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Abstract:

Epilepsy is caused by genetic causes as well as méection,
stroke, and high temperature. Also educationaltutgins include some of
the students who are likely to have epilepsy, amddar of exposing them
to epileptic seizures in front of their colleagues identify and detect the
symptoms to anticipate the seizure before it occurs

Because of the high incidence and harm caused ibyreecontrol
failure, it is important to understand the charnasties of epilepsy in order
to give an appropriate response for each patiest.aAresult, epilepsy
prediction and early diagnosis are required to diveely preventative
measures that allow patients to be free of theirdental repercussions of
epileptic seizures.

Manual analysis of Electroencephalogram (EEG) beagmals for
epilepsy detection is a time-consuming and diffigubcedure that places a
tremendous strain on neurologists. As a resulers¢automatic approaches
based on Artificial Intelligence have been devetbpe aid neurologists in
epilepsy detection. The use of artificial intellge in the diagnosis of
epilepsy and predicts epileptic seizures providesasset to the medical
college students and the less experienced doatorsterpreting the EEG
and reduces the diagnostics time.

The current study aims to summarize the most reagpdates on
epilepsy definitions, kinds, diagnosis, seizure artdicial intelligence role
in its detection.
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| ntroduction

Epilepsy has been identified as a serious publatihgroblem by
the World Health Organization (WHO) and its pargnjdr, making it one of
the most common noncommunicable diseases, and ibianch of medicine
that deals with the nervous system condition, whgla major cause of
disability and death [2]. Epilepsy may affect ards0 million individuals
globally, making it one of the most common neurdaial ilinesses [3].
Worldwide, the annual incidence and prevalencepdépsy may be 50 per
100,000 and 700 per 100,000, respectively [4]. ARQ% of the patients
live in lowland Middle-income countries [5].

In some ways, our understanding of epilepsy hagawga during
the last few years. It is a common chronic neurckg condition
characterized by repeated unprovoked seizures mmnwhich the balance
between brain excitability and inhibition is skewtnvards uncontrolled
excitability [6]. Epilepsy is characterized by nemal hyperactivity and
brain circuits that create excessive and syncheohiectrical discharges,
which can result in seizures [7].

Epileptic seizures can occur at any time and indacéss of
consciousness, which can result in injuries or edeath [8]. A seizure is
caused by an imbalance in the brain's excitemedti@mbition, which is
connected to neuronal firing and excessive actiotergial discharge. A
seizure can begin in one or both hemispheres dbtthie (focal seizures) or
in a portion of the brain that spans both hemisphé¢generalized seizures)
[9].

The diagnosis of epilepsy is mostly based on eleatephalograms
(EEG) to record pattern of brain waves, computeghagraphy (CT),
magnetic resonance imaging (MRI) and positron domnsgomography
(PET) and symptomatology [10].

Over the last two decades, machine learning (MIsylabranch and
cornerstone of artificial intelligence (Al), has deagreat strides. It is
presently commonly employed in the diagnosis ofeaégs. Machine
learning algorithms are being used to anticipatadiagnose a variety of
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serious illnesses such as epilepsy, cancer, dgbké&art disease, thyroid
disease, and so on [11].

Machine learning has recently revolutionized thenidication of
epileptic seizures by tackling the tremendous cexipt of EEG data. Its
technologies facilitate the identification and ewsdlon of seizure features
[12].

Until recent years, Machine learning has been wi@shployed in
epilepsy detection and seizure prediction, buteicent years, research has
mostly focused on deep learning algorithms that atestrate excellent
performance in sectors such as computer visiorspadch recognition [13].

The purpose of this overview is to provide a revigwhe updates
on epilepsy, addressing the definitions, typeslagical classifications and
artificial intelligence role in its detection puslied in previously selected
electronic databases and books on epilepsy. Thabases Scientific
Electronic Library Online (SCIELO), and Medical érature Analysis and
Retrieval System Online (MEDLINE) were consulteddasa source.

