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A B S T R A C T

Purpose: Only a few studies have investigated the brain morphology abnormalities in structural MRI in patients
with drug-naïve idiopathic generalized epilepsy (IGE) and mainly focused on brain volume changes. In the
present study, we aimed to investigate the changes in three morphologic measurement differences including
cortical thickness, cortical volume, and surface area using FreeSurfer in a pediatric cohort of recent-onset, drug-
naïve IGE.
Methods: Forty-five recent-onset, drug-naïve patients diagnosed with IGE and 32 demographically matched
healthy controls were recruited. All participants underwent structural MRI scans with a 3.0 T MR system.
FreeSurfer, an automated cortical surface reconstruction toolbox, was applied to compare the cortical mor-
phology between patients and controls. The brain regions with significant group differences after multiple
comparison correction were extracted in common space for each patient, and then correlated with their clinical
characteristics (including onset age, duration of epilepsy, and mini-mental state examination (MMSE)) using
partial correlation analysis with age, sex and intracranial volume as covariates.
Results: Compared with controls, IGE patients showed decreased cortical thickness in the left rostral middle
frontal gyrus, decreased cortical volume in the right cuneus and left superior frontal gyrus that extended to the
precentral gyrus, and decreased surface area in the right cuneus and right inferior parietal gyrus. None of these
regions showed significant relationships with clinical measurements in the patient group.
Conclusion: Our findings suggest that cortical thickness, cortical volume, and surface area changes occurred in
the early stage of IGE. These findings provide structural neuroimaging evidence underlying the pathology of IGE.

1. Introduction

Idiopathic generalized epilepsy (IGE) is characterized by bilaterally
diffuse generalized spike-wave discharges (GSWD) or polyspike-wave
discharges on electroencephalography (EEG) but IGE patients appear
normal on conventional magnetic resonance imaging (MRI). Recurrent
generalized seizure types include absence, myoclonic, atonic, tonic, and
generalized tonic-clonic seizures (GTCS), which usually occur pre-
dominantly upon awakening and are often precipitated by sleep de-
privation, alcohol consumption, and stress. According to the latest
International League Against Epilepsy (ILAE) classification of the epi-
lepsies [1], IGE mainly encompasses four well-established epilepsy

syndromes: Childhood Absence Epilepsy (CAE), Juvenile Myoclonic
Epilepsy (JME), Juvenile Absence Epilepsy (JAE), and Generalized
Tonic-Clonic Seizures, which differs from the ratified epilepsy classifi-
cation in 1989 [2].

There is substantial evidence demonstrating that individuals with
IGE exhibit anomalies in brain structure [3–10], cognition [11–15], and
behavior [16,17], and have poor social outcomes [18,19], including
depression, isolation, and underemployment, which can have a severe
adverse impact on patient's lives. Although IGE is a well-recognized and
common subgroup of epilepsy, the pathogenesis and pathophysiological
processes of this illness are not well understood. Investigating the brain
morphology may help to explain the underlying pathologic mechanism
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of this disorder.
Many studies have reported anatomical and functional brain ab-

normalities in patients with IGE compared to healthy controls [20–26].
Most of these studies reported reduced gray matter volume (GMV) in
regions including the thalamus [3,4,7,8,26,27], frontal lobe [6,26],
cingulate cortex [6,25,28], and hippocampus [23,24], as well as re-
duced cortical thickness in regions including the precentral, frontal, and
temporal lobe [3]. Some studies found increased GMV in regions in-
cluding the mesial frontal lobe [5], hippocampus [6], middle temporal
pole [6], and thalamus [9,10], and increased cortical thickness in re-
gions including the orbitofrontal and mesial frontal gyrus [4]. These
inconsistent reports of cortical or subcortical morphologic changes in
IGE are potentially due to several factors, such as field strength of the
magnetic resonance (MR) scanner, heterogeneity and chronicity of
patients, medication effects, and different analytic methods.

