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Objective: To investigate the dynamical brain network changes before and after an

absence seizure episode in absence epilepsy (AE).

Methods: 21 AE patients with a current high frequency of seizures and 21 sex- and

age-matched health control (HC) who reported no history of neurological or psychiatric

disorders and visited the hospital for routine physical examinations were included. Each

included subject underwent a 2-h and 19-channel video EEG examination. For AE

patients, five epochs of 10-s EEG data in inter-ictal, pre-ictal, and post-ictal states

were collected. For the HC group, five 10-s resting-state EEG epochs were extracted.

Functional independent components analysis (ICA) was carried out using the LORETA

KEY tool.

Results: Compared with the resting-state EEG data of the HC group, the EEG data

from AE patients during inter-ictal periods showed decreased alpha oscillations in regions

involving the superior frontal gyrus (SFG) (BA11). From inter-ictal to pre-ictal, SFG (BA10)

showed maximum decreased delta oscillations. Additionally, from pre-ictal to post-ictal,

superior temporal gyrus (STG) (BA 22) presented maximum increased neural activity

in the alpha band. Moreover, compared with inter-ictal EEG, post-ictal EEG showed

significantly decreased theta activity in SFG (BA8).

Conclusion: The changes in SFG alpha oscillations are the key brain network differences

between inter-ictal EEG of AE patients and resting-state EEG of HCs. The brain networks

of EEG oscillatory during peri-ictal episodes are mainly involving SFG and STG. Our

study suggests that altered EEG brain networks dynamics exist between inter-ictal EEG

of AE patients and resting-state EEG of HCs and between pre- and post-ictal EEG in

AE patients.
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INTRODUCTION

Childhood absence epilepsy (AE) accounts for 10–17% of all cases of childhood-onset epilepsy,
making it the most common type of epilepsy in childhood (1, 2). The clinical syndrome is
characterized by frequent but brief staring spells. Generally, typical 3–4Hz generalized spike-wave
discharges (GSWDs) will be found in the ictal period (3). AE is easy to be diagnosed, can be
effectively treated. However, some studies have confirmed that it has a significant impact on
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children’s lives, who has a higher rate of impaired behavior,
emotions, cognition, and language and low intervention rate.
These problems can persist into adulthood with a lower level of
employment and more social isolation (4, 5).

Over the past decades, advances in neuroimaging and
EEG techniques have led to a better understanding of the
brain networks involved in AE. Some studies have found
that the characteristic generalized spike-and-wave discharges
are associated with “activations” and “deactivations” within
a network of cortical or subcortical brain regions (6, 7).
Interestingly, the changes of functional connectivity (FC) of
AE patients in the pre-treatment ictal state may indicate the
response to antiepileptic treatment (8). In addition, our previous
study has recognized that the EEG microstates of AE before
and after absence seizures are characterized by a “slowdown” in
transitions betweenmicrostates (9). These studies are meaningful
for interpreting the different patterns of brain activity that
are changing during the peri-ictal period of AE. However, the
detailed evolutions of brain networks during the peri-ictal time
in patients with AE remain to be solved. Thus, we continue to
explore the pattern of brain networks in inter-ictal, pre-ictal and
post-ictal periods.

A widely used brain network analysis method, independent
component analysis (ICA) is a classical electroencephalogram
(EEG) signal analysis technique, which separates scalp electrical
signals into their additive independent or source components
(10, 11). All components activated in the results are statistically
independent of each other to identify independent spatial brain
networks and their interactions in frequency bands (12), which
means that different networks do not activate together. This
method, using EEG data, shows a high time resolution (13), and
a relatively good spatial resolution. Therefore, we planned to use
the EEG ICA method to explore the changes of brain networks
during peri-ictal periods in patients AE.

In the present study, we hypothesized that the occurrence
and termination of absence episodes are accompanied by the
change of brain functional networks. We aimed to investigate
whether and how brain functional networks changed under three
conditions, including inter-ictal, pre-ictal, and post-ictal states, in
AE patients.