History of epilepsy

The term epilepsy is derived from the Latin and eéBrevords
"epilepsia,” which meaning "seizure" or "to seiz®on." It is a significant
neurological condition with distinct features, swashrecurring seizures [14].
The background of epilepsy was recorded almost 3@M¥s ago in a
Babylonian medical literature [15].

Epilepsy is a central nervous system (CNS) disotlat produces
abnormal brain activity, resulting in seizuresasge behavior, and, in rare
cases, loss of consciousness [16]. Epilepsy mdigtafieople of all ages,
genders, and races. The phrases "seizures" andepgpi are not
synonymous [17].

SEIZURES

Seizures are isolated occurrences, but epilepsy reeurological
disorder characterized by two or more seizurezudes can cause a variety

a1
{ 819 )




—_— Smart Management of Epilepsy Disease: Review Article

of symptoms. Seizures are not usually connecteld wicontrollable body
movements [14].

Some people with epilepsy stare at a fixed pantaf few seconds
during a seizure, while others move their armsegs lunnaturally. Seizures
are characterized based on how they start and wdachof the brain they
impact [16].

There are two main types of seizures, generalinddartial,
depending on whether the seizures affect someopéne entire brain
region. In generalized seizures, all brain sectamesaffected; for partial
seizures, only an area of the brain is affectedqRjure 1 shows a block
diagram of different types of seizures [8, 18].
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Figure (1) Block diagram of different types of seizures
Symptoms of seizure

The first and most critical stage in diagnosingexsy is to take a
thorough history from patients and witnesses. Tlecal examination of
the incident will determine the need for furtheaghostic testing such as
EEG and MRI [19].Which diagnosis of epilepsy begwish a thorough
history, which identifies traits that help separgpdeptic seizures from non-
epileptic seizures? [1]

Diagnosis of paroxysmal occurrences might be difficThere is no
one clinical sign that identifies whether a seizisrepileptic or not. Given
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the number of differential diagnoses, understandegimportant elements
of each paroxysmal occurrence may aid in identifypatterns of symptoms
that lead to a clinical diagnosis [20].

Diagnostic studies, such as EEG, MRI, blood testscognitive
assessments, will help to confirm the diagnosiseiures, but they may be
normal in epileptic individuals [6].

The table below displays a collection of symptotret differentiate
between actual epileptic seizures and pseudo-&sifli6, 19, 20].

Table (1): Differences between Pseudo seizures and Epileptic Seizures

Clinical Features

Pseudo seizures

Epileptic Seizures

|[Puration

Prolonged

Briefer (usually <5 min)

Clinical features
during episode

Fluctuating

Stereotypic

Time of day

Usually during wakefulness in the
presence of an audience

May occur in sleep whether or not

|[IConsciousness

Preserved even with generalized
motor activity

Usually altered (exception is
supplementary motor area seizureg)

[[Onset

Gradual, with slow escalation in
intensity

Abrupt

|Head movements

More frequently side-to-side

Usuatijaterally turned, with
staring expression

|Extremity

Out-of-phase movements,
unusual posturing

In-phase movements, rhythmic mu
contractions

\Vocalizations

Emotional (crying) in the middle or e
of episode

Cry at the onset of episode

|Eyes

Closed during the episode

May be open duniagpisode

||Pe|vic thrusting

Forward direction

Retrograde dimt

||Incontinence

Rare

May be present

[Related injury

Inconsistent with fall

Consistentwfall

Tongue bite

Occasional (usually at the tip)

Comitairthe side)

|Postictal change

None or brief, even after
prolonged generalized
convulsive event

Prolonged, with confusion and
exhaustion (although maybe absenj
after frontal lobe seizures)
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5. Diagnosis
A variety of methods have been developed to deterrthie kind of
epilepsy in an individual. As indicated as follows:

5.1. EEG monitoring

Electroencephalography (EEG) is a monitoring teghai used in
biomedical and computer science to study brainviggti[21]. The
neurophysiological assessment of electrical agtivitthe brain as measured
by electrodes implanted on the scalp or, in cer@mumstances, subs
dually or in the cerebral cortex is also includ2d][ EEG is becoming more
significant in the detection and treatment of ndegenerative disorders and
abnormalities of the mind and brain [23].

