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Abstract

Objective To study brain abnormalities, in terms of non-
Gaussian water diffusion properties using diffusional kurto-
sis imaging (DKI) in children with electroencephalography
(EEG) confirmed epilepsy lateralized to both hemispheres.
Methods A total of 15 children with epileptiform waves
on EEG in both hemispheres and 18 children as normal
controls (NC) matched for age and sex were recruited.

The first two authors contributed equally to this work.

Y. Li (<) - Y. Zhang - Y. Gao

Department of Radiology, Xin Hua Hospital Affiliated
to Shanghai Jiaotong University School of Medicine,
1665 Kong Jiang Road, 200092 Shanghai, P. R. China
e-mail: liyuhual0@sina.com

Y. Zhang
e-mail: zhangyuzhen7@hotmail.com

Y. Gao
e-mail: gaoandyu@hotmail.com

X.Yan - D. Xu

Key Laboratory of Brain Functional Genomics, Key Laboratory
of Magnetic Resonance, East China Normal University,

200062 Shanghai, China

e-mail: maxwell4444@hotmail.com

D. Xu

MRI Unit, Columbia University Department of Psychiatry,
& New York State Psychiatric Institute, NYSPI Unit 74,
1051 Riverside Drive, New York 10032, USA

e-mail: xud@nyspi.columbia.edu

J. Wu

Department of Pediatrics, Xin Hua Hospital Affiliated
to Shanghai Jiaotong University School of Medicine,
200092 Shanghai, P. R. China

e-mail: wujie_xhyy@hotmail.com

Data from DKI for all children were used to characterize
non-Gaussian properties. Fractional anisotropy (FA), mean
diffusivity (MD), and mean kurtosis (MK) maps were esti-
mated from the DKI datasets. Voxel-based analyses (VBA)
based on these measures were performed and compared
between the epilepsy and NC groups.

Results The VBA showed abnormal regions in both white
matter (WM) and gray matter (GM) in those with epilepsy.
Analysis of FA values revealed that the abnormal regions
were significant mainly in the left frontal and temporal
lobes of the WM. Analysis of MD values revealed that dif-
ferences were significant mainly in the right hemisphere
of the limbic lobe, uncus, parahippocampal region, both
in GM and WM of frontal and temporal lobes, and GM
of the rectus of the left cerebrum. Finally, analysis of MK
values revealed significant differences mainly in WM of
the frontal lobes of both cerebrum, and GM and WM of
the parietal lobe of the right cerebrum.

Conclusions These preliminary results suggest that DKI is
sensitive for the characterization of diffusion abnormalities
in both WM and GM of children with epilepsy.
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Introduction

Epilepsy is the second commonest neurological disease
worldwide across all ages. The preferred diagnostic test is
electroencephalography (EEG). Idiopathic epilepsy is the
most frequent type in children, and constitutes those who do
not demonstrate significant structural changes on conven-
tional magnetic resonance image (MRI).
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Diffusion-weighted MRI is a powerful tool for assessing
tissue microstructure. Conventional MRI methods, such as
diffusion tensor imaging (DTI) measure the diffusion prop-
erties of water molecules with the assumption that diffu-
sion occurs in an unrestricted environment with a Gaussian
probability distribution. In biological tissues, the cellular
microarchitecture restricts water movement, causing the
diffusion displacement probability distribution to deviate
substantially from a Gaussian form. Diffusional kurtosis
imaging (DKI) has been proposed as a new technique for
characterizing non-Gaussian diffusion components, in addi-
tion to Gaussian components, and is increasingly used in
human brain studies. Recent research has demonstrated that
DKI is a more comprehensive model than DTI in terms
of describing the complex properties of water diffusion in
vivo [1-3]. The DKI model estimates diffusion and kurtosis
coefficients, while DTT only provides diffusion coefficients.
The kurtosis value has been shown to provide additional
information compared to DTI, which reflects the complexity
of brain microstructure [2, 4—7]. Thus, DKI can potentially
improve the sensitivity and specificity of the characteriza-
tion of neural tissue abnormalities. Moreover, the kurtosis
coefficient provides information on microstructural integ-
rity in both GM and WM, and can handle the situation of
crossing fibers [2].