Previous studies have confirmed that cortical gray matter volume
was influenced by two major determinants, i.e., cortical thickness and
surface area. The developmental trajectories of cortical thickness and
surface area, both in their pattern and timing, are believed to be dif-
ferent from each other [29] and influenced by various genetic factors
[30]. Most previous studies have proved that cortical volume is more
associated with surface area than cortical thickness [31,32]. Cortical
thickness reflects the density, size, and arrangement of neuroglia,
neurons, and nerve fibers [33], and thus, measurement of the cortical
thickness could provide important and relatively unique information
regarding disease-specific neuroanatomical changes. For instance, re-
gional thinning of the cortex can reflect decreased dendritic arboriza-
tion or changing myelination at the gray/white matter interface [34]
within specific brain systems. However, there is no study that has si-
multaneously reported the cortical volume, cortical thickness, or sur-
face area changes in IGE patients, and independent measurements of
cortical anatomy are important for understanding the specific neuroa-
natomical changes.

It has been demonstrated that FreeSurfer (http://surfer.nmr.mgh.
harvard.edu/), a powerful tool in vivo based on MRI scans, exhibits
good test-retest reliability, particularly with different scanners, manu-
facturers, and field strength [35]. To the best of our knowledge, there is
only one study that used FreeSurfer to explore brain morphology
anomalies in recent-onset, drug-naïve IGE patients [36]. Such studies of
recent-onset, drug-naïve IGE patients are not only important for eval-
uating the initial brain alterations before being influenced by potential
confounders, such as medication effects and disease duration, but they
are also critical for providing novel information relevant to the un-
derlying mechanisms. However, the previous study [36] using region of
interest (ROI) analysis may distort the results of selective analyses, even
when rigorous statistical tests are used during selection [37].

Thus, the primary aim of the present study was to explore the
morphological changes of the whole brain in a recent-onset drug-naïve
pediatric cohort with IGE. In addition, a partial correlation analysis was
used to investigate the changed morphometric parameters in the pa-
tient group and their clinical characteristics (including onset age,
duration of epilepsy, and mini-mental state examination (MMSE)
score).

2. Materials and methods

The present study was approved by the local Ethics Committee and
institutional review board. Written informed consent was obtained
from all participants and/or their guardians.

2.1. Participants

Sixty first-episode, drug-naïve patients and 37 matched healthy
controls were recruited from the Affiliated Hospital of Southwest
Medical University in the beginning. Six patients and 2 controls were
excluded because of failure to finish either the MRI scanning or the

MMSE assessment. Nine patients and 3 controls with head motion ar-
tifacts were also excluded. Finally, Forty-five patients (including 2 with
childhood absence epilepsy (CAE), 1 with juvenile absence epilepsy
(JAE), 11 with JME, 21 with GTCS, and 10 with an unidentifiable
subsyndrome; age range: 5–18 years, males:females= 26:19) and 32
matched healthy controls (age range: 5–18 years, mal-
es:females= 21:11) were recruited (Table 1). All patients underwent a
comprehensive evaluation that confirmed the clinical features of IGE
according to the ILAE diagnostic criteria [1]. The duration of time from
the first illness manifestation to the time of MR scan ranged from 1 to
24weeks. The long illness duration up to 24weeks is due to that some
patients lived in remote mountainous areas thus it's inconvenient for
them to see a doctor in the city; and that some patients were brought to
hospital when their second episode occurred, which often had a long
interval to their first episode. The age of onset ranged from 5 to
18 years. Healthy controls were collected through poster advertise-
ments. Criteria for controls included no histories of (i) any initial pre-
cipitating event (e.g., simple or complex febrile seizures); (ii) any sei-
zure or seizure-like episode; (iii) neurologic, psychological,
developmental, or systemic disease; or (iv) loss of consciousness> 5
min. All children were attending regular school. The two groups
showed no significant differences in the age and sex ratios, or in MMSE
scores.

2.2. MR data acquisition, processing, and statistical analysis

Patients and control subjects were scanned using a 3.0 T MR scanner
system (Intera Achieva; Philips Medical Systems, Amsterdam, the
Netherlands) equipped with an eight-channel phased-array head coil.
Participants were fitted with soft earplugs, positioned comfortably in
the coil, and instructed to relax and remain still. Head motion was
minimized with foam pads. High-resolution 3-dimensional T1-weighted
(3D-T1) images were obtained with a spoiled gradient recalled (SPGR)
sequence with the following parameters: 176 axial slices with thick-
ness= 1.7mm, repetition time (TR) =18ms, echo time (TE)= 5ms,
flip angle= 30°, FOV=220×220 cm2, and data matrix= 256×256.
The average scanning time was 7min.

