
www.jpccr.euREVIEW ARTICLE

Epilepsy diagnosis and  treatment in children – 
new hopes and challenges – literature review
Sylwia Marta Urbańska1,A-D  , Michał Leśniewski1,A-D , Iwona Welian-Polus1,A-D ,  
Aleksandra Witas1,A-D , Klaudia Szukała2,E-F , Magdalena Chrościńska-Krawczyk2,E-F 

1 Students’ Scientific Association, Department of Paediatric Neurology, Medical University, Lublin, Poland  
2 Department of Children’s Neurology, University Children’s Hospital, Lublin, Poland  
A – Research concept and design, B – Collection and/or assembly of data, C – Data analysis and interpretation,  
D – Writing the article, E – Critical revision of the article, F – Final approval of the article

Urbańska SM, Leśniewski M, Welian-Polus I, Witas A, Szukała K, Chrościńska-Krawczyk M. Epilepsy diagnosis and treatment in children – new 
hopes and challenges – literature review. J Pre-Clin Clin Res. doi: 10.26444/jpccr/185469

Abstract
Introduction and Objective. Epilepsy is one of the most commonly diagnosed neurological aberrations. Epileptic seizures 
are the main symptoms of the condition. Reducing the seizures is the main objective of the treatment. The aim of the review 
is to summarise current knowledge on diagnosis and various treatment methods of epilepsy among children.  
Review Methods. Scientific publications in PubMed, Google Scholar, Wiley Library, Web of Science, Clinicaltrials.gov, and 
NCBI databases were searched for the review. More than 93% of the articles are less than eight years old. After an initial 
assessment of articles, meta-analyses and reviews on epilepsy, concerning the pharmacological, surgical, and gene therapy 
of epilepsy, were selected. Publications were analyzed using a non-systematic review method to create a brief synthesis of 
the information.  
Brief description of the state of knowledge. Diagnosis of epilepsy consists of subjective and objective examination 
of the patient and performing electroencephalography. Additional procedures, such as neuroimaging of the central 
nervous system, genetic testing, metabolic and immunological tests, may expand the diagnostic stage. Pharmacological 
methods prove that early initiation of treatment reduces the risk of relapse. First-line pharmacological treatment consists of 
carbamazepine, valproic acid, oxcarbazepine, and phenytoin. If epilepsy proves to be drug resistant, surgery is an alternative 
to pharmacotherapy. Invasive treatment consists of resection, separation and neurostimulation. Current knowledge also 
proves that there is relevant comorbidity among paediatric patients with epilepsy.   
Summary. The review emphasizes the development of currently used diagnostic methods, therapeutic options, and 
importance of further research. 
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INTRODUCTION AND OBJECTIVE

Epilepsy is one of the most common neurological conditions 
which occurs in approximately 0.5–1% of children worldwide. 
However, it is not a disease entity but a syndrome of symptoms 
that can occur against various morphological and metabolic 
changes in the brain. One of the symptoms of epilepsy is 
epileptic seizures, i.e., temporary bioelectrical disturbances 
in the nerve cells of the brain. The simplified classification 
of epileptic seizures distinguishes between generalized 
seizures and partial (focal) seizures, depending, among other 
things, on the area of the brain where the discharges occur. 
Determination of the epileptic syndrome, i.e., the specific set 
of seizure types and electroencephalographic and imaging 
features, is the final stage of diagnosis [1–2].

The cause of epilepsy is very often not recognized, 
and for this  reason the diagnosis should be based on a 
thorough history of the patient, witnesses to the seizures, 
electroencephalogram (EEG) studies, and structural 
and functional neuroimaging of the central nervous system 
[3–4].

The aim of the review is to present the diagnostic and 
therapeutic process of epilepsy and show new pathways in 
treating this disease and its potential impact.

REVIEW METHODS

This review is based on scientific publications in PubMed, 
Google Scholar, Wiley Library, Web of Science, Clinicaltrials.
gov, and NCBI databases. More than 93% of the articles are 
less than eight years old. After an initial assessment of articles, 
meta-analyses and reviews on epilepsy, pharmacological 
epilepsy treatment, epilepsy gene therapy, and epilepsy 
surgical treatment were selected. Publications were analyzed 
using a non-systematic review method to create a brief 
synthesis of the available information. The countries included 
in the analysis were mainly developed countries. The age of 
respondents ranged from 0–18 years.

BRIEF DESCRIPTION OF THE STATE OF KNOWLEDGE

Diagnosis of childhood epilepsy. According to the current 
International League Against Epilepsy (ILAE) definition, 
a diagnosis of epilepsy can be made if a child has had at 
least 2 unprovoked epileptic seizures more than 24 hours 
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apart in their life, one unprovoked epileptic seizure with a 
probability of having another seizure at risk after a second 
seizure within the next 10 years, or if a specific epileptic 
syndrome is diagnosed [5].

Of most significant importance in the diagnosis of epilepsy 
is an early subjective and objective examination by a specialist 
epileptologist and video recordings of the seizure, if they exist. 
It is important to obtain information about the type of seizure 
from eyewitness accounts [6]. In children and adults with a 
first unprovoked seizure, it is reasonable to perform an EEG 
to determine the risk of recurrence and possible diagnosis 
of epilepsy or epileptic syndrome [7], which also follows 
the recent recommendations of the American Academy of 
Neurology [8]. Performing an EEG is recommended as soon 
as possible after a seizure, preferably up to 72 hours [6], 
although some studies suggest no more than 16 hours [9]. 
This test alone cannot be used to diagnose epilepsy; it is a 
test to confirm the diagnosis, but it must be remembered that 
it should not be used to exclude the diagnosis of epilepsy. It 
is recommended that provocative maneuvers be performed 
during the EEG examination [6], which, when examining 
patients with absence of seizures, translates into placing the 
patient into a state of hyperventilation in a sitting position, 
which in studies in 2020 was associated with better detection 
of abnormalities [10].

After a seizure, it is also essential to perform an ECG and 
other tests to identify metabolic abnormalities – mainly 
measuring glucose tests to differentiate epilepsy from other 
conditions, e.g. hypoglycaemia. The National Institute for 
Health and Care Excellence (NICE) committee, from which 
these recommendations are derived, does not see the need 
for serum or imaging tests to make the primary diagnosis 
but stresses the importance of these tests to find the cause 
and clarifying the diagnosis [6]. Magnetic resonance imaging 
(MRI) of the brain should be performed in any child with 
unprovoked, new-onset seizures, especially if sedation is 
not required. The International League Against Epilepsy 
emphasizes the need to consider etiology at every stage 
of diagnosis, including structural etiology, which is best 
assessed by brain MRI to help classify a possible epileptic 
syndrome [11]. Obtaining a negative image on MRI is an 
indication for single-photon emission computed tomography 
(SPECT) imaging, which is also helpful in identifying an 
epileptogenic focus before performing surgery to treat drug-
resistant epilepsy [12–13].

According to the ILAE, conditions that can cause a seizure 
also include pre- and peri-natal trauma, other injuries, 
strokes, and central nervous system (CNS) infections, 
including parasitic infections [14]. The occurrence of seizures 
against a background of CNS infection can be confirmed by 
performing a lumbar puncture. An elevated temperature, 
leukocytosis, and pleocytosis in the cerebrospinal fluid may 
also be present in an epileptic state, despite the absence of 
CNS infection [15]. The American Pediatric Society (AAP) 
guidelines for the medical management of children and 
adolescents with febrile convulsions, do not suggest routine 
diagnostic testing, including lumbar puncture, unless the 
condition warrants it. When ruling out CNS bleeding or 
trauma, imaging studies should be performed. Computer 
tomography once played a role in the evaluation of patients 
with epilepsy but is now considered a second-tier imaging 
modality. Its main advantage is its high sensitivity in detecting 
calcifications which can occur in some phakomatoses [16], 

and its usefulness in detecting intracranial haemorrhage, 
tumours, and brain infarcts [17].