To our knowledge, only a few studies have reported the
use of DKI in children with idiopathic epilepsy. Given the
sensitivity of diffusion kurtosis to changes in tissue micro-
structure and possibly edema, replacement of axons with
glial cells and astrocyte proliferation may all be associated
with damage caused by seizure activity. We hypothesize that
DKI may play an important role in detecting a significant
difference in non-Gaussian water diffusion in GM and WM
changes in epilepsy. To test this hypothesis, we investi-
gated the value of diffusional kurtosis by studying diffusion
abnormalities in children with epilepsy and comparing the
results with those of normal controls (NC). We performed
whole-brain voxel-based analyses, as all 15 cases of epi-
lepsy had abnormal EEG signals.

Material and Methods
Participants

The study was approved by the Research Ethics Board in
our hospital, and consent forms were signed by custodians
of all children. The criteria of the case group for recruitment
of children with epilepsy were: (1) clinically diagnosed epi-
lepsy; (2) epileptiform activity localized to both sides of the
hemispheres on EEG examination; (3) no other neurological
disorders; and (4) no febrile seizures. A total of 18 age- and
sex-matched children were recruited as normal controls.
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Additional inclusion criteria for the NC group were: (1) no
record of a neurological disorder or brain injury; (2) normal
hearing, vision and movement; and (3) normal conventional
MRI findings.

The data included 15 patients (eight girls and seven boys)
in the case group, and 18 healthy children in the NC group
(ten girls and eight boys). The children were 3—11.9 years
old in the case group with mean age of 6.88+3.13 years,
and 4.1-9.3 years old in the NC group with mean age of
6.4111.41 years. All subjects in both the groups were con-
secutively recruited between September 2009 and August
2011.

MRI Acquisition

Children who cannot fall asleep naturally were given 10 %
chloralhydrate 0.5 ml/kg, oral administration for sedation
before MRI scan. Nine children in case group and eight
children in the NC group were given 10% chloralhydrate
0.5 ml/kg orally, in the study.

The MRI acquisitions were performed on a 3.0-T MRI
scanner (Signa, General Electric Medical Systems, Milwau-
kee, WI). Both DWI images with three b-values (0, 1,250,
and 2,500 s/mm?) and diffusion encoding vectors along
25 nonparallel directions for each nonzero b-value were
acquired. The spin-echo echo-planar imaging sequence was
used to acquire DWI images with the following param-
eters: TR/TE 14,000/76.9 ms, number of averages 1, slice
thickness 2.5 mm, field of view (FOV) 24x16.8 cm?, data
matrix 96 x 96, imaging time 12 min and 8 s. Whole-brain
T1-weighted magnetization-prepared rapid gradient echo
(MPRAGE) images were acquired with: TTof450 ms, TR/TE
0f713/2.2 ms, flip angle 15°, one NEX, FOV 0f 24 x24 cm?,
slice thickness 1 mm, 320x256 matrix, in approximately
3 min and 50 s. In addition, T2-weighted images were
acquired for all children using a FLAIR sequence with the
following parameters: TR/TE 8,002/153.9 ms, one NEX,
slice thickness 5 mm, 18 slices, FOV 24 x24 c¢m?, 320x 192
matrix, imaging time of approximately 1 min and 40 s. Sag-
ittal fast spin-echo (FSE) images were acquired with: TR/
TE of 2,560/116.6 ms, two NEX, FOV of 24 x24 cm?, slice
thickness 3 mm, 384 X224 matrix, in approximately 1 min
and 15 s.

