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SUMMARY

Purpose: The purpose of the present study was to identify
abnormal areas of regional synchronization in patients
with mesial temporal lobe epilepsy and hippocampus scle-
rosis (NTLE-HS) compared to healthy controls, by apply-
ing a relatively novel method, the Regional Homogeneity
(ReHo) method to resting state fMRI (RS-fMRI) data.
Methods: Eyes closed RS-fMRI data were acquired from
10 mTLE-HS patients (four right-side, six left-side) and 15
age- and gender-matched healthy subjects, and were ana-
lyzed by using ReHo. For group analysis, four right-side
MTLE-HS patients’ functional images were flipped, in
order to make a homogeneous left MTLE-HS group (10
cases) and increase the sample size.

Key Findings: Compared to the healthy control group,
patients showed significantly increased ReHo in ipsilat-
eral parahippocampal gyrus, midbrain, insula, corpus

callosum, bilateral sensorimotor cortex, and frontopa-
rietal subcortical structures, whereas decreased ReHo
was observed mainly in default mode network (DMN)
(including precuneus and posterior cingulate gyrus,
bilateral inferior lateral parietal, and mesial prefrontal
cortex) and cerebellum in patients relative to the
control group.

Significance: This study identified that ReHo pattern in
mMTLE-HS patients was altered compared to healthy
controls. We consider decreased ReHo in DMN to be
responsible for wide functional impairments in cognitive
processes. We propose that the increased ReHo in spe-
cific regions may form a network that might be responsi-
ble for seizure genesis and propagation.

KEY WORDS: Regional homogeneity, Resting state, Func-
tional magnetic resonance image, Epilepsy, Hippocampal
sclerosis.

Epilepsy is a common neurologic disorder, characterized
by hypersynchronous neuronal activity as shown from elec-
trophysiologic recordings (Schevon et al., 2007; Ortega
et al., 2008). Mesial temporal lobe epilepsy (mTLE) is the
most common type of focal epilepsy in adults, and it is
frequently caused by hippocampal sclerosis (HS) (Berg,
2008).Specific regions in the temporal cortex have been
observed to undergo increased synchronization in patients
with TLE, which is believed to be involved in the generation
of interictal activity (Ortega et al., 2008). Intracranial elec-
troencephalography (EEG) studies have demonstrated
increased local coherence in mTLE (Ponten et al., 2007).

Currently, EEG is the most commonly used and basic
approach for detecting epileptic activity. Although EEG has
high temporal resolution and sensitivity, it lacks spatial res-
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olution and is not sensitive to activity deep within the brain.
With better spatial resolution, the noninvasive blood oxy-
genation level-dependent functional magnetic resonance
image (BOLD-fMRI) method has been widely used as an
effective technique for epilepsy investigation (Detre, 2006).
Recently, simultaneous EEG-fMRI has been used in epi-
lepsy study as it employs the advantages of both EEG and
fMRI (Di Bonaventura et al., 2006). In this method, simul-
taneous EEG provides time points of interictal epileptiform
data for fMRI data analysis to explore activation and deacti-
vation in epilepsy. However, the use of simultaneous EEG-
fMRI is limited because of practical issues such as high cost,
complicated EEG data analysis, and time-consuming
preparation.

Resting-state fMRI (RS-fMRI), which was first reported
by Biswal et al. (1995), is widely used in brain research and
is believed to reflect spontaneous neuronal synchronization
and endogenous neurophysiologic process of the human
brain (Fox & Raichle, 2007). Several data-driven methods
have been developed for RS-fMRI data analysis. For
instance, independent component analysis (ICA) can
separate the resting state network into subset of networks
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(Beckmann et al., 2005; Smith et al., 2009). Morgan used
two-dimensional (2D) temporal clustering analysis
(2D-TCA) to investigate the alteration of BOLD signal in
TLE and showed its potential capability to localize the sei-
zure (Morgan et al., 2007, 2010). The limitations of this
method include extraneous regions that may not be involved
in epilepsy, leading to uncertainty in the results (Khatamian
et al., 2011).