In 2017 and 2022, the ILAE published an updated 
classification of epilepsy and epileptic syndromes which take 
into account the age of the patient [18–20]. More accurate 
diagnosis of epilepsy varies depending on the suspected 
etiology, and uses ancillary tests such as neuroimaging, 
genetic and metabolic tests, and immunological tests for 
this purpose. A three-step disease identification model has 
been proposed, including diagnosis of the type of epileptic 
seizure (focal, generalized, and unknown), type of epilepsy 
(focal, generalized epilepsy, complex generalized and focal 
epilepsy, and epilepsy of unknown group), and possible 
epileptic syndrome [18].

To diagnose generalized epilepsy, an EEG recording 
indicating generalized spike-wave activity is usually needed. 
People with generalized epilepsy can have many types of 
seizures: absence seizures, myoclonic, atonic, tonic, and 
tonic-clonic seizures. Generalized epilepsy is diagnosed 
based on clinical symptoms, supported by the finding of 
typical interictal discharges in the EEG. Caution should be 
exercised in patients with generalized tonic-clonic seizures 
and regular EEG recordings. A standard interictal EEG 
recording does not exclude the diagnosis of epilepsy [21]. 
Confirmatory evidence, such as a significant family history or 
myoclonic seizures, would be required to make the diagnosis 
of generalized epilepsy.

Focal epilepsies can be divided into single and multifocal, 
and seizures involving one hemisphere. Among focal seizures, 
on the other hand, one can distinguish between conscious or 
impaired consciousness, motor or non-motor focal seizures, 
and focal or bilateral tonic-clonic seizures. The interictal EEG 
usually shows focal epileptiform discharges, but the diagnosis 
is made based on clinical symptoms which are supported by 
the EEG findings [18]. Careful analysis of the paroxysmal 
EEG and corresponding seizure semiology on video can help 
distinguish focal from generalized epilepsy [22].

There is also a group of complex generalized and focal 
epilepsies, as some patients have both generalized and 
focal seizures. The diagnosis is also made based on clinical 
symptoms supported by EEG findings. Seizure recordings 
are helpful but optional. An interictal EEG can show both 
generalized waveform discharges and focal epileptiform 
discharges, but epileptiform activity is not required for 
diagnosis. Examples of epilepsies in which both types of 
seizures occur are Dravet syndrome and Lennox-Gastaut 
syndrome. The term ‘unknown’ is used to describe a situation 
in which a patient is presumed to have epilepsy.However, the 
doctor is unable to determine whether the type of epilepsy is 
focal or generalized because there is insufficient information, 
or the EEG recording was normal [18].

According to the ILAE definition, an epileptic syndrome is a 
characteristic set of clinical and EEG features, often supported 
by specific etiological findings (structural, genetic, metabolic, 
immunological, and infectious). When defining epileptic 
syndromes in newborns and infants, the focus is on the 
electroclinical picture, with a detailed description of the type 
of seizures, relevant antecedents, neurological examinations, 
comorbidities, and interictal and seizure EEG patterns. Most 
syndromes have a characteristic seizure type or types and 
often interictal EEG features necessary for diagnosis. [19].

Most generalized epileptic syndromes that begin in 
childhood have a genetic etiology [20]. Recent ILAE 
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recommendations indicate that genetic evaluation should 
be performed at the third level of epilepsy diagnosis, for 
which infants with epileptic seizures and patients of all ages 
should be referred after the failure of a single antiepileptic 
drug [23]. Genetic tests, such as next-generation screening 
(NGS) and microarrays, are used for this purpose [24–26]. 
Traditional Sanger sequencing is time-consuming and targets 
a single gene, but it is highly accurate and less expensive than 
newer alternatives. Next-generation sequencing (NGS), or 
massively parallel sequencing, enables the rapid sequencing 
of large numbers of DNA segments that are separated into 
smaller pieces, sequenced and resequenced, and analyzed 
computationally. NGS has made it possible to study large 
panels of genes, whole exome sequencing (WES), or whole 
genome sequencing (WGS) [25]. Genetic testing is not 
recommended for drug-responsive epilepsy or at the onset 
of epilepsy. However, comparative genomic hybridization 
(CGH) can be used for first-level evaluation of patients with 
global developmental delay, a population at higher risk for 
epilepsy. Metabolic testing should be performed at the onset 
of epilepsy in infants in whom a structural cause of seizures 
has not been detected [26]. If indicated, initial biochemical 
testing should be performed for the rapid detection of 
treatable metabolic abnormalities, pending confirmation of 
a genetic cause. At the same time, genetic evaluation can be 
initiated using microarrays, followed by a gene panel and 
then WES if a diagnosis is still sought [27].

Suspicion of metabolic epilepsy requires biochemical 
tests and, if the diagnosis is not established, genetic tests 
as well as tissue biopsies. Biochemical tests include blood 
glucose levels, electrolytes (calcium, magnesium), lactate, 
arterial blood gasometry, urinary ammonia, and ketones. 
Biochemical screening should determine plasma carnitine 
and acylcarnitine, amino acids, and urinary organic acid 
profile [27]. The ILAE, on the other hand, recommends 
that serum glucose, sodium, potassium, and chloride levels, 
ammonia determination, arterial blood gasometry, liver tests, 
and urinalysis be performed first [26].

The concept of immune-mediated epilepsy is that it 
results directly from a disorder of the immune system, 
manifested by inflammation of the central nervous system, 
with an autoimmune basis. Diagnosis of these autoimmune 
encephalitis is based on antibody tests. Examples include 
encephalitis directed against the NMDA (N-methyl-D-
aspartate) receptor and encephalitis required against LGI1. 
With the emergence of these disease entities, this etiological 
subgroup deserves a separate category, especially given the 
therapeutic implications for targeted immunotherapies [18].

At present, there is no adequate tool for predicting second 
epileptic seizures. For this reason, the NICE committee 
believes that a research recommendation should be made for 
its development and testing [28]. Abnormal neuroimaging 
findings have been identified as a risk factor for recurrence 
after a first seizure. Focal seizures have a higher risk of 
recurrence than generalized seizures because they are most 
often associated with structural etiology, abnormal EEG 
recordings, and neuroimaging findings. An analysis of 18 
studies according to the ILAE Subcommittee for Paediatric 
Neuroimaging guidelines showed that 50% of imaging 
studies in children with new-onset epilepsy and localization-
related or remote symptomatic seizures, are abnormal. In a 
study evaluating neuroimaging in children with new-onset 
status epilepticus seizures, 8.5% had intracranial pathology. 

The etiology of distant symptoms (traumatic brain injury, 
perinatal trauma, stroke, CNS infection), epileptiform activity 
on EEG, nocturnal seizures, and potentially epileptogenic 
changes on brain imaging, are also associated with a high 
risk of second epileptic seizures [7].

Imaging is vital in determining the risk of a subsequent 
seizure. Additional tests other than MRI are often necessary 
to assess the exact location of epileptic foci, especially 
when there is no concordance between imaging findings 
and clinical data of EEG recordings. A non-invasive 
testing technique for localizing epileptogenic brain areas, 
especially in focal epilepsies with negative MRI results, is 
18F-Fluorodeoxyglucose positron emission tomography 
(PET) imaging. A typical symptom in patients with epilepsy 
is a regional decrease in glucose uptake (hypometabolism) 
in the interictal state [16]. Currently, radionuclide imaging, 
such as PET and SPECT, is not used in the primary diagnosis 
or evaluation of epilepsy of recent onset. However, it can 
play an essential role in certain specific situations, such 
as non-invasive pre-operative localization of epileptogenic 
brain areas in patients with refractory epileptic seizures in 
whom epilepsy surgery is being considered [12]. PET and 
SPECT can play an essential role in the evaluation of various 
epileptic syndromes, especially those of unknown cause, 
revealing various underlying abnormalities. In other cases, 
these neuroimaging modalities preclude surgery and can 
help guide the decision to use genetic testing [29].

Magnetoencephalography (MEG), as a non-invasive 
neuroimaging technique, is also mainly used to localize 
epileptogenic foci in patients with drug-resistant epilepsy. It 
is characterized by very good temporal resolution, allowing 
high-frequency brain activity to be recorded [30]. MEG is also 
a promising diagnostic biomarker for differentiating between 
focal and generalized epilepsy due to differences between 
resting MEG connectivity. However, more studies are needed 
to include magnetoencephalography as a diagnostic modality 
for epilepsy [31].

