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Abstract: Benign adult familial myoclonic epilepsy (BAFME) is a

nonprogressive monogenic epilepsy syndrome. So far, the structural and

functional brain reorganizations in BAFME remain uncharacterized.

This study aims to investigate gray matter atrophy and related functional

connectivity alterations in patients with BAFME using magnetic reson-

ance imaging (MRI).

Eleven BAFME patients from a Chinese pedigree and 15 matched

healthy controls were enrolled in the study. Optimized voxel-based

morphometric and resting-state functional MRI approaches were per-

formed to measure gray matter atrophy and related functional connec-

tivity, respectively. The Trail-Making Test-part A and part B, digit

symbol test (DST), and verbal fluency test (VFT) were carried out to

evaluate attention and executive functions.

The BAFME patients exhibited significant gray matter loss in the

right hippocampus, right temporal pole, left orbitofrontal cortex, and left

dorsolateral prefrontal cortex. With these regions selected as seeds, the

voxel-wise functional connectivity analysis revealed that the right

hippocampus showed significantly enhanced connectivity with the right

inferior parietal lobule, bilateral middle cingulate cortex, left precuneus,

and left precentral gyrus. Moreover, the BAFME patients showed

significant lower scores in DST and VFT tests compared with the

healthy controls. The gray matter densities of the right hippocampus,
D, Yunci Zhang, ng, MD,
d Dewen Hu, PhD

with the VFT scores, and the gray matter density of the right hippo-

campus was significantly negatively correlated with the duration of

illness in the patients.

The current study demonstrates gray matter loss and related func-

tional connectivity alterations in the BAFME patients, perhaps under-

lying deficits in attention and executive functions in the BAFME.

(Medicine 94(42):e1767)

Abbreviations: BA = Brodmann area, BAFME = benign adult

familial myoclonic epilepsy, BOLD = blood-oxygen-level-

dependent, DLPFC = dorsolateral prefrontal cortex, DST = Digit

Symbol Test, EEG = electroencephalography, fMRI = functional

magnetic resonance imaging, FTRS = Fahn-Tolosa-Marin Tremor

Rating Scale, GTCS = generalized tonic-clonic seizure, IPL =

inferior parietal lobule, MCC = middle cingulate cortex, MNI =

Montreal Neurological Institute, MRI = magnetic resonance

imaging, OFC = orbitofrontal cortex, SPM = statistical

parametric mapping, ROI = region of interest, SEP =

somatosensory evoked potential, TMTA/TMTB = Trail-Making

Test-part A / part-B, UMRS = Unified Myoclonus Rating Scale,

VFT = Verbal Fluency Test.

INTRODUCTION

T he core symptoms of benign adult familial myoclonic
epilepsy (BAFME), a nonprogressive monogenic epilepsy

syndrome,1 include nonrhythmic myoclonus and distal subtle
tremor, with or without generalized tonic-clonic seizure
(GTCS).2–4 Electrophysiology studies showed that the myo-
clonus or tremor originated from the cortex. To date, around 100
families with this rare form of epilepsy were reported world-
wide, most of which were in Japan and Europe.5–9 Previous
studies reported that mental retardation and cognitive impair-
ments such as visuospatial impairment, executive and attention
deficits were observed in some pedigrees.5,10–12 However, the
pathophysiology of this intriguing disease remains unclear.

In the past decades, several neuroimaging studies
attempted to explore the structural or functional brain abnorm-
alities underlying the pathophysiology of BAFME. van Root-
selaar et al13 used simultaneous electromyogram and functional
MRI recordings to directly relate hyperkinetic movements to
brain activity in BAFME. 1H-MR spectroscopy was used to
demonstrate prominent cerebellar dysfunction in BAFME.14,15

A diffusion tensor imaging study reported decreased cerebellar
fiber density in BAFME,16 and a case study found frontostriatal
dysfunction in type 3 BAFME during aging using single photon
mography.17 It seems that cerebellar
ent finding in BAFME patients.4,12,18

to the infrequency and limited sample
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sizes, the gray matter and functional connectivity reorganiza-
tions of the brains of BAFME patients thus far remain
uncharacterized.