Data Analysis
Preprocessing

For all DWI images, we first corrected raw DWI data dis-
tortion induced by eddy current using the “eddy correct”
tool in FSL, and removed nonbrain tissue using the BET
tool (FSL). The apparent diffusion coefficient (ADC) and
the apparent kurtosis coefficient (AKC) along each gradient
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direction were estimated using the DWI data. Both MD and
MK were subsequently calculated by averaging the ADC
and the AKC along these directions. A diffusion tensor was
then reconstructed at each voxel, and a fractional anisotropy
(FA) map was estimated for each dataset. All estimations of
DKI parameters were implemented using a software devel-
oped in-house.

Normalization

As suggested by Wilke et al. [8], attention needs to be paid
to the spatial normalization of data from children, because
of differences in size, composition, and shape between pedi-
atric and adult brains. Thus, a pediatric template should be
used instead of a conventional template in order to mini-
mize the amount of deformation that can occur during
spatial normalization and any possible errors. We created
a subject-specific template using baseline DWI data (S0).
The procedure consisted of three steps: (1) the creation of
a template matched for age, of GM, WM, and cerebrospi-
nal fluid (CSF) using the Template-O-Matic (TOM) tool-
box [9] (http://dbm.neuro.uni-jena.de/software/tom/) The
toolbox was developed from an NIH study of normal brain
development [10], which arose from the structural data of
404 participants aged between 4.75 and 18.58 years, and
it can generate high quality templates of T1-weighted data
and tissue probability density for ages between 5 and 18;
(2) normalization of the SO images of all controls to the
initial template using the unified segment method (SPM),
which provides a probabilistic framework to combine image
registration, tissue classification, and bias correction into a
generative model [11]; and (3) averaging the normalized SO
images, smoothing the average with an 8 mm (full width at
half maximum (FWHM)) Gaussian kernel, and thus obtain-
ing our subject specific SO template.

The SO images of all participants were then nonlinearly
registered to this template, using the normalizing tool in
SPM, and the resulting deformation fields were applied to
their corresponding FA, MD, and MK maps. Finally, all
normalized parameter maps were smoothed with an 8 mm
FWHM Gaussian kernel.

Statistical Analysis

We performed a voxel-based analysis for the entire brain
on normalized and smoothed FA, MD, and MK maps. We
applied a two-sample ¢ test for group analysis between the
15 patients and the 18 healthy children in the NC. Contigu-
ous voxels with a p-value <0.001 (uncorrected) and clus-
ter size >100 were adopted to retain significant differences
between the patient and NC groups.

Results

The data included 15 patients (eight girls and seven boys)
in the case group, and 18 healthy children in the NC group.
Characteristics of the 15 children with interictal epilepti-
form discharges (IED) located in bilateral hemispheres (No.
2-4, 6-8, 10, and No. 13, n=8), bilateral frontal lobes (No.
5 and No. 11, n=2), bilateral temporal lobes (No. 1 and No.
9, n=2), bilateral occipital lobes (No. 14, n=1), bilateral
frontal-occipital areas (No. 12 and No. 15, n=2) can be seen
in Table 1. There was no significant difference in average
age between the case group (6.88+3.13 years) and the NC
group (6.41£1.41 years), p=0.5983. The demographics and
clinical characteristics of the epilepsy cases are shown in
Table 1.

MRI findings in axial MPRAGE, T2W FLAIR and sagit-
tal FSE sequences included a small lacunar focus in the left
frontal lobe in patients No. 6, No. 11, No. 12, and in the
frontal lobes bilaterally in patient No. 5. The other cases had
normal conventional MRI findings.

Differences in FA regions between the two groups
occurred mainly in the left cerebrum, WM and GM of the
frontal and temporal lobes, the rectus, the frontal superior
inferior orbital area, the caudate, the frontal gyrus, and the
subcallosal gyrus. These differences can be seen in Table 2
and in Fig. la—c.

Differences in MD regions between the two groups
occurred primarily in the cerebrum bilaterally, WM and GM
of the limbic lobes, the uncus, the left frontal lobe, the rec-
tus, the right temporal lobe, the parahippocampal area, and
the rectus. These differences can be seen in Table 3 and in
Fig. 2a—c.