Another novel data-driven method, regional homogene-
ity (ReHo), explores regional brain activity during rest
by examining the degree of regional coherence of fMRI
time courses, and is able to measure the synchronization
of activity in different brain regions (Zang et al., 2004).
This method has been successfully used to investigate
the functional modulations in the resting state in the
patients  with  attention-deficit/hyperactivity  disorder
(ADHD), Alzheimers disease (AD), autism spectrum dis-
orders (ASDs), and Parkinsons disease (PD), (Cao et al.,
2006; He et al., 2007; Wu et al.,, 2009; Paakki et al.,
2010). It has also been used in generalized tonic—clonic
seizures in adults and nonlesion temporal lobe epilepsy
in pediatric population, and successfully detected abnor-
mal epileptic synchronization (Mankinen et al., 2011;
Zhong et al., 2011). However, to the best of our knowl-
edge, no study has observed the alteration of synchrony
in mTLE adult patients with HS using the ReHo method.
The purpose of the present study is to identify the abnor-
mal pattern of regional synchronization in mTLE-HS
patients compared to healthy controls, by applying the
ReHo method to resting state fMRI data, and to charac-
terize the underlying potential network differences.

MATERIALS AND METHODS

Participants

Patients
Ten right-handed patients (mean age + standard devia-

Bl tion [SD]34.4 & 10.6 years) observed to have unilateral

mesial temporal lobe epilepsy with hippocampal sclerosis

(mTLE-HS) participated in the present study. Of all the

patients, four had right-sided mTLE (four females), whereas

six had left-sided mTLE (four females). All patients were
from University of Wisconsin Madison Hospital and were
scanned using fMRI between August 2010 and August

2011. According to the classification of the International

League Against Epilepsy (Berg et al., 2010), the diagnosis

of mTLE-HS was based on clinical, electroencephalo-

graphic, and MRI findings. All patients underwent a

comprehensive clinical evaluation with the following inclu-

sion criteria:

1 All had one or more typical symptoms of mTLE. All
patients had complex partial seizures. In addition, some
patients also had simple partial seizures and/or secondary
generalized tonic—clonic seizures.

Epilepsia, **(*):1-9, 2012
doi: 10.1111/epi.12066

2 MRI manifestations of the HS, unilateral hippocampal
atrophy on T1 image with associated hyperintensity on
T2 fluid- attenuated inversion recovery (FLAIR) image.
There was no identifiable structural MRI abnormality
other than the HS in the patients’ brain.

3 EEG findings, predominantly left- or right-sided interic-
tal epileptic discharges shown by scalp EEG.

Controls

Fifteen right-handed healthy subjects were recruited in
this study, which were equivalent in age and gender (mean
age = SD 35.5 + 14.6 years, 12 female) to our seizure
patient group. All were healthy and free of any neurologic
or psychiatric disorders at the time of the study.

This study was approved by the University of Wisconsin

Madison Institutional Review Board, and written informed

consent was obtained from each participant.

Data acquisition

The participants lay supine with their head snugly held by
straps and foam pads to minimize head movement. During
resting-state scanning, participants were instructed to keep
as motionless as possible with eyes closed, not to think of
anything in particular, and not to fall asleep. Images were
acquired using a 3.0-T scanner (GE MRI 750, Milwaukee,
U.S.A.) in University of Wisconsin Hospital and Clinics, [@
Madison. The resting-state functional data were acquired
using an echo-planar imaging sequence with the following
parameters: 28  axial slices, TR = 2,000 msec,
TE = 30 ms, flip angle = 90 degrees, thickness/gap = 4.0/
0.0 mm, FOV = 24 x 24 cm, matrix = 64 x 64, 150 vol-
umes. A high resolution 3D T1-weighted anatomic image
was acquired in an axial orientation using a spoiled
gradient-recalled sequence covering the entire brain.

Data processing

Data preprocessing

The first 10 volumes of each subjects rest data were dis-
carded to allow longitudinal magnetization to reach a steady
state and for participants to get used to the scanning envi-
ronment. Preprocessing of the fMRI datasets included stan-
dard slice timing, realignment, normalization (voxel size
[3, 3, 3]), smoothing (full-width half maximum, FWH Q ,
4, 4]), archived by using DPARSE based on Q and
RES Q‘hao-Gan & Yu-Feng, 2010; Song et 011) B
(httpt""ww.restfmri.net, http://www.fil.ion.ucl.ac.uk/spm/).
Participants with head motion greater than 3 mm or 3
degrees in any of the six parameters (X, y, z, pitch, roll, yaw)
were excluded.