Only a few studies on using microRNA and BDNF 
neurotrophin as diagnostic biomarkers for epilepsy have 
emerged. Researchers point to the possibility of using 
microRNAs as diagnostic and prognostic biomarkers for 
various diseases, including epilepsy. However, the studies 
conducted are not thorough enough and do not include a 
large study group to currently consider microRNAs during 
diagnosis [32–34]. Among neurotrophins, BDNF has received 
the most attention due to its possible role in the development 
of numerous neurological and psychiatric disorders. Due 
to its lack of specificity, however, its utility may be limited 
to monitoring response to treatment, with no potential for 
use as a marker signaling disease onset [34]. The diagnostic 
process of epilepsy has been sumamrised in Figure 1.

Pharmacological treatment of epilepsy. Pharmacological 
treatment of epilepsy is a long-term process. It requires 
determination of the appropriate dose of the drug affecting the 
course of the disease. The aim is to control seizures by using 
the lowest possible effective dose of the agent. Randomized 
studies in adult and paediatric patients have shown that early 
initiation of treatment reduces the risk of relapse. Treatment 
is usually given on its own, as multiple drugs may affect the 
therapeutic concentration of one substance. The efficacy 
of pharmacological antiepileptic therapy depends, among 
other things, on the selection of the appropriate therapeutic 
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regimen for the type of seizure occurring in the patient. 
When selecting a drug, the pharmacological profile and 
adverse reactions of  the substance should be considered. 
If  a given drug  fails to achieve the therapeutic goal, a 
second preparation  is  introduced gradually. Combination 
therapy should be considered if 2 monotherapies have 
failed. Epilepsy may be considered drug-resistant if 
seizure control has not been achieved despite the use of at 
least 2 appropriately selected and properly administered 
antiepileptic drugs. For drug-resistant patients, there are 
options for surgical treatment, diet, and neurostimulation. 
Withdrawal of antiepileptic drugs should be gradual to avoid 
the occurrence of severe seizures or epileptic conditions [35–
39]. During pharmacological treatment, drug concentrations 
should be monitored. This practice is crucial in pregnant 
patients after the addition of a new drug, and in the 
assessment of the relationship between adverse reactions 
and drug levels [36].

The main pharmacological agents, often used first, are 
carbamazepine, valproic acid, oxcarbazepine and phenytoin. 
Other drugs used in the treatment of epilepsy are vigabatrin, 
lamotrigine, felbamate, gabapentin, levetiracetam, 
ethosuximide. The mechanisms of action of these drugs are 
summarised in Table 1 [36,40]. The results of one of the most 
comprehensive meta-analyses, published in the Cochrane 
Systematic Review Database, indicate that carbamazepine is 
an appropriate first-line treatment option for patients with 
focal seizures. Carbamazepine is also used in generalised, 
tonic-clonic seizures as a second-line treatment. In cases 
of resistance to monotherapy, it is used in multi-drug 
treatment. The results of a systematic review and meta-
analysis show that although some of the new antiepileptic 
drugs are better tolerated, none of the drugs studied was the 
most effective [41–42]. A study in 43 European countries 
showed that carbamazepine was the only drug available in 
all European countries studied [43]. It is a potent inducer 

 Diagram 1. Diagnostic procedure of epilepsy

Journal of Pre-Clinical and Clinical ResearchJPCCR ONLINE FIRST

ONLINE FIRST

ONLINE FIRST

ONLINE FIRST



Sylwia Marta Urbańska, Michał Leśniewski, Iwona Welian-Polus, Aleksandra Witas, Klaudia Szukała, Magdalena Chrościńska-Krawczyk. Epilepsy diagnosis and…

of liver enzymes, which can lead to significant interactions 
with other medicinal products [44].

Oxcarbazepine is a structural analog of carbamazepine, 
and like carbamazepine, blocks sodium channels. Therefore, 
the monitoring of serum sodium is recommended, mainly 
if there are risk factors for hyponatraemia. Oxcarbazepine 
has been shown to be a much weaker inducer of liver 
enzymes than carbamazepine, making it less susceptible 
to drug interactions. The drug is used in monotherapy or 
combination treatment in adults and children over 6 years 
of age [42].

Valproic acid is used in patients with generalized and 
unclassified epilepsy, but should be avoided in women of 
childbearing potential due to its teratogenic effect. Valproic 
acid is metabolized in the liver, therefore, if used, liver 
function tests are recommended. It is an inhibitor of liver 
enzymes which may lead to increased concentrations of 
concomitant medicinal products, such as carbamazepine, 
phenytoin, or lamotrigine [36–37,45–48]. It is crucial to 
select the appropriate lowest effective dose of phenytoin. Its 
elimination decreases dramatically with increasing dose, 
which may lead to the development of toxicity. Intravenous 
phenytoin is the drug of choice for the treatment of status 
epilepticus or recurrent focal epileptic seizures and for the 
prevention of epileptic seizures after neurosurgery [36].

Lamotrigine is used for the treatment of focal and 
generalized tonic-clonic seizures [36]. It is relatively one of 
the best drugs dedicated to pregnant women, as is associated 
with the lowest risk of severe congenital disabilities. However, 
no drug used to treat epilepsy appears to be entirely safe for 
the developing foetus. Lamotrigine is used for the treatment 
of simple and complex partial seizures and generalized 
seizures in adults and children over the age of 12, both as 
monotherapy and as adjunctive treatment. [37].

Gabapentin and vigabatrin are excreted unchanged 
by the kidneys and do not interact with other medicinal 
products. Particular attention should be paid to vigabatrin 

and felbamate, which carry a risk of retinopathy [36,40]. 
Felbamat can cause aplastic anaemia and severe hepatitis, 
and is most commonly used in patients who respond poorly 
to other medicines. Gabapentin is used as monotherapy or 
as adjunctive therapy in focal seizures. Vigabantine is a drug 
used in the combination treatment of focal epileptic seizures, 
or in the monotherapy of epileptic seizures in infants (West’s 
syndrome – flexion seizure syndrome) [37].

In the treatment of epilepsy, ethosuximide has a narrow 
therapeutic profile. It is the drug of choice in monotherapy 
or combination therapy in children with generalised absence 
epilepsy (petit mal). Thalamocortical rhythms are involved 
in the generation of pulse-wave discharges, which are the 
characteristic electroencephalographic signs of absence 
seizures. Spontaneous activity of thalamocortical circuits 
involves low-threshold T-type calcium currents in the 
thalamus, and ethosuximide is thought to reduce these low-
threshold currents in thalamic neurons. The observed side-
effects of ethosuximide are dose-dependent and involve the 
gastrointestinal tract and central nervous system [38–39].

Levetiracetam binds to the synaptic vesicle protein SV2A, 
interfering with the release of neurotransmitters stored in 
the vesicle – thus selectively accumulating and inhibiting 
rapidly activating neurons. Levetiracetam also inhibits 
N-type potassium and calcium channels. This drug is used 
as adjunctive therapy for focal or generalised myoclonic 
and tonic-clonic seizures and as monotherapy for seizures. 
Efficacy and tolerability compare favourably with other 
antiepileptic drugs. Levetiracetam has few drug interactions 
[49–50].

Proper treatment requires an accurate diagnosis of the type 
and syndrome of epilepsy. When choosing the appropriate 
therapy, patients should be approached individually, and when 
selecting the proper treatment regimen, the effectiveness and 
safety of using a particular preparation should be taken into 
account.

Table 1. Mechanisms of action of antiepileptic drugs [35–50]

Drug Mechanism of action

Phenytoin Inhibition of intracellular sodium currents. Reduces the influx of calcium ions into the cell. Inhibition of motor cortex and subcortical centres 
responsible for the tonic phase of convulsions.

Carbamazepine Blocks potential-dependent sodium channels and secondary reduction of glutamate release and catecholamine metabolism in the central nervous 
system. Stabilisation of the membrane of over-excited nerve fibres. Inhibits repetitive neuronal discharges and reduction of synaptic transmission of 
excitatory stimuli.

Lamotrigine Inhibits sodium channels and blocks release of excitatory amino acids (glutamic acid).

