test-II: Word list delayed recall

Nonverbal memory Children’s Memory Scale (Face recognition immediate recall)

Children’s Memory Scale (Face recognition delayed recall)

Executive function Divided attention Delis–Kaplan Executive Function System (Verbal fluency – Category switching 
accuracy)

Response inhibition Delis–Kaplan Executive Function System (Color-word interference test – inhibition; 
seconds)

Problem Solving Delis–Kaplan Executive Function System (Sorting test – confirmed correct sorts)

Mental flexibility Delis–Kaplan Executive Function System (Trail Making Test; seconds)

Generative naming Delis–Kaplan Executive Function System (verbal fluency)

Inattentiveness Conners’ Continuous Performance Test-II (omission errors)

Motor function Speeded fine motor dexterity Grooved Pegboard (seconds)

Psychomotor speed Wechsler Intelligence Scale for Children-IV (Coding)
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Table 2

Characteristics of patients and controls

Left epilepsy (n = 21) Right epilepsy (n = 19) Controls (n = 25)

Mean age (years) (SD) 13.4 (2.8) 13.5 (3.0) 14.2 (2.7)

Sex (M:F) 11:10  6:13 14:11

Mean age at seizure onset (years) (SD)  7.7 (3.4)  8.6 (4.2)

Mean duration of epilepsy (years) (SD)  5.4 (3.5)  4.8 (2.9)

Mean seizure frequency per week (SD) 11.6 (17.7) 12.7 (27.1)

Mean number of medications (SD)  2.2 (0.7)  2.1 (0.7)

Location of epilepsy L frontal (11); L temporal (6); R frontal (11); R temporal (3);

 L frontotemporal (3);  R frontotemporal (1); R parietal (1);

 L frontoparietal (1)  R parietooccipital (1); R hemisphere (2)

SD, standard deviation.
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Table 3

Raw scores for neuropsychological tests

Domain Tests

Patients (n = 40) Controls (n = 25)

p-ValueMean (SD) Mean (SD)

Intelligence Wechsler Abbreviated Scale of Intelligence (VIQ) 41.0 (12.4) 55.0 (7.8) <0.001

Wechsler Abbreviated Scale of Intelligence (PIQ) 21.4 (7.7) 26.9 (3.8) <0.001

Language Boston Naming Test 43.0 (7.9) 49.3 (6.9) 0.002

Expressive Vocabulary Test-2 122.7 (22.1) 147.6 (22.8) <0.001

Peabody Picture Vocabulary Test –IV 167.4 (22.2) 191.7 (20.4) 0.001

Memory Children’s Auditory Verbal Learning Test-II: Word list immediate 
recall

10.4 (3.4) 11.4 (2.8) 0.188

Children’s Auditory Verbal Learning Test-II: Word list delayed 
recall

10.0 (3.9) 11.4 (2.8) 0.115

Children’s Memory Scale (Face recognition immediate recall) 36.2 (5.9) 38.2 (4.5) 0.149

Children’s Memory Scale (Face recognition delayed recall) 34.8 (5.7) 37.4 (5.5) 0.082

Executive function Delis–Kaplan Executive Function System (Verbal fluency – 
Category switching accuracy)

10.7 (3.4) 13.4 (3.3) 0.003

Delis–Kaplan Executive Function System (Color-word interference 
test – inhibition; seconds)

76.8 (36.6) 59.0 (18.0) 0.010

Delis–Kaplan Executive Function System (Sorting test – confirmed 
correct sorts)

8.0 (2.3) 9.7 (1.8) 0.003

Delis–Kaplan Executive Function System (verbal fluency) 26.5 (13.1) 38.3 (10.8) <0.001

Conners’ Continuous Performance Test-II (omission errors) 21.2 (23.2) 7.0 (7.7) 0.002

Motor function Grooved Pegboard – dominant hand (seconds) 84.6 (63.6) 65.2 (12.1) 0.138

Grooved Pegboard – nondominant hand (seconds) 98.9 (76.0) 70.0 (14.7) 0.065

Wechsler Intelligence Scale for Children-IV (Coding) 46.5 (17.7) 64.4 (20.7) <0.001

SD, standard deviation.
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