The reconstruction of cortical surfaces was based on 3D SPGR
images using FreeSurfer (http://surfer.nmr.mgh.harvard.edu/vision
5.3.0) software. This method uses automated surface reconstruction,
transformation, and high-resolution interparticipant alignment proce-
dures to accurately and rapidly measure the morphometric parameters
of the entire cortex [38–41]. The detailed procedure for surface re-
construction with FreeSurfer has been previously described and vali-
dated elsewhere [35,40–43]. In brief, this processing includes motion
correction, removal of nonbrain tissue using a hybrid watershed/sur-
face deformation procedure, automated Talairach transformation, seg-
mentation of the subcortical white matter and deep gray matter volu-
metric structures, intensity normalization, tessellation of the gray
matter and white matter boundary, automated topology correction, and
surface deformation following intensity gradients to optimally place the
gray matter-white matter and gray matter-cerebrospinal fluid borders
at the location where the greatest shift in intensity defines the transition
to the other tissue class. Quality control of the FreeSurfer output was

Table 1
Demographic information for epilepsy patients and healthy controls.

IGE (n= 45) HC (n= 32) p-Value

Age 11.0 (3.6) 10.7 (3.2) 0.95
Sex (male/female) 26/19 21/11 0.49
MMSE 23.8 (6.2) 26.2 (5.2) 0.09
Age of onset 10.6 (3.2)
Duration of epilepsy (months) 3.4 (3.8)

Notes: IGE, idiopathic generalized epilepsy; HC, healthy controls; MMSE, mini-
mental state examination; scores in the bracket are the standard deviation (SD).
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performed by visual inspection according to the criteria specified in the
FreeSurfer user manual (http://surfer.nmr.mgh.harvard.edu/fswiki/
FsTutorial/). When errors were noted, they were fixed, and if the er-
rors could not be fixed, the images were discarded to prevent further
analysis. After the cortical models were constructed, a number of de-
formable procedures were performed for further data processing and
analysis, such as surface inflation, registration to a spherical atlas using
individual cortical folding patterns to match cortical geometry across
participants, parcellation of the cerebral cortex into units based on
gyral and sulcal structures, and creation of a variety of surface-based
data structures, including maps of curvature, sulcal depth, and Jacobian
metric distortion. To improve the ability to detect population changes,
we blurred each participant's morphometric parameter map using a 25-
mm full-width at half-maximum surface-based Gaussian kernel.

Three morphometric measurements including cortical thickness,
cortical volume, and surface area were compared using a general linear
model with age, sex and intracranial volume as covariates. A Monte
Carlo method (with 1000 iterations per Monte Carlo simulation) was
used for the multiple comparison correction (p < 0.05). In order to test
whether altered cortical measurements in patients were associated with
clinical scores, we performed the following correlation analysis. The
regions that showed group differences after multiple comparison cor-
rection were extracted in the common space for each individual. The
mean morphometric measurements in each region of the patient group
were correlated with their clinical characteristics (including onset age,
duration of epilepsy, and MMSE) using partial correlation analysis with
age and sex as covariates. Furthermore, we performed additional
vertex-wise correlation analysis of cortical thickness with clinical
measurements. Monte Carlo method was used for the multiple com-
parison correction, as mentioned above.

3. Results

As shown in Fig. 1 and Table 2, compared with controls, IGE pa-
tients showed decreased cortical thickness in the left rostral middle
frontal gyrus, decreased cortical volume in the right cuneus and left
superior frontal gyrus that extended to the precentral gyrus, and

decreased surface area in the right cuneus and right inferior parietal
gyrus (P < 0.05, after Monte Carlo correction). None of these regions
showed significant relationships with clinical measurements in the
patient group. In addition, no significant correlation was observed in
the vertex-wise correlation analysis.