Oxarbazepine Blocks potential-dependent sodium channels. Stabilises over-excited nerve fibre membranes. Inhibits repetitive neuronal discharges. Reduces 
synaptic transmission of excitatory stimuli. Modells voltage-dependent calcium channels.

Topiramate. Blocks membrane voltage-dependent sodium channels, increases gamma-aminobutyric acid activity, and shows antagonism to the receptor for 
glutamic acid.

Gabapentin. Inhibits voltage-gated calcium channels.

Pregabalin Binds to an auxiliary subunit (α2-δ protein) of the membrane voltage-shifted calcium channel in the central nervous system.

Levetiracetam. Affects protein concentrations in neurons by partially inhibiting N-type calcium currents and reducing the release of calcium ions stored inside 
neurons. In addition, the drug partially abolishes the zinc- and beta-carboline-induced inhibition of currents gated by gamma-aminobutyric acid 
and glycine. The drug binds to synaptic vesicle protein 2A, which is involved in vesicle fusion and exocytosis of neurotransmitters.

Vigabatrin.   Selective, irreversible inhibitor of γ-aminobutyric acid aminotransferase (GABA-T).

Valpropionic acid   Selective enhancement of enzyme activity involved in the synthesis of gamma-aminobutyric acid (GABA) and inhibition of GABA-degrading 
enzymes. Stabilisation of the cell membrane by affecting voltage-dependent sodium channels. The drug also affects rod calcium T-type channels.

Felbamat Demonstrates GABA inhibitory activity and benzodiazepine receptor binding.

Lacosamide Attenuation of low-threshold T-type calcium currents in thalamic nerve cells.

Ethosuximide Blocking of T-type calcium channels. Inhibitory effect on thalamic neurons.
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Surgical treatment of epilepsy. If drug-resistant 
epilepsy (DRE) is diagnosed, surgery is an alternative to 
pharmacotherapy. Studies have shown the positive impact 
of early surgical intervention on cognitive function and, 
thus, further intellectual development in paediatric patients 
[51]. Depending on the etiology of the seizures, resection, 
separation, or neurostimulation procedures are used.

Among resective operations, the most common procedure 
involves the temporal lobe, with the most common being 
anterior temporal lobectomy (ATL), which is more effective 
in reducing the incidence of seizures, than selective 
amygdalohippocampectomy [52]. Resection operations focus 
on the treatment of focal cortical dysplasia, mesial temporal 
lobe epilepsy (MLTE), and local lesions [53]. In the treatment 
of MLTE, the structures of the limbic system are removed: 
amygdala, hippocampus, parahippocampal gyrus [54].

Resections of the frontal, parietal, and occipital lobes are 
much less frequent. Local lesions responsible for seizures may 
be dysplasia outbreaks, cavernous angiomas, and primary 
tumours, such as hypothalamic hamartoma or gliomas. 
Lesionectomy is aimed at removing such local pathologies, 
and their accurate localization before surgery is the first stage 
of preparation for resection.

In the pre-operative location of epilepsy foci, EEG is used, 
the great advantage of which is that it is non-invasive and 
offers the possibility of repeated examination. However, 
its effectiveness may not be sufficient for extra-temporal 
changes. To increase the chances of detecting foci requiring 
resection, electrodes directly adjacent to brain tissue are 
used in an invasive electroencephalogram (iEEG) [55–56]. A 
system of electrodes inserted into the cerebral pulp at the site 
where the source of epileptic seizures is sought continuously 
monitors the brain’s bioelectrical function and thus creates 
a stereo EEG (sEEG).

In addition to operations requiring craniotomy, 
neuroablation techniques are also available to ensure a lower 
invasiveness of the procedure, including radiofrequency 
thermocoagulation (RFTC) and Laser Interstitial Thermal 
Therapy (LITT). The goal of RFTC is denaturation within 
the epileptic outbreak, resulting in less frequent seizures. The 
studies examined the use of RFTC under the control of sEEG 
imaging to localize the resective lesion more effectively. One 
to four electrodes left for the duration of the procedure, in 
close proximity to the sought epileptic focus, are called the 
‘guiding electrodes’ [57–58]. However, it should be noted that 
temporal lobe lobectomy maintains a higher percentage of 
post-operative seizure reduction in the treatment of temporal 
lobe epilepsy [59]. Patients who had undergone sEEG-RFTC 
surgery required re-operation with classical lobectomy, 
which allowed them to achieve more satisfactory treatment 
results. Based on the results of the studies, it can be concluded 
that sEEG-RFTC is a good alternative for hard-to-reach 
lesions located within the limbic system, and a less effective 
technique for temporal lobe outbreaks [60].

Magnetic resonance-guided laser interstitial thermal 
therapy (MRgLITT) also avoids craniotomy by inserting a 
laser diode implant through a small hole in the skull. This is 
associated with less invasiveness of the procedure and shorter 
patient stays in hospital [61]. Ablation can be performed in 
an ordinary operating theatre and is a promising technique 
for epilepsy in the case of a hard-to-operatively access lesion, 
particularly in paediatric patients. It is essential to develop 
further studies comparing the cost-effectiveness ratio of 

open surgical methods and techniques using thermoablation 
[62–63]. Studies indicate challenges related to the ablation of 
epilepsy foci located in the islet, which anatomically presents 
poorer accessibility, which also affects the ineffectiveness of 
EEG in localizing the resection area. Using the MRgLITT 
technique, satisfactory results of surgical treatment were 
achieved after applying a wide ablation margin [64].

Resective procedures are the most effective and are 
therefore referred to as therapeutic procedures, whereas 
some detachment techniques and neurostimulation can only 
reduce the number or effects of epileptic seizures, without 
removing the root cause, leading to them being referred to 
as palliative methods. It should be noted that the boundary 
between therapeutic and palliative interventions in the 
context of drug-resistant epilepsy is blurred and depends 
on the individual patient.

Achieving a complete absence of seizures is unlikely in most 
drug-resistant patients. The techniques used in palliative care 
aim to reduce the frequency, extent, and duration of seizures 
in order to achieve the highest possible quality of life [65].

For epilepsy involving a large portion of the cerebral cortex, 
multifocal epilepsy, or epilepsy with seizure propagation, it 
is necessary to separate the mating fibres that pass through 
the corpus callosotomy (CC). The aim of the operation is to 
break the fibres through which the discharges responsible 
for the propagation of the epileptic seizure, referred to as 
‘drop attacks’ spread. Partial or total CC can be performed 
as part of the procedure [66]. Callosotomy, which has been 
used since the 1940s, is an effective palliative treatment of 
multifocal drug-resistant epilepsy with secondarily 
generalized seizures. The operation thus contributes to 
limiting developmental regression, which is a complication 
of frequent epileptic seizures [67]. Callosotomy is a good 
form of treatment for diseases such as early infantile epileptic 
encephalopathy [67]. Traditionally, callosotomy assumes 
craniotomy, but in recent years, a trend has been observed 
to use neuroablative techniques to reduce the invasiveness 
of the procedure [66]. This retrospective study compared the 
efficacy of open anterior CC (involving the anterior 2⁄3 of 
the corpus callus), total CC, and CC using LITT. The study 
group consisted of patients who underwent a single operation 
in the period 2003–2021 and were classified for CC based on 
the following criteria: drug-resistant epilepsy (failure of ≥ 2 
antiepileptic drugs), and absence of a well-localized epileptic 
outbreak with proven median-line propagation. The 4-point 
Engel scale (Tab. 2) was used to assess the efficacy of treatment 
[66]. Efficacy results were similar in both CC with craniotomy 
and LITT, with no significant differences in re-assessment 
at 6, 12, and 24 months using the Engel classification [66].

