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ABSTRACT

Purpose: Eyelid myoclonia with absences (EMA) is an epileptic syndrome characterized by eyelid myoclonia
with or without absences, eyes closure-induced EEG paroxysms and photosensitivity. Pathophysiological me-
chanisms of visual sensitivity in EMA are not-fully understood. The objective of the present study was to analyze
the electrophysiological dynamics implicated in the visual sensitivity in patients with EMA.

Methods: We analyzed data of 10 subjects with diagnosis of EMA and of 10 healthy control subjects. For both
patients and controls, 4-seconds artifacts-free electroencephalographic signal epochs recorded were analyzed,
during resting state, eyes-opened and eyes-closed tasks. Resting state networks in EEG have been computed using
independent components analysis (ICA) LORETA. Moreover, the power law exponent 3 was obtained for each
coordinate as minus the slope of the power spectrum versus frequency in a Log-Log scale.

Results: Using LORETA ICA, patients during resting state showed significant differences as compared to controls
with a reduction of the physiological alpha activity over the occipital lobe and of the physiological beta activity
over the frontal lobe. Immediately after eye closure, a significant increase of beta activity over the frontal lobe
was found in the group of patients compared to controls. Power law exponent (3 analysis showed a significant
increase of (3 over the frontal regions in patients as compared to controls during resting-state and an increase of
over the parieto-occipital regions after eye closure.

Conclusion: Abnormal occipital and frontal cortex activities seem to be related with the visual sensitivity and
eyelid myoclonia observed in patients with EMA.

1. Introduction

flickering light, related to electroencephalography changes and asso-
ciated or not with seizures [5], is considered one of the main triggering

Eyelid myoclonia with absences (EMA) is an epileptic syndrome
characterized by a well-defined clinical and electroencephalographic
(EEG) phenotype: eyelid myoclonia with or without absences, eyes
closure-induced EEG paroxysms and photosensitivity [1].

As for other Idiopathic Generalized Epilepsies (IGE), recently re-
named as Genetic Generalized Epilepsies (GGEs), in EMA a high pre-
valence of positive family history for epilepsy has been found, leading
to the hypothesis of a genetic etiology [1-3]. One of the genes strictly
related to the syndrome is CHD2, a gene associated with different
phenotypes but particularly linked with epilepsy and photosensitivity
[4,5].

Photosensitivity, defined as an abnormal cortical response to
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factors of seizures in EMA, and the recent genetic discoveries confirm
its role as a distinctive and genetically determined feature of the syn-
drome. Bright light is the most important precipitating factor in EMA.
EEG recordings in EMA typically reveal high voltage generalized spike
and wave discharges 0.5-2 s after eye closure in illuminated place [6],
while eye closure in darkness does not induce any effect.
Neurophysiologic studies both on animal models and humans, de-
monstrated that the occipital and fronto-rolandic cortex as well as the
brainstem are the main areas involved in photosensitive epilepsy [7,8].
A recent study with EEG-correlated functional magnetic resonance
imaging (EEG-fMRI) and voxel-based morphometry (VBM) demon-
strated an increased Blood-Oxygen-Level-Dependent (BOLD) signal in
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the occipital cortex of subjects with EMA after eye closure, confirming
the role of an abnormal occipital cortex activity in generating dis-
charges that propagate to the fronto-rolandic cortex where the eyelid
myoclonus is probably generated [9,10]. Moreover, very recent find-
ings seem to support the hypothesis that the networks generating the
alpha activity at rest could be intrinsically altered in patients with
epilepsy and visual sensitivity, with a decrease of the alpha-related
inhibition of the visual cortex and sensory-motor networks [11].

Despite the few referred observations, pathophysiological mechan-
isms implicated in visual sensitivity in EMA remain not-fully under-
stood.

LORETA (Low Resolution Brain Electromagnetic Tomography) is a
method by which the non-invasive measurement of electrical potentials
carried out by EEG can be used to estimate the connectivity of neuronal
electrical activity. Moreover, non-linear quantitative EEG method could
also be relevant to analyse cortical activities. Differently from linear
methods of analysis, such as the spectral analysis, which assume that
analyzed signals are temporally stationary and their variations har-
monic in nature, a non-linear approach based on the relationship be-
tween signal frequency and amplitude may give additional information
on how EEG signal is modulated over time and thus if it follows a
random or deterministic behavior. A non-linear quantitative analysis of
the EEG signal through the calculation of the power law exponent 3,
which is minus the slope of the power spectrum versus frequency in a
Log-Log scale, has shown to be appropriate for describing complexity of
electrocortical activity [12,13]. The power law exponent B describes
how signal is modulated over the frequency spectrum, representing a
quantitative estimation of signal complexity [14]. This information may
have important clinical implications since changes in [ values have
been also detected in EEG signals of animal models during the transi-
tion between pre-seizure to seizure stage [15].