Due to the potential genetic heterogeneity of different
pedigrees, using subjects from the same pedigree may be of
benefit to neuroimaging studies by restricting (narrowing) the
risk of genetic heterogeneity. Thus, we included 11 BAFME
patients from the same Chinese pedigree in the present study.
The previous studies have identified 4 different disease loci in
the BAFME,19–22 suggesting genetic heterogeneity of this rare
disorder, but there are no studies discovering causative genes.
The genetic testing of this Chinese BAFME pedigree has been
conducted before,23 but the results revealed absence of linkage
to 8q23.3–q24.1 and 2p11.1–q12.2 in this Chinese pedigree,23

and further genetic studies such as linkage analysis and exon
sequencing are ongoing. Additionally, 15 matched healthy
controls were also recruited. All of the subjects underwent
both structural MRI and blood-oxygen-level-dependent func-
tional MRI (BOLD-fMRI). We first used the structural MRI to
explore gray matter density alterations in the BAFME patients
relative to the healthy controls. Then, using the clusters with
significant gray matter changes as regions of interest (ROIs),

Zeng et al
we used seed-based analyses to investigate gray matter atro-

phy-related functional connectivity changes in the BAFME
patients.

METHODS

Subjects
The participants included 11 patients with BAFME from a

previously reported pedigree23 and 15 demographically
matched healthy controls recruited via advertisements. All of
the patients were right-handed and were native Chinese speak-
ers. All of the patients received an electroencephalography
(EEG) examination, and the somatosensory evoked potentials
(SEPs) and long-loop reflexes were also recorded. The BAFME
patients were diagnosed according to the diagnostic criteria
described in previous studies.1 Exclusion criteria included acute
physical illness, substance abuse or dependence, a history of
head injury resulting in the loss of consciousness. Similar
exclusion criteria were adopted for healthy control subjects
with no history of neurological or psychiatric diseases. Three
patients received antiepileptic treatments (Valproic acid for one
patient and Phenobarbital for the other 2 patients). No subjects
were removed due to excessive motion (>2 mm translation and
>2 degree rotation). The Unified Myoclonus Rating Scale
(UMRS)24 and Fahn-Tolosa-Marin Tremor Rating Scale
(FTRS)25 were used by 2 professional clinicians in the Depart-
ment of Neurology of Xiangya Hospital to assess the myoclonus
and tremor severity. Several neuropsychological assessments
were carried out by 2 experienced neuropsychologists, who
were blinded to the grouping of subjects. We evaluated execu-
tive and attention functions using the following assessments:
Trail-Making Test-part A and part B (TMTA, TMTB),26 digit
symbol test (DST),27 and verbal fluency test (Animal Naming)
(VFT).28 Only 1 patient could not complete TMTA, TMTB, or
DST tests due to binocular blindness. The Clinical and Demo-
graphic Characteristics of the Subjects were presented in
Table 1. This study was performed according to the Declaration
of Helsinki and approved by the Ethics Committee of Xiangya

Hospital of the Central South University, and all participants
provided written informed consent. The methods were carried
out in accordance to the approved guidelines.
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Data Acquisition
All images of the patients and controls were acquired using

a 3-T Trio Tim scanner (Siemens, Erlangen, Germany). To
reduce head movement, the subjects’ heads were fixed using
foam pads with a standard 12-channel phased-array birdcage
head coil. Structural data used a high-resolution multi-echo T1-
weighted, magnetization-prepared gradient-echo image:
repletion time/echo time/inversion time¼ 1900 / 3.41 / 900
ms; flip angle¼ 9 degree; field of view¼ 230� 230 mm; image
matrix¼ 256� 256; slice thickness¼ 1.0 mm; slices¼ 160; and
no gap.