For large brain tumours, cortical dysplasia involving a large 
area of the hemisphere, or polio with paraplegia or hemispheric 
paralysis, the surgical method of choice is hemispherectomy. 
Anatomical hemispherectomy is distinguishd, which involves 

Table 2. The four-point Engel scale [66]

Outcome class Definition

Class I Free from seizures

Class II Rare seizures (≥75% reduction)

Class III Significant improvement (≥50% reduction)

Class IV No significant improvement
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resection of the cortex and disconnection of the entire 
hemisphere from the rest of the brain. In this form, surgery 
was introduced, and although it presented effective prevention 
of epileptic seizures, the procedure is associated with late 
complications, such as hemispheric paraplegia, limited field 
of vision, or hydrocephalus [68–69]. Later, a less extensive 
functional hemispherectomy with separation of hemispheric 
tissue and preservation of occipital and frontal cortex was 
proposed, which has been shown to be equally effective 
in controlling seizures while reducing late complications. 
The surgery may be performed using a variety of strategies, 
including Modified Functional Hemispherectomy, Peri-
insular Hemispherotomy, Parasagittal Hemispherotomy, 
Endoscopic-Assisted Hemispherotomy [68]. The effectiveness 
of the procedure for acquired epilepsy is much higher than 
for the etiology associated with developmental disorders 
leading to dysplasia [70].

For a drug-resistant patient who is not eligible for 
surgical treatment or who has not had satisfactory results, 
neurostimulation is an alternative. Vagus nerve stimulation 
(VNS) is a procedure that is effective for both focal and 
generalized epilepsy. Initially, it was used only in adults 
and older adolescents, but can now be safely used in 
adults and paediatric patients [71]. According to the ILAE 
recommendations, VNS should be considered after careful 
assessment of eligibility for surgical treatment [72]. The 
therapy can be used in any age group, regardless of the type 
of epilepsy. The technique involves implanting a stimulator, 
and an electrode coming out of it wrapped directly around 
the left vagus nerve in the cervical section. Positioning the 
electrode on the right side would be associated with a higher 
risk of arrhythmia due to the effect of the right vagus nerve 
on the atrial-ventricular node of the stimulus-conducting 
system of the heart [73–74]. Stimulation is associated with 
potential side effects, among which can be distinguished 
cough, hiccups, dysphagia, and hoarseness associated with 
excitation of the posterior laryngeal nerve [75].

Another commonly used technique from this group is 
deep brain stimulation (DBS). In patients with generalized 
epilepsy, the most common site of stimulation with the use 
of DBS is the medial nucleus of the helium. Stimulation 
of the heap is designed to inhibit the propagation of the 
epileptic seizure, or even inhibit the primary arousal. This 
procedure is particularly promising in the case of Lennox-
Gastaut syndrome, where the central nucleus of the hill is 
considered to be the dominant point for development of an 
epileptic seizure [76].

Comorbidity in children with epilepsy. Children with 
epilepsy often have a comorbidity, which can be divided into 
neurological, psychiatric, and somatic comorbidity (Tab. 3) 
[77–80].

New directions in the treatment of epilepsy. Some of the 
current new drugs used in children with epilepsy:
•	 Rufinamide – the mechanism of action is not fully 

understood. Used in Lennox-Gastaut syndrome. Side-
effects include headache and dizziness [81–82],

•	 Fenfluramine – acts via a serotonin mechanism through 
disrupted storage and reuptake. Used in patients with 
Dravet Syndrome, in which seizures were reduced by 64%, 
compared with 32% in the placebo group. Side-effects 
include diarrhea and decreased appetite [81],

•	 Stiripentol – increases the activation time of GABAA 
receptors and release of GABA. Clinical studies have 
proven the effectiveness of stiripentol in the treatment 
of Dravet’s syndrome. Side-effects include drowsiness, 
decreased appetite, and arousal [81–83].

Gene therapy. One of the most rapidly developing methods 
of pharmacological therapy for treating diseases; drugs 
currently in the laboratory phase. Gene therapy involves 
placing foreign genetic material into a patient’s cells, resulting 
in one of 3 options: inhibiting production, of the gene, 
increasing production of the gene, or modifying the site of 
the gene [80]. Potential points of action of gene therapy in 
epilepsy and its mechanism are shown in Table 4 [85–87].

One of the newer possible therapeutic options now is the 
treatment of loco-resistant epilepsy with cannabinoids (CBD), 
derived from the cannabis plant. In 2018, CBD was approved 
for use by the United States Food and Drug Administration 
for treating Dravet syndrome and Lennox-Gastaut syndrome 
in patients aged two years and over. The mechanism of the 
anti-seizure action of cannabis (also called marijuana) is not 
precisely known. In the phase 3 GWPCARE2 clinical trials 
in patients with Dravet’s syndrome after CBD, a 46–49% 
reduction in seizures was observed at 10 or 20 mg/kg/day, 
compared to placebo, where a 27% reduction was observed. 
In patients with Lennox-Gastaut syndrome in phase 3 
GWPCARE4 clinical trials, 44% were observed at 20 mg/kg/d 
compared to 20% in the control group. This shows that CBD 
significantly reduces the number of seizures. Side- effects 
include somnolence, fatigue, and diarrhea [88–90].

Another promising treatment option for epilepsy is 
the ketogenic diet. Increases in GABA, adenosine, and 
noradrenaline and a decrease in glutamate in nerve synapses 
are considered potential modes of action of the diet. Other 
factors affected by the ketogenic diet are inhibition of 
histionic deacetylases, improvement of mitochondrial 
function, and reduction of oxidative stress. Studies, including 
a meta-analysis by Martin-McGill et al., have shown that in 
children with drug-resistant epilepsy, using the ketogenic 
diet significantly reduced seizures. A reduction in seizures 
was obtained in almost 85% after 3 months on the diet, and 
about 50% achieved a complete absence of seizures. The main 
side-effects of the diet were diarrhea and constipation. The 
child must be tested for fatty acid transport and oxidation 
disorders before introduction [91–93]. In adults, the ketogenic 
diet does not produce such good effects because the decrease 
in the number of seizures after about 3 months is maintained 
in only 10% of patients.

Table 3. Comorbidities in epilepsy [73–76]

Neurological 
comorbidities

Psychiatric comorbidities Somatic comorbidities

Speech disorders Autism spectrum disorder Loss of bone mass

Cognitive impairment Attention deficit 
hyperactivity disorder

Immune disorders

Migraines Depressive and anxiety 
disorders

Growth retardation

Sleep problems 
(sleep fragmentation, 
daytime sleepiness, 
and parasomnia)

Suicidal thoughts and 
tendencies

Polycystic ovarian syndrome

Dyslipidaemia

Subclinical hypothyroidism

Type I diabetes
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The use of CBD and the ketogenic diet are currently among 
the new therapeutic methods. Other methods, such as gene 
therapy for epilepsy, are currently largely in the laboratory 
testing phase, but offer promising possibilities in treating 
and eliminating symptoms of drug-resistant seizures. In the 
case of the above-described drugs, all of them are used in the 
treatment of severe, often drug-resistant epileptic syndrome, 
e.g. Dravet syndrome and Lennox-Gastaut syndrome, in 
which the symptoms appear in early childhood. CBD therapy 
is a new option with confirmed effectiveness and helps reduce 
the frequency of seizures in Dravet syndrome and Lennox-
Gastaut syndrome. The ketogenic diet is a promising new 
method for treating epilepsy, but further research is needed 
to confirm the effectiveness of this method [81–93]. All the 
drugs mentioned provide the opportunity for patients to 
improve their quality of life.

SUMMARY

The diagnostic and therapeutic process of epilepsy is 
currently a major challenge for doctors. A thorough patient 
interview, patient observation, EEG examination, structural 
and functional neuroimaging allow for a diagnosis that 
directly impacts the selection of appropriate, personalized 
treatment.

The review emphasizes the development of therapeutic 
possibilities in treating epilepsy and assisting in the 
improvement of the quality of life of patients with the disease. 
The review also indicates the need for doctors to update their 
knowledge of the methods currently available.

