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Abstract 

Information and purpose: Drug-resistant epilepsy (DRE) affects about one-third of epilepsy 

patients, posing a serious challenge despite numerous available antiepileptic drugs. For patients 

who do not respond to pharmacological treatment, alternative approaches are needed. This 

study aims to present selected non-pharmacological methods for treating DRE. 
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Material and methods: The review is based on publicly available sources, focusing on articles 

published between 2020 and 2025 in the PubMed database. Historical context was drawn from 

literature dating back to the 1990s. 

Results: Common non-pharmacological treatments include surgery, neurostimulation, and the 

ketogenic diet. These methods have proven effective in reducing seizure frequency and 

improving quality of life. They offer personalized and well-tolerated options suitable for 

different age groups. 

Conclusions: Non-pharmacological treatments for DRE are valuable alternatives for patients 

not benefiting from medication. Their efficacy and safety support their growing use in modern 

clinical practice. 

Keywords: drug-resistant epilepsy, treatment of epilepsy, brain stimulation, epilepsy surgery, 

ketogenic diet 

 

 

 

Introduction 

Epilepsy is a chronic neurological disorder involving repeated seizures or other brain 

dysfunction. It is caused by abnormal neuronal discharges. [1] The criteria for diagnosis include 

the occurrence of at least two epileptic seizures not more than 24 hours apart or one unprovoked 

seizure when there is a high risk of another seizure (about 60%) or a diagnosis of status 

epilepticus. [2] The condition affects about 70 million people worldwide. [3]  

A large proportion of patients are seizure free through the use of antiepileptic drugs, 

while 1/3 develop drug resistant epilepsy. [4] The variable pathophysiology and clinical 

response to therapy make it a difficult condition to control in modern medicine. Epilepsy can 

be declared drug-resistant when remission is not achieved despite the use of two appropriately 

selected, tolerated and administered in the correct doses of antiepileptic drugs. It results in 

reduced quality of life, increased risk of injury, emotional problems including depression or 

increased mortality. [5] In such cases, non-pharmacological methods are of great importance. 

They make it possible to reduce the number of seizures, improve quality of life and sometimes 

make it possible to reduce the dose of medications and therefore their unwanted effects. They 

can be used alone or as an adjunct to pharmacotherapy.  

The review is based on the latest articles from the PubMed database in the years 2020-

2025. Keywords like drug-resistant epilepsy, treatment of epilepsy, brain stimulation, epilepsy 

surgery, ketogenic diet were used in the investigation. 
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Materials and methods 

All data collected from publicly available sources. The review was based on research of 

articles published from 2020 to 2025 on the PubMed database using the following keywords: 

drug-resistant epilepsy, treatment of epilepsy, brain stimulation, epilepsy surgery, ketogenic diet. 

A historical overview based on articles from the 1990s was also included. 

Objective 

The objective of this study is to present and analyze modern, non-pharmacological 

methods of treating drug-resistant epilepsy. These include epilepsy surgery, neurostimulation, 

and the ketogenic diet. The article evaluates the effectiveness, indications, and limitations of 

these therapies, and emphasizes the importance of their proper selection in the context of an 

individualized approach to a patient with drug-resistant epilepsy. 

 

DESCRIPTION OF STATE OF KNOWLEDGE 

 

Surgery  

The history of epilepsy surgery dates back to ancient times. At that time, it included such 

procedures as cranial trepanation to relieve seizures. It has evolved considerably over the years. 

The modern era of epilepsy surgery was started in the 20th century with the development of 

electroencephalography (EEG). It made it possible to precisely localize epileptic focal points. 

This provided the opportunity to develop targeted surgical procedures during which areas 

causing seizures were removed. It originally concentrated on procedures such as temporal 

lobectomy. Surgical outcomes were improved by the development of neuroimaging including 

magnetic resonance imaging. This made it possible to accurately plan procedures. Today, 

modern minimally invasive techniques such as LITT, RNS, MRgFUS are also available. They 

are effective with less risk to the patient and shorter recovery time [6]. 