PATIENTS AND METHODS

Participants
A total of 21 patients with typical childhood AE were recruited
from January 2016 until January 2019 in the neurology
department of the Affiliated Hospital of Southwest Medical
University. Inclusion criteria: (a) clinical diagnosis of childhood
AE was established according to the International League against
Epilepsy (ILAE) for a revised classification of epilepsy and
epileptic syndromes (14); (b) EEG showed typical bilateral,
synchronous ca. 3Hz GSWDs during seizure episodes, with

Abbreviations: EEG, electroencephalogram; eLORETA, exact lower solution brain

electromagnetic tomography; AE, absence epilepsy; BA, Brodmann area; HC,

healthy control; SFG, superior frontal gyrus; STG, superior temporal gyrus; ICA,

independent component analysis.

a high frequency of absence seizures (more than 5 seizures
within the 2-h video EEG examination); (c) no anatomical
abnormality in routine structural Magnetic Resonance Imaging
(MRI) examinations; (d) no additional seizure types, such as
systemic tonic-clonic or myoclonic seizures. Exclusion criteria:
(a) Previous history of other major neuropsychiatric disorders;
(b) Large interference and poor effect of EEG data; All included
subjects were right-handed. In addition, 21 age- and sex-matched
healthy controls without epilepsy and other neurological diseases
were included. This data sample has been partly reported by our
group in a previous study (9). Written informed consent was
obtained from all participants. The study was approved by the
medical ethics committee of the Affiliated Hospital of Southwest
Medical University.

Preparation Before EEG Collection
Subjects washed and dried their hair before EEG data collection.
The scalp EEG was acquired in a quiet, relaxed state in a semi-
isolated room.

EEG Data Acquisition
For both patients and controls, video EEG was recorded from
a nineteen-channel analog recorder (GALIEO EB Neuro with
a camera) placed according to the 10–20 system for 2 h. EEG
and video data were recorded in a time-locked pattern. The
impedances of the electrodes were kept at <10 kΩ . The sample
rate was 256Hz for all the recordings.

At the EEG monitoring start, the participants were told to
keep awake, remain relaxed, keep their eyes closed and not
to think of anything in particular for resting-state EEG data
acquisition. Then the EEG-video recording lasted for up to 2 h.
Following the EEG recording, the EEG patterns were evaluated
by two reviewers. Reference montages and average montages
were used as well as bipolar montages to assess epileptiform
discharges and epileptic seizures. Those patients with frequent
typical generalized ca. 3-Hz spike-and-wave complexes were
included. The absence seizures were defined as generalized ca.
3-Hz spike-and-wave complexes discharges lasting more than
5 and <15 s. According to previous study (15), the absence
onset and end were defined as consistent with onset and end of
generalized ca. 3-Hz spike and wave discharges. Only when the
two reviewers reached an agreement, the data would be brought
into the final analysis.

EEG Data Preprocessing
The original EEG data were exported in European Data
Format (EDF) format. The EEG was bandpass filtered between
1 and 45Hz with a Hamming window after the FIR filter.
Then the electromyogram artifacts and muscle artifacts
were completely automated removed using blind source
separation. Both electrooculogram artifact and muscle artifact
corrections were carried out using a fast ICA algorithm. These
procedures were done using an automated EEGlab plugin-in
AAR (http://germangh.com). Those EEG matrices with low
fractal dimensions would be recognized as artifact components
and be removed automatically. Then, the EEG was recomputed
to the common average reference. After preprocessing, the EEG
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of interest was cut out and translated to text format for further
ICA analysis. For each subject in AE patients, we extracted
five 10 s epoch EEG data for inter-ictal, pre-ictal (pre-seizure),
and post-ictal (post-seizure) states. Five 10 s epoch EEG data
in the resting state with eyes closed and for each subject in
controls. inter-ictal EEG was defined as EEG epochs with eyes
closed standing in the time points that there was no seizures
onset before and after it within 1min. Data preprocessing was
carried out using MATLAB (R2014a, MathWorks, Inc.) toolbox
EEGlab (16).

