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Abstract: Epilepsy is a disorder characterized by abnormal brain neuron activity, predisposing
individuals to seizures. The International League Against Epilepsy (ILAE) categorizes epilepsy
into the following groups: focal, generalized, generalized and focal, and unknown. Infants are
the most vulnerable pediatric group to the condition, with the cause of epilepsy development
being attributed to congenital brain developmental defects, white matter damage, intraventricular
hemorrhage, perinatal hypoxic-ischemic injury, perinatal stroke, or genetic factors such as mutations
in the Sodium Channel Protein Type 1 Subunit Alpha (SCN1A) gene. Due to the risks associated
with this condition, we have investigated how the latest pharmacological treatments for epilepsy in
children impact the reduction or complete elimination of seizures. We reviewed literature from 2018
to 2024, focusing on the age group from 1 month to 18 years old, with some studies including this age
group as well as older individuals. The significance of this review is to present and compile research
findings on the latest antiseizure drugs (ASDs), their effectiveness, dosing, and adverse effects in
the pediatric population, which can contribute to selecting the best drug for a particular patient.
The medications described in this review have shown significant efficacy and safety in the studied
patient group, outweighing the observed adverse effects. The main aim of this review is to provide a
comprehensive summary of the current state of knowledge regarding the newest pharmacotherapy
for childhood epilepsy.

Keywords: epilepsy in children; pediatric epilepsy; pharmacological treatment; antiseizure drugs;
seizure control

1. Introduction

Epilepsy is defined as a brain disorder characterized by a persistent predisposition to
generate epileptic seizures in combination with the neurobiological, cognitive, psychologi-
cal, and social implications of the condition. An epileptic seizure is a temporary occurrence
of symptoms caused by abnormal neuronal activity in the brain [1,2]. A detailed division
of epileptic seizures has been proposed by the International League Against Epilepsy
(ILAE), which reflects the relevance of seizure type, epilepsy type, syndromes, and etiology,
helping to apply the division in clinical practice. ILAE divides seizures into three main
groups: focal, generalized, and unknown, and then into subgroups on the basis of motor
and nonmotor onset. Epilepsies were classified by ILAE into focal, generalized, combined
generalized and focal, and unknown epilepsies [2–4].

Epidemiologically, epilepsy has an unequal population distribution, with ∼80% of
those affected living in low- and middle-income countries. (high-income countries—48.86
per 100,000 person years, low- and middle-income countries—138.99 per 100,000 person
years) [4,5]. The highest risk of epilepsy occurs in infants due to genetic, metabolic, and
obstetric causes [5]. Children are more likely to experience seizure-related accidents than
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adults. The most common are minor accidents like fractures, burns, and drownings, with
falls being the most dangerous [4].