An important development in surgery is SEE-an advanced diagnostic technique that 

allows three-dimensional mapping of epileptiform activity in deep brain structures. It is used in 

patients with difficult-to-localize seizures, especially in cases where MRI does not show 

changes. Through careful planning and insertion of electrodes through small holes in the skull, 

SEEG allows identification of the exact source and propagation pathways of seizures, 

assessment of complex epileptic networks, and protection of functional brain areas (such as 

speech or movement). 
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SEEG not only supports surgical decisions, but also enables integration with therapies 

such as RNS, LITT or coagulation, providing personalized, precise treatment for drug-resistant 

epilepsy [7]. 

 

Subdural electrodes 

Subdural electrodes are a key element in the invasive diagnosis of epilepsy. They are 

used especially when non-invasive methods fail to localize seizure foci. After a craniotomy is 

performed, they are placed on the cerebral cortex. In this way, they mediate the recording of 

electrical activity with high precision [8].  

This technique allows accurate localization of epileptic zones, detailed functional 

mapping of the cerebral cortex (e.g., speech or motor centers), and planning for resection while 

preserving key neurological functions, 

Long-term monitoring of seizure and interictal activity allows the collection of comprehensive 

data to support surgical decisions. Although they require craniotomy and carry a risk of 

complications (infection, hemorrhage, edema), advances in electrode design and surgical 

techniques have increased their safety [6]. 

Robot-assisted surgery 

Robot-assisted surgery represents a breakthrough in the diagnosis and treatment of 

epilepsy, especially in procedures such as SEEG and subdural electrode implantation. Robotic 

systems enable extremely precise planning and guidance of stereo electroencephalography, 

minimizing the risk of complications and human error. Robots increase patient safety, shorten 

recovery time, reduce postoperative pain and the risk of infection and length of hospitalization. 

Robotics is also finding applications in medical treatment, including during 

percutaneous thermotherapy (LITT) and resection of epileptic foci. In the future, robotic 

surgery is expected to advance through the integration of artificial intelligence, augmented 

reality and real-time intraoperative imaging, paving the way for even more personalized and 

effective treatment of drug-resistant epilepsy [10][9]. 

Ablation in the treatment of epilepsy  

Ablation procedures are an important area of modern epilepsy surgery. They offer 

precise and minimally invasive treatments for drug-resistant epilepsy. Prominent among the 

advanced techniques are: 

- Radiofrequency thermocoagulation (RF-TC), which uses radio waves to create controlled 

ablation foci in the brain, interrupting seizure circuits without the need for open surgery. 
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- Laser interstitial therapy under magnetic resonance imaging (LITT), which allows precise 

removal of epileptic foci with minimal damage to surrounding tissues. 

- Magnetic resonance-guided focused ultrasound (MRgFUS), which allows non-invasive 

destruction of seizure sources through focused tissue heating. 

Each provides a modern, targeted approach to treating difficult cases of epilepsy, combining 

high efficacy with limited surgical risk. 

A 2020 meta-analysis analyzed a total of 551 patients. It showed that 58% of patients 

with temporal lobe epilepsy achieved seizure freedom after LITT [10].  

A study published in 2020 in the journal Epilepsy & Behavior, analyzed the outcomes 

of 234 patients with mTLE undergoing LITT. After 12 months of follow-up, 58% of patients 

achieved complete seizure freedom (Engel class I), and 74% had a significant reduction in 

seizures (Engel classes I-II). In addition, shorter hospitalization times and lower risk of 

complications were reported compared to traditional temporal lobectomy [11].  

LITT is a promising alternative to traditional surgery in the treatment of drug-resistant 

epilepsy, offering efficacy comparable to more invasive methods while reducing risk and 

recovery time. It is particularly beneficial for patients who are ineligible for conventional 

surgery or who prefer a less invasive approach. 

A systematic review of 20 studies involving 360 patients showed that RF-TC is an 

effective treatment for drug-resistant epilepsy. After 12 months of follow-up, 62% of patients 

achieved a favorable treatment outcome. Factors contributing to better outcomes included the 

presence of MRI lesions, the use of monopolar RF-TC and a higher number of ablations 

performed. The percentage of permanent neurological complications was 2% 

An analysis of 93 pediatric cases showed that RF-TC is an effective and safe treatment 

for epilepsy in children. In studies involving only children, 90% of patients were responders, 

and 71% achieved seizure freedom after one year. In the pooled analysis, seizure freedom was 

achieved in 45.2% of patients, and the percentage of responders was 74.2%. Low rates of 

complications, mainly transient neurological deficits, were reported [12]. 

