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Introduction

targeting novel mechanisms, such as Cannabidiol (CBD), have demonstrated
effectiveness in treating rare and drug-resistant epilepsy syndromes like Dravet
. ) o syndrome and Lennox-Gastaut syndrome. These breakthroughs underscore
. Epilepsy, often described as a neurological disorder marked by recurrent  the importance of exploring altemative therapies and natural compounds in
seizures, represents one of the most prevalent and complex conditions  seizyre management. Neurostimulation devices have opened new avenues for
affecting the brain. Characterized by sudden surges of electrical activity epilepsy treatment, particularly in patients with drug-resistant epilepsy. Vagus
sometimes referred to as 'synaptic storms' epileptic seizures can vary widely  perye stimulation (VNS), Responsive Neurostimulation (RNS), and Deep Brain
in presentation, from brief lapses in awareness to prolonged convulsions.  gtimylation (DBS) offer non-pharmacological options for seizure control. These
Beyond its physical manifestations, epilepsy poses significant psychological,  gevices work by modulating abnormal brain activity, providing long-term relief
social, and economic challenges, impacting millions of lives worldwide.  anq improving quality of life. Implantable devices also facilitate continuous
Advances in neurology, however, have ushered in a new era of understanding  monitoring, enabling adaptive therapy adjustments based on real-time data [2].
and treatment, providing hope for better management and outcomes. Recent
breakthroughs in neuroimaging’ genetics’ pharmacomgy’ and surgica| Several studies have demonstrated the Effectiveness Of Wavelet-Based
interventions are transforming how clinicians approach epilepsy diagnosisand ~ EEG signal processing in identifying epileptic seizures. For instance, one
therapy. This paper explores these innovations, highlighting their potential to ~ Study applied Discrete Wavelet Transform (DWT) to EEG data and achieved

reshape the |andscape of epilepsy care and improve patient quahty of life. Signiﬁcant improvement in detecting both focal and genera“zed Seizures, even
in cases where traditional methods failed to provide accurate results. Similarly,

. .- another study showed that wavelet-based feature extraction combined with
Desc"ptlon machine learning classifiers could differentiate between seizure and non-
seizure events with high sensitivity and specificity, making it a valuable tool
Epilepsy is a heterogeneous disorder with diverse causes, symptoms,  for real-time monitoring in clinical settings. The application of wavelet-based
and treatment responses, necessitating a multifaceted approach to diagnosis ~ EEG signal processing is not limited to seizure detection alone. It can also
and management. Modern diagnostic tools have revolutionized how epilepsy ~ be used to identify other characteristics of epileptic activity, such as seizure
is identified and understood. High-resolution imaging techniques, including  onset, duration, and frequency. By monitoring these aspects, clinicians can
Magnetic Resonance Imaging (MRI) and Functional MRI (fMRI), have  gain deeper insights into the patient's condition and tailor treatment plans
enabled the detection of structural abnormalities, such as tumours, cortical accordingly. For instance, identifying the early onset of a seizure can allow for
malformations, and hippocampal sclerosis, which may contribute to seizure the timely Administration of Antiepileptic Drugs (AEDs), potentially preventing
activity. Positron Emission Tomography (PET) and Single-photon Emission the seizure from progressing to a more severe stage [3].
Computed Tomography (SPECT) offer further insights into metabolic
and functional abnormalities in the brain, providing critical information for
pinpointing seizure foci. Electroencephalography (EEG) remains a cornerstone
of epilepsy diagnosis, offering real-time monitoring of electrical activity in the
brain. Advances in EEG technology, including high-density EEG and Magneto
Encephalography (MEG), have improved spatial and temporal resolution,
allowing for more precise localization of epileptic activity. In addition, wearable
EEG devices and ambulatory monitoring systems have expanded diagnostic
capabilities beyond the clinical setting, enabling continuous tracking of seizure
patterns in daily life [1].

Surgical interventions remain a vital component of epilepsy management,
particularly for focal epilepsy that does not respond to medication. Minimally
invasive techniques, such as laser interstitial thermal therapy (LITT) and
stereotactic radiosurgery, offer precise and effective alternatives to traditional
open-brain surgery. Robotic-assisted surgery has further enhanced precision,
reducing risks and recovery times. Advances in neuro-navigation and
intraoperative imaging have improved surgical outcomes, making epilepsy
surgery safer and more accessible. Artificial intelligence (Al) and machine
learning are playing an increasingly significant role in epilepsy research and
care. Al algorithms can analyze vast datasets from EEG recordings, identifying

Genetic research has unveiled new dimensions in epilepsy diagnosis  seizure patterns and predicting seizure onset with remarkable accuracy.
and treatment. The identification of specific genetic mutations associated with Machine learning models also assist in optimizing treatment plans by analyzing
epilepsy syndromes has paved the way for precision medicine approaches.  patient-specific data, improving diagnostic accuracy, and personalizing therapy.
For example, sodium and potassium channel mutations are linked to specific These technologies represent a promising frontier in epilepsy management,
epilepsy subtypes, leading to the development of targeted therapies that offering new tools for clinicians and researchers [4].
address the underlying molecular mechanisms. Genetic testing not only
facilitates accurate diagnosis but also helps predict treatment responses
and prognosis, enabling personalized care. Therapeutic innovations have
expanded the range of options available to patients with epilepsy. Traditional
Antiepileptic Drugs (AEDs) remain the first line of treatment, but newer
medications with improved efficacy and tolerability have emerged. Drugs

Dietary therapies, such as the ketogenic diet, remain important options
for patients with drug-resistant epilepsy. Variations, including the modified
Atkins diet and low-glycemic-index therapy, provide flexibility while retaining
therapeutic benefits. These dietary interventions demonstrate the importance
of holistic approaches to epilepsy care, complementing pharmacological
and surgical treatments. Despite these advancements, challenges remain in
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edu to hinder effective management. Telemedicine and mobile health technologies
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cutting-edge technologies and holistic approaches, we can continue to push
the boundaries of epilepsy care and improve outcomes for millions worldwide

[5].

Conclusion

Epilepsy, often described as a disorder of synaptic storms, has witnessed
remarkable advancements in diagnosis and therapy, driven by innovations in
neuroimaging, genetics, pharmacology, and technology. From high-resolution
imaging and genetic testing to wearable devices and Al-powered analytics,
these developments are transforming how clinicians approach epilepsy care.
Therapeutic breakthroughs, including new medications, neurostimulation
devices, and minimally invasive surgeries, offer renewed hope for patients
with drug-resistant epilepsy, improving seizure control and quality of life.
As research continues to unravel the complexities of epilepsy, personalized
medicine and advanced technologies will play an increasingly critical role in
tailoring treatments to individual needs. However, addressing disparities in
access to care remains a pressing challenge, highlighting the need for global
efforts to expand healthcare infrastructure and resources. The integration
of telemedicine and mobile health solutions offers a promising pathway for
bridging these gaps and reaching underserved populations.
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