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ABSTRACT

Background: There has been no clear consensus on the clinical markers to distinguish alcohol-related seizures
(ARSs) from epileptic seizures. We have reported the usefulness of gamma oscillation (30-70 Hz) regularity
(GOR) analysis using interictal electroencephalography (EEG) data to evaluate epileptogenic focus. We conducted
interictal GOR analysis using scalp EEG and susceptibility-weighted imaging (SWI) to visualize the epileptogenic
focus in two cases initially suspected to have ARS.
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Although alcohol-related seizure (ARS) is a significant symptom of alcohol abuse, little is known
10.25259/SNI_991_2023

about its mechanism.!?! There has been no clear consensus on clinical markers to distinguish ARS
Quick Response Code: from epileptic seizures.! Recently, we reported interictal gamma oscillation regularity (GOR)
with electroencephalography (EEG), and could help determine the epileptogenic focus in epilepsy
patients.”®) The GOR analysis calculates the average of gamma band sample entropy scores
using multi-scale entropy analysis. Lower sample entropy scores represent a higher regularity of
gamma oscillations, which we define as high GOR. One of the benefits of GOR analysis is that it
may identify epileptogenic focus not very accurately detectable with conventional EEG findings.

We also focused on whether susceptibility-weighted imaging (SWI) can illustrate the unknown
epileptogenic focus in patients with ARS. The SWI is an MRI technique that can distinguish
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hemosiderin deposit rich lesions, which often cause epilepsy.
The SWI has been widely used as a standard protocol in
addition to routine MRI after mild traumatic brain injury
(TBI),®! which is reported to be associated with alcohol
abuse."! We hypothesized that some patients in the group
of patients treated as ARS may have epilepsy triggered by
TBI. For such patients, anti-seizure medication (ASM) and
epilepsy surgery may improve the course of the disease.

In this report, we present our experience with patients with
suspected ARS, where interictal GOR analysis and SWI
allowed us to evaluate the epileptogenic focus and give
appropriate treatment.

CLINICAL PRESENTATION
Case 1l

A 50-year-old female patient with alcohol abuse was admitted
to our department with general convulsion and refractory
seizures, such as an illusion of her left eye field and numbness
in her left arm. There was a history of TBI in her 30s, and she
often hit her left shoulder on the surroundings. T2-weighted
image demonstrated low-signal intensity in the right occipital
lobe [Figure la]. The SWI showed a hemosiderin deposit
in the right occipital lobe [Figure 1b], which could explain
the hemianopsia of frequent hitting of the left shoulder. In
EEG, very small potential sharp transients were identified
on the right occipital region. The interictal GOR analysis
demonstrated significantly high GOR in the right occipital
lobe [Figure 1c]. Oral levetiracetam of 1000 mg was started,
but 2 months later, she was admitted to our department with
general convulsion again. Since the addition of 100 mg of
lacosamide orally, seizures have been well controlled.

Case 2

A 40-year-old male patient with a history of alcohol abuse
was admitted to the outpatient clinic complaining of severe
anxiety, lightning sensation in the visual field, and refractory
loss of consciousness. The patient had been treated in other
psychiatric clinics with a diagnosis of depression and had
taken oral antidepressants for many years. He had refractory
seizures, but those were diagnosed as ARS in other clinics.
The patient had a history of several mild TBIs. T2-weighted
image demonstrated low-signal intensity in the left temporal
lobe and mild brain atrophy [Figure 1d]. The SWI clearly
showed a hemosiderin deposit in the left temporal lobe
[Figure le]. In EEG, interictal spike waves were observed
mainly on the left temporal region. The interictal GOR
analysis demonstrated significantly high GOR in the left
temporal lobe [Figure 1f]. He was introduced to several ASMs
but is refractory, and epilepsy surgery is being considered in
the future.
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EEG data recordings

EEG data were recorded using the Nihon-Kohden EEG
system at 17 electrode sites (Fp1, Fp2, F3, F4, C3, C4, P3, P4,
01, 02, F7, F8, T3, T4, T5, T6, and Fz), in accordance with
the international 10-20 system, with the two ear lobes jointly
forming the reference. The EEG signals were recorded with
a sampling rate of 500 Hz, a 1-60 Hz bandpass filter, and a
time constant of 0.3 s. A 60-Hz notch filter was applied to all
channels. All selected EEG data were inspected to ensure that
artifacts did not contaminate them.