Therefore, based on the previous findings of an involvement of oc-
cipital and fronto-rolandic cortex in patients with EMA [9-11] and
considering the inverse relationship between frequency and exponent 3
values [14], we hypothesize to disclose consistent alterations of the
electrocortical networks underlying the dysfunctional occipital-frontal
visuomotor pathway in EMA patients.

The main objective of the present study was to analyze, by means of
low resolution electromagnetic tomography (LORETA) and EEG quan-
titative analysis with a nonlinear methodology, the electrocortical
networks possibly implicated in the visual sensitivity and in the eyelid
myoclonus in a group of patients with EMA.

2. Methods
2.1. Study population

We analyzed data of N = 10 subjects with EMA for whom a diag-
nosis of Jeavons syndrome was made according to the following cri-
teria: occurrence of eyelid myoclonia, with or without absences, related
to EEG generalized epileptiform activity and triggered by eye closure;
generalized photoparoxysmal EEG response, often in combination with
a history of visually induced seizures and photosensitivity [1]. We also
selected N = 10 healthy control subjects with normal electro-
encephalography for whom the diagnosis of epilepsy was excluded.

All the study subjects have undergone standardized -electro-
encephalography as part of their diagnostic work-up at the time of their
visit to our Neurological Center. A written informed consent was ob-
tained from study participants.

2.2. EEG recordings

For each subject in the group of patients, the first EEG recording
performed in our center was selected while, for control subjects, any of
their EEG recordings was analyzed. For both patients and controls, 4-
seconds artifacts-free electroencephalographic signal epochs recorded
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from 19 electrodes placed according to the 10-20 system (Fp2, F4, C4,
P4, 02, F8, T4, T6, Fz, Cz, Pz, Fpl, F3, C3, P3, O1, F7, T3, T5) with
unipolar derivation and common reference (G2) using a pre-cabled
headcap were analyzed, during resting state (relaxed eyes-closed wa-
kefulness), eyes-opened and eyes-closed tasks (SystemPLUS ver.
1.02.1109 for BRAIN-QUICK BQ132 S, Micromed). In particular, re-
garding the eyes-closed task, 4-seconds artifacts-free epochs im-
mediately after the eye closure artifact were selected. Five different
samples for each site and state were selected.

Final visual control of the selected epochs was carried out by an
expert electroencephalographist (LG) in order to ensure the quality of
the samples. EEG impedances were kept between 2 and 10 kU at the
homologous sites. Signals were band-pass filtered (1.6-30Hz) and
NOTCH filtered. Sampling rate was 256 Hz for all the recordings.

2.3. LORETA analysis

Time series of cortical electric neuronal activity estimated with
LORETA can be used to estimate cortical networks and connectivity
[16]. LORETA is a method to localize multiple distributed cortical
sources of bioelectric activity in the three-dimensional space [17].
Resting state networks in EEG have been computed using independent
components analysis (ICA) LORETA, based on the assumption that the
brain areas and frequencies in a network always activate together. A
standardized LORETA (sLORETA) resting state network normally con-
sists of many images of electric cortical activity, one for each frequency
[18,19]. In the present study the following frequency bands were
considered: delta (1-3 Hz), theta (4-7 Hz), alpha (8-12Hz) and beta
(13-30 Hz) during resting state, eyes-opened and eyes-closed tasks.

The output of LORETA analysis was a tomographically arranged
series of color-coded pictures displaying the algebraic difference and
the statistical difference between the two groups of EMA and controls.
Localization was given in anatomical terms, specifying the lobe, the
gyrus and the Brodmann area of the abnormality [17].

2.4. EEG quantitative analysis and exponent 3 computation

A Welch's periodogram (50% overlap between 1-s Hamming wind-
owed segments) was applied to 4-seconds artifacts-free electro-
encephalographic signal epochs recorded from specific homologous
pairs of electrodes over each hemisphere (F3/4, F7/8, T3/4, P3/4, 01/
2) based on standardized protocol [20]. The Power Spectral Density
[PSD (mV?/Hz)] of sampled signal epochs during resting state, eyes-
opened and eyes-closed tasks over each homologous site was computed
for each selected frequency band (delta, theta, alpha and beta).