4. Discussion

To the best of our knowledge, the present study is the first to si-
multaneously measure cortical thickness, cortical volume, and surface
area using FreeSurfer in drug-naïve patients with recent-onset IGE. We
observed decreased cortical thickness in the left rostral middle frontal
gyrus, decreased volume in the right cuneus and left superior frontal
gyrus that extends to the precentral gyrus, and decreased surface area
in the right cuneus and right inferior parietal gyrus. Although none of
these regions showed significant relationships with clinical measure-
ments in the patient group, our findings confirmed the subtle ab-
normalities of cortical morphology in the early course of IGE.

The most unique finding from our study is the observation of de-
creased cortical measurements in the early course of untreated patients,
which is in accordance with previous studies showing frontal volume

Fig. 1. Brain regions showing significantly decreased cortical thickness in left rostral middle frontal gyrus (A), decreased volume in right cuneus (B) and left superior
frontal gyrus which extend to precentral gyrus (C), and decreased surface area in right cuneus (D) and right inferior parietal gyrus (E).

Table 2
Brain regions with altered morphometric parameters in IGE patients compared
to healthy controls.

Morphometric
parameter

Region Size (mm2) −log
(p)

Talarach coordinate

x y z

Cortical thickness L-rostral
middle
frontal gyrus

1491.74 2.24 −25.7 26.3 33.6

Volume R-cuneus 1475.64 2.51 4.7 −74.1 21
L-superior
frontal gyrus

1344.19 2.24 −12.8 −11.1 67.7

Pial area R-cuneus 1453.4 3.10 4.7 −74.1 21
R-inferior
parietal
gyrus

889.97 1.43 34 −71.1 28.7
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reduction in new-onset IGE patients [44,45]. Similar to our findings,
Wang et al. [46], found decreased gray matter (GM) volumes in the
subcortical structure (bilateral thalamus) in 20 drug-naïve idiopathic
CAE patients using a voxel-based morphometry (VBM) method. An-
other study by Perani et al. [36] using the ROI method also reported
reduced gray matter volume in the bilateral thalamus in 29 drug-naive
patients with new-onset genetic generalized epilepsy (GGE) compared
to healthy controls. The reports that differed from the current study
may have arisen from the heterogeneity of IGE patients, different
sample sizes, or analytic method. Moreover, our findings are consistent
with those of a previous study reporting decreased gray matter volume
in chronic, treated IGE patients [26]. In addition, a longitudinal study
revealed that frontal lobe volume loss in new-onset IGE persisted over a
2-year interval [45]. Combining our findings and previous studies, we
suggest that the cortical morphology changes are present at or ante-
cedent to epilepsy onset, and continue to the later stage of the disease.

The decreased cortical thickness observed in the present study was
primarily found in the prefrontal cortex (left rostral middle frontal
gyrus), suggesting that this region has a particularly important role in
IGE. Abnormalities of the prefrontal cortex have been widely reported
in IGE patients [3,47]. The rostral middle frontal gyrus, which is part of
the rostral dorsolateral prefrontal cortex (DLPFC), plays an important
role in execution and cognition [48,49]. Ekmekci et al. [50] detected
decreased fractional anisotropy (FA) values in the DLPFC in patients
with new-onset JME, and the FA values in the DLPFC were negatively
correlated with cognitive function abnormalities (the Stroop and trail-B
test). A decreased FA value is often seen when the fiber density is re-
duced or fiber integrity is collapsed, which demonstrates that micro-
structural abnormalities exist from the very beginning of the disease,
and that is similar to our findings.

Decreased volume of the left superior frontal gyrus, which extends
to the precentral gyrus, was also found in the current study. The left
superior frontal gyrus, located in the mesiofrontal cortices, is part of the
‘internal awareness’ network and shares many fiber connections with
the rostral middle frontal gyrus [51], which also revealed decreased
cortical thickness in our study and is part of the ‘external awareness’
network. The abnormalities in these interconnected cortico-cortical
circuits are believed to play critical roles in conscious cognition
[52,53]. For instance, CAE patients showed decreased functional MRI
activation in the medial frontal cortex compared to controls while
performing attentional vigilance tasks [22]. In addition, we found vo-
lume reduction in the precentral gyrus, which is responsible for
movement, presumably related to limb clonus caused by seizures. The
observation of decreased cortical thickness and volume in the frontal
gyrus in the present study suggested the presence of microstructural
and functional abnormalities in the frontal lobe of IGE patients, which
is consistent with results from previous studies [3,4,6,47,54–58].