RF-TC is a minimally invasive and effective treatment for drug-resistant epilepsy, both 

in adults and children. Particularly favorable results are observed in patients with visible MRI 

lesions and in cases of medial temporal lobe epilepsy. RF-TC may also be considered as an 

alternative to more invasive surgical procedures 

A 2022 pilot study evaluated the effects of low-intensity focused ultrasound on patients 

with drug-resistant epilepsy. A reduction in seizure frequency was observed in 33% of 

participants, and some showed improvement in EEG recordings. Side effects were mild and 
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included transient neurological symptoms. The results indicate the potential of MRgFUS as a 

non-invasive method of neuromodulation in the treatment of epilepsy 

 

 

 

VNS vagus nerve stimulation 

The vagus nerve (X) is the longest mixed cranial nerve. It belongs to the autonomic 

nervous system. It extends bilaterally from the brainstem to the abdominal cavity innervating 

the thoracic and abdominal organs.[13]  

Vagus nerve stimulation was first studied in 1938 when Bailey and Bremmer observed 

electrographic changes in cats that resulted from X nerve stimulation. The breakthrough came 

in 1985 when Zabara and colleagues showed that vagus nerve stimulation could effectively 

interrupt epileptic seizures in dogs. These discoveries formed the basis for the first use of VNS 

in humans, conducted by Penry in 1988 [14] [15]. The anticonvulsant mechanisms of VNS are 

not fully understood. However, there is evidence that norepinephrine plays a major role in the 

process. The vagus nerve passes through the sinusoidal site - the main noradrenergic nucleus in 

the brain. When the sinus place was ablated in rodents, the VNS lost its antiepileptic effect [16]. 

The modern invasive VNS device consists of 3 components: 1.A pulse generator placed 

subcutaneously in the thoracic region, 2.An electrode cuff wrapped around the left cervical 

vagus nerve, and 3.A cable connecting the generator to the electrode. Once the device is 

implanted, the pacing parameters are individually programmed to maximize treatment efficacy 

and minimize side effects [ 16].  

A multicenter, randomized, double-blind study evaluated the efficacy of vagus nerve 

stimulation (VNS) in 114 patients with refractory partial seizures of epilepsy. After implantation 

of the stimulators, patients were randomly assigned to a group with high (therapeutic) or low 

(ineffective) VNS parameters for 14 weeks. Response to treatment was defined as a reduction 

in seizures of at least 50%. At the end of the study, a total of 31% of participants were 

responding to treatment. The group with high VNS had a significantly greater reduction in 

seizure frequency (25% on average) compared to the group with low VNS (6%). The therapy 

was well tolerated.High VNS is an effective and safe adjunctive treatment for drug-resistant 

epilepsy with partial seizures [17]. 

Another study by Handforth and colleagues also compared high and low vagus nerve 

stimulation (VNS) in patients with drug-resistant partial seizures. Patients in the treatment 

group experienced an average 28% reduction in seizures, compared to 15% in the control group. 
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There was also a better assessment of overall health in patients with high stimulation. Side 

effects included a change in voice and shortness of breath, but there were no negative effects 

on vital functions. [18]  

Scherman and colleagues obtained a response rate of 45%. In addition, they found that 

a standard duty cycle (stimulation period of 30s) had better results than a rapid cycle 

(stimulation period of 7s). [19]  

Based on these data, contemporary studies have confirmed the efficacy of this method 

as a therapeutic option. In 2021, a meta-analysis written by Jaina observed the results of VNS 

in pediatric patients from 99 articles and 3474 patients. The authors presented that 56.4% of 

patients experienced a reduction in seizures of more than 50% [20]. In another study, 

participants were divided into two groups: one underwent transcutaneous vagus nerve 

stimulation (ta-VNS) and the other simulated (placebo). The intervention lasted several weeks, 

and seizure frequency, quality of life and possible side effects were assessed. In 44.74% of 

patients undergoing active stimulation, there was a ≥50% reduction in seizures. In addition, 

patients using ta-VNS showed a significant improvement in quality of life, as well as a reduction 

in anxiety and depression. The incidence of side effects was low and comparable between 

groups - mainly mild local symptoms, such as tingling or redness of the skin [21] 