In the resting experiments, subjects were simply instructed
to keep their eyes closed, to relax, to remain awake, and not to
perform a specific cognitive exercise. All fMRI images of the
patients and controls were collected using a gradient-echo echo-
planar pulse sequence sensitive to BOLD contrast: repetition
time/echo time¼ 2000/30 ms; field of view¼ 256� 256 mm;
flip angle¼ 90 degree; matrix¼ 64� 64; slice thickness¼
4 mm; slices¼ 32; and no gap. Each subject underwent 2
resting-state fMRI runs, and each run lasted 6 minutes and
40 seconds (200 frame points).

Image Preprocessing
We did not observe any artifacts or structural abnormalities

in the structural MRI data by visual inspection. The structural
MRI images were preprocessed using the previously described
procedures with SPM8 package29 (Welcome Department of
Cognitive Neurology, Institute of Neurology, London, UK,
http://www.fil.ion.ucl.ac.uk/spm): segmentation with new seg-
ment procedure; template generation with DARTEL technique;
spatial normalization into the Montreal Neurological Institute
(MNI) space; smoothing with a 6-mm full-width half-maximum
(FWHM) Gaussian kernel. Finally, a mask covering voxels with
values >0.2 was generated and then applied to all of the gray
matter images.

The BOLD-fMRI data were preprocessed using the pre-
viously described procedures.30 We discard the first 5 frames of
each run to allow T1-equilibration effects. Then we performed
slice timing, motion correction, normalization (3-mm isotropic
voxels in the MNI space), spatial smoothing (6-mm FWHM
Gaussian kernel), linear detrending and 0.01 to 0.08 Hz
temporal filtering. Finally, we regressed out the 6 head motion
parameters, global signal, ventricular and white matter signals,
and the first temporal derivatives of all of the above. The
residuals of the regressions were used for functional connec-
tivity analyses.

Gray Matter Analysis
Two-tailed 2-sample t tests were conducted in SPM to

compare the voxel-wise gray matter density between the
BAFME patients and the healthy controls (voxel-wise
P< 0.001 in conjunction with cluster-wise P< 0.05 to correct
for multiple comparisons based on Gaussian random field
theory; cluster size �50 voxels).31 Due to limited sample size,
2-sample Kolmogorov-Smirnov test, a nonparametric statistical
test, was used to confirm the findings in the 2-sample t tests.
Furthermore, we conducted clinical correlation analysis with
Spearman rank correlation coefficient between the gray matter
density of the significant clusters and clinical variables includ-
ing the duration of illness, age at onset, UMRS, and FTRS

Medicine � Volume 94, Number 42, October 2015
scores in the BAFME patients (P< 0.05, uncorrected): R(X,
Y)¼ cov(X, Y)/square root(var(X)�var(Y)), where ranks X and Y
were converted from the N (sample size) raw gray matter
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TABLE 1. Clinical Characteristics of the Participants in the Study

Subject ID Sex Age, y Education, y
Age at
onset, y

Duration of
illness, y UMRS FTRS TMTA, s TMTB, s DST VFT

Patient-01 M 58 9 40 18 24 37 35 77 54 20
Patient-02 M 56 12 40 16 35 26 48 108 36 12
Patient-03