SWI protocol

For MRI for SWI sequence, the following parameters were
used: TR 29 ms, TE 20 ms, Matrix 288 x 288, and flip angle 10°.

GOR analysis

The detailed algorithm for GOR analysis using the sample
entropy method is described in our previous study.”!

DISCUSSION

Previous reports show alcohol intake promotes iron
accumulation in the brain.*!” Considering that mild TBI
is associated with alcohol abuse,'!l we speculate that SWI
should be performed for patients with ARS not only at the
time of TBI onset but also at the time of admission of seizures
even after a long period of their trauma. We suppose that
SWI can be considered a routine MRI techniques to evaluate
alcohol abuse patients because some pathological lesions may
not be diagnosed with previous CT scans or routine MRI.

In this report, interictal GOR analysis could illustrate the
epileptogenic focus in both two patients. To distinguish
ARS from epileptic seizures, it may be desirable that those
patients stay in the hospital for several days to be analyzed
with video EEG monitoring and are observed for a sufficient
period with ASMs in the outpatient department. However,
alcoholic patients often refuse to be hospitalized or fail to
follow their physicians’ advice. As interictal GOR analysis
can be performed within 1 h in an outpatient department, we
suppose that this new method may be highly compatible with
such patients.

Although it is widely accepted that ASMs are not effective
for patients with ARS,” we would like to emphasize that
true epileptic patients, like the patients in this report, may be
concealed among those diagnosed with ARS and that such
epileptic patients should be appropriately treated with ASM,
and epileptic surgery should be considered in the case of drug
resistance. Furthermore, to accomplish this, we recommend
that an interictal GOR analysis and SWI be performed on
alcohol users with ARS. It is also reported that the mortality
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Figure 1: Results of Cases 1 and 2. (a) In Casel, T2-weighted image demonstrates low signal intensity in the right occipital lobe. (b) SWI
shows hemosiderin deposits in the right occipital lobe. (c) Interictal GOR analysis shows epileptogenic focus in the right occipital lobe. (d)
In Case 2, T2-weighted image demonstrates low signal intensity in the left temporal lobe. (e) SWI shows hemosiderin deposits in the left
temporal lobe. (f) Interictal GOR analysis shows epileptogenic focus in the left temporal lobe. Note that the lower the entropy score, the

higher the GOR, and vice versa. GOR: Gamma oscillation regularity

risk is very high in epilepsy patients who take alcohol.l’!
Therefore, we assume that further analysis by interictal GOR
analysis will be necessary among alcohol abuse patients with
or without seizures.

In both two patients, the epileptogenic foci that were
detected by interictal GOR analysis were directly related to
the hemosiderin deposit lesion detected by SWI. Past mild
TBI likely caused hemosiderin deposition and epileptogenic
formation. Hemosiderin deposition and subsequent reactive
gliosis can develop into epileptogenicity by facilitating
neuronal synchrony.” We assume that the interictal
GOR analysis may detect such neuronal synchrony as a
significantly high GOR.

This study had some limitations. First, it was a retrospective
study. Second, the number of patients is small. Third, it is
single institutional. Although the data obtained from these
two cases were insufficient to convincingly suggest a role for
interictal GOR in the identification of epileptogenic foci, it
could highlight efficient use in isolating potential candidates
who may be worthy of detailed evaluation for intractable

seizures. We will continue to study this topic and provide
more cases.

CONCLUSION

Interictal GOR analysis and SWI may be helpful in
distinguishing some patients with ARS who may have
epileptogenic lesions that can be treated with ASM or epilepsy
surgery.
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