Functional ICA
To analyze the functional network divergence of brain
activity between different states, an exact Low-Resolution
Electromagnetic Tomography (eLORETA) functional ICA
method (eLORETA-ICA) was employed. eLORETA is a widely
used method to localize multiple distributed cortical sources of
EEG data in three-dimensional space (17). The LORETAmethod
has been previously validated in many real human EEG data.
The present used eLORETA (V20190617) is an improvement
over earlier related version of LORETA (17) or Standardized
LORETA (sLORETA) (18). ICA is a mathematical decomposition
algorithm that separates the EEG signal into a set of statistically
independent components. The technical details of functional
ICA has been described in previous studies (19, 20).

In short, the EEG signals of each subject were transformed
to cross-spectral EEG matrix for each frequency band using
the discrete Fourier transform. Then, these transformed files
were used for computing the spectral density for each cortical
gray voxel (6,239 voxels) and for each frequency band. Thus,
we obtained six eLORETA images of cortical spectral density
five frequency bands (delta band: 1–4Hz; theta band: 4–8Hz;
alpha band: 8–13Hz; beta band: 13–30Hz; gamma band: 30–
45Hz.). These data correspond to a “function” of space (cortical
voxel) and frequency. After that, the data from each subject
in two groups is concatenated. Thus, a matrix including two
dimensions were created, in which one dimension corresponds
to different subjects, and the other dimension corresponds
to space-frequency. This process was known as functional
data analysis. When independent component analysis is used
to this matrix, general networks are found. This method
is defined as functional ICA. Each functional network is
composed of five images, one for each frequency band (11).
Those components with Z scores higher than or equal to “3”
were considered statistically significant and selected for later
comparisons between two conditions.

In present study, to achieve an optimal number of
components. We used sphericity test (21) to compute the
eigenvalue of components to estimate the number of components
(“9” in this study).

Statistical Evaluation
According to ICA, we obtained the coefficient of each network
component for each subject. One-way ANOVA was used to
conduct statistical analysis on the overall difference in coefficients
among groups. Only when one variable showed significant
differences (P < 0.05) in the ANOVA test among the four

TABLE 1 | Demographic information of participants*.

AE group

(n = 21)

HC group

(n = 21)

χ
2/t P

Sex (male:female) 14:7 13:8 0.10 0.75

Age (years, mean ± SD) 9.6 ± 2.9 9.7 ± 2.6 −0.20 0.84

Medication No No / /

*Chi-square test and independent sample t-test were used for sex and age

comparisons, respectively.

conditions was the variable considered in further two-by-two
comparisons. For group comparisons between AE group and
HC group, we used independent sample t-test. To compare the
network coefficient in different states within the AE group, we
used paired t-test. The null distribution between two conditions
was evaluated by Monte-Carlo simulation with a repetition
of 1,000,000 iterations. Only when all tests with P < 0.05
were considered statistically significant. A significant difference
between two groups or states means they use the same network
in a different way.

These steps were carried out using a self-writing MATLAB
(R2014a, MathWorks.Inc.) code.

RESULTS

Cohort Demographics and Clinical
Information
Twenty-one AE patients (aged 9.6 ± 2.9 years) and 21 age-
and sex-matched healthy subjects (aged 9.7 ± 2.6 years) were
included in the study (Table 1). Artifact-free 1,050-s EEG
epochs in inter-ictal, pre-ictal, and post-ictal state EEG for
AE patients and in resting state EEG for HC group were
obtained, respectively. The AE patients did not take antiepileptic
medication at the data acquisition time.

Functional Network Divergences Between
AE Patients and HC Subjects
According to the sphericity test, we obtained 9 components
in each comparison between two groups or conditions. We
found that the most striking differences between the inter-
ictal EEG of AE patients and resting-state EEG of HC subjects
was in component one which showed that AE patients showed
decreased alpha oscillations in regions involving superior frontal
gyrus (SFG) (BA11) (Figures 1, 2).