Based on data received from European studies, the etiology of epilepsy may be defined
in approximately 54% of the general pediatric population and 64% of children who had
symptoms in the first year of life. Structural etiology is common in patients who have it
identified before the seizure presentation. Among them, the most common are congenital
brain malformations, white matter injuries, intraventricular hemorrhage, hypoxic ischemic
perinatal injuries, or perinatal stroke [6,7]. The genetic basis of epilepsy may affect as many
as two-thirds of epileptic tendencies in the general pediatric population. Among the genetic
causes listed are monogenic mutations, polygenic mutations, and multifactorial patholo-
gies [8]. The most significant known monogenic factor is a mutation in the SCN1A gene and
its brain voltage-gated sodium channel NaV1.1 loss-of-function variants, causing Dravet
syndrome—a severe drug-resistant epilepsy and intellectual disability. Different types
of SCN1A mutations may cause other types of midler phenotypes of genetic epilepsy [9].
Significant gene mutations that may be associated with epilepsy also include Proline-rich
transmembrane protein 2 (PRRT2), Sodium Channel, Voltage-gated, Type III, Alpha Sub-
unit SCN3A, Potassium Voltage-Gated Channel Subfamily C Member 1 and 2 (KCNC1
and KCNC2), Voltage-dependent Calcium Channel Subunit Alpha-2/delta-1 (CACNA2D1),
Synaptosome Associated Protein 25 (SNAP25), Spectrin Beta, Non-Erythrocytic 1 (SPTBN1),
Cyclin Dependent Kinase Like 5 (CDKL5), and many others. A common feature of most
genetic epilepsies is their drug resistance. This is also the main reason for the need for
treatment to be more intensive than in the adult population, requiring frequent use of
different therapeutic options before finding the one suitable for a particular patient [10,11].
Neonatal seizures are a type of epileptic seizure defined as occurring with no potentially
causative clinical conditions or outside the estimated interval for the occurrence of acute
symptomatic seizures. Their presence should induce further diagnosis of potential causes
of structural and vascular malformations or ischemic lesions in the brain, as well as genetic
disorders [12]. Status epilepticus (SE) is a term introduced by ILAE in 2015. It highlights
the fact that prolonged (lasting about 5 min) seizures can continue and cause severe conse-
quences. It suggests that seizures lasting over 5 min should be treated medically in order to
terminate them and stop them from lasting longer than 30 min, which could lead to long-
term complications. It is important to consider the etiology of SE in order to apply the most
suitable treatment. Considering and excluding potentially treatable causes like infections or
metabolic causes should be the first step [13]. The worst form of SE is new-onset refractory
status epilepticus (NORSE); the term refers to cases of super-refractory status epilepticus
(SRSE) without a previous history of epilepsy and with no known cause. Seizures are at
first brief and infrequent, and their frequency increases over several hours to days (up
to hundreds per day) and develops to SE, which usually requires ICU admission and
anesthesia [14]. Epilepsy syndromes such as Dravet syndrome, Lennox-Gastaut syndrome,
and sunflower syndrome are characteristic of the pediatric population. Dravet syndrome
(DS) is a type of encephalopathy characterized by multiple types of seizures, often triggered
by different factors such as elevated temperature, infections, or light. The seizures are
resistant to standard pharmacological treatment. Normal cognitive development at first,
which is followed by stagnant development at the age of 1 to 4 years old, is common.
Other characteristic features of DS are intellectual disability (ID) in most of the patients, a
higher incidence of autism spectrum disorders (ASD), and progressive walking impairment
occurring in early school. The most common cause of death in patients with DS is sudden,
unexpected death in epilepsy (SUDEP) and status epilepticus (SE) [15]. Lennox-Gastaut
syndrome (LGS) is defined by a triad of multiple drug-resistant seizure types, a specific in-
terictal electroencephalographic (EEG) pattern exhibiting bursts of either slow spike-wave
complexes (SSW) or generalized paroxysmal fast activity (GPFA), and intellectual disability
(ID). The interictal EEG pattern of SSW, which is associated with LGS, is not pathognomonic
for the disorder [16,17]. Sunflower syndrome is a rare photosensitive epilepsy typically
marked by stereotypic seizures and light attraction. A typical description of a seizure is
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an individual looking toward a light and waving their hand in front of their eyes. Those
episodes are associated with generalized spike-and-wave discharges in the EEG [18].

Different antiseizure drugs (ASDs) are used, depending on the country or even in-
dividual hospitals, to treat epilepsy in children. European protocols and guidelines are
based on Advanced Life Support (ALS) and Advanced Pediatric Life Support (APLS) docu-
ments, while in the United States, they are based on American Epilepsy Society guidelines.
First-line ASMs are benzodiazepines; the most commonly used are lorazepam, midazolam,
and diazepam. Second line therapies include phenobarbital, phenytoin, levetiracetam,
and sodium valproate. There is disagreement about the specific drug, dose, and route
of administration [13]. In severe drug-resistant epilepsies, surgical methods can be used,
although there is no evidence to support the idea that early surgical intervention in appro-
priately selected patients with DRE offers the best possible opportunity to avoid lifelong
disability and premature death. The high risk associated with performing such surgeries
gives reason to continually seek new treatment options using less invasive pharmacological
treatments [19].

Because the topic is still not sufficiently described in the literature, we conducted a
study describing and comparing different pharmacological treatment options for epilepsy
and SE in the pediatric population. Based on the collected literature, we decided to
summarize existing and newer treatments, their effectiveness, and their possible use in
specific seizure types and syndromes.

2. Materials and Methods

We performed a narrative review of the medical literature about the pharmacological
treatment of epilepsy in the pediatric population. We searched Pubmed, Google Scholar,
and Embase databases for studies from January 2018 to January 2024; three studies were
older than this time period (2005, 2010, 2013). Such a time frame was chosen by the authors
to make the information on drug therapy options as up-to-date as possible but sufficiently
comprehensive on the topic discussed. The keywords used for the search included “epilepsy
in children”, “pediatric epilepsy”, “pharmacological treatment”, “antiseizure drugs”, and
“seizure control” in order to find as wide a range of articles covering the topic discussed
as possible. As inclusion criteria, we accepted articles in English on therapies proven in
case–control studies and on patients diagnosed with epilepsy. The number of articles finally
taken into account was 104. We excluded case studies, conference abstracts only, duplicate
papers, and preprint articles.