REFERENCES

1. Bastos F, Cross JH. Epilepsy. Handb Clin Neurol. 2020;174:137–158. 
doi:10.1016/B978-0-444-64148-9.00011-9

2. Falco-Walter J. Epilepsy-Definition, Classification, Pathophysiology, 
and Epidemiology. Semin Neurol. 2020;40(6):617–623. 
doi:10.1055/s-0040-1718719

3. Chen H, Koubeissi MZ. Electroencephalography in Epilepsy Evaluation. 
Continuum (Minneap Minn). 2019;25(2):431–453. doi:10.1212/
CON.0000000000000705.3

4. Katyayan A, Diaz-Medina G. Epilepsy: Epileptic Syndromes and 
Treatment. Neurol Clin. 2021;39(3):779–795. doi:10.1016/j.ncl.2021.04.002

5. Fisher RS, Acevedo C, et al. ILAE official report: a practical clinical 
definition of epilepsy. Epilepsia. 2014;55(4):475–82. doi:10.1111/epi.12550

6. Epilepsies: diagnosis and management. London: National Institute for 
Health and Care Excellence (NICE); 2021 May 12. PMID: 32027473.

7. Jiménez-Villegas MJ, Lozano-García L, Carrizosa-Moog J. Update on 
first unprovoked seizure in children and adults: A narrative review. 
Seizure. 2021;90:28–33. doi:10.1016/j.seizure.2021.03.027

8. Hirtz D, Ashwal S, et al. Practice parameter: evaluating a first nonfebrile 
seizure in children: report of the quality standards subcommittee of 
the American Academy of Neurology, the Child Neurology Society, and 
the American Epilepsy Society. Neurology. 2000;55:616–23 doi:10.1212/
wnl.55.5.616

9. Llauradó A, Santamarina E, et al. How soon should urgent EEG 
be performed following a first epileptic seizure? Epilepsy Behav. 
2020;111:107315. doi:10.1016/j.yebeh.2020.107315

10. Rozenblat T, Kraus D, et al. Absence seizure provocation during 
routine EEG: Does position of the child during hyperventilation 
affect the diagnostic yield? Seizure. 2020;79:86–89. doi:10.1016/j.
seizure.2020.03.013

11. Hourani R, Nasreddine W, et al. When Should a Brain MRI Be 
Performed in Children with New-Onset Seizures? Results of a Large 
Prospective Trial. AJNR Am J Neuroradiol. 2021;42(9):1695–1701. 
doi:10.3174/ajnr.A7193

12. Kumar A, Chugani HT. The Role of Radionuclide Imaging in Epilepsy, 
Part 1: Sporadic Temporal and Extratemporal Lobe Epilepsy. J Nucl Med 
Technol. 2017;45(1):14–21. doi:10.2967/jnumed.112.114397

13. von Oertzen TJ. PET and ictal SPECT can be helpful for localizing 
epileptic foci. Curr Opin Neurol. 2018;31(2):184–191. doi:10.1097/
WCO.0000000000000527

Table 4. Potential places and mechanisms of action for gene therapy in epilepsy [81–83]

Potential places action for gene therapy Mechanism of action

Increase production of neuropeptides that act on Y1, Y2, and Y5 receptors •	decrease	glutamine	secretion

NTF trophic factors and their receptors include the genes FGF-2 and BDNF •	 stop	abnormal	neurogenesis
•	 lead	stem	cells	to	turn	into	a	normal	neuron

NTF trophic factors and their receptors include the BDNF gene •	 improve	maturation	of	GABA-ergic	cells	in	the	epileptic	hippocampus

Encapsulated target delivery device delivers the GDNF gene to the 
hippocampus

•	decrease	seizures
•	 increase	cognitive	function

SCN1A gene •	 Increase	SCN1A	gene
•	 reduces	seizures	
•	 improves	behaviour
•	 lowers	risk	of	death	associated	with	Dravet	syndrome

Voltage-gated sodium channel ɑ1/β1 subunits (NaV1. 1/NaVβ1) •	 increases	the	number	of	NaV1.1α	subunits	to	physiological	values
•	as	gene	therapy	STK-001

KCNA 1 genes •	 reduces	seizures
•	administered	to	mice	with	cortical	injection

GluCl gene encoding glutamate-gated chloride channels •	 reduces	glutamate	secretion,	which	may	reduce	seizures	in	focal	neocortical	epilepsy

NMDAR gene •	decreases	seizures	
•	decreases	brain	activity

GABAAR α1 gene •	 increases	receptors	of	the	α1	subunit	of	the	GABAA	receptor	
•	 inhibits	the	characteristic	generalized	peak	wave	activity

Expression of adenosine kinase in astrocytes •	decreases	expressions	of	adenosine	kinase	in	astrocytes	reduced	seizures

Implants inhibit seizures delivered adenosine •	 increases	the	amount	of	neuroprotective	adenosine

Optogenetic techniques •	use	of	light	to	alter	the	activity	of	the	protein	introduced	into	the	cell	and	ion	conduction
•	 reduces	seizures

Journal of Pre-Clinical and Clinical ResearchJPCCR ONLINE FIRST

ONLINE FIRST

ONLINE FIRST

ONLINE FIRST



Sylwia Marta Urbańska, Michał Leśniewski, Iwona Welian-Polus, Aleksandra Witas, Klaudia Szukała, Magdalena Chrościńska-Krawczyk. Epilepsy diagnosis and…

14. Thurman DJ, Begley CE, et al. The primary prevention of epilepsy: A 
report of the Prevention Task Force of the International League Against 
Epilepsy. Epilepsia. 2018;59(5):905–914. doi:10.1111/epi.14068

15. Michelson KA, Lyons TW, et al. Utility of Lumbar Puncture in Children 
Presenting With Status Epilepticus. Pediatr. Emerg. Care. 2017;33:544–
547. doi:10.1097/PEC.0000000000001225

16. De Vito A, Mankad K, et al. Narrative review of epilepsy: getting the 
most out of your neuroimaging. Transl Pediatr. 2021;10(4):1078–1099. 
doi:10.21037/tp-20-261

17. Minardi C, Minacapelli R, et al. Epilepsy in Children: From Diagnosis 
to Treatment with Focus on Emergency. J Clin Med. 2019;8(1):39. 
doi:10.3390/jcm8010039

18. Scheffer IE, Berkovic S, et al. ILAE classification of the epilepsies: 
Position paper of the ILAE Commission for Classification and 
Terminology. Epilepsia. 2017;58(4):512–521. doi:10.1111/epi.13709

19. Zuberi SM, Wirrell E, et al. ILAE classification and definition of epilepsy 
syndromes with onset in neonates and infants: Position statement 
by the ILAE Task Force on Nosology and Definitions. Epilepsia. 
2022;63(6):1349–1397. doi:10.1111/epi.17239

20. Specchio N, Wirrell EC, et al. International League Against Epilepsy 
classification and definition of epilepsy syndromes with onset in 
childhood: Position paper by the ILAE Task Force on Nosology and 
Definitions. Epilepsia. 2022;63(6):1398–1442. doi:10.1111/epi.17241

21. Kaushik JS, Farmania R. Electroencephalography in Paediatric Epilepsy. 
Indian Pediatr. 2018;55(10):893–901.

22. Fernandez-Baca Vaca G, Park JT. Focal EEG abnormalities and 
focal ictal semiology in generalized epilepsy. Seizure. 2020;77:7–14. 
doi:10.1016/j.seizure.2019.12.013

23. Wilmshurst JM, Gaillard WD, et al. Summary of recommendations for 
the management of infantile seizures: Task Force Report for the ILAE 
Commission of Paediatric s. Epilepsia. 2015;56(8):1185–97. doi:10.1111/
epi.13057

24. Thodeson DM, Park JY. Genomic testing in paediatric epilepsy. Cold 
Spring Harb Mol Case Stud. 2019;5(4):a004135. doi:10.1101/mcs.a004135

25. Ream MA, Patel AD. Obtaining genetic testing in paediatric epilepsy. 
Epilepsia. 2015;56(10):1505–14. doi:10.1111/epi.13122

26. Sharma S, Prasad AN. Inborn Errors of Metabolism and Epilepsy: 
Current Understanding, Diagnosis, and Treatment Approaches. Int J 
Mol Sci. 2017;18(7):1384. doi:10.3390/ijms18071384

27. National Guideline Centre (UK). Evidence review: Prediction of second 
seizure: Epilepsies in children, young people and adults: diagnosis and 
management: Evidence review 1. London: National Institute for Health 
and Care Excellence (NICE); 2022 Apr.