Then, the power law exponent [ was obtained for each coordinate
as minus the slope of the power spectrum versus frequency in a Log-Log
scale, to estimate self-similarity of the detected electrocortical signal.
Self-similarity is a property of dynamic processes that can be evaluated
by analyzing the presence of a power law relationship between fre-
quency and size of the process variation [21,22]. For p values ~ 0, the
process is considered stationary, a sequence of time-ordered un-
correlated random variables (“white noise”). B values ~ 1 imply self-
similarity, typical property of fractal phenomena. 3 values ~ 2 indicate
a process tending to the Brown noise also called “random walk”, re-
presented by the sum of random shocks [21,22]. More specific details
on this nonlinear methodology have been provided elsewhere [20].

Test-retest reliability of 3 was analyzed before performing any sta-
tistical inference, based on the different epochs sampled during resting
state. The Intraclass Correlation Coefficient demonstrated high relia-
bility of 3 over each site of recordings ranging from 0.93 to 0.98 over
the different sites.

2.5. Statistics

Qualitative variables were described as frequencies and
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percentages, while quantitative variables as mean * standard devia-
tion (SD). The data were examined for normality using Shapiro-Wilk
test. To analyze differences between groups, the independent samples t-
test has been applied for parametric data, while the Mann-Whitney test
was used for non-parametric data. To analyze differences within groups
between two activation states (resting state versus the eyes-closed task),
the paired samples t-test has been applied for parametric data, while the
Wilcoxon signed rank test has been applied for non-parametric data.

For LORETA analysis, voxel-wise LORETA group comparison in-
cluded calculating simple algebraic differences between the groups in
order to demonstrate all differences. Statistically significant differences
were generated in a second phase. Student-t test for independent groups
was carried out to compare patient versus control datasets. Student t-
test for paired data was performed when comparing different tasks in
the same group.

3. Results

A total number of 10 patients [3 men (30%); mean age 24.5 = 15.9
years] and 10 controls [6 men (60%); mean age 23.1 + 6.5 years]
were enrolled. All patients were treated with AEDs but only three pa-
tients were seizure-free at the time of the enrollment. Clinical char-
acteristics of the group of patients are shown in Table 1.

3.1. LORETA analysis

Regarding the analysis of the resting state, significant differences
were found between patients and controls with a reduction of the
physiological alpha activity over the occipital lobe (lingual gyrus,
Brodmann area 17) and of the physiological beta activity over the
frontal lobe (middle frontal gyrus, Brodmann area 11) in the group of
patients. Moreover, an increase of alpha activity was found among
patients in a network involving the parietal lobe (precuneus, Brodmann
area 7) (Fig. 1).

Regarding the eyes-closed task, a significant increase of beta activity
over the frontal lobe (inferior frontal gyrus, Brodmann area 47) was
found in the group of patients compared to controls immediately after
eye closure (Fig. 1D).

During the eyes-opened task, no significant differences were found
between patients and controls.

Comparing the different tasks in the group of patients (Fig. 2) we
found significant differences between the resting state and the eyes-
closed task in the group of patients with a decrease of alpha activity in a
network involving the occipital lobe (fusiform gyrus, Brodmann area
18) and an increase of alpha and beta activities over the frontal lobe

Table 1
Clinical features of 10 patients with Eyelid myoclonia with absences.
Variables N (%)
Age at onset in years (mean *+ SD) 12 + 4.1
Family history of epilepsy (n) 3 (30)
Psychomotor delay (n) 1(10)
Comorbidities (n) 1'(10)
Precipitating factors 3(30)
Stress (n) 3(30)
Sleep deprivation (n) 2 (20)
Menstrual cycle (n)
Photosensitivity 9 (90)
Mean follow-up time in years (mean = SD) 9 *+ 49
AEDs 9 (90)
Valproic Acid (n) 3 (30)
Levetiracetam (n) 1 (10)
Lamotrigine (n) 1(10)
Phenobarbital (n)
Seizure freedom (n) 3 (30)

N, number; SD, standard deviation; AEDs; antiepileptic drugs.
" phenylketonuria.
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(superior frontal gyrus, Brodmann area 11) during eye closure. When
comparing eyes-opened and eyes-closed task in patients, a significant
increase of beta activity over the frontal lobe and decrease of alpha
activity over the occipital lobe was found in patients during eye closure.
Furthermore, in the group of patients, when comparing the eyes-opened
task with the resting state, a physiological reduction of alpha activity
over the occipital lobe (lingual gyrus, Brodmann area 18) and an in-
crease of beta activity over the frontal lobe (superior frontal gyrus,
Brodmann area 6) was found.