3. Pharmacological Agents
3.1. Cenobamate

Cenobamate (CNB) is a monocarbamate that blocks sodium receptors and modulates
the GABA-A receptor [20]. It has been approved by the US Food and Drug Administration
(FDA) and the European Medicines Agency (EMA) as a new ASD. However, only for the
treatment of focal-onset seizures in adults [20–22]. CNB is still not approved for use in
children and adolescents due to limited experience with this drug [20,23]. Taking into
account the promising prospects for the use of CNB in the treatment of epilepsy in children,
research is being conducted to increase knowledge about the possibilities of using this
substance in the pediatric population.

The CNB mechanism of action is related to sodium and GABA channels [24]. It inhibits
voltage-gated sodium currents. There is an enhancement of fast and slow inactivation
of sodium channels, as well as inhibition of the non-activating permanent component of
the sodium channel current. The advantage of CNB is that it regulates the excitability of
principal neurons without damaging inhibitory interneurons. It is possible due to two types
of impacts. A small effect on the peak component of transient sodium currents induced by
short depolarizing step pulses and a strong inhibition of the non-inactivating persistent
component of sodium currents [25,26]. Moreover, CNB is an allosteric modulator of the
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GABA ion channel. It similarly affects all GABA-A receptors with α1β2γ2 or α2-6β3γ2
subunits [24].

One study describes the evaluation of CNB in the treatment of drug-resistant epilepsy
(DRE) in children. Sixteen pediatric patients aged 12.08 to 17.67 years (median 15.05) with
disease durations ranging from 6.33 to 16.42 years (median 11.73) were investigated. The
causes of epilepsy were considered to be abnormalities in cortical development, residual
brain damage after a heart attack, asphyxia, encephalitis, and genetic and autoimmune
diseases. In some cases, the cause was unknown. Oral CNB was administered once
a day. The initial dose ranged from 6.25–25 mg (median 12.5) and 0.12–0.36 mg/kg/d
(median 0.22). In most patients, the dose was increased every 2 weeks to a maximum
dose of 0.89–7 mg/kg/d (median 3.1), resulting in a total daily dose of 50–400 mg (median
182.81). The side effects were not serious enough to require the discontinuation of CNB.
The treatment effect was assessed after 56–314 days (median 168.5). Seizure freedom was
observed in five patients (31.3%). A reduction of seizures by more than 50% was noticed in
six patients (37.5%), while in another four patients, a reduction of seizures by less than 50%
was observed. In one case, there was an increase in the frequency of seizures. The study
shows that CNB has a positive effect on reducing DRE attacks in pediatric patients [23].

Another study presents the use of CNB in pediatric patients with focal-onset epilepsy.
It included 21 patients aged 10 to 18 years (median 15.9). The doses of CNB were 209.8 mg
and 200 mg. Patients weighing less than 50 kg were included, and the doses were
4 mg/kg/d and 4.32 mg/kg/d. Patients were followed up for 46–496 days (mean 254). The
frequency of seizures was reduced by 93.7%. A reduction of episodes by at least 50% was
observed in 13 patients and by at least 75% in 11 of them (52.4%). Moreover, four patients
(19%) achieved seizure freedom. Unfortunately, in two patients (9.5%), the frequency
of attacks increased. According to the interpretation of the above-described study, CNB
reduces the incidence of refractory focal-onset epilepsy in children [20]. Furthermore, in
a study on the use of CNB in the treatment of focal-onset epilepsy, the pediatric group
consisted of 13 patients aged 12 to 17 years. The daily dose of CNB used was 50–300 mg/d
(median 204). The follow-up period was 2–15 months (median 9). A total of 61.5% of
pediatric patients noted an improvement in the frequency of seizures and thus, a reduction
in their number by at least 50%. No serious side effects have been reported. According to
the obtained results, the effectiveness and safety of CNB use in the pediatric group were
confirmed [21].

According to the above-mentioned studies, CNB significantly reduces the incidence
of epileptic seizures in children. Moreover, emerging side effects do not constitute an
indication to discontinue the medication. In individual cases, only the dose of CNB had to
be reduced. The side effects that occur are not considered serious effects of the therapy. The
most common were mainly somnolence and fatigue [20,23]. Table 1 presents the results of
the effectiveness of CNB in reducing seizures.