Differences in MK regions between the two groups
occurred mainly in both cerebral hemispheres, and several
WM and GM regions of the frontal and parietal lobes. These
differences can be seen in Table 4 and in Fig. 3a—c.

Discussion

Diffusion tensor imaging has been shown to provide unique
structural information for the characterization of tissue
microanatomy that cannot be achieved noninvasively or
with other modalities. As a technique, DTI describes the
process of tissue water diffusion using a second-order three-
dimensional (3D) diffusivity tensor. Standard DTT indices
include MD and FA. Diffusion properties of brain tissue
demonstrated high sensitivity with WM integrity in both
normal brains and those with pathological changes [12],
and DTI has been used for the diagnosis of conditions such
as cerebral ischemia [13], multiple sclerosis [14], schizo-
phrenia [15], and brain tumors [16]. In epilepsy, reduced
mean diffusivity has been shown in areas that EEG has indi-
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Table 1 Demographic and clinical characteristics of 15 children with epilepsy

No. Sex Age (years)  Duration (years) Ictal EEG findings Seizure semiology
1 M 3 0.1 Spike, slow wave complex in temporal Clonic limb movement,
lobes bilaterally hypersalivation
2 F 4.8 1.8 Spikes, slow waves in hemispheres bilater-  Clonic limb movement,
ally, particularly the right temporal lobe hypersalivation
3 F 6 0.2 High amplitude spike, sharp, slow waves in ~ Clonic limb movement,
hemispheres bilaterally hypersalivation
4 M 5 0.1 Occasional slow waves in hemispheres Clonic limb movement, eye open,
bilaterally fixed stare
5 F 6.5 0.7 Small amount of paroxysmal sharp, slow Clonic seizures of the right limbs
wave complex in bilateral frontal lobes
6 M 3.1 0.6 Paroxysmal sharp and slow waves in hemi-  Unconsciousness, fixed stare,
spheres bilaterally hypersalivation
7 F 10.5 8 Sharp and slow wave complex in hemi- Nocturnal seizure, clonic limb
spheres bilaterally movement
8 M 6 0.1 Spikes, slow waves in hemispheres bilater- ~ Clonic limb movement, eyes open,
ally, particularly the right median region hypersalivation, unconsciousness
9 M 8.8 6 Paroxysmal sharp and spike waves in tem-  Clonic limb movement, hypersali-
poral lobes bilaterally vation, unconsciousness
10 M 4.2 0.1 Occasional paroxysmal spike and slow Clonic limb movement,
waves in hemispheres bilaterally hypersalivation
11 F 5.9 3 Paroxysmal spike and slow waves in frontal ~ Fixed stare
lobes bilaterally
12 F 4.5 0.2 Paroxysmal spike and slow waves in Clonic limb movement, eyes open,
fronto-occipital region bilaterally fixed stare, unconsciousness
13 M 11.3 4 Sharp and slow waves in hemispheres Clonic limb movement
bilaterally
14 F 11.9 4 Occasional slow waves in occipital region Clonic limb movement, fixed stare
bilaterally
15 F 11.7 6 Paroxysmal spike and slow waves in bilat-  Absence

eral frontal and Occipital region

MRI findings included a small lacunar focus in the left frontal lobe in patients No. 6, No. 11, No. 12, and in the frontal lobes bilaterally in patient
No. 5. The other cases had normal conventional MRI findings

EEG electroencephalography, F' female, M male

Table 2 Comparison of differences in FA in different regions between case and NC groups

No. Region MNI coordinate Cluster size ¢ value

X y z
1 536 Left Cerebrum, 371 Frontal Lobe, 312 White Matter, 208 Gray —10.1 20.64 -12 536 4.683452
Matter, 170 Rectus_L (aal), 167 Frontal Sup_Orb_L (aal), 137
Caudate L (aal), 123 Inferior Frontal Gyrus, 119 Subcallosal Gyrus,
105 Anterior Cingulate, 105 Limbic Lobe, 85 Medial Frontal Gyrus,
77 Brodman area 25, 72 Brodman area 47, 60 Sub-lobar