5.2. Brain scan

It is a critical diagnostic technique for detectlmgin tumours, cysts,
and other structural abnormalities in the brain. (€dmputed tomography),
PET (positron emission tomography), and MRI (maignetsonance
imaging) are the most widely utilised brain scafidlowed by SPECT
(single photon emission computed tomography) and SMfnagnetic
resonance spectroscopy) [24].

CT and MRI scans reveal the brain's structure. BT MRI can be
used to monitor and diagnose anomalies in the 'brattivity. The SPECT
scan is also used to find seizure foci in the br@B]. The magnetic
impulses generated by neurons are detected usings MBagneto
encephalogram). MRS can reveal anomalies in thaloBt processes of
the brain [26].

5.3. Medical history

Medical history, including symptoms and durationsefzures, aids
in diagnosing epilepsy and the kind of seizuresgmein the individual.
5.4. Blood tests

Seizures can be caused by an acute underlying toxioetabolic

disease, in which case appropriate medication ghbeladdressed at the
specific anomaly, such as hypocalcaemia [27]. Bleaiples are frequently
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examined for metabolic or genetic abnormalitiest theay be linked to
seizures [28]. Blood samples are also detecteds sfjnnfections, genetic
conditions or other conditions that may be assediawith seizures or
triggering the seizure [29]

6. Automatic seizure detection

At the present time, Artificial Intelligence (Al)ethnology has
achieved breakthrough development and has beemedppl many fields,
especially in biomedicine, which can assist doctorgliagnosing diseases
[30]. The most often applied classifiers in autoedaepilepsy detection
systems are machine learning methods. Handcraketure extraction
methods are used to extract features to statistieadalyses, rank, and
choose data that is then fed into machine learaliggrithm classifiers [8].

Several researchers have created algorithms totdestédeptic EEG
data. Existing approaches for identifying seizuresude nonlinear signal
analysis, the time domain, the time-frequency domand the frequency
domain, as well as hand-designed algorithms fotufeaextraction within
EEG data [31].

EEG signals are commonly used because they arepensie,
portable, and exhibit distinct frequency domainthinys [32].

They must be recorded for an extended period oé timorder to
detect epileptic seizures, which complicate thelymma This will make it
difficult for doctors to detect epileptic episodesing noisy EEG readings.
To address these issues, much research is beimycted to identify and
forecast epileptic seizures using EEG modalitie$ @her methods such as
MRI combined with Al algorithms [33]. In the fieldf epileptic seizure
detection, Al systems have used traditional mach&zning and deep
learning methods [34].

The EEG classification can be implemented basedlassification
methods of machine leaning [35]. Most often usedsifiers are K nearest
neighbors (KNN) [36], Neural Networks (NN) [37], ®uort Vector
Machine (SVM) [38], [39], [40], and decision trefgl]. The classification
accuracy for all of these classifiers is determingabtly by the initial data
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(numerical samples) formed at the step of the mighry transformation
[42].

Therefore, the output of the signal preprocessngery important
for signal classification [43]. This can be illustied by the studies of EEG
signal classification based on SVM. In this casehas been shown that
different procedures of feature extraction [39]mensionality reduction
[38], and specific procedures of signal preprocessbased on fuzzy
approximate entropy [36] influence classificatiataracy.

The use of machine learning in the categorizatiogpdepsy
diagnosis is attracting an increasing number obkgh, so several
classification techniques have been proposed ititdrature. The following
table showed a list of some studies using macleiaaning algorithms with
different feature extraction techniques [44],[8].

