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ABSTRACT

Drug-resistant epilepsy is a chronic neurological disorder characterized by persistent seizures despite the use of appropriate
pharmacotherapy. This condition significantly deteriorates patients’ quality of life, in-creases the risk of psychiatric
disorders, and contributes to more frequent hospitalizations. Despite consid-erable progress in the development of new
generations of antiepileptic drugs, there remains a pressing need to explore innovative therapeutic strategies. This article
presents treatment approaches including pharmacotherapy, neurostimulation techniques, and the use of surgical interventions
in epilepsy manage-ment. Special attention is given to targeted therapies that take into account genetic, immunological, and
metabolic mechanisms of epilepsy. Although these therapies hold the potential for treatment, their imple-mentation is
associated with numerous challenges, high costs, and the necessity for procedural standardi-zation. The article emphasizes
the need for interdisciplinary collaboration and further research to improve treatment efficacy for patients suffering from
drug-resistant epilepsy.
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1. Introduction

Epilepsy is a chronic neurological disorder characterized by recurrent, typically unprovoked seizures.
Epilepsy affects approximately 0.5-1% of the population in developed countries, which translates into a
substantial proportion of individuals at risk for neurological and psychiatric complications as well as
hospitalization due to seizures [1]. Despite the availability of numerous antiepileptic drugs, a portion of patients
suffer from drug-resistant epilepsy, in which seizure control remains insufficient despite the use of two
appropriately selected and well-tolerated medications [2]. Drug-resistant epilepsy is associated with a
significant deterioration in quality of life. Patients frequently experience depressive symptoms, comorbid
anxiety, social stigmatization, as well as occupational and educational difficulties. These symptoms are
considerably less common in the population with well-controlled seizures [3].

This condition leads to increased healthcare costs, a higher rate of hospitalizations, and elevates the risk
of epilepsy-related mortality[4]. In light of these realities, there is a growing need to explore new therapeutic
strategies, ranging from optimizing pharmacotherapy regimens and applying neurostimulation and surgical
methods, to innovative targeted therapies (genetic, metabolic, immunological), which remain under active
investigation. The aim of this review is to provide a comprehensive overview of currently used therapeutic
interventions, as well as approaches to personalized treatment[5, 6]
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EPILEPSY

Fig. 1. Epilepsy - chronic neurological disorder.

2. Methodology

In order to prepare a literature review focused on current treatment methods for drug-resistant epilepsy,
therapeutic strategies, and the perspectives of targeted therapy, sources from the PubMed database were
analyzed. The review was conducted according to the following stages:

2.1. Source Selection
Included were original research articles as well as systematic reviews and meta-analyses published
between 1994 and 2025.

2.2. Inclusion Criteria

Articles were included if they: -Addressed the topic of drug-resistant epilepsy in adults and children, in
accordance with the definition of the International League Against Epilepsy (ILAE), -Described mechanisms
of treatment resistance, -Concerned current forms of treatment: pharmacological, surgical, or
neurostimulatory, -Contained information about targeted therapeutic methods currently under clinical
investigation.

2.3. Content Analysis and Data Synthesis
The review directly utilized 40 publications. Data from the analyzed articles were grouped thematically
and then described accordingly.

2.4. Methodological Limitations

-The data may be affected by methodological diversity and population heterogeneity.-Some of the
discussed methods are still in preclinical or early clinical trial phases, which should be considered when
interpreting the results.

e-ISSN: 2544-9435 3
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3. Characteristics of Drug-Resistant Epilepsy

Drug-resistant epilepsy is a form of epilepsy in which seizures are not controlled despite the use of two
appropriately selected and well-tolerated antiepileptic drugs. This definition has been adopted by the
International League Against Epilepsy (ILAE)[2]. The mechanisms underlying resistance to treatment are
complex and involve several hypotheses, including alterations in drug pharmacokinetics [7]. The most
extensively studied mechanism is dysfunction of the blood—brain barrier (BBB), which leads to impaired
transport of substances into the central nervous system. Disruptions in the BBB and increased permeability,
resulting in weakened intercellular junctions and dysregulation of ion concentrations, have been observed in
both clinical studies and animal models during the development of epilepsy [8]. Inflammatory factors also play
a significant role by modifying the neuronal environment in ways that promote seizure generation[9]. The
ILAE classification divides epilepsy into focal, generalized, epilepsy of unknown onset (either focal or
generalized), and unclassified types. This classification takes into account the clinical presentation of seizures
and EEG findings [10]. Furthermore, the ILAE classification emphasizes the importance of evaluating epilepsy
etiologyand identifying comorbid conditions at each stage of classification. Epileptic syndromes are often age-
dependent in their clinical manifestations [11]. The primary diagnostic tool used in drug-resistant epilepsy
remains electroencephalography (EEG), which allows for the identification of seizure type and localization
[12]. Magnetic resonance imaging (MRI) is a key imaging modality for detecting structural brain
abnormalities, such as cortical dysplasia and hippocampal sclerosis, which are frequent causes of treatment
resistance [13]. Neuropsychological assessments are essential for evaluating emotional and cognitive
functions, quality of life in patients with DRE, and can also aid in lateralizing the epileptogenic focus[14].