�
M 51 9 32 19 76 72 — — — 13

Patient-04 F 33 6 20 13 25 23 65 135 25 12
Patient-05 F 46 9 36 10 8 6 42 96 45 13
Patient-06 M 40 15 34 6 11 8 62 108 28 10
Patient-07 M 38 9 16 22 8 6 30 88 31 15
Patient-08 F 41 6 31 10 26 26 27 83 55 17
Patient-09 M 36 9 33 3 37 25 35 90 48 14
Patient-10 F 33 12 27 6 8 2 62 128 20 11
Patient-11 M 18 9 16 2 16 7 58 140 18 9
Control-01 M 32 6 32 75 59 21
Control-02 F 20 16 56 105 49 12
Control-03 F 46 9 60 124 32 13
Control-04 F 61 9 25 68 63 18
Control-05 M 40 9 58 122 37 12
Control-06 M 51 9 48 115 46 19
Control-07 M 61 12 38 85 58 16
Control-08 M 39 9 62 120 28 13
Control-09 M 27 12 50 102 45 16
Control-10 F 31 9 40 96 53 13
Control-11 M 36 12 35 80 52 14
Control-12 M 18 9 45 102 40 15
Control-13 M 59 12 37 87 46 17
Control-14 F 48 9 30 70 61 18
Control-15 F 24 12 27 77 58 25

�
The patient could not complete TMTA, TMTB, or DST tests due to binocular blindness.DST¼ digit symbol test, F/M¼ female/male,

FTRS¼Fahn-Tolosa-Marin tremor rating scale, TMTA/TMTB¼Trail-Making Test-part A/part-B, UMRS¼ unified myoclonus rating scale,
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density and clinical variable, and cov is the covariance, and var
is the variance. Additionally, we performed correlation analysis
with Spearman rank correlation coefficient between the gray

VFT¼ verbal fluency test.
matter density of the significant clusters and neuropsychologi-

between the functional connectivity of the significant clusters
cal assessment scores with significant group differences in
all subjects.

Functional Connectivity Analysis
Considering the clusters with significant gray matter

density changes as ROIs, the averaged BOLD time courses
of all voxels within each ROI were obtained for each subject. In
the present study, we used Pearson correlation coefficient to
evaluate functional connectivity: R(T, S)¼ cov(T, S)/square
root(var(T)�var(S)), where T and S denote 2 time courses,
and cov is the covariance, and var is the variance. Then, gray
matter atrophy-related voxel-wise functional connectivity maps
were calculated for each ROI, and were converted to z-maps by
using Fisher r-to-z transformation.

To explore any gray matter atrophy-related functional
connectivity differences between the patient and healthy control
groups, 1-sample t tests (P< 0.05, false discovery rate cor-
rected, cluster size �20 voxels) were conducted for the z-maps

of each ROI within the patient and control groups, respectively.
A spatial z-map mask of a given ROI was then obtained by
combining the spatial maps of the 2 groups together, and 2-

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
tailed 2-sample t tests were finally performed on the individual
z-maps in a voxel-wise manner by applying the spatial z-map
masks (voxel-wise P< 0.001 in conjunction with cluster-wise
P< 0.05 to correct for multiple comparisons based on Gaussian
random field theory; cluster size �10 voxels).31 Similar to gray
matter analysis, we used Kolmogorov-Smirnov tests to confirm
the findings in the 2-sample t tests of functional connectivity.
Furthermore, we conducted clinical correlation analysis with
spearman’s rank correlation coefficient between the functional
connectivity of the significant clusters and clinical variables
including the duration of illness, age at onset, UMRS, and FTRS
scores (P< 0.05, uncorrected). Additionally, we performed
correlation analysis with Spearman rank correlation coefficient
and neuropsychological assessment scores with significant
group differences in all subjects.

RESULTS

Clinical and Demographic Characteristics of the
Subjects

All of the patients exhibited nonrhythmic cortical myo-

clonus and distal subtle tremors in their upper limbs. GTCS
occurred in 2 patients, and 1 patient presented with frequent
episodes (2–3 attacks per year) of GTCS. None exhibited
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TABLE 2. Anatomical Regions With Significant Gray Matter Atrophy in Benign Adult Familial Myoclonic Epilepsy

Anatomical Region BA Cluster Size, Voxels MNI Coordinates (x, y, z) T Value

Hippocampus (R) 141 38, �14, �12 �4.70
Orbitofrontal cortex (L) 11 111 �20, 26, �21 �4.60
Temporal pole (R) 38 200 45, 17, �35 �5.51
Dorsolateral prefrontal (L) 10 87 �35, 45, 21 �4.34