2 370 Left Cerebrum, 370 Frontal Lobe, 346 White Matter, 255 Fron- —35.48 36.62 —4.5 370 4.544104
tal Inf Orb_ L (aal), 237 Middle Frontal Gyrus, 133 Inferior Frontal
Gyrus, 67 Frontal Inf Tri L (aal)

3 232 Temporal Lobe, 232 White Matter, 232 Left Cerebrum, —-47.7 -52.68 0.5 232 4.808389
197 Temporal_Mid_L (aal), 193 Middle Temporal Gyrus

The results of cluster sizes >50 for each region are shown in Tables 2, 3 and 4

The numbers before every region represent the cluster size for that region
The x, y, z of MNI coordinates, cluster size and ¢ values in Tables 2, 3 and 4 reflect the largest difference between the case and NC groups points
MNI Montreal Neurological Institute

cated as being associated with seizure activity [17]. Studies  corresponding to the electric focus [12, 18, 19]. Increased
have addressed the usefulness of DTI in epilepsy and have  diffusivity and reduced FA have been demonstrated with
demonstrated increased diffusivity and reduced FA in areas ~ DTI in the hippocampus of patients with temporal lobe epi-
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Fig. 1 Coronal (a), axial (b), and sagittal (¢) images of FA maps. Yellow regions indicate significant differences between epilepsy and NC groups

Table 3 Comparison of differences in MD in different regions between case and NC groups

No. Region MNI coordinate Cluster size  f value
X y z

1 374 Right Cerebrum, 365 Limbic Lobe, 247 Uncus, 239 24.679999 -4.74 =37 387 —5.14674
ParaHippocampal R (aal), 218 White Matter, 128 Gray Matter, 118
Parahippocampa Gyrus, 94 Fusiform R (aal), 79 Brodman area 36

2 118 Frontal Lobe, 118 Right Cerebrum, 92 Gray Matter, 80 Inferior 13.399999 28.16 —22 118 —4.53022
Frontal Gyrus, 64 Frontal Sup Orb R (aal), 62 Brodman area 11,
54 Rectus_R (aal)

3 277 Rectus_L (aal), 273 Frontal Lobe, 225 Left Cerebrum, 210 Me-  —3.520001 24.4 —-22 322 —5.48334
dial Frontal Gyrus, 196 Gray Matter, 128 Brodman area 25,
68 Brodman area 11, 63 Rectal Gyrus, 57 White Matter

4 267 Temporal Lobe, 267 Right Cerebrum, 251 Middle Temporal 46.299999 —70.54 25.5 267 —4.36779

Gyrus, 206 White Matter, 117 Occipital Mid R (aal),
52 Temporal_Mid_R (aal)

MNI Montreal Neurological Institute

Fig. 2 Coronal (a), axial (b), and sagittal (¢) images of MD maps. Yellow regions indicate significant differences between epilepsy and NC groups

lepsy (TLE) [17], in patients with malformations of cortical
development, which is commonly associated with epilepsy
[19], and in the hippocampus of patients with hippocampal
sclerosis [20].

Despite this, conventional DTI does not fully utilize
the MR diffusion measurements inherent to tissue micro-
structure. It implicitly assumes that water molecule diffu-
sion occurs in a free and unrestricted environment with a
Gaussian distribution of diffusion displacement. In biologi-
cal tissues, water diffusion restriction in vivo is a complex

process with numerous potential determinants, such as cell
structures, restricted intra- or extra-cellular compartments,
permeability or water exchange, and other biophysical prop-
erties associated with different water molecule populations
that also potentially hinder and restrict diffusion. Although
DTI is an important technique for investigating mechanisms
of health and disease in brain WM, there are limitations,
which including a lack of specificity in terms of histologi-
cal features [21]. The simplified description of the diffusion
process prevents DTI from being truly effective for the char-
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Table 4 Comparison of differences in MK in different regions between case and NC groups