Table 1. Studies describing the effectiveness of cenobamate in the reduction of seizures.

Author of
the Study

Year of
Publication

Number
of Patients

Age of
Patients Dose

≤50%
Seizure

Reduction

>50%
Seizure

Reduction

Complete
Seizure

Reduction
Adverse
Effects

Type of
Epilepsy

Makridis KL
et al. [23] 2022 16 12–18 6.25–25 mg/d 6 (37.5%) 6 (37.5%) 5 (31.3%) somnolence,

fatigue
Drug-resistant

epilepsy

Elliott et al.
[27] 2022 13 12–17 50–300 mg/d no data 8 (61.5%) no data somnolence Focal-onset

epilepsy

Varughese
RT et al. [20] 2022 21 10–18

200 mg/d
13 (61.9%) 11 (52.3%) 4 (19%) somnolence,

fatigue
Focal-onset

epilepsy209.8 mg/d

3.2. Fenfluramine

Fenfluramine (FFA) is an amphetamine derivative that promotes the release of sero-
tonin (5-HT) and also blocks its neuronal reuptake. The FDA has approved the use of FFA
for the treatment of seizures associated with Dravet syndrome (DS) in patients 2 years of
age and older, and the EMA has recognized FFA as a safe add-on therapy to other ASDs in
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patients 2 years of age and older. Moreover, the FDA and EMA have also approved FFA for
the treatment of seizures associated with Lennox-Gastaut syndrome (LGS) from the age of
2 years [28].

The anticonvulsant mechanism of FFA is associated with its impact on the serotonergic
system. FFA increases the level of extracellular 5-HT, resulting in the activation of 5-HT
receptors. By interacting with the serotonin transporter, it inhibits 5-HT uptake. Moreover,
FFA causes the release of 5-HT outside the cell. It occurs using 5-HT carriers, ultimately
leading to an increase in the extracellular level of 5-HT [29]. The mechanism described
above is an indirect effect of FFA. There is also a direct route of activation of 5-HT receptors,
which is responsible for FFA metabolites such as D- and L-norfenfluramine (norFFA) [30].
Direct and indirect effects lead to an increase in 5-HT as well as the frequency and amplitude
of spontaneous inhibitory postsynaptic currents. Therefore, GABAergic neurotransmission
in inhibitory interneurons is enhanced [29].

One of the studies assessing the treatment of DS using FFA as an adjunct to Stripentol
therapy (STP) involved 87 pediatric patients, mainly aged 6–19. A total of 44 of them
received a placebo, and 43 received FFA. The starting dose of FFA was 0.2 mg/kg/d
and was gradually increased over 3 weeks to a final dose of 0.4 mg/kg/d. Patients
received the drug orally twice daily in the form of fenfluramine hydrochloride containing
2.2 mg/mL FFA. FFA use was maintained for over 12 weeks. Patients experienced clinically
significant (50% or more) reductions in monthly convulsive seizure frequency (MCSF), as
well as significantly longer seizure-free periods (3–105, median 22). Additionally, the most
common treatment-related side effects included decreased appetite, fever, fatigue, and
diarrhea [31]. Based on the results of another study on the use of FFA in pediatric patients
with DS, similar conclusions as above can be reached regarding the effect of this drug on
the frequency of seizures. In this sample, patients suffered from tonic, clonic, tonic-atonic,
generalized tonic-clonic, hemiclonic, or focal seizures with motor symptoms. A total of
119 patients aged 2 to 18 years were assigned to subsequent experimental groups. A total
of 40 of them received a placebo, 39 patients received FFA 0.2 mg/kg/d, and 40 patients
received 0.7 mg/kg/d. The frequency of seizures after 14 weeks of treatment is statistically
significantly reduced. In the group with FFA 0.7 mg/kg/d, it was on average 74.9%, and in
the group with FFA 0.2 mg/kg/d, it was 42.3%. Compared to placebo, patients with FFA
0.7 mg/kg/d had a 52.3% greater reduction in MCSF, and patients with FFA 0.2 mg/kg/d
had a 32.4% greater reduction. Interestingly, in the group with a higher dose of FFA, the
median of the longest seizure-free period was 25 days, while in the group with a lower dose
of FFA, it was 15 days [32]. The side effects in the presented trial are consistent with those
occurring in the previously described study. In both cases, patients did not develop any
side effects related to the cardiovascular system. Additionally, the use of FFA reduced the
frequency of using ASDs [31,32]. Similar conclusions were made in one Italian study on DS,
which involved 52 pediatric patients with an average age of 8.6 years. Each of them was a
carrier of the SCN1A genetic variant. FFA was used as an additional drug at an average dose
of 0.46 mg/kg/d, and the median follow-up time was 9 months. In the described study,
32 patients experienced a minimum 50% reduction in seizure frequency [33]. Referring to
the influence of FFA on body weight and height, a minimal influence of FFA on the rate of
growth and weight gain was also proven. The study covers 279 patients treated with FFA
for 12 months or longer and 128 patients treated with FFA for 24 months or longer. The
average age was 10 years, and the average BMI was 18 mg/m2 [34].