Functional Network Alteration During
Peri-Ictal Periods in AE Patients
It was noted that from the pattern of functional networks
changed in different state EEG of AE patients. SFG and
superior temporal gyrus (STG) were the key brain regions in
the changes of functional network pattern in AE patients. We
found that in component one, SFG (BA10) showed maximum
decreased brain activity in delta band in pre-ictal state, when
comparing with inter-ictal state in AE patients. In addition,
compared with pre-ictal state, superior temporal gyrus (STG)
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FIGURE 1 | Squared loading comparisons of the components*. (A) Inter-ictal EEG compared with the resting-state EEG data of HC group; (B) Pre-ictal EEG was

compared with inter-ictal EEG within AE group; (C) Post-ictal EEG was compared with inter -ictal EEG within AE group; (D) Post-ictal EEG compared with pre -ictal

EEG within AE group. *P < 0.05, two sample t-test between AE group and HC group, and paired t-test for different states within AE group. Those components with Z

scores lower than 3 were not taken into comparisons. IC, independent component. The null distribution between two conditions was evaluated by Monte-Carlo

simulation with a repetition of 1,000,000 iterations (P < 0.05).

(BA 22) in post-ictal state presented maximum increased
neural activity in alpha band, which has been displayed in
component three. Moreover, from components six, we noted that
compared with inter-ictal EEG, post-ictal EEG in AE patients
showed significantly decreased theta activity in SFG (BA8)
(Figures 1, 2).

DISCUSSION

Previous reports on AE using MEG/EEG methods typically
focused on ca. 3Hz ictal spike-wave discharges (22, 23). The
present study provided a new perspective about the brain
network in the inter-ictal stage of AE. We recognized that brain
networks changed in inter-ictal state of patients with AE, which
was characterized by decreased alpha oscillations. In addition, the
pattern of functional networks involving SFG and STG showed
significant changes in different states of EEG in AE patients.
These findings deepen our understanding of AE from brain
electrophysiological aspects.

In clinical practice, normal EEG rhythm often been found
in inter-ictal epochs of children with AE, similar to resting-
state EEG of healthy controls, which means that it was hard
to find potential abnormalities in inter-ictal EEG without
spike-wave discharges of AE patients using visual inspection.
However, when inter-ictal stage EEG from AE patients was
compared with resting-state EEG from healthy controls, there

is a significance reduction of alpha activity over SFG (BA11)
in AE, which indicated that the altered EEG pattern in AE
patients, could not be found by visual inspection, could be
obtained by ICA. In addition, the alterations in alpha band
in AE patients might suggest that they may possibly showed
decreased cognitive function, considering that the modulations
of alpha oscillations have been found to be involved in various
cognitive domain function such as memory and attention (24–
26). In fact, some studies have observed the cognitive deficits
in AE (27, 28). In addition, superior frontal gyrus, has been
thought to contribute to cognitive function (e.g., memory) (29),
showed maximum decreased alpha activity further supported
our speculation that AE patients showed potential decreased
cognitive function.

From inter-ictal to pre-ictal to post-ictal states, we observed
a dynamic evolution of brain activity. Notably, EEG oscillations
in SFG showed a prominent issue during the phase transitions,
which is in good agreement with earlier functional MRI Studies
(30, 31). Although an inherent limitation exists in anatomical
accuracy of scalp EEG, this concordance between different
techniques performed on independent samples is noteworthy
considering that this provides reliable evidences about the
import role of SFG in the onset of seizures in AE. Neural
regulation technique such as Transcranial Magnetic Stimulation
over SFG might be an exciting method in the treatment of
seizures (32).
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FIGURE 2 | Spatial profile corresponding to the functional independent component that has significant difference in each comparison in Figure 1*. (A) Inter-ictal EEG

compared with the resting-state EEG data of HC group; (B) Pre-ictal EEG was compared with inter-ictal EEG within AE group; (C) Post-ictal EEG was compared with

inter -ictal EEG within AE group; (D) Post-ictal EEG compared with pre -ictal EEG within AE group. In each row of figure, the left panel showed the macro location of

each IC. In the middle panel, the small triangles along the coordinate axes indicate the maximum electric neuronal activity, and the corresponding peak coordinates

are displayed in the lower part of each intercepted image. In the right panel, the IC number, frequency band, location and Cohen’s d values were presented. *P <

0.05, two sample t-test between AE group and HC group, and paired t-test for different states within AE group. IC, independent component; SFG, superior frontal

gyrus; STG, superior temporal gyrus; BA, Brodmann area; t, t-value of t-test; d, Cohen’s d-value. The location assignments were shown in MNI space (MNI152-2009c

gray matter).