Vagus nerve stimulation is an effective, safe and long-term beneficial adjunctive 

treatment for refractory epilepsy in both children and adults. Although complete resolution of 

seizures is rare, a significant proportion of patients experience a significant improvement in 

quality of life. The therapy is generally well tolerated, and side effects - such as voice change, 

hoarseness, shortness of breath, coughing or throat discomfort - are usually mild in nature and 

often resolve over time or after adjusting stimulation parameters. 

Deep brain stimulation DBS 

Deep brain stimulation is a modern method of neurological treatment in which electrical 

impulses are sent to selected deep brain structures. The technique was first used in the 1990s to 

treat movement disorders such as Parkinson's disease, dystonia and spontaneous tremor. Over 

time, it has also gained acceptance in cases of drug-resistant epilepsy. [22] [23].  

The procedure involves implanting electrodes in a specific area of the brain, which are 

then connected by wires to a pulse generator placed subcutaneously in the chest. The entire 

system is computer-controlled, allowing the stimulation parameters to be individually adjusted 

to the patient's needs. An important advantage of DBS is the adjustability and reversibility of 

the procedure, which distinguishes it from classical surgical methods [24]. 
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Although several targets have been found to be affected by DBS, the most scientific data 

has been reported in relation to stimulation of the anterior thalamic nucleus (ANT) [18]. It has 

a significant role in limbic and temporal lobe epilepsies [25]. The first attempts to use DBS in 

the treatment of epilepsy took place in the 1980s by Irvin Cooper. Based on these studies, pilot 

studies using ANT stimulation in patients with temporal lobe epileptic seizures were initiated.   

The SANTE study, which tested stimulation of the anterior thalamic nucleus in the 

treatment of drug-resistant epilepsy, proved to be pivotal. It was observed that after one year of 

deep brain stimulation (DBS), the median seizure reduction was 41%, and after five years, 69%. 

The percentage of patients with ≥50% seizure reduction increased from 43% after one year to 

68% after five years. Sixteen percent of patients experienced at least six months of seizure 

remission [26]. Further observations published in 2021 showed sustained benefit after 10 years 

with a 75% reduction in median seizures and improved quality of life. Additionally, it was found 

that DBS can reduce the risk of sudden unexpected death in epilepsy (SUDEP) [27]. 

Another study- based on the MORE multicenter registry- evaluated the efficacy of ANT-

DBS in 170 patients. After 2 years, the median monthly number of seizures decreased by 33.1%, 

and the response rate (≥50% reduction) was 32.3%. In 47 patients followed up for 5 years, the 

seizure frequency reduction reached 55.1%, and the response rate was 53.2%. Better results 

were obtained in centers with more experience (more than 10 implantations) [28]. 

The effectiveness of DBS is also confirmed by meta-analyses. Elshymaa E Raslan and 

colleagues, based on 29 articles retrieved for screening and 5 randomized control trials, showed 

a significant improvement in seizure control. The effect size for seizure frequency reduction 

was 0.51, and for response rate was 0.54 [29]. 

A recent systematic review of deep brain stimulation in children with DRE demonstrated 

the effectiveness of thalamic DBS in pediatric populations as well. The analysis of 52 cases 

showed that a reduction in seizure frequency of more than 50% was achieved in 9 of 14 children 

after anterior thalamic nucleus stimulation (ANT-DBS) and in 31 of 38 children after medial 

thalamic nucleus stimulation (CM-DBS). The procedure was well tolerated, and the most 

common complication - occurring in 10% of patients - was infection [30]. 