Regional homogeneity measurement. ReHo analysis was
performed for each subject by calculating Kendall coeffi-
cient of concordance (KCC) of the time series of a given
voxel with those of its nearest neighbors in all directions on


Zeng Hongwu (homerzeng@126.com)
高亮

Zeng Hongwu (homerzeng@126.com)
删划线

Zeng Hongwu (homerzeng@126.com)
删划线

Zeng Hongwu (homerzeng@126.com)
高亮
Data Processing Assistant for Resting-State fMRI (DPARSF)

Zeng Hongwu (homerzeng@126.com)
插入号
State Key Laboratory of Cognitive Neuroscience and Learning, Beijing Normal University, Beijing, China

Zeng Hongwu (homerzeng@126.com)
插入号
Data Processing Assistant for Resting-State fMRI (DPARSF) 

Zeng Hongwu (homerzeng@126.com)
附注
( Resting-State fMRI Data Analysis Toolkit, REST) 


Zeng Hongwu (homerzeng@126.com)
附注
I have checked these two, it OK. It links to the correct destination.

Zeng Hongwu (homerzeng@126.com)
高亮

Zeng Hongwu (homerzeng@126.com)
附注
Statistical Parametric Mapping 8

Zeng Hongwu (homerzeng@126.com)
高亮

Zeng Hongwu (homerzeng@126.com)
高亮

Zeng Hongwu (homerzeng@126.com)
插入号
repeat time

Zeng Hongwu (homerzeng@126.com)
插入号
time echo

Zeng Hongwu (homerzeng@126.com)
附注
Statistical Parametric Mapping 8(SPM8)

Zeng Hongwu (homerzeng@126.com)
高亮

Zeng Hongwu (homerzeng@126.com)
高亮


3

Homogeneity in Patients with MTLE |2

a voxel-wise basis (here, 26 voxels). The KCC is calculated
in a voxel-wise manner as follows (Zang et al., 2004):

w_ X R n(®R)’

LK?(n’—n)

where is KCC among time series of given voxels, ranging
from O to 1; is the sum rank of the time point; where
R = ((n + 1)K)/2 is the mean of the R;s; K is the number of
time series within a measured cluster and n is the number of
ranks (our study had 150 total volumes in which 10 were
discarded, making n = 140). This procedure was automati-
cally implemented by DPARSF.

Group analyses of ReHo

All images from the four right mTLE were flipped (using
the spm_flip utility from SPM2) to be left mTLE allowing
for observing results from group ReHo changes to be
explained as either ipsilateral or contralateral to left mTLE.
This is possible because this group of patients had no identi-
fiable structural MRI abnormality other than the hippocam-
pal sclerosis The advantages of the approach include both
maximizing sample size and examining unilateral changes
with smaller sample size (left side mTLE, n = 10; Blumen-
feld et al., 2009).

One-sample t-test. To observe which brain regions have
significantly higher ReHo value than global mean in each
group, one-sided and one-sample #-tests were performed to
generate the T maps in both patients and healthy control
groups separately.

Two-sample t-test. Voxelwise two sample #-tests were
employed to compare the ReHo results between patients
and controls, using the statistical analysis tool in REST soft-

ware based on SPMS.

For both one-sample and two-sample z-tests, a cluster of
>10 voxels with p-value < 0.001 (corrected) was consid-
ered significant.

RESULTS

Within group

Results from one-sample #-test showed a specific spatial
pattern and intensity of significant increased ReHo for both
healthy controls and patients with mTLE, as shown in
Fig. 1. In the healthy control group, significantly increased
ReHo was found mainly in the default mode network
(DMN) (including precuneus, posterior cingulate gyrus
[PCC], bilateral inferior lateral parietal, and mesial prefron-
tal cortex [MPFC]), bilateral visual cortex, and cerebellum.