Moreover, one meta-analysis compared the effectiveness, tolerability, and global func-
tioning of FFA with other ASM therapies. FFA had a higher seizure response rate at
0.8 mg/kg/d than at 0.2 mg/kg/and, compared to other ASMs. However, FFA, compared
to cannabidiol, had a higher risk of side effects among pediatric participants. Despite this,
FFA was associated with higher rates of improvement [35].

In addition to the use of FFA in the treatment of DS, there is also a study on the
effectiveness of this drug in LGS therapy. According to it, FFA can be a safe and effective
long-term therapy. In an open-label extension (OLE) of a phase 3 randomized clinical trial
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(RCT), there was a mixed group of adult and pediatric patients aged 2–35 years. A total of
168 of 247 patients were between 2 and 18 years of age. The inclusion requirement was the
current fulfillment of the primary study criteria. These included tonic or atonic seizures,
as well as the onset of seizures before the age of 11. During the initial 14-day transition
period from RCT to OLE, all patients were titrated with FFA to 2 mg/kg/d. According
to the study plan, they remained at a dose of 2 mg/kg/d for 1 month. Then, taking into
account tolerance, the FFA dose was increased to 7 mg/kg/d. Efficacy was assessed at 1, 2,
3, 6, 9, and 12 months, with combined follow-up visits at 3 and 6 months after the last dose.
Patients were treated for an average of 364 days. In the pediatric group, a reduction in the
frequency of drop and non-drop seizures was observed by an average of 25.6% and 48.9%,
as well as a reduction in the frequency of generalized tonic-clonic seizures by an average
of 48.8%. The most common side effects during therapy included decreased appetite and
fatigue. Any cardiovascular events among patients were excluded [36].

Based on information from one study, FFA is effective as an adjunct therapy for
epilepsy associated with sunflower syndrome. Patients with a mean age of 10 years and
4 months (cohort 1) and 13 years and 4 months (cohort 2) were stratified and included
in the study. FFA was taken twice a day at a dose of 0.2 mg/kg/d for the first 14 days.
The dose was then increased by 0.2 mg/kg/d every 2 weeks to reach a maximum dose
of 0.7 mg/kg/d. The maximum dose was maintained for over 2 years. Among cohort 1,
an average 79% reduction in the frequency of handwaving episodes (HWE) was observed
compared to baseline, and in cohort 2, an average reduction of 33% was observed. The
most common side effects, as in the case of GS and LGS, included decreased appetite and
fatigue [37]. Table 2 lists studies proving the effectiveness of various doses of fenfluramine
in reducing epileptic seizures.

Table 2. Studies describing the effectiveness of different doses of fenfluramine in reducing seizures
compared to placebo.

Author of the
Study

Year of
Publication

Number of
Patients

Age of
Patients Dose % of Seizure Reduction

Compared to Placebo Adverse Effects Type of Epilepsy

Nabbout et al.
[31] 2020 87 6–19 0.4 mg/kg/d 54% decreased appetite,

fever, fatigue, diarrhea Dravet syndrome

Lagae et al. [32] 2019 119 2–18
0.2 mg/kg/d 42.30% decreased appetite,

fever, fatigue, diarrhea Dravet syndrome
0.7 mg/kg/d 74.90%

Specchio N et al.
[33] 2020 52 4–14 0.2–0.7 mg/kg/d 77.40% decreased appetite Dravet syndrome

Knupp et al. [36] 2023 168 2–18 0.2–0.7 mg/kg/d 25.60% decreased appetite,
fatigue Dravet syndrome

To summarize the studies cited above, FFA reduces the frequency of seizures in
pediatric patients with DS on its own and as an additional substance. Moreover, it is also
possible to use this medicine in LGS or sunflower syndrome. Side effects are not serious
and most often include decreased appetite or fatigue.