4. Currently Used Therapeutic Strategies

4.1. Pharmacotherapy

Pharmacotherapy remains the primary method of epilepsy treatment. Both classical antiepileptic drugs,
such as carbamazepine, valproate, and phenytoin, as well as newer-generation agents like lamotrigine, are
commonly used. Despite their proven efficacy, some of these medications may cause mild adverse effects,
including drowsiness, tremors, concentration difficulties, or gastrointestinal issues [15]. Treatment typically
begins with monotherapy; if ineffective, combination therapy is considered. Despite the availability of
numerous preparations, there is no single drug that is ideal for all patients. The choice of treatment depends on
the type of epilepsy, comorbid conditions, patient age, and drug tolerance [16]. Newer-generation antiepileptic
drugs, such as lamotrigine, are more often selected for elderly patients or those with comorbidities due to better
tolerability [17].

Table 1. presents the mechanism of action of the drugs discussed above.

Table 1. Table presenting the mechanism of action of the drugs.

Medicament Mechanism of Action
. Blocks voltage-gated sodium channels in neurons, reducing their excitability and
Carbamazepine . . .
preventing excessive neuronal firing.
Valproate Increases GABA levels and blocks sodium and calcium channels, helping stabilize brain
P activity.
Phenvtoin Acts by blocking voltage-dependent sodium channels, which suppresses excessive
y neuronal activity.
. . Blocks sodium channels and reduces the release of excitatory neurotransmitters such as
Lamotrigine .
glutamate. It stabilizes neuronal membranes.

4.2. Neurostimulation

Neurostimulation serves as an alternative treatment option for patients in whom pharmacotherapy alone
fails to provide adequate seizure control. The three most commonly employed techniques are vagus nerve
stimulation (VNS), deep brain stimulation (DBS), and responsive neurostimulation (RNS)[18].
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VNS — Vagus Nerve Stimulation

This method involves the implantation of a device that cyclically delivers electrical impulses to the
vagus nerve, located in the neck. The technique is generally well tolerated, with hoarseness and coughing being
the most common side effects. In the majority of patients, a significant reduction in seizure frequency is
achieved[19].

DBS — Deep Brain Stimulation

This technique entails the placement of electrodes in specific brain structures, most often the anterior
nucleus of the thalamus. DBS is reserved for adults with severe drug-resistant epilepsy. In most cases, seizure
frequency is significantly reduced; however, the procedure requires precise evaluation and specialized
care[20].

RNS — Responsive Neurostimulation

RNS is one of the most advanced solutions currently available. The device detects epileptic activity in
real time and responds by sending impulses that suppress the seizure. This leads to a substantial reduction in
seizure frequency. The method is highly innovative and requires accurate localization of the epileptogenic
focus[21]; [22].

4.3. Epilepsy Surgery

Surgical intervention is considered when pharmacological treatment and neuromodulation techniques
fail to achieve seizure control. Surgical procedures are most commonly performed in patients with focal
epilepsy, in which the seizure focus can be precisely localized within the brain [23]. The most frequently
performed procedure is temporal lobectomy, which involves the resection of the temporal lobe where the
epileptogenic focus is located[24]. Hemispherectomy, a procedure involving the functional disconnection or
removal of one cerebral hemisphere, is sometimes employed in children with extensive brain abnormalities.
Although these surgeries carry certain risks, their effectiveness can be very high. The majority of patients
experience complete seizure freedom or a significant reduction in seizure frequency after surgery [25].
Postoperative complications, such as hydrocephalus or transient paresis, are rare and typically well managed.
Most patients—especially children—adapt well after the surgery, including in terms of cognitive function [26].

5. Targeted Therapies — Emerging Treatment Approaches

(In the preclinical stage or early clinical trials)

In recent years, researchers have increasingly focused on targeted therapies, which aim to tailor
treatment to the specific mechanism causing the disease. As a result, therapy can become more effective while
causing fewer side effects. Several new directions in epilepsy treatment are currently under development[27].