A significance threshold with voxel-wise P< 0.001 in conjunction with cluster-wise P< 0.05 to correct for multiple comparisons based on Gaussian
odm

Zeng et al Medicine � Volume 94, Number 42, October 2015
ataxia. The EEGs, SEPs, and long-loop reflexes indicated
evidence of cortical reflex myoclonus in all of the patients.
The sex (P¼ 0.851, Pearson x2 test), age (P¼ 0.797, 2-sample t
test) and education (P¼ 0.471, 2-sample t test) were matched
between the patient and control groups. The DST and VFT
scores of the patients were significantly lower than those of the
healthy controls with P values of 0.019 and 0.048 (2-sample t
test), respectively, but there was no significant difference in
TMTA and TMTB scores between the 2 groups (P¼ 0.399 and
0.169, respectively). Additionally, no significant difference was
observed in the mean motion between the 2 groups
(0.078� 0.051 mm for the patients, 0.072� 0.025 mm for the
controls, P¼ 0.720, 2-sample t test).30

random field theory and a cluster size �50 voxels were used. BA¼Br
Gray Matter Results
Relative to the healthy controls, the BAFME patients

exhibited significantly reduced gray matter density in the right

FIGURE 1. Anatomical regions with significant gray matter atrophy in
with voxel-wise P<0.001 in conjunction with cluster-wise P<0.05 to
theory and a cluster size �50 voxels were used.

4 | www.md-journal.com
hippocampus, left orbitofrontal cortex (OFC, Brodmann area
[BA] 11), right temporal pole (BA 38), and left dorsolateral
prefrontal cortex (DLPFC, BA 10), as shown in Table 2 and
Figure 1. Due to limited sample size, we used 2-sample
Kolmogorov-Smirnov tests to confirm the current findings.
The results revealed that the group differences demonstrated
by 2-sample t tests were also significant in the 2-sample
Kolmogorov-Smirnov tests (P< 0.001).

Functional Connectivity Results
The right hippocampus, left OFC, right temporal pole, and

left DLPFC, all of which displayed significant gray matter
atrophy, were selected as ROIs, and whole-brain voxel-wise
functional connectivity z-maps were calculated. The group-

ann area, L/R¼ left/right, MNI¼Montreal Neurological Institute.
level comparison analysis revealed that the right hippocampus
showed significantly enhanced functional connectivity with the
right inferior parietal lobule (IPL, BA 40), bilateral middle

benign adult familial myoclonic epilepsy. A significance threshold
correct for multiple comparisons based on Gaussian random field

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Functional Connectivity Alterations of the Right Hippocampus in Benign Adult Familial Myoclonic Epilepsy

Anatomical Region BA Cluster Size, voxels MNI Coordinates (x, y, z) T Value

Inferior parietal lobule (R) 40 24 42, �27, 30 4.71
Middle cingulate cortex (L) 15 �21, �24, 48 5.69
Middle cingulate cortex (R) 31 22 6, �18, 48 4.35
Precuneus (L) 7 24 �6, �60, 60 5.34
Precentral gyrus (L) 6 10 �30, �6, 57 4.73

clu
odm

Medicine � Volume 94, Number 42, October 2015 Structural and Functional Brain Alterations in BAFME
cingulate cortex (MCC, BA 31), left precuneus (BA 7), and left
precentral gyrus (BA 6) in the BAFME patients, as shown in
Table 3 and Figure 2. No significant hippocampal functional
connectivity reduction was observed in the BAFME patients.
No significant functional connectivity differences were
detected to relate to the 3 other ROIs between the 2 groups.
Due to limited sample size, we used 2-sample Kolmogorov-
Smirnov tests to confirm the current findings. The results
revealed that the group differences demonstrated by 2-sample
t tests were also significant in the 2-sample Kolmogorov-
Smirnov tests (P< 0.001).