DBS is an effective and safe treatment for drug-resistant epilepsy, especially in patients 

who are ineligible for surgical treatment. Long-term clinical data (SANTE, MORE) confirm 

the durability of therapeutic effects and improvement in quality of life. The pediatric population 

also benefits from deep brain stimulation. However, further research is needed, especially to 

understand the mechanisms of action of DBS. 
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Responsive Neurostimulation (RNS) 

Responsive Neurostimulation (RNS) is a method developed to address the patient 

individually. It works on a “closed loop” principle - the device constantly monitors the brain's 

electrical activity and detects the potential onset of an epileptic seizure. When it detects 

abnormal activity, it immediately sends precisely targeted electrical stimulation to interrupt or 

attenuate the activity before a full-blown seizure occurs.[31 ][32] The system consists of a 

neurostimulator implant and electrodes placed in the area of the brain that is responsible for 

initiating a seizure[33]. The first device was approved in 2013 by the Food and Drug 

Administration (FDA)[32]. 

Dorian M. Kusyk et al. presented a systematic review and meta-analysis that ultimately 

included 541 patients.  They showed that the average response rate (patients with >50% 

reduction in seizures) was 68%[34].  

This data was confirmed by a study published in 2025 in China. It analyzed efficacy in 

subjects treated with RNS for drug-resistant focal epilepsy. The follow-up period for the 19 

participants was 10.7± 3.4 months. They found that the number of seizures decreased 

significantly as early as 6 months after starting the device with a median reduction in seizure 

frequency of 48% at month 6 and 58% at month 12. No serious adverse effects were reported 

[35]. 

Regarding the pediatric population, Adam S.Levy et al. published a meta-analysis that 

included children with an average age of 14 years. Of these patients, 42% had previous resection 

surgery and 18% had vagus nerve stimulation. After one year of follow-up, the median 

reduction in epileptic seizures reached 75%. The complication rate oscillated at 8.4%, with half 

being infectious complications [36]. The safety of RNS in children is also confirmed by the 

results of a retrospective study by Fyodor Panov et al. Of 27 patients, three developed 

complications in the form of infection. They were treated with antibiotics. Among them, one 

required partial removal of the system and one required complete removal. No other 

complications were observed [37]. 

Responsive neurostimulation (RNS) is an effective and relatively safe adjunct therapy 

for drug-resistant epilepsy - both in adults and children. Results in the pediatric population are 

particularly promising, although further well-designed studies with a larger group of patients 

are needed. Better selection of candidates for RNS could significantly improve future treatment 

options for DRE from a young age. 
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Ketogenic diet 

The ketogenic diet (KD) is a specialized diet characterized by very low carbohydrates, 

high fats and moderate or tailored amounts of protein [38]. The main goal of this diet is to put 

the body into a state of ketosis - a metabolic state resembling fasting, in which the body switches 

from using glucose as its primary energy source to burning fats. The product of this process is 

ketone bodies produced in the liver, which can serve as alternative fuel, especially for the brain 

[39].  

The history of ketogenic diet therapy dates back to ancient times - already Hippocrates 

used dietary restrictions to treat epileptic seizures. In the 19th century, a case was reported of a 

boy whose seizures ceased as a result of fasting treatment administered by a healer. As 

knowledge of metabolism developed, fasting was replaced by a high-fat diet designed to mimic 

the effects of starvation. However, the introduction of phenytoin in 1938, followed by the 

development of more antiepileptic drugs, led to a significant reduction in the use of the 

ketogenic diet. Its popularity was revived in 1994, when the therapy was used with complete 

success in a two-year-old boy with drug-resistant epilepsy at Johns Hopkins Hospital - the child 

achieved a seizure-free state, and his psychophysical development improved markedly. 

The exact mechanisms of the anticonvulsant effect of the ketogenic diet are not yet fully 

understood. One of the main factors considered important for its effectiveness is the elevation 

of the level of ketone bodies in the blood. It is believed that ketones have anticonvulsant 

properties - they serve as an alternative source of energy for the brain, supporting neuronal 

function and stabilizing neuronal excitability, which may reduce the risk of seizures[39]. 

In addition, the ketogenic diet may affect the balance of neurotransmitters in the central 

nervous system. By promoting a reduction in excitatory neurotransmitters and increasing 

inhibitory neurotransmitters, it may contribute to suppressing seizure activity and improving 

seizure control[39].  

The modified Atkins diet (MAD) is a less restrictive and better tolerated alternative to 

the classical ketogenic diet (KD). It retains a similar mechanism of action, especially in the 

treatment of drug-resistant epilepsy (DRE). Unlike traditional KD, MAD does not require a 

fasting period or restrictions on caloric or fluid intake. Protein and fat can be consumed without 

restriction. 