In the mTLE patient group, increased ReHo was observed
mainly in the DMN and the visual cortex. However, com-
pared to the healthy controls, patients showed a decrease in
size and intensity of ReHo in these regions. As compared to

the healthy controls, the most prominent difference
observed was that in the patient group ReHo was signifi-
cantly decreased in the cerebellar region and no significant
increased ReHo was seen in the MPFC.

Between groups

A two-sample z-test was performed to examine differ-
ences between patients with mTLE and healthy controls as
can be seen in Fig. 2 and Tables 1 and 2. Patients showed
robust and increased ReHo in comparison to healthy con-
trols in the ipsilateral (left side) parahippocampal gyrus
(Fig. 3), midbrain, insula (mainly anterior division), rolan-
dic operculum, putamen, and corpus callosum. Significant
increased ReHo was also seen in bilateral parietal and fron-
tal subcortical white matter and bilateral precentral and
postcentral gyri. Significantly decreased ReHo was seen
mainly in DMN (prominently in PCC, precuneus, MPFC)
and cerebellum (prominently in the right side).

Di1SCUSSION

The present study demonstrated the alterations of regio-
nal synchronization in patients with mTLE-HS using ReHo
analysis during the interictal period. The main findings are
as follows: Significant differences were observed in the spa-
tial pattern and intensity of ReHo in the two groups; com-
pared to the healthy control group, ReHo increased
significantly in patients in the ipsilateral (left side) parahip-
pocampal gyrus, midbrain, insula, corpus callosum, bilat-
eral sensorimotor cortex, and frontoparietal subcortical
structure, whereas decreased ReHo was observed in DMN
and cerebellum in patients’ group. These findings are dis-
cussed further below.

Large numbers of studies have suggested that low fre-
quency fluctuations of BOLD signal in resting state reflect
spontaneous fluctuations in brain physiology and metabo-
lism at baseline (Fox & Raichle, 2007). Resting state BOLD
fMRI is considered as an imaging marker of brain function
in the absence of any external stimuli. ReHo, which mea-
sures the synchrony of different brain regions, is one of such
indices of RS-fMRI, which could be considered as an imag-
ing marker of brain function.

Increased ReHo

Growing evidence, from both animal model and human
studies, suggests that there is an increased synchronization
in the epileptogenic zone during seizures and interictal state
(Bettus et al., 2008; David et al., 2008). Intracranial EEG
studies have also shown increased regional synchronization
of electrophysiologic signals during interictal mesial tempo-
ral lobe seizures (Ponten et al., 2007; Ortega et al., 2008).
In our study, the most robust increased ReHo was observed
to be in the parahippocampus, suggesting this region has the
highest synchronization and leading us to infer that the para-
hippocampus is an epileptogenic zone in the mTLE. Of
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Figure 1.

FWE correction). Color scale indicates increased ReHo value.
Epilepsia © ILAE

Results of ReHo map across the (A) healthy controls and (B) patients with mTLE (One sample t-test; p < 0.001, voxels >10, with

I

est, Morgan et al. (2010) used 2D-TCA to analyze
data of the same type of patients and also found
strong activation in the parahippocampus, similar to the
observed activity in our study. The above findings suggest
that the ReHo method may have the potential to detect the
epileptogenic zone.

In the present study, the second area of significant
increased ReHo was observed in the midbrain. Increased
cerebral blood flow (CBF) was noted in midbrain in
patients with mTLE-HS >90 s after onset of temporal
lobe complex seizures in a study utilizing single photon
emission computed tomography (SPECT) (Blumenfeld
et al., 2004). Another SPECT study also found increased
CBF in midbrain in postictal phase, and suggested that
midbrain was one of the important nodes of the epilep-
tic network (Blumenfeld et al., 2009). The results of our
study demonstrated increased synchronization in mid-
brain, which provides further evidence that midbrain is
one of the important nodes in the mTLE network. To
further examine the role of the mid-brain in the seizure

Epilepsia, **(*):1-9, 2012
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network, we arranged the significant regions identified
in this study based on their ReHo values. The midbrain
with intermediate ReHo values occupies an intermediate
position in the hierarchy of regions, suggesting the mid-
brain may play the role of an “intermediate station” in
epilepsy propagation.