In the control group (Fig. 3), significant differences were found
between resting state and eyes-closed task with a decrease of both alpha
activity over the occipital lobe (cuneus, Brodmann area 19) and beta
activity over the frontal lobe (superior frontal gyrus, Brodmann area
11) after eye closure. A physiological reduction of beta and alpha ac-
tivity over the frontal lobe (superior frontal gyrus, Brodmann area 11
and middle frontal gyrus, Brodmann area 11) and an increase of alpha
activity over the occipital lobe (cuneus, Brodmann area 19) was found
in patients during eye closure compared to the eyes-opened task.
Moreover, when comparing the eyes-opened task with the resting state,
a physiological reduction of alpha activity over the occipital lobe (lin-
gual gyrus, Brodmann area 18) and an increase of alpha and beta ac-
tivity over the frontal lobe (superior frontal gyrus, Brodmann area 10)
was found in the control group.

3.2. Power law exponent bf analysis

Comparing the values of B over the different brain areas between
patients and controls, we found a significant increase of 3 over the
frontal regions in the group of patients during the resting state (Fig. 4
and Supplement 1). No differences were found between the two groups
during eyes-closed and eyes-opened tasks

Moreover, in the group of patients, significant differences were
found between the resting state and the eyes-closed task with an in-
crease of 3 over the parieto-occipital regions after eye closure (P3,
p = 0.03; P4, p = 0.0005; O1, p = 0.001; 02, p = 0.0006) (Fig. 4).
Similar differences between the two states were not found in the group
of controls.

4. Discussion

A network is defined as “a functionally and anatomically connected,
bilaterally represented, set of cortical and subcortical brain structures
and regions in which activity in any part affects activity in all the
others” [23]. In the last years, different studies have been carried out
with the aim of exploring the cortical and subcortical brain networks
and their abnormalities in various neurological diseases. Epilepsy and,
above of all, GGEs are probably the best models to study the alterations
of these networks, being considered as network disorders. Most of the
studies performed until now, aimed to explore the functional networks
involved in the generation of seizures in GGE, have been focused on
how both ictal epileptiform activity and interictal epileptiform dis-
charges can be linked to the presence of pathological brain networks
[24-26]. Moreover, a common endophenotype has been identified
among GGE patients, suggesting an intrinsic alteration of the brain
connectivity not only in these patients but also in their family members
[27-32].

Until now, only few studies have explored the networks involved in
photosensitivity and, even less works have been focused on the brain
correlates of visual sensitivity in patients with EMA, all suggesting that
both phenomena can be the expression of an alteration of the visual
system, not limited to the occipital cortex, but involving a more ex-
tended functional network. [9,11,29]. In particular, a very recent study
found that photosensitivity could be linked to an alteration of cortical-
subcortical networks generating the alpha rhythm [11].

Aim of our study was to evaluate the electrocortical correlations of

the wider “visual sensitivity phenomenon” including both
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Fig. 1. Comparison between patients and con-
trols using LORETA Independent Component
Analysis (ICA). A. reduction (blue) of the
physiological alpha activity over the occipital
lobe (lingual gyrus, Brodmann area 17) in the
group of patients compared to controls during
resting state. B. increase (red) of alpha activity
in a network involving the parietal lobe (pre-
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photosensitivity and eye closure sensitivity, typical hallmarks of EMA
syndrome, by the use of different methodologies.

The findings of our study can be summarized as follows: during
resting state, we confirmed the hypothesis of a decreased network
within the alfa frequency over the occipital lobes in EMA patients, with
the presence of decreased networks within the beta frequency linked
with an increase of exponent 3 over the frontal lobes in EMA patients,
in the range of random processes. Moreover, differences were found in
the group of patients among the three tested states with a gradient
leading to a higher alteration of occipital alpha activity and increased
frontal beta activity when passing from resting state to eyes-opened and
finally to eyes-closed, associated with an increase of exponent 3 over
the parieto-occipital regions after eye closure. A similar gradient,
characterized by the highest level of frontal activation and background
activity disorganization during the eye closure task, was not found in
the group of controls.