3.3. Diazepam and Midazolam Intranasally

Diazepam is a drug commonly used for epileptic seizures, including in pediatric
patients. It belongs to a group of benzodiazepines that bind at an allosteric site at the
boundary of the alpha and gamma subunits on ion channels on the GABA-A receptor. This
causes an increase in the frequency of chloride channel opening, leading to hyperpolariza-
tion of the cell membrane and reduced excitability of nerve cells [38]. Depending on the
age of the child, the following doses are administered: infants from 7 months of age: up to
0.5 mg/kg body weight; children weighing 10–15 kg: one microinfusion (5 mg diazepam);
children weighing more than 15 kg: two micro-infusions of 5 mg (10 mg diazepam) [38].

It is mainly administered as a rectal gel and as a nasal spray [39]. The efficacy of
intranasal administration of diazepam has been tested. A total of 163 patients were included
in the study with intranasal diazepam—the first group comprising 78 children aged 6 to
11 years, and the second group comprising 33 patients aged 12–17 years. Patients in the first
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group received one to eight doses per month of diazepam at 0.16–0.75 mg/kg, depending
on their needs, of which 41 patients received the recommended dose of 0.3 mg/kg per
month intranasally for 12 months, and the second group receivedone to six doses per
month at 0.1–0.54 mg/kg for 12 months. Parents of the patients or the patients themselves,
who were older, responded to a questionnaire, of which a total of 10 patients in group one
and 10 patients in group 2 responded. The results of the questionnaire state that 84% of
patients in both groups returned to normal function within 4 h of administration of the
rescue medication, and 20% after 30 min. In addition, 88% of the patients confirm that they
felt very good and comfortable with the diazepam spray while doing activities outside
the home. Furthermore, 11-year-olds and 16-year-olds from both groups reported that
self-administration during a seizure outside the home was very easy. However, adverse
effects related to administration such as fever (17.9%) and upper respiratory tract infection
(17.9%) were reported most frequently, with nosebleeds (2.6%) reported less frequently [40].
Diazepam intranasally should be used from 6 years of age up to 11 years of age; the dose is
0.3 mg/kg, with 0.2 mg/kg above 12 years of age [41,42].

Midazolam is another first-line drug used to treat epileptic seizures in patients. The
mechanism of action of midazolam is indirect and involves increasing the concentration of
GABA and its affinity for benzodiazepine receptors. GABA and benzodiazepine receptors
are linked to the chloride channel, which they jointly regulate. Midazolam increases
the frequency of the opening of these chloride channels. Activation of both receptors
leads to hyperpolarization of the cell membrane and inhibition of neuronal activity. The
anticonvulsant effect of midazolam is due to the increased effect of GABA on motor circuits
in the brain [43]. In daily use, it is used in the following doses: intravenously (from
6 months to 5 years), starting dose: 0.05–0.1 mg/kg, total dose: <6 mg. Intravenously
(6–12 years), starting dose: 0.025–0.05 mg/kg; total dose: <10 mg. Rectally (over 6 months):
0.3–0.5 mg/kg, intramuscularly (1–15 years): 0.05–0.15 mg/kg [43].

In children, it is mainly administered intravenously or intramuscularly, but intranasal
administration is becoming increasingly popular. A total of 42 patients, aged 5–92 years,
were treated with intranasal midazolam at a dose of 2.5–15 mg under EEG guidance. In
57.1% of the patients, after intranasal midazolam administration, the convulsive state
resolved in the EEG recording—the patients had not previously taken another anticonvul-
sant drug, while in 15 patients, an increase in diffuse slowing could be seen in the EEG.
Intranasal administration of midazolam was not associated with serious side effects or
adverse reactions—only five patients reported nasal irritation. Compared with intravenous
administration, the bioavailability of the nasal spray is approximately 72.5–83% [44].

In light of the studies presented here, the administration of benzodiazepines in the
form of an intranasal spray is much easier for pediatric patients, is non-invasive, has a
well-defined safety profile, and is as effective as the other routes of administration [45].
Table 3 lists studies proving the effectiveness of different doses of diazepam and midazolam
intranasal in reducing seizures and adverse effects.

Table 3. Studies describing the effectiveness of different doses of diazepam and midazolam intranasal
in reducing seizures and adverse effects.