Results also showed increased ReHo in the ipsilateral
insula (mainly anterior division). Several neuroimaging
studies have reported activity in the insula in patients with
epilepsy (e.g., Bouilleret et al., 2002; Morgan et al., 2010).
Moreover, positron emission tomography (PET) study also
showed the ipsilateral insula involved in mTLE (Bouilleret
et al., 2002). The insula is a complex structure, which has
been implicated in several higher order cognitive functions
such as in saliency, switching, attention, and control net-
work, including regions that subserve motor and somatosen-
sory functions (Menon & Uddin, 2010). Evidence from
these studies collectively suggests that the insular cortex
plays an essential role in seizure propagation in patients
with TLE.
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Figure 2.
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Statistic t-map showing the difference between the mTLE group and healthy control (two sample t-test, p < 0.001, voxel >10). Warm
colors indicate mTLE >healthy control, whereas cool colors indicate healthy >mTLE.

A significant increased ReHo cluster was found in the
corpus callosum. Corpus callosum connects the two hemi-
spheres of the brain, thereby allowing for interhemispher-
ic communication, but also contributes to the spread of
seizure impulses from one side of the brain to the other.
A corpus callosotomy interrupts the spread of seizures
from one hemisphere to the other hemisphere, and even-
tually helps improve the patients quality of life (Cukiert
et al., 2009; Liang et al., 2010). Although BOLD signal
associated with neuronal activation is thought to be
mainly gray-matter dependent, there is evidence from
other studies that increased ReHo can also be seen in

white matter (Paakki et al., 2010; Zhong et al., 2011).
Increased ReHo reflects increased synchronization, which
presumably may occur in both gray and white matter
based on these studies. ReHo shows increased synchrony
in corpus callosum, which also suggests that it is part of
the epileptogenic network. Because the ReHo value of
corpus callosum, which reflects the synchrony, is between
the insula, rolandic operculum, and frontal subgyral white
matter (submotor cortex), we infer that corpus callosum
might be an intermediate node for epilepsy propagation
between insula, rolandic operculum, and frontal subgyral
white matter.

Table I. Significant increased ReHo cluster between patients with mTLE and healthy controls (patients-HC),
p < 0.001, voxel >10
Peak MNI coordinate
Brain region H X Y z Cluster voxels Peak t value
Parahippocampal L —15 —-36 —12 47 6.19
Midbrain L —I5 —15 —12 69 6.02
Insula, putamen, middle frontal gyrus L -27 27 30 410 591
Rolandic operculum L -33 -33 18 76 5.87
Corpus callosum splenium R 3 -30 18 27 578
Frontal subgyral white matter R 27 33 27 106 5.57
Sub-pos-precentral gyral white matter, L -30 -33 42 35 5.50
Pallidum L -20 —6 0 20 5.49
Frontal subgyral white matter R 27 —15 36 35 539
Subfrontal/parietal white matter R 42 —45 27 236 5.37
Paracentral_Lobule/Supp_Motor_Area L -9 —18 66 17 5.06
Middle and superior temporal gyri R 39 3 —36 14 5.04
Postcentral gyrus L -33 -30 44 22 543
Precentral gyrus R 30 —12 57 13 4.69
Postcentral gyrus R 27 -30 66 16 4.61
Precentral gyrus L =31 —14 46 18 4.53
H, hemisphere; mTLE, mesial temporal lobe epilepsy.
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Table 2. Significant decreased ReHo cluster between patients with mTLE and healthy controls (patients-HC),
p <0.001, voxel >10
Peak MNI coordinate
Brian region H X Y z Cluster voxels Peak t value
MPFC R/L 3 48 -9 262 —8.14
Precuneus, PCC R/L 3 -72 36 125 —7.51
Inferior occipital gyrus L =51 -72 —6 23 —6.22
Cuneus L -3 -75 15 17 —6.05
Cerebellum posterior lobe R 36 —66 —24 120 —5.97
Cuneus R 15 —100 6 16 —5.91
Precuneus L -3 —66 69 28 —5.74
Cerebellum posterior lobe R 48 =51 —54 31 —553
Cerebellum posterior lobe L -39 -72 -39 26 =5.11
Inferior temporal gyrus R 66 —45 —18 I —4.76
H, hemisphere; mTLE, mesial temporal lobe epilepsy; MPFC, mesial prefrontal cortex; PCC, posterior cingulate cortex.