Both decreased surface area and volume in the right cuneus were
found in the present study, which is in accordance with previous reports
stating that cortical volume is associated more frequently with surface
area rather than cortical thickness [31,32]. The cuneus is a part of the
occipital lobe, and previous studies have reported its functional and
microstructural abnormalities in patients with GTCS [59]. The occipital
lobe is related to visual information processing. Photic stimulation can
induce seizures in some IGE patients, and a previous structural study
revealed axial and radial diffusivity changes in the occipital regions in
IGE and photoparoxysmal response patients (IGE-PPR group) [60]. Si-
milar findings had been reported that reduced GMV in the occipital
cortices of those JME patients with photosensitivity, but was not seen in
those without photosensitivity [61]. However, we could not judge how
many photosensitive IGE patients were included in our study. Further
study should be performed to detect whether the decreased surface area
and volume in the right cuneus were related to photic stimulation-in-
duced seizures.

In addition, our study found decreased surface area in the right
inferior parietal gyrus in IGE patients. The surface area and cortical

thickness are influenced by different genetic factors regulating sulcal
patterning and the thickness of the cortical mantle itself [30]. For in-
stance, the regional thinning of the cortex can reflect reduced dendritic
arborization [62] or changing myelination at the gray/white matter
interface [34]. Therefore, it is not surprising to observe predominant or
selective alterations in one of the two cortical measures if we consider
that IGE is a neurodevelopmental disorder, and the cortical thickness
and surface may express different corticogenesis pathways [63]. The
parietal lobe is believed to participate in the posterior default-mode
network [64,65], which is called the random episodic silent thinking
(REST) network and is affected by states of awareness [66]. A previous
study revealed that the blood oxygen level-dependent (BOLD) signal
increase in the posterior REST network appears to precede the onset of
the epileptiform activity, whereas that was not observed in other cor-
tical regions in 11 untreated CAE patients [67], and the BOLD signal
decrease had also been reported in the parietal cortex during absence
seizures in drug-naïve, newly diagnosed patients [65]. Thus, we hy-
pothesize that the decreased surface area in the right inferior parietal
gyrus may represent a structural correlate of impaired consciousness
during epilepsy seizures. That is consistent with previous reports de-
scribing how the parietal lobe is part of the network of consciousness
regulation [68].

Although we found changes in different morphological measure-
ments in multiple brain regions, none of our findings showed any sig-
nificant relationships with clinical measurements (including onset age,
duration of epilepsy, and MMSE) in the patient group. Given that we
cannot fully address the circular issue of the ROI analysis [37], inter-
pretation of the non-correlation requires caution.

Several potential limitations of this study should be considered.
First, the number of children with epilepsy is modest, and we were
unable to conduct a further subgroup analysis. Second, this is a cross-
sectional study, and it was better to determine the dynamic brain de-
velopment by examining changes over time rather than at a single time
point. Longitudinal clinical studies may help to illustrate the question of
whether the cortical morphology changes that we report close to illness
onset reflect altered brain maturation that developed over time.

5. Conclusions

For the first time, we demonstrated that multiple cortical morpho-
logic abnormalities existed at the onset of IGE in drug-naïve patients.
We observed significant differences in cortical measurements in the
middle frontal gyrus, cuneus, superior frontal gyrus, and inferior par-
ietal gyrus. Combining our results with previous studies, we confirmed
that cortical morphology changes are present at or antecedent to epi-
lepsy onset. These changes may be associated with brain neurodeve-
lopmental abnormalities. In the future, we need to enlarge our sample
size, and distinguish the IGE subtype to further study the different
multiple cortical morphologic changes in the IGE subtype.
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