Author of the Study Year of
Publication

Number of
Patients Age of Patients Dose Positive Response

to the Treatment Adverse Effects

Tarquinio D et al. [40] 2022 163 12–17 0.3 mg/kg 143 (88%)
fever (17.9%), upper

respiratory tract infection
(17.9%), nosebleeds (2.6%)

Kay L et al. [44] 2019 42 5–92 2.5–15 mg/kg 24 (57.1%) nasal irritation (11.9%)

The use of diazepam and midazolam intranasally is still not as popular as previous
routes of administration, but the results of the studies presented in the review show that
this may become an alternative, particularly for younger patients, who confirm that using
these drugs intranasally is definitely easier for them.
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3.4. (-)-trans-cannabidiol (CBD)

For the treatment of epileptic seizures in children, the use of (-)-trans-cannabidiol
(CBD), the main ingredient in cannabis, in addition to commonly used drugs, is also
reported. In preclinical studies, highly purified CBD has been shown to reduce recurrent
seizures and, in the course of acute seizures, to regulate the ratio of synaptic excitation to
inhibition [46].

In a study in mice, CBD administration at a dose of 100–200 mg was shown to reduce
seizure duration as well as seizure severity and frequency [47,48]. In the next study, rats
were treated at doses of 1, 10, 50, 100, and 200 mg/kg CBD—Epidolex and vehicle (vehicle
group), with 12 animals in each group (n = 12). The effectiveness of the drug was assessed
on the 7th day after birth—this is intended to reflect neonatal seizures. The animals were
subjected to electroshock therapy to induce seizures. In the vehicle group, the average
duration of seizures was 25 s. In the groups with CBD doses of 1, 10, and 50 mg/kg, no
significant reduction in the duration of seizures was observed, while in the groups with
CBD doses of 100 and 200 mg/kg, this time was reduced to 13 and 10 s, respectively [49].

The mechanism of action still remains incompletely identified, which raises some con-
tradictions. Children with epilepsy have changes in the function of the endocannabinoid
system, which modulates the balance between excitatory and inhibitory neurotransmit-
ters [50]. Hemp oil has antioxidant, anti-inflammatory, and neuroprotective effects, which is
an important etiological factor in the development of epilepsy in children. CBD is thought to
interact with ion channels, signaling proteins, and transporters, specifically two G-protein-
coupled receptors (GCPRs): the cannabinoid receptor (CB1R) and the de-orphanized GPR55
receptor, in both children and adults [51].

These are among the key receptors in the pathophysiology of epilepsy, as GPCRs
regulate the ratio of synaptic excitations to their inhibition by linking endocannabinoids to
downstream signaling. It has been suggested that CBD is a negative allosteric modulator of
CB1R, affects it weakly, and in most preclinical models, this mechanism causes seizures [52].
It is also an antagonist of the GPR55 receptor, which will involve preventing it from binding
to the lysophosphatidylinositol (LPI) lipid receptor—an endogenous agonist [51,52].

LPI, by binding to the GPR55 receptor, causes an influx of Ca2+ ions into the nerve
cell bodies and presynaptic nerve endings that stimulate CA3–CA1 of the hippocampus,
subsequently causing neuronal excitation. By inhibiting this mechanism, CBD also blocks
increased glutamate release and excessive synaptic discharge [50].

Another mechanism suggesting a therapeutic effect of CBD in epilepsy is that it affects
levels of anandamide (AEA), an endocannabinoid that controls neuronal excitability [53].

To confirm this thesis, peripheral blood and cerebrospinal fluid were collected from
12 patients untreated for epilepsy, aged 27–72 years. After examination of the fluid in the
laboratory, it was found that AEA levels in epileptic patients were 5-fold lower than in
healthy patients—the highest AEA concentration in the healthy patients was 25 pmol/mL,
while in the sick patients the highest level reached only just over 5 pmol/mL [54].

CBD administration in studies was correlated with an increase in AEA in the cere-
brospinal fluid, by inhibiting the breakdown of AEA by preventing the transport of AEA
from the postsynaptic membrane of the neuron to the fatty acid amide hydrolase, FAAH,
which is located in the endoplasmic reticulum of the neuron [55].

The most recently discovered mechanism, is the desensitizing effect of CBD on non-
cannabinoid transient receptor potential vanilloid 1 (TRPV1) and TRPV2 ion channels, which
prevents the release of calcium ions and a consequent decrease in neuronal excitability [51].