No. Region MNI coordinate Cluster size ¢ value
X y z

1 82 Fusiform_L (aal), 50 Limbic Lobe, 50 Uncus, 50 Left —25.14 -7.56 -39.5 108 5.310458
Cerebrum

2 364 Left Cerebrum, 364 Frontal Lobe, 329 White Matter, 273 —29.84 37.56 —-4.5 364 4.309091
Middle Frontal Gyrus, 126 Frontal Inf Orb L (aal), 71 Fron-
tal Inf Tri L (aal), 51 Frontal Mid_Orb_L (aal)

3 173 Frontal Lobe, 173 Right Cerebrum, 173 White Matter, 148 45.359999 30.04 28 173 4.408129
Middle Frontal Gyrus, 141 Frontal Inf Tri R (aal)

4 104 Right Cerebrum, 88 Frontal Lobe, 87 Medial Frontal Gyrus, 16.219999 39.44 28 104 4.140552
68 White Matter

5 122 Pariet Lobe, 122 Right Cerebrum, 120 SupraMarginal R 49.119999  —34.82 38 122 4.094243

(aal), 98 Inferior Parietal Lobule, 61 Gray Matter, 56 White Matter

MNI Montreal Neurological Institute

Fig. 3 Coronal (a), axial (b), and sagittal (¢) images of MK maps. Yellow regions indicate significant differences between epilepsy and NC groups

acterization of relatively isotropic tissue in GM structures,
such as the cortex, the hippocampus, and the basal ganglia,
and the inability of DTI-based fiber tractography to resolve
fiber crossings.

Diffusional kurtosis imaging has been proposed as a
minimal extension of DTI, and has been recently developed
to probe non-Gaussian diffusion properties [1, 2, 6]. It is
a more comprehensive model for describing the restricted
diffusion process in vivo, and could lead to improved neural
characterization with better sensitivity and directional spec-
ificity. Thus, DKI is a potentially valuable tool for probing
pathological alterations in neural tissues. In order to study
density changes in GM, voxel-based morphometry (VBM)
is commonly used. Thus far, DKI has demonstrated promis-
ing results in several brain conditions, including attention
deficit and hyperactivity disorder [22], Parkinson’s disease
[23], Alzheimer’s disease [24], schizophrenia [25], trau-
matic brain injury [26, 27], stroke [28], as well as in the
staging of gliomas [29]. In these studies, DKI has proven to
be a more sensitive tool for the detection and characteriza-
tion of subtle changes in both WM and GM. It has also been
explored in terms of resolving the crossing of WM fibers,
thereby potentially leading to more accurate tracking and
characterization [2, 30].
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A typical DKI brain protocol acquires DWI images with a
b-value of 6 (maximum b-value at 2,000-2,500 s/mm?) and
along more than 15 different directions. Diffusion of water
protons in tissue is typically characterized by MD, which
measures the average distance a water molecule traverses
within a given observation time. A further parameter that
is frequently derived from DTI data is FA, which provides
information on the degree of diffusion anisotropy that exists
within a given voxel. The axial diffusivity (AD or MD))
and radial diffusivity (RD of MD ) provide further insights
into the nature of the microstructural changes. The MK is
a dimensionless index that quantifies the deviation of the
water diffusion displacement profile from the Gaussian dis-
tribution, and measures the degree of diffusion hindrance or
restriction [5, 6, 29]. The average apparent kurtosis along all
diffusion gradient encoding directions has been measured
and shown to offer an improved sensitivity for the detection
of developmental and pathological changes in neural tissues
compared to conventional DTI. Studies of brain maturation
have shown that MK is sensitive to changes in GM, where
MK increases with brain maturation; whereas, DTI parame-
ters, MD and FA, remain relatively unchanged. The increase
in MK observed during maturation in GM and WM is likely
to be due to consistent and continuing myelination, an over-
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all increase in microstructural complexity, and increased
cell-packing density, particularly in GM [4].