The diet is based on a fat-to-carbohydrate ratio of about 1:1 and does not impose strict 

rules on meal planning. The daily carbohydrate limit is usually around 25 grams, which allows 

the patient to maintain a state of ketosis with greater dietary flexibility [40].  
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In a prospective intervention study by Nirmeen Adel Kiszk et al, the effect of a ketogenic 

diet on patients with drug-resistant epilepsy (DRE) was evaluated. The study included 80 

patients, 40 of whom were assigned to the intervention group, where a ketogenic diet was 

introduced in addition to standard pharmacotherapy. After one month on a diet with a 2:1 fat-

to-protein and carbohydrate ratio, participants in the intervention group were divided into two 

subgroups: A1 - continued the 2:1 diet, A2 - switched to a 3:1 diet. After three months, both 

subgroups showed a statistically significant reduction in the frequency and severity of epileptic 

seizures and an improvement in quality of life compared to the control group. The percentage 

of response to the diet was comparable in both groups, but the A1 group showed better 

acceptance of the taste of the diet, while the A2 group had higher lipid profile values [41].  

In a randomized controlled trial involving 160 patients with DRE, the efficacy of the 

modified Atkins diet (MAD) was evaluated as an adjunct to standard drug therapy compared to 

pharmacotherapy alone. After 6 months, 26.2% of patients in the MAD with pharmacotherapy 

group compared to 2.5% in the drug-only group. In addition, quality of life was higher in the 

group using MAD. Side effects were few and included isolated cases of diarrhea and weight 

loss. This study confirmed that MAD can be an effective and well-tolerated support in the 

treatment of DRE. 

 

A systematic review and meta-analysis conducted by Antonio Mutarelli et al, evaluated 

the efficacy of MAD as an adjunct to drug treatment in patients with drug-resistant epilepsy. 

Data from six randomized controlled trials involving a total of 575 patients were analyzed. It 

was shown that MAD significantly increased the percentage of patients with a seizure reduction 

of more than 50% and complete absence of seizures - in both children and adults - compared to 

the usual diet. Reported side effects were moderate and included constipation (17%), lethargy 

(11%) and anorexia (12%) [40].  

Analyzed clearly indicate the effectiveness of the ketogenic diet, including the modified 

Atkins diet (MAD), as an adjunct to drug treatment in patients with drug-resistant epilepsy 

(DRE) in both children and adults. The diet was well tolerated, and reported side effects were 

mild to moderate in nature. 

Conclusions 

Drug-resistant epilepsy represents a major clinical challenge. It affects about 30% of 

patients with epilepsy. They fail to achieve seizure control despite treatment with at least two 

appropriately selected antiepileptic drugs (LEPs). Consequently, a multidirectional and 

individualized therapeutic approach is essential. 



13 

In cases where drug treatment proves ineffective, the method with the highest efficacy 

is surgical removal of the epileptic focus, especially in patients with well-localized lesions. 

Neurosurgery can lead to complete resolution of seizures and should be considered early in the 

treatment of drug-resistant epilepsy. 

Alternatives for patients for whom resection surgery is not possible are neuromodulation 

methods. These include vagus nerve stimulation (VNS), deep brain stimulation (DBS) and 

responsive neurostimulation (RNS). These techniques, while not usually leading to a complete 

cure, significantly reduce seizure frequency and improve patients' quality of life. They are a 

valuable adjunct or alternative to surgical treatment. 

In addition, the ketogenic diet is playing an increasingly important role in the treatment 

of drug-resistant epilepsy, especially in children, but also in adults. This diet, based on a high 

supply of fats and restriction of carbohydrates, can lead to a significant reduction in the number 

of seizures, au some patients - to their complete cessation. Although its use requires close 

medical and dietary supervision, it can be a valuable therapeutic option, especially when other 

methods are not available. 

Modern treatment of drug-resistant epilepsy should be based on a comprehensive 

therapeutic model that combines pharmacotherapy, surgery, neuromodulation and dietary 

interventions. Individualization of therapy, interdisciplinary care and continuous development 

of medical technology offer a real chance to improve treatment outcomes and quality of life for 

patients with this difficult form of epilepsy. 
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