28. Kumar A, Chugani HT. The Role of Radionuclide Imaging in Epilepsy, 
Part 2: Epilepsy Syndromes. J Nucl Med Technol. 2017;45(1):22–29. 
doi:10.2967/jnumed.113.129593

29. Papadelis C, Chen YH. Paediatric Magnetoencephalography in Clinical 
Practice and Research. Neuroimaging Clin N Am. 2020;30(2):239–248. 
doi:10.1016/j.nic.2020.02.002

30. Aung T, Tenney JR, Bagić AI. Contributions of Magnetoencephalography 
to Understanding Mechanisms of Generalized Epilepsies: Blurring the 
Boundary Between Focal and Generalized Epilepsies? Front Neurol. 
2022;13:831546. doi:10.3389/fneur.2022.831546

31. Rzepka-Migut B, Paprocka J. Prospects and Limitations Related to the 
Use of MicroRNA as a Biomarker of Epilepsy in Children: A Systematic 
Review. Life (Basel). 2021;11(1):26. doi:10.3390/life11010026

32. Ren L, Zhu R, Li X. Silencing miR-181a produces neuroprotection 
against hippocampus neuron cell apoptosis post-status epilepticus in a 
rat model and in children with temporal lobe epilepsy. Genet Mol Res. 
2016;15 doi:10.4238/gmr.15017798

33. Martinez B, Peplow PV. MicroRNAs as potential biomarkers in temporal 
lobe epilepsy and mesial temporal lobe epilepsy. Neural Regen Res. 
2023;18(4):716–726. doi:10.4103/1673-5374.354510

34. Gliwińska A, Czubilińska-Łada J, et al. The Role of Brain-Derived 
Neurotrophic Factor (BDNF) in Diagnosis and Treatment of Epilepsy, 
Depression, Schizophrenia, Anorexia Nervosa and Alzheimer’s Disease 
as Highly Drug-Resistant Diseases: A Narrative Review. Brain Sci. 
2023;13(2):163. doi:10.3390/brainsci13020163

35. Perucca P, Scheffer IE, Kiley M. The management of epilepsy in children 
and adults. Med J Aust. 2018;208(5):226–233. doi: 0.5694/mja17.00951

36. Hakami T. Neuropharmacology of Antiseizure Drugs. 
Neuropsychopharmacol Rep. 2021;41(3):336–351. doi:10.1002/
npr2.12196

37. Roger JP, Michael AR. Antiseizure drugs. In: BG Katzung, editor. Basic 
& clinical pharmacology. McGraw-Hill; 2018. p. 409–39.

38. Gören MZ, Onat F. Ethosuximide: from bench to bedside. CNS Drug 
Rev. 2007 Summer;13(2):224–39. doi:10.1111/j.1527-3458.2007.00009.x

39. Millership JS, Mifsud J, et al. The metabolism of ethosuximide. Eur J 
Drug Metab Pharmacokinet. 1993 Oct-Dec;18(4):349–53. doi:10.1007/
BF03190184

40. Kanner AM, Ashman E, et al. Practice guideline update summary: 
Efficacy and tolerability of the new antiepileptic drugs II: Treatment-
resistant epilepsy: Report of the Guideline Development, Dissemination, 
and Implementation Subcommittee of the American Academy of 
Neurology and the American Epilepsy Society. Neurology. 2018;91(2):82–
90. doi:10.1212/WNL.0000000000005756

41. Nevitt SJ, Sudell M, et al. Antiepileptic drug monotherapy for epilepsy: 
a network meta-analysis of individual participant data. Cochrane 
Database Syst Rev. 2017;12(12):CD011412. doi:10.1002/14651858.
CD011412.pub3.

42. Beydoun A, DuPont S, et al. Current role of carbamazepine and 
oxcarbazepine in the management of epilepsy. Seizure. 2020;83:251–263. 
doi:10.1016/j.seizure.2020.10.018

43. Baftiu A, Johannessen Landmark C, et al. Availability of antiepileptic 
drugs across Europe. Epilepsia. 2015;56(12):e191–7. doi:10.1111/epi.13210

44. Das S, Fleming DH, et al. Determination of serum carbamazepine 
concentration using dried blood spot specimens for resource-limited 
settings. Hosp Pract (1995). 2017;45(2):46–50. doi:

45. Guerreiro CA. Epilepsy: Is there hope? Indian J Med Res. 2016;144(5):657–
660. doi:10.4103/ijmr.IJMR_1051_16

46. Nair DR. Management of Drug-Resistant Epilepsy. Continuum 
(Minneap Minn). 2016;22(1 Epilepsy):157–72. doi:10.1212/
CON.0000000000000297

47. Manford M. Recent advances in epilepsy. J Neurol. 2017;264(8):1811–
1824. doi:10.1007/s00415-017-8394-2

48. Marson A, Burnside G, et al. SANAD II collaborators. The SANAD 
II study of the effectiveness and cost-effectiveness of valproate versus 
levetiracetam for newly diagnosed generalised and unclassifiable 
epilepsy: an open-label, non-inferiority, multicentre, phase 4, 
randomised controlled trial. Lancet. 2021;397(10282):1375–1386. 
doi:10.1016/S0140-6736(21)00246-4

49. Howard P, Remi J, et al. J Pain Symptom Manage. 2018 Oct;56(4):645–
649. doi:10.1016/j.jpainsymman.2018.07.012

50. Fang T, Valdes E, et al. Levetiracetam for Seizure Prophylaxis in 
Neurocritical Care: A Systematic Review and Meta-analysis. Neurocrit 
Care. 2022 Feb;36(1):248–258. doi:10.1007/s12028-021-01296-z

51. Kaur N, Nowacki AS, et al. Cognitive outcomes following paediatric 
epilepsy surgery. Epilepsy Res. 2022;180:106859. doi:10.1016/j.
eplepsyres.2022.106859

52. Elliott CA, Broad A, et al. Seizure outcome in paediatric 
medically refractory temporal lobe epilepsy surgery: selective 
amygdalohippocampectomy versus anterior temporal lobectomy. J 
Neurosurg Pediatr. 2018;22(3):276–282. doi:10.3171/2018.4.PEDS17607

53. Engel J Jr. The current place of epilepsy surgery. Curr Opin Neurol. 
2018;31(2):192–197. doi:10.1097/WCO.0000000000000528

54. Joris V, Weil AG, Fallah A. Brain Surgery for Medically Intractable 
Epilepsy. Adv Pediatr. 2022;69(1):59–74. doi:10.1016/j.yapd.2022.03.014

55. Shah AK, Mittal S. Invasive electroencephalography monitoring: 
Indications and presurgical planning. Ann Indian Acad Neurol. 
2014;17(Suppl 1):S89–94. doi:10.4103/0972-2327.128668

56. Yang M, Ma Y, et al. A Retrospective Analysis of 
Stereoelectroencephalography and Subdural Electroencephalography 
for Preoperative Evaluation of Intractable Epilepsy. Stereotact Funct 
Neurosurg. 2017;95(1):13–20. doi:10.1159/000453275

57. Cossu M, Cardinale F, et al. Stereo-EEG-guided radiofrequency thermo-
coagulations. Epilepsia. 2017;58 Suppl 1:66–72. doi:10.1111/epi.13687

58. Belohlavkova A, Jahodova A, et al. May intraoperative detection of 
stereotactically inserted intracerebral electrodes increase precision 
of resective epilepsy surgery? Eur J Paediatr Neurol. 2021;35:49–55. 
doi:10.1016/j.ejpn.2021.09.012

59. Moles A, Guénot M, et al. SEEG-guided radiofrequency coagulation 
(SEEG-guided RF-TC) versus anterior temporal lobectomy (ATL) in 
temporal lobe epilepsy. J Neurol. 2018;265(9):1998–2004. doi:10.1007/
s00415-018-8958-9

60. Chipaux M, Taussig D, et al. SEEG-guided radiofrequency 
thermo coagulation of epileptic foci in the paediatric population: 
Feasibility, safety and efficacy. Seizure. 2019;70:63–70. doi:10.1016/j.
seizure.2019.07.004