The relationship between absence seizures and the default
mode network has been widely detected (33). The SFG, which
was the most significant change in our study, is well-known
nodes in the default mode network. Thus, our study is in
line with previous findings that the default mode network is
involved in absence seizures (34). However, the function of
default mode network in absence seizures remains enigmatic
and widely discussed. The default node network has been
confirmed was related to processes of attention and working

memory (35) and supports dynamic integration of cognitive
and emotional processing (36). some study had confirmed that
AE children had abnormal behavior in cognition (4). Thus,
we may infer that default mode network in AE had been
impaired (37).

It is not unexpected that alpha oscillations in STG increased
from pre-ictal to post-ictal, which is consistent with clinical
observations that the normal background EEG rhythm will
recovery after the terminations of absence episodes in AE.
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Nevertheless, we noted that frequency bands with maximum
alterations from inter-ictal to pre-ictal, from post-ictal to
inter-ictal were decreased delta oscillations, and increased
theta activity, respectively. One reasonable explanation for
these findings was that the cortico-thalamo-cortical network
contribute to the onset and termination of seizure in AE (38–
40). The slow rhythm (e.g., delta) is usual attributed to the
oscillatory of brain cortex (41), while the faster rhythm (e.g.,
alpha) usually owes to thalamic modulation (42). Therefore, the
decreased delta oscillations from inter-ictal to pre-ictal might
be caused by the decreased activity of cortex involving SFG.
The enhanced alpha activity from pre-ictal to post-ictal might
be induced by the recovery of thalamo-cortical loops. The theta
activity of SFG in inter-ictal state was stronger than that in
post-ictal state might indicate the recovery process of memory
because of the close associations of theta waves with memory
encoding and retrieval (43, 44). From pre-ictal to post-ictal, the
upgraded alpha rhythm may suggest the increased connectivity
of cortico-thalamo-cortical network.

Over the past years, EEG dynamics in the pre-seizure state
have been widely studied for predicting epileptic seizures (45–
47). Many prediction algorithms have been applied to predict the
occurrences of seizures, including phase synchronization (48),
entropy (49), and etc. However, most studies investigated seizures
on mathematical approaches and their results were hard to be
clarified with clinical practice. The source localization method
used in the present study could provide the rough locations
of abnormal brain regions during pre-seizure periods, which
is biologically meaningful considering that the brain regions
could display more important and useful information than pure
mathematical parameters in seizure anticipation. In fact, recent
studies have realized the deficiency of traditional mathematical
parameters and employed more tools such as whole-brain
connectivity or a combination of EEG with functional magnetic
resonance imaging (fMRI) (50, 51).

The source assignment method used in this study, eLORETA
has been identified showing good concordance with resected
zone or intracranial EEG in epilepsy patients (52). This method
required no prior knowledge and has a full brain gray map
estimated but with a relatively low spatial resolution. In addition,
the EEG data used in this study had 19 channels. To assess the
localization accuracy of eLORETA for EEG with 19 channels.
We compared the eLORETA method between 19-channel-EEG
and 61-channel-EEG from a same sample. And we found main
source assignments of components from 19 channels and from
61 channels are quite similar. Therefore, we compared these
different conditions on the same scale using eLORETA -ICA,
which are meaningful considering that this study enrolled those
AE patients with high frequency seizures and there were few
studies available to explore the EEG pattern during the peri-
seizure EEG of AE patients.

Study limitations include a relatively small sample. The
used source localization method eLORETA may neglect some
information from deep cortical and subcortical regions during

the peri-seizure periods due to its low space resolution. The
activity of cortico-thalamo-cortical network in peri-ictal period
was not detailed investigated using combined EEG-fMRI to
acquire an accurate location. In future research, we will
continuously collect cases and overcome these limitations for a
more comprehensive understanding of children AE.

CONCLUSION

Our study provides evidences that the differences between inter-
ictal EEG of AE patients and resting-state EEGs of healthy
controls can be detected by eLORETA. The EEG networks
of epileptic patients before and after absence seizures are
significantly changed, which may involve the cortico-thalamo-
cortical circuits. Overall, our study has advanced our knowledge
about the dynamic process of brain networks for peri-ictal
states in AE patients, which provide a better understanding
of the onset and termination mechanisms of seizures from
electrophysiological view.
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