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Introduction

options for seizure control. These devices regulate abnormal brain activity
and offer real-time monitoring to adjust treatment dynamically. Advances in
) ] ) ] ) technology have made these therapies safer and more effective, particularly

Epilepsy, a neurological disorder characterized by recurrent seizures, for patients who do not respond to medication. Surgical interventions remain
affects millions of individuals worldwide, presenting challenges in diagnosis, vita for patients with focal epilepsy who do not achieve seizure control through
treatment, and management. Seizures result from sudden surges of electrical  megication. Techniques such as Laser Interstitial Thermal Therapy (LITT) and

activity in the brain, which can cause a wide array of symptoms ranging  stereotactic radiosurgery allow for precise targeting of affected brain areas with
from momentary lapses in awareness to convulsions. Over the years,  pinimal damage to surrounding tissue [3].

advancements in neuroscience have expanded our understanding of epilepsy,
leading to innovative diagnostic tools and therapeutic approaches. These Robotic-assisted surgeries and intraoperative imaging have further
breakthroughs include neuroimaging technologies, genetic testing, and neuro  enhanced safety and precision, making surgical treatments more accessible
modulation therapies that offer precise diagnostics and effective treatments. ~ and successful. Dietary therapies, such as the ketogenic diet, have long been
This paper explores recent developments in epilepsy diagnosis and treatment, ~ recognized for their effectiveness in managing epilepsy, particularly in children.
emphasizing how modem technologies and personalized medicine are ~ Modified diets, including the modified Atkins diet and low-glycemic-index
transforming patient care and enhancing outcomes [1]. therapy, offer more flexible options while maintaining therapeutic benefits.
These approaches highlight the importance of integrating lifestyle modifications
. .- into comprehensive treatment plans. Artificial intelligence (Al) and machine
Descrlptlon learning have revolutionized epilepsy care by analyzing EEG data to detect
patterns and predict seizures. Al systems improve diagnostic accuracy and
Epilepsy is not a single condition but a spectrum of disorders with diverse  enable early interventions, reducing seizure frequency and severity. Machine
causes, symptoms, and severities. Its diagnosis often requires a detailed learning models also assist in optimizing treatment plans based on patient-
history, physical examination, and specialized tests to identify patterns of  specific data, enhancing personalized care. Telemedicine and mobile health
abnormal electrical activity in the brain. Electroencephalography (EEG) remains technologies have emerged as valuable tools for epilepsy management,
a cornerstone diagnostic tool, capable of detecting irregular brain waves providing remote consultations, monitoring, and data collection. These
and pinpointing seizure origins. Recent advances in high-density EEG and technologies improve access to care, especially for patients in underserved
Magneto Encephalography (MEG) have improved spatial resolution, providing areas, and facilitate on-going management by enabling physicians to track
more accurate assessments of brain activity. Neuroimaging techniques such seizure activity medication adherence in real time [4].
as Magnetic Resonance Imaging (MRI) and Functional MRI (fMRI) enable the
visualization of structural abnormalities, including lesions, tumours, or scarring,
which may trigger seizures. Additionally, Positron Emission Tomography (PET)
and Single-Photon Emission Computed Tomography (SPECT) have advanced
the detection of functional abnormalities in brain metabolism and blood flow,
enhancing the precision of epilepsy diagnoses. Genetic research has provided
critical insights into epilepsy syndromes, identifying mutations associated with
specific types of seizures. Genetic testing has become increasingly important
in diagnosing inherited epille.psies aqd.tailoring treatmer)t plans. This approach technologies hold promise for bridging these gaps, ensuring broader access to
has paved the way for precision medicine, where therapies target the molecular  ;are Epilepsy continues to pose complex challenges for patients, families, and
mechanisms underlying epilepsy, improving treatment outcomes and reducing  nealthcare providers. However, recent advances in diagnosis and treatment
side effects (2] offer hope for better management and improved quality of life. Cutting-edge
Treatment strategies for epilepsy have evolved significantly, with technologies, such as n_e_uroimaging, genetic tgsting,_and AI-(_iriven diagnostics,
Antiepileptic Drugs (AEDs) remaining the first line of defense. However, newer ~ Nave enhanced our ability to detect and monitor epilepsy with unprecedented
AEDs offer improved efficacy and fewer side effects, expanding options for  accuracy [5].

patients who do not respond to traditional medications. For drug-resistant Wavelet-based signal processing overcomes many of these challenges
epilepsy, alternative therapies, such as Cannabidiol (CBD) derived from  py offering a multi-resolution approach to analyzing EEG data. The key
cannabis, have shown promise, particularly for rare and severe forms like  advantage of wavelet transforms is their ability to analyze signals at different
Lennox-gastaut and Dravet syndromes. Neuromodulator therapies, including  scales, allowing for both high time resolution to detect rapid changes and
Vagus Nerve Stimulation (VNS), responsive Neuro stimulation (RNS), and  high frequency resolution to capture low-frequency signals. This is especially
Deep Brain Stimulation (DBS), provide non-invasive or minimally invasive  important for analyzing EEG signals, as seizures often involve sudden bursts
of high-frequency activity, which may only last for a few seconds. The wavelet
transform achieves this by breaking down the signal into a series of wavelet
coefficients, each corresponding to a specific scale or resolution. These
coefficients represent the signal's frequency content at different points in time
and can be used to identify seizure activity.

Despite these advancements, challenges remain in ensuring equitable
access to epilepsy diagnostics and treatments worldwide. Barriers such as
cost, availability of specialists, and lack of awareness continue to affect patient
outcomes. Addressing these disparities through policy reforms, education,
and global health initiatives is essential for delivering high-quality care to all
individuals with epilepsy. Despite remarkable progress, disparities in access
to advanced diagnostics and treatments highlight the need for continued
research, education, and policy efforts. Telemedicine and mobile health
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and minimally invasive surgeries, have expanded treatment options,
particularly for drug-resistant epilepsy. Dietary therapies and personalized
medicine approaches complement these interventions, providing holistic and
flexible management strategies. In conclusion, the landscape of epilepsy
diagnosis and treatment is undergoing rapid transformation, driven by
technological innovation and a deeper understanding of the disorder. By
harnessing these advancements, we can offer patients safer, more effective
therapies and bring us closer to the goal of seizure freedom for all. On-going
research, collaboration, and advocacy are key to making this vision a reality,
improving lives and reshaping the future of epilepsy care.
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