Table (2): list of some studies using machine learning atbors with different
feature extraction techniques

Author Y ear Features Classifier Accuracy
Naser et.al[45] 2019) DWT and approximation and | SVM 98.08%
abe entropies
Lamhiri et.al[46] 2019| Hurst exponent K-NN 100%
Raghu et.al[47] 2019 Sigmoid entropy SVM 100%
Wang et.al[48] 2019 Symlet wavelet processing, Gradient Boosting | 96.10%
and grid search optimizer Machine
Bose et.al[49] 2019 Multifractal detrended SVM 100%
fluctuation analysis
Dalal et al. [50] 2019 FAWT and FD RELS-TSVM 90.20%
Osman et.al[51] 2019 SOM RBFNN 97.47%
Fasil O.K. et.al[52] | 2019 Time domain ExponenEakergy | 99.50%
Saminu et al. [53] 2019 DWT, Entropies, Energy S\HAANN 99.00%
Mahjoub et.al[54] 2020 TQWT, IMFs, MEMD SVM 98.78%
Raluca et.al[55] 20200 DWT ANN 91.10%
Ozlem et.al[56] 2020/ Ensemble EMD KNN 97.00%j]
Khaled et.al[57] 2020 NA Random Forest 97.089
Rabcan, J et.al[58] 2021 FDT, Fuzzy random foreRHF | fuzzy classifier 99.3%
Rabby, M.K.M 2021 | Wavelet transform Singular valyeANN 99%
et.al[59] decomposition entropy
Omidvar, M 2021 | DWT 5 level and statistical SVM & ANN 98.7%
et.al[60] calculations.
{ 824)
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Continue Table (2): list of some studies using machine learning algorg with
different feature extraction techniques

Author Y ear Features Classifier Accurac
y
Gulshan Kumar 2022 variational neural network (NN) 99%
et.al[61] mode decomposition (VMD) and
Hilbert transform (HT)
Xiaoyan Wei et.al[62] 2022 multidimensional input ukldimensional CNN 94%
Deepa B et.al[63] 2022 Min Max Scaler Bidirectional Long Short Term | 99.55%
normalization Memory (BiLSTM)
Chunijiao Dong 2022 Time, frequency two-layer ensemble model %3.9
et.al[64]
Athar A. Ein Shoka 2023 | Arnold Transform algorithms CNN 86.11 %
et.al[65] &Transfer Learning (TL)
Zhengdao Li et.al[66] 2023 graph-generative neneailvork | convolutional neural network | 82%
(GGN) (CNN)& graph neural networks
(GNN)
Muayed S AL- 2023 random forest decision tree & AdaBoost 96.93%
HUSEINY ,et.al[67] algorithm
Puja Dhar, ,et.al[68] 2023 PSO and WOA optimization DenseNet201 and LSTM 89.029

Conclusion

Epileptic seizures are classified as a categorynefirological

illnesses, and early detection

is critical for axp@hysicians and

neurologists. Several techniques for detectingeppd seizures have been
proposed up to this point. When compared to otheuragimaging
modalities, EEG is the most important to specigistsicians.

EEG signals, while extremely valuable, are nohwitt drawbacks
and can generate complications for expert physsciaang-term recording,
several EEG channels, diverse disturbances in Bfals, and so on are
some of the challenges that physicians face whepeply and swiftly
identifying epileptic seizures.

Various Al methods for detecting epileptic seizutesve been
proposed thus far, with the goal of assisting spestiphysicians in the rapid
diagnosis of epileptic seizures based on EEG sgn&reviously,
researchers primarily used ML methods to diagngslepic seizures. The
most significant shortcomings of these approachekide inefficiency in
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huge volumes of input data, method complexity, #ra& requirement for

extensive understanding to apply ML methods in a&tg epileptic
seizures, and so on.

To solve this issue, in recent years, DL techniqwébh adequate
efficiency and performance for detecting variousodiers, including
epileptic seizures, using a vast quantity of imgate have been presented.
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