Clinical Correlation Results
The gray matter density of the right hippocampus was

significantly correlated with the DST (R¼ 0.66, P< 0.001) and
duration of illness (R¼�0.81, P¼ 0.003), respectively
(Figure 3). And the gray matter density of the right temporal
pole was significantly correlated with the DST (R¼ 0.64,
P< 0.001) and VFT (R¼ 0.45, P¼ 0.023), respectively
(Figure 3). In addition, the gray matter density of the left

A significance threshold with voxel-wise P< 0.001 in conjunction with
random field theory and a cluster size �10 voxels were used. BA¼Br
OFC was significantly correlated with the DST (R¼ 0.52,
P¼ 0.008, Figure 3). No significant correlation was detected
between the clinical variables and functional connectivity of the

FIGURE 2. The right hippocampus (HIPP) exhibited significantly
enhanced functional connectivity with the right inferior parietal
lobule (IPL), bilateral middle cingulate cortex (MCC), left precu-
neus (PCu), and left precentral gyrus (PreCG) in benign adult
familial myoclonic epilepsy. A significance threshold with voxel-
wise P<0.001 in conjunction with cluster-wise P<0.05 to cor-
rect for multiple comparisons based on Gaussian random field
theory and a cluster size �10 voxels were used.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
ster-wise P< 0.05 to correct for multiple comparisons based on Gaussian
ann area, L/R¼ left/right, MNI¼Montreal Neurological Institute.
aforementioned regions with significant functional connectivity
alterations.

DISCUSSION
In this study, we investigated gray matter and functional

connectivity alterations in patients with BAFME using MRI and
observed significant gray matter loss in the right hippocampus,
right temporal pole, left OFC, and left DLPFC and significantly
enhanced hippocampal functional connectivity with the right
IPL, bilateral MCC, left precuneus, and left precentral gyrus in
the BAFME patients compared with the healthy controls. The
findings may shed new light on the pathophysiology of BAFME
and may help to interpret how BAFME patients exhibit mild
cognitive impairment in daily life.

Hippocampal formation has been demonstrated to play an
important role in some aspects of spatial coding and control of
attention.32,33 In this study, gray matter loss of the right
hippocampus was observed in the BAFME patients, and the
regional gray matter density was significantly positively corre-
lated with the DST scores, which were significantly lower in the
patients than those in the healthy controls. A previous study
reported that signs of slight cognitive impairment, such as short-
term memory and attention deficits, were seen in a Dutch
BAFME pedigree.10 Suppa et al12 demonstrated that verbal
memory and executive functions were moderately impaired in
BAFME, in addition to visuospatial impairment. The current
results may suggest that the right hippocampal gray matter loss
was associated with the low DST performance in the BAFME
patients. In addition, the functional connectivity of the right
hippocampus was enhanced in the right IPL, bilateral MCC, left
precuneus, and left precentral gyrus in the BAFME patients.
The precuneus, together with the precentral gyrus, has been
suggested to be involved in visuospatial mental operations.34 It
is possible that the enhanced functional connectivity may
compensate for the gray matter atrophy of the hippocampus
in the BAFME patients. However, no significant correlation
was detected between the clinical variables and functional
connectivity of the aforementioned regions in the BAFME
patients, so the compensation effect needs to be confirmed with
further evidence. Note that the left and right hippocampus
exhibited asymmetries in the BAFME patients. Asymmetries
in the morphology and connectivity of the left and right
hippocampus have been observed in epilepsy in previous
studies.35–37 As for memory processing, episodic memory is
more associated with the left hippocampus,38,39 whereas the use
of the right hippocampus is dominant during spatial memory