61. Hoppe C, Helmstaedter C. Laser interstitial thermotherapy (LiTT) 
in paediatric epilepsy surgery. Seizure. 2020;77:69–75. doi:10.1016/j.
seizure.2018.12.010

62. North RY, Raskin JS, Curry DJ. MRI-Guided Laser Interstitial Thermal 
Therapy for Epilepsy. Neurosurg Clin N Am. 2017;28(4):545–557. 
doi:10.1016/j.nec.2017.06.001

JPCCRJournal of Pre-Clinical and Clinical ResearchONLINE FIRST

ONLINE FIRST

ONLINE FIRST

ONLINE FIRST



Sylwia Marta Urbańska, Michał Leśniewski, Iwona Welian-Polus, Aleksandra Witas, Klaudia Szukała, Magdalena Chrościńska-Krawczyk. Epilepsy diagnosis and…

63. Hale AT, Sen S, et al. Open Resection versus Laser Interstitial Thermal 
Therapy for the Treatment of Paediatric Insular Epilepsy. Neurosurgery. 
2019;85(4):E730–E736. doi:10.1093/neuros/nyz094

64. Alexander H, Cobourn K, et al. Magnetic resonance-guided laser 
interstitial thermal therapy for the treatment of non-lesional insular 
epilepsy in paediatric patients: thermal dynamic and volumetric factors 
influencing seizure outcomes. Childs Nerv Syst. 2019;35(3):453–461. 
doi:10.1007/s00381-019-04051-0

65. Abdelmoity AT, Le Pichon JB, et al. Combined use of the ketogenic 
diet and vagus nerve stimulation in paediatric drug-resistant epilepsy. 
Epilepsia Open. 2021;6(1):112–119. doi:10.1002/epi4.12453

66. Aum DJ, Reynolds RA, et al. Surgical outcomes of open and laser 
interstitial thermal therapy approaches for corpus callosotomy in 
paediatric epilepsy. Epilepsia. 2023;64(9):2274–2285. doi:10.1111/
epi.17679

67. Yokosako S, Muraoka N, et al. Corpus callosotomy in paediatric 
patients with non-lesional epileptic encephalopathy with electrical 
status epilepticus during sleep. Epilepsy Behav Rep. 2021;16:100463. 
doi:10.1016/j.ebr.2021.100463

68. Baumgartner JE, Blount JP, et al. Technical descriptions of four 
hemispherectomy approaches: From the Paediatric Epilepsy Surgery 
Meeting at Gothenburg 2014. Epilepsia. 2017;58 Suppl 1:46–55. 
doi:10.1111/epi.13679

69. Harford E, Houtrow A, et al. Functional outcomes of paediatric 
hemispherotomy: Impairment, activity, and medical service utilization. 
Epilepsy Behav. 2023;140:109099. doi:10.1016/j.yebeh.2023.109099

70. Griessenauer CJ, Salam S, et al. Hemispherectomy for treatment of 
refractory epilepsy in the paediatric age group: a systematic review. J 
Neurosurg Pediatr. 2015;15(1):34–44. doi:10.3171/2014.10.PEDS14155.

71. Tsai JD, Fan PC, et al. Vagus nerve stimulation in paediatric patients 
with failed epilepsy surgery. Acta Neurol Belg. 2021;121(5):1305–1309. 
doi:10.1007/s13760-020-01303-8

72. Abdelmoity AT, Le Pichon JB, et al. Combined use of the ketogenic 
diet and vagus nerve stimulation in paediatric drug-resistant epilepsy. 
Epilepsia Open. 2021;6(1):112–119. doi:10.1002/epi4.12453

73. Wheless JW, Gienapp AJ, Ryvlin P. Vagus nerve stimulation (VNS) 
therapy update. Epilepsy Behav. 2018;88S:2–10. doi:10.1016/j.
yebeh.2018.06.032

74. LoPresti MA, Huang J, et al. Vagus nerve stimulator revision in 
paediatric epilepsy patients: a technical note and case series. Childs 
Nerv Syst. 2023;39(2):435–441. doi:10.1007/s00381-022-05769-0

75. Lotan G, Vaiman M. Treatment of epilepsy by stimulation of the vagus 
nerve from Head-and-Neck surgical point of view. Laryngoscope. 
2015;125(6):1352–5. doi:10.1002/lary.25064

76. Piper RJ, Ibrahim GM, Tisdall MM. Deep Brain Stimulation for Children 
with Generalized Epilepsy. Neurosurg Clin N Am. 2024;35(1):17–25. 
doi:10.1016/j.nec.2023.09.002

77. Wei SH, Lee WT. Comorbidity of childhood epilepsy. J Formos Med 
Assoc. 2015;114(11):1031–8. doi:10.1016/j.jfma.2015.07.015

78. Mula M, Coleman H, Wilson SJ. Neuropsychiatric and Cognitive 
Comorbidities in Epilepsy. Continuum (Minneap Minn). 
2022;28(2):457–482. doi:10.1212/CON.0000000000001123

79. Symonds JD, et al. Early childhood epilepsies: epidemiology, 
classification, aetiology, and socio-economic determinants. Brain. 
2021;144(9):2879–2891. doi:10.1093/brain/awab162

80. Marcovecchio ML, Petrosino MI, Chiarelli F. Diabetes and epilepsy in 
children and adolescents. Curr Diab Rep. 2015;15(4):21. doi:10.1007/
s11892-015-0588-3

81. Perry MS. New and Emerging Medications for Treatment of 
Paediatric Epilepsy. Pediatr Neurol. 2020;107:24–27. doi:10.1016/j.
pediatrneurol.2019.11.008

82. Heaney D, Walker MC. Rufinamide. Drugs Today (Barc). 2007;43(7):455–
60. doi:10.1358/dot.2007.43.7.1067344

83. Eschbach K, Knupp KG. Stiripentol for the treatment of seizures in 
Dravet syndrome. Expert Rev Clin Pharmacol. 2019;12(5):379–388. do
i:10.1080/17512433.2019.1605904

84. Tang R, Xu Z. Gene therapy: a double-edged sword with great powers. 
Mol Cell Biochem. 2020;474(1–2):73–81. doi:10.1007/s11010-020-03834-3

85. Zhang L, Wang Y. Gene therapy in epilepsy. Biomed Pharmacother. 
2021;143:112075. doi:10.1016/j.biopha.2021.112075

86. https://investor.stoketherapeutics.com/news-releases/news-release-
details/stoke-therapeutics-announces-positive-new-safety-efficacy-
data/ (access 07.01.2024)

87. Turner TJ, et al. Recent advances in gene therapy for neurodevelopmental 
disorders with epilepsy. J Neurochem. 2021;157(2):229–262. doi:10.1111/
jnc.15168

88. Billakota S, Devinsky O, Marsh E. Cannabinoid therapy in 
epilepsy. Curr Opin Neurol. 2019;32(2):220–226. doi:10.1097/
WCO.0000000000000660

89. Von Wrede R, Helmstaedter C, Surges R. Cannabidiol in the Treatment 
of Epilepsy. Clin Drug Investig. 2021;41(3):211–220. doi:10.1007/s40261-
021-01003-y

90. Arzimanoglou A, Brandl U, et al. The Cannabinoids International 
Experts Panel; Collaborators. Epilepsy and cannabidiol: a guide to 
treatment. Epileptic Disord. 2020;22(1):1–14. doi:10.1684/epd.2020.1141

91. Sampaio LP. Ketogenic diet for epilepsy treatment. Arq Neuropsiquiatr. 
2016;74(10):842–848. doi:10.1590/0004-282X20160116

92. Ko A, Kwon HE, Kim HD. Updates on the ketogenic diet therapy 
for paediatric epilepsy. Biomed J. 2022;45(1):19–26. doi:10.1016/j.
bj.2021.11.003

93. Martin-McGill KJ, Bresnahan R, Levy RG, Cooper PN. Ketogenic 
diets for drug-resistant epilepsy. Cochrane Database Syst Rev. 
2020;6(6):CD001903. doi:10.1002/14651858.CD001903.pub5

Journal of Pre-Clinical and Clinical ResearchJPCCR ONLINE FIRST

ONLINE FIRST

ONLINE FIRST

ONLINE FIRST


	_Hlk159851545