5.1. Gene and Molecular Therapies

Certain types of epilepsy have a genetic basis linked to mutations in specific genes. One of the best-
studied genes is SCNIA, which encodes the NaV1.1 subunit. NaV1.1 is an ion channel that enables the
conduction of electrical impulses in neurons. When a mutation occurs in this gene, it can lead to a rare and
difficult-to-treat form of epilepsy known as Dravet syndrome. Scientists are testing new therapies that attempt
to increase the production of NaV1.1 despite the presence of mutations by using antisense oligonucleotides.
This approach has shown promising results in mice, improving brain function and reducing seizure frequency
[28]. Another method is gene-silencing editing, which, instead of cutting DNA, activates gene expression to
increase the production of the deficient protein. This strategy helps alleviate the symptoms of epilepsy [29].

5.2. Immunological Therapies
Neuroinflammation can significantly increase the risk of seizures. Researchers are exploring the
potential of modulating the immune inflammatory response as a therapeutic strategy for epilepsy [30].

5.3. Metabolic Therapies and Diets

The ketogenic diet, used particularly in the treatment of pediatric epilepsy, involves consuming a very
high amount of fats with minimal carbohydrate intake[31].

Its effects may be linked to the gut microbiota. In children following the ketogenic diet, changes in gut
microbiota composition have been observed, potentially contributing to improved brain function[32]. Based
on these findings, new approaches are being explored that aim to modulate the gut microbiome through
ketogenic diets, probiotics, and fecal microbiota transplantation. It is important to emphasize that these
methods are still under investigation and their future application may serve only as an adjunct to conventional
antiepileptic therapies [33].
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6. Prospects and Challenges in Targeted Therapies

The development of targeted epilepsy treatment holds great potential, but it also presents barriers that
may limit its implementation. Personalizing treatment for a specific individual requires reliable biological
markers to identify the underlying disease mechanism. A significant portion of current research involves
heterogeneous patient groups, which further complicates the translation of findings into clinical practice [34].
Targeted therapies, especially those based on genetics or advanced technologies, are often highly expensive
and require sophisticated laboratory infrastructure. These resources are lacking in many regions and countries,
particularly where access to specialized care is limited. Assessing the effectiveness of treatment in diverse
patient populations is only feasible through large-scale, coordinated multicenter studies, which ensure data
reliability and allow for standardization of therapeutic approaches. Shared registries and international
collaboration would enable the collection of meaningful data and facilitate the evaluation of treatment safety
[35]. Artificial intelligence (AI) also demonstrates significant potential in the field of targeted therapy,
especially in interpreting EEG results and seizure detection [36].

Al can be used to analyze imaging, genetic, and clinical data sets, enabling a more personalized approach
to therapy. However, the actual implementation of such methods requires regulatory support, data protection,
and the application of appropriate technical standards [37].

7. Discussion

Drug-resistant epilepsy remains a serious clinical challenge. Numerous studies show that traditional
antiepileptic drugs do not always offer long-term seizure control in all patients, leading to reduced quality of
life and increased hospitalizations [38].

In response to the limitations of traditional pharmacological approaches, increasing attention is being
directed toward targeted therapies—those that consider individual patient factors, including genetic, metabolic,
and immunological profiles. Such precision medicine strategies are opening new therapeutic avenues in the
management of DRE. Promising results have been observed in studies involving gut microbiota modulation,
immunological interventions, and gene-targeted therapies. Particularly noteworthy are approaches based on
the identification of specific genetic mutations responsible for epilepsy, which may become direct therapeutic
targets in the future. However, although these strategies appear highly promising, further clinical trials are
necessary to establish their long-term safety and efficacy [39].

Given the complexity of drug-resistant epilepsy, an interdisciplinary approach is essential. Effective
treatment requires collaboration not only among neurologists, but also geneticists, dietitians, immunologists,
and experts in emerging technologies, including artificial intelligence. This integrated model of care enables
the development of treatment plans tailored to the unique needs of each patient. Such collaborative practice
facilitates faster and more accurate diagnosis, better identification of underlying disease mechanisms, and
selection of the most appropriate therapeutic strategies. This personalized and multidisciplinary approach
makes it possible to shift from symptomatic treatment toward etiological therapy, which, in the long term, may
lead to a reduction in seizure frequency, improved patient quality of life, and decreased burden on healthcare
systems. Nonetheless, continued research and implementation of innovative therapies in clinical practice
remain essential to effectively address the needs of individuals living with drug-resistant epilepsy. [40]
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