In our study, EEG revealed spike, sharp, and slow wave
complexes in the hemispheres bilaterally (n=38), and spike
and slow wave complexes in the temporal lobes (n=2) and
frontal lobes (n=2) bilaterally. Occasional slow waves were
observed in the occipital region on both sides (n=1), and
paroxysmal spike and slow waves in the fronto-occipital
region bilaterally (n=2). The ¢ test revealed more precise
regions of anomalies in both, the case and NC groups in
FA, MD and MK, in WM and GM, according to the EEG
findings. Our results showed that in children with bilateral
epilepsy, there was a significant reduction in FA in the left
cerebrum of several WM and GM regions compared to NCs,
for example, the frontal and temporal lobes, the rectus, the
frontal superior/inferior orbital, the caudate, the frontal
gyrus, and the subcallosal gyrus. In addition, it is clear from
our data that this reduction was due to a significant increase
in MD in several WM and GM regions of the cerebrum
bilaterally, such as the limbic lobe, the uncus, the left frontal
lobe, the rectus, the right temporal lobe, the parahippocam-
pal region, and the rectus. There was a significant reduction
in MK in both cerebral hemispheres and several WM and
GM regions of the frontal and parietal lobes, indicating that
MK is sensitive to changes in tissue microstructure second-
ary to epilepsy. These regions of reduced FA, increased MD,
and reduced MK could reflect myelin deficiency, increased
permeability in the axon membranes, or a less tightly packed
neuronal network.

In experimental studies, repeated seizures cause neuronal
damage and cell death [31]. However, in addition to neuro-
nal death, changes such as axonal demyelination, formation
of axonal spines, increase in interstitial fluid volume due to
edema, replacement of axons with glial cells, and astrocyte
proliferation can be associated with the damage induced
by seizure activity. In all these situations, changes related
to water diffusion are mostly in the direction of a loss of
anisotropy. This loss of anisotropy could be due to decreased
parallel diffusivity, increased perpendicular diffusivity, or
a combination of the two. While the relationship between
the pathophysiology of epilepsy and decreased anisotropy
due to a variety of degenerative changes is well established,
more precise mechanisms in terms of parallel/perpendicular
diffusivity remain poorly understood. Mechanisms such as
axonal swelling may preferentially increase the perpendicu-
lar diffusivity without decreasing parallel diffusivity. These
diffusion changes could be the result of progressive degen-
erative changes occurring in the epileptic cortex and in the
underlying WM as a result of persistent seizures.

Few studies have reported DKI in children with epilepsy.
However, there are several limitations to the present study.
The sample size was relatively small, and larger sample
sizes with long-term prospective follow-up assessments are

needed to confirm our findings. The two-sample ¢ test statis-
tical analysis method revealed overall rather than individual
differences. The duration of epilepsy as well as seizure fre-
quency or type may be associated with changes in diffu-
sion, and a more detailed study is needed to assess these
relationships. The matrix resolution of 96 x 96 in the present
study is probably too rough to detect diffusion changes in
small areas like the optic chiasm, lateral geniculate nucleus
(LGN), and hippocampus. Increased matrix size will be
selected in the follow-up study.

Given that cellular WM and/or GM microstructures are
altered in many diseases, DKI is potentially applicable to a
variety of neurological disorders, such as ischemic stroke,
both WM and GM abnormalities in MS, Parkinson’s dis-
ease, Alzheimer’s disease, and other forms of degenerative
dementia and brain tumors under both preclinical and clini-
cal settings. It should be noted that the number of such DKI
investigations remain limited, and more comprehensive
studies are needed to further validate and explore the merits
of the DKI approach for the characterization of various neu-
ral tissue alterations.

Conclusions

By quantifying FA, MD and MK, DKI may provide
improved sensitivity and specificity for the characteriza-
tion of microstructural complexities of neural tissues. The
DKI method could greatly advance basic and clinical brain
investigations by providing unprecedented micro-anatomi-
cal information from studies of WM and GM, particularly
in those with epilepsy and normal brain imaging on conven-
tional MRI.
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