Both parietal and frontal subcortical white matter and
ipsilateral putamen are involved with increased ReHo. The
emerging evidences suggest that subcortical structures may
play a critical role in the propagation and behavioral
manifestations of human epileptogenic seizures (Norden &
Blumenfeld, 2002). Spencer summarized that subcortical
structures are key to the manifestation of partial seizures,
supporting the contention that specific subcortical regions
are part of specific epileptogenic networks (Spencer, 2002).
It is generally accepted that the thalamus is an important
transfer station for seizure propagation, especially in gener-

t-score
mm 5.19

5.78
_ 5.38
i J 4.98
4.57

4.17
377

Figure 3.

Statistic t-map show the strongest increased of ReHo in para-
hippocampus (two sample t-test, p < 0.001, voxel >10). Warm
color indicates increased ReHo in mTLE.
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alized epilepsy (Tyvaert et al., 2009). However, both our
study and Mankinens studies did not find significant
increased ReHo in bilateral thalami in TLE compared to
healthy controls (Mankinen et al., 2011). Of interest, Wang
et al. (2011) reported increased ReHo in bilateral thalami in
generalized tonic—clonic seizures. The difference between
our result and that of Wang et al. may be due to the different
type of epilepsy patients. The lack of increased ReHo in this
region in our study and Mankinens study suggests that in
patients with mTLE, the thalamus may not be an important
node for this type of seizure propagation. Our study showed
increased ReHo in bilateral precentral and postcentral gyri.
Electrophysiologic evidence from animal models of epi-
lepsy demonstrates increased synchronization in these
regions, supporting our findings (David et al., 2008).

Compared to the healthy controls, the result of one sam-
ple z-test showed reduced area of ReHo in visual cortex in
mTLE group. Of interest, Yan et al. (2011) found reduction
of ReHo in visual cortex in older adult group comparison
with young adults. Reductions of ReHo have been reported
in older adult subjects and patients with Parkinsons and
Alzheimers disease (He et al., 2007; Wu et al., 2007, 2009).
This suggests that reduced synchronized activity in the
visual cortex may be a common change across the life-span
and in the disease state.

Decreased ReHo

Results from the one sample 7-test in our study demon-
strated the altered spatial and intensity pattern of ReHo in
DMN in mTLE patients. Differing from the typical ReHo
pattern in DMN in the healthy controls, absence of increased
ReHo in MPFC, and predominantly decreased ReHo in
PCC and precuneus were the main characteristics in the
mTLE patients. Moreover, group comparisons with two
sample t-test confirmed decreased ReHo in the DMN and
cerebellum.

Deactivation or suspension of the DMN activity in epi-
lepsy has been reported by previous studies (Archer et al.,
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2003; Gotman et al., 2005). In contrast, Mankinen et al.
(2011) reported significantly increased ReHo in the PCC
in pediatric patients with nonlesion TLE. However,
Archer et al. (2003) reported deactivation in PCC during
generalized spike and slow-wave discharges. It is widely
accepted that exogenous or endogenous stimulation of the
brain will interrupt the resting state and cause the deacti-
vation and suspension of the DMN. Based on the above
theory, the interictal activity could be considered as inter-
nal stimulation, which may decrease or interrupt the
DMN. The contrary result between our study and Manki-
nens study may be due to differences in patients’ profiles,
with adult patients with mTLE-HS in our study and pedi-
atric patients with nonlesion temporal lobe epilepsy in
Mankinens study; however, further studies are required to
confirm the current findings.