In fact, during the resting state, the networks analysis in patients
with EMA, performed by means of independent component analysis
(ICA) LORETA revealed a significant reduction of the physiological

alpha activity over the occipital lobe in patients with EMA. This finding
seems to be in line with previous demonstrations of an increased BOLD
signal over the occipital cortex which is known to be correlated with
decreased alpha activity in these areas [9]. It is in fact well known that
an increased alpha activity is found in inhibited cortical areas while
lower alpha activity can be found in activated areas, as those involved
in the visual hyper-excitability of EMA patients [33]. However, we did
not find a significant alteration of exponent [3 values over the occipital
areas during resting state, maybe due to the physiological behavior of
this index, which is usually higher over the occipital areas also in
normal subjects. Due to the power law relationship between signal
frequency and amplitude, (3 is in fact expected to be higher for low
frequencies with high signal amplitude modulation, such as for the
occipital alpha activity. Moreover, we found a reduction of the phy-
siological beta activity over the frontal areas in EMA patients compared
to controls. This datum can be partially explained by the demonstrated
presence of an increased coupling between posterior and anterior areas
in subjects with photosensitivity, indirectly confirming the role of an
abnormal occipital cortex in the onset of reflex seizures and of the
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Fig. 2. Intragroup comparison in the group of EMA patients using LORETA Independent Component Analysis (ICA). On the left: after eye closure compared to
the resting state significant decrease (blue) of alpha activity over the occipital lobe (fusiform gyrus, Brodmann area 18) with an increase (red) of alpha and beta
activities over the frontal lobe (superior frontal gyrus, Brodmann area 11). On the middle: during the eyes-closed task compared to the eyes-opened task significant
increase of alpha and beta activities over the frontal lobe (superior frontal gyrus, Brodmann area 11) with a decrease of alpha activity over the occipital lobe (lingual
gyrus, Brodmann area 18). On the right: during the eyes-opened task compared to the resting state significant decrease of alpha activity over the occipital lobe (lingual
gyrus, Brodmann area 18) with an increase of beta activity over the frontal lobe (superior frontal gyrus, Brodmann area 6) (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article).
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frontal gyrus, Brodmann area 11). On the middle: after eye closure compared to the eyes-opened task significant increase (red) of alpha activity over the occipital lobe
(cuneus, Brodmann area 19) and decrease of alpha and beta activity over the frontal lobe (superior frontal gyrus, Brodmann area 11). On the right: during the eyes-
opened task compared to the resting state significant decrease of alpha activity over the occipital lobe (lingual gyrus, Brodmann area 18) with an increase of alpha
and beta activity over the frontal lobe (superior frontal gyrus, Brodmann area 10) (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article).

fronto-rolandic cortex in generating the epileptiform discharges and
eyelid myoclonus [10].

Moreover, we found in our patients immediately after the eye clo-
sure, an increased representation of a network involving beta activity
over the frontal areas, coupled with an increase of exponent f3 over the
parieto-occipital regions, both findings potentially linked to the in-
trinsic pathological occipital-frontal network that has its higher ex-
pression after the closure of the eyes in EMA patients [9]. The increase
of B is in fact index of a chaotic activity induced by the eye closure over
the visual cortex, temporally correlated with a pathological increase of
desynchronization over the frontal areas, possibly related to the motor
manifestations of photo-induced seizures. Therefore, it is not surprising
the discovery of an increased exponent 3 over the frontal regions in this
group of patients at rest, sign of an altered, random process from which
seizures may arise [15]. On the other hand, the presence of an increased
alpha activity among patients in a network involving the parietal lobe
confirms the previous data of a negative correlation between alpha
rhythm and brain activity in different areas such as the parietal lobule
and specifically the precuneus. In fact, a previous study revealed, im-
mediately after the eye closure, decrements of the BOLD signal in the
posterior areas of the default mode network (DMN), in particular the
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precuneus and bilateral inferior parietal lobuli, possibly reflecting the
brief awareness impairment during the absences in EMA [9].

However, it cannot be ruled out the effect of AEDs in the group of
patients, mainly regarding the representation of slow frequencies in
various brain regions. In fact, contradictory influences of different AEDs
have been found on electrocortical activity [34-37].

Nonetheless, despite the small sample size of our study, this is to our
knowledge the first study exploring the neurophysiological character-
istics of a homogeneous group of patients with EMA. Our well-selected
study population is in fact representative of the described cohorts of
EMA patients present in the literature [1,10,38,39], presenting a mean
age at onset during childhood or adolescence, a large percentage of
positive family history for epilepsy, the presence of a subgroup of
subjects with psychomotor delay and the high rate of drug resistance.

5. Conclusions

In conclusion, even if the exact nature of visual sensitivity in pa-
tients with EMA remains unclear and many different pathogenetic hy-
potheses can be made, the findings of our study confirm the existence of
an altered occipital-frontal electrocortical network in these patients.
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between the resting state and the eyes-closed task over the left (upper B) and right hemisphere (lower B).

*p < 0.05

Moreover, our data, showing a significant reduction of the physiolo-
gical alpha activity over the occipital lobe in patients with EMA, con-
firmed the previous evidence of a dysfunctional alpha rhythm in gen-
erating photosensitivity in EMA.
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