tasks.38,40 Memory was not evaluated in the present study, but
the finding of asymmetries may provide new insight into the
distinct role of hippocampus in BAFME.
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Gray matter reduction was also observed in the right
temporal pole and left OFC in the BAFME patients relative
to healthy controls. Relative to healthy controls, the BAFME
patients showed lower scores in the VFT test. The temporal pole
is involved in the relationship of emotion/mood to visceral
function,41,42 whereas the medial parts of the OFC are related to
the monitoring and learning.43 We observed that the gray matter
density of the left OFC was significantly positively correlated
with the DST scores, and that the gray matter density of the right
temporal pole was significantly positively correlated with the
DST and VFT scores, respectively, suggesting that gray matter
loss from these two regions may be related to some slight
cognitive deficits observed in BAFME patients.4,11,12 In
addition, the left DLPFC also exhibited reduced gray matter
density in the BAFME patients. The DLPFC is a critical region
in the frontoparietal control network, which is involved in
working memory and cognitive control function.44 The
previous neuroimaging studies suggested that structural or
functional alterations of DLPFC might underlie deficits in
working memory and executive function in epilepsy.45–47 In
addition, impaired executive functions were observed in
BAFME patients in previous studies.12 The current results
may suggest that the gray matter loss in the left DLPFC is
associated with executive function impairments in BAFME.

There are several limitations in the present study. First,
there are limitations related to the lack of a large independent
dataset with which to confirm the findings. Because BAFME is
a rare form of epilepsy, we only included 11 BAFME patients
from 1 Chinese pedigree in the study. To corroborate the
correlation between the gray matter density of right hippo-
campus and duration of illness in the patients, we conducted
stepwise linear regression additionally. The results revealed that
the correlation is significant with a P value of 0.003, consistent
with the results of Spearman rank correlation analysis. There are

FIGURE 3. Clinical correlation results between neuroimaging m
variables (DST, VFT, and duration of illness). DST¼Digit Symbol T
around 100 BAFME families reported worldwide, but they are
mainly in Japan and Europe. The family we enrolled in this
study is likely the first one in China. There may be genetic

6 | www.md-journal.com
heterogeneity between different pedigrees, so it is valuable and
informative to study a Chinese family with BAFME. Notably,
an expansion of this sample is ongoing. Second, 3 patients
received antiepileptic treatments (Valproic acid for 1patient
and Phenobarbital for the other 2 patients). Because the drug
valproic acid and Phenobarb might reduce cortical volume, we
conducted control analyses in which the patient in use of
Valproic Acid and Phenobarb was excluded, respectively.
The results revealed that the gray matter differences were still
significant in the four aforementioned regions between the
patient and control groups (P< 0.001, 2-sample t test;
P< 0.01, 2-sample Kolmogorov-Smirnov test). Thus, we
could conclude that the effect of Valproic Acid and Phenobarb
was limited in this study. However, one should still interpret the
results with caution, given the history of these medications.
Third, there are several studies indicating that the genetic
abnormality may translate to the cerebellar pathological
changes and cortical excitability.5,8 However, so far, there is
no direct evidence that affirms the relationship between the
genetic abnormality and brain structural abnormalities in
BAFME. The structural abnormalities may derive from either
genetic factor or acquired disposition (such as long-term
cortical excitability). But we could not conclude that the
genetic abnormality translates to the current structural abnorm-
alities. Further studies are needed to address the relationship
between genetic abnormality and brain structural abnormal-
ities. Fourth, we only investigated gray matter atrophy-related
functional connectivity alterations in the BAFME patients.
Thus, some other ROIs with a stronger a priori hypothesis
could be explored in the future. Finally, though the current
results suggest that the decrease in cortical volume may be
compensated by an increase in functional connectivity, it
remains unclear how long this compensatory mechanism will
last since a decline in cognitive function was observed. Thus, a

res (gray matter density of the regions of interest) and clinical
, VFT¼Verbal Fluency Test.
longitudinal work is necessary to analyze cognitive aspects,
clinical features, and neuroimaging findings over the years
with the same family in the future.
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