It has been repeatedly shown that the DMN is one of the
most important networks of resting-state network, which
maintains the baseline brain activities related to self-
awareness, episodic memory, and interactive modulation
between internal mental activities and external tasks (Fox
et al., 2005; Buckner et al., 2008). MPFC has been associ-
ated with cognitive operations and emotional processes.
PCC and precuneus are recognized as the most salient
nodes in DMN (Jiao et al., 2011). Reduced synchroniza-
tion (as measured by ReHo) in DMN suggests reduced net-
work connection in this region. So, we speculated that
decreased ReHo in the DMN of mTLE patients may be
due to the long-term injurious effects of epileptic activity,
which may eventually cause DMN functional impairments.

Bilateral posterior cerebellum showed decreased ReHo
in mTLE group compared to the healthy control group,
prominently in the contralateral side of the temporal
lesion (right side). Mankinen et al. (2011) also found
decreased ReHo in cerebellum, but in cerebellar culmen
not in the posterior lobe. In contrast, Zhong et al. (2011)
revealed increased ReHo in bilateral cerebellum in gener-
alized tonic—clonic seizure during interictal seizures. This
significant difference may be due to the different types of
seizures. Van Paesschen et al. (2003) also found hypoper-
fusion in contralateral posterior cerebellum lobe using
SPECT, which is consistent with our finding. This phe-
nomenon was called “crossed cerebellar diaschisis,” and
was considered as an indication of disconnection of the
glutamatergic  corticopontocerebellar tracts (Nelissen
et al., 2006). Because one of the main functions of cere-
bellum is motor coordination, it is possible that reduced
ReHo could be a sign of decreased motor coordination.

In summary, these findings provide additional evi-
dence to support epileptogenic network theories based
on a relatively novel method, the Regional Homogeneity
method applied to resting state fMRI data. The regions
showing alterations of ReHo in patients with mTLE
could be considered as part of an organized network.
Based on the ReHo values observed in this study, we

7

propose that abnormal increased ReHo (reflecting
increased spontaneous synchronization amongst regions)
in the hippocampus, midbrain, insula, and frontoparietal
subcortical structure comprise a network, which might
be responsible for the seizure genesis and propagation
(Fig. 4). The regions showing abnormal decreased
ReHo, specifically the visual cortex, cerebellum, and
DMN, may be a part of a network of regions that are
functionally impaired, leading to impairments in vision,
motor coordination, and cognition, respectively, which is
frequently reported in these patients.

LIMITATIONS

There are several limitations of this study. First, the sam-
ple size is modest, which can reduce sensitivity and accu-
racy of our results, so further work is needed to confirm our
findings. Second, in order to increase the sample size and
make a homogeneous group, we flipped the ReHo maps for
four right-sided mTLE patients. Blumenfeld used the same
method to study cortical and subcortical networks in patients
with secondarily generalized tonic—clonic seizure (Blumen-
feld et al., 2009). Although the possibility is minimal, flip-
ping the ReHo maps may lead to some uncertainty in the
results. Third, we did not have neuropsychological evalua-
tions in these patients for correlation analysis of behavior
with brain activity. Finally, the lack of simultaneous fMRI-
EEG in this study limits our ability to confirm our ReHo
result of increased ReHo regions in descending order repre-
senting a pathway for epileptiform discharge propagation.

Codor Bar indkcate Rgic Viler

AP Sensomotor Cortex
g Corpus Callosurn

‘ Insula & Putamen
Midbrain

Parahippocampul Gyrus

Figure 4.

Hypothesized epileptogenic network of seizure propagation
for mTLE-HS based on ReHo value in this study. The decreasing
order of significant ReHo values noted from parahippocampal
gyrus to midbrain to insula/putamen to corpus callosum to
frontal white matter (ipsilateral and contralateral) to sensori-
motor cortex as shown in Table | suggests a directionality in
terms of seizure origination and propagation through this
network.
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CONCLUSIONS

We used ReHo, one of the indices of the RS-fMRI, which
measures the synchrony of local brain region, to study the
mTLE-HS patients by comparing them to healthy controls.
Altered (both increased and decreased) regional homogene-
ity in the resting state networks of mTLE-HS patients were
found. Decreased ReHo in several areas were found, which
may correspond to wide functional impairments found in
these patients. We propose that the increased ReHo regions
that were found may compose a network that is responsible
for seizure genesis and propagation. This method may have
the potential ability of detecting epileptogenic zone or net-
work in seizure patients.
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