In a randomized control study in children with Dravet syndrome—a severe myoclonic
epilepsy affecting infants—12.5% of children receiving CBD for 14 weeks of treatment
experienced no epileptic seizures, while in a group of 59 children receiving placebo, no
child experienced a reduction in seizures [56].

The effect on the frequency of tonic-clonic seizures in children was also studied for 14
weeks—there was a reduction in the median frequency of tonic-clonic seizures in children
with Dravet syndrome and in six children with tuberous sclerosis [56].
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In children with Lennox-Gastaut syndrome—an epileptic encephalopathy in early
childhood—in 37% (23 out of 86 patients in the group) of children assigned to the study
group (with CBD administration), the number of epileptic seizures was reduced by 50%,
compared to the control group taking placebo, where the number was only reduced by
21% [57].

From questionnaires completed by parents of epileptic children aged 2 to 16, it
was learned that of 19 patients using CBD at doses ranging from 0.5 mg/kg per day
to 28.6 mg/kg/d, depending on the child’s weight, 84% reported fewer seizures, and 11%
of them got rid of seizures completely [58].

Another questionnaire, completed this time by 117 parents of sick children aged 3 to
10 years, including more than 40% with incurable epileptic encephalopathies, reports that
85% of those treated with CBD at an average dose of 4.3 mg/kg/d (if parents reported
weight) responded to treatment by reducing seizure frequency, and 14% reduced this
amount to zero [59].

The EMA approved using a highly purified CBD preparation—Epidiolex in conjunc-
tion with other drugs such as clobazam, valproid acid, lamotigine, and everolimus, and
it is indicated for the treatment of severe epileptic syndromes, Dravet syndrome, Lennox-
Gastaut syndrome, and tuberous sclerosis complex [60]. Generalized tonic-clonic seizures
(GTC) in rats were induced by increasing the temperature by 0.5 ◦C every 2 min. The
durations of febrile convulsions in the group with clonazepam at a dose of 0.0625 mg/kg
and a combination of clonazepam with CBD (COM) at a dose of 100 mg/kg were examined.
In the clonazepam-treated group of rats, the average seizure duration was 25.4 s (±5.2), in
the CBD group—20.2 (±2) s, and in the COM group—13.8 (±3.5) s [61].

Additionally, COM increases the threshold temperature for thermal seizure induc-
tion. In the clonazepam group, the induction threshold was 39.4 (±0.27) s, in the CBD
group—38.6 (±0.40) s, and in the COM group—39.0 (±0.28) s [61]. Table 4 lists summary
of the effects of CBD in pediatric patients with Lennox-Gastaut syndrome and Dravet.

Table 4. Summary of the effects of CBD in pediatric patients with Lennox-Gastaut syndrome and
Dravet syndrome.

Author of the
Study

Year of
Publication

Number of
Patients

Age of
Patients Dose

Positive
Response to the

Treatment
Adverse Effects Type of Epilepsy

Elliott J. et al. [51] 2019 19 2–16 0.5–28.6 mg/kg 16 (84%) vomiting, diarrhoea Lennox-Gastaut
syndrome

Thiele E. et al.
[57] 2018 86 2–17 10–20 mg/kg 23 (37%) diarrhea, lethargy, fever,

decreased appetite, and vomiting
Lennox-Gastaut

syndrome

Devinsky O. et al.
[62] 2018 73

76 2–55 10 mg/kg
20 mg/kg

27 (37.2%)
32 (41.9%)

vomiting, diarrhea, fatigue,
somnolence, pyrexia Dravet syndrome

Miller et al. [63] 2020 66
67 2–18 10 mg/kg

20 mg/kg
30 (47.8%)
30 (45.7%)

decreased appetite, diarrhea,
somnolence, pyrexia, fatigue Dravet syndrome

It is also said that CBD can be effective in treating psychiatric disorders in children
and children on the autism spectrum. The use of medicinal cannabis in the treatment of
developmental, behavioral, and mental health disorders in children is discussed in a recent
Efron and Talyor review [51].

3.5. Brivaracetam

Brivaracetam (BRV) is classified as a third-generation ASD [64]. It was approved by
the FDA and EMA in 2016 [65]. In terms of structure, it belongs to the 4-n-propyl analogue
of levetiracetam (LEV) [50]. The substance’s mechanism lies in its high and selective
affinity for synaptic vesicle glycoprotein 2A (SV2A), which is as much as 15–30 times higher
compared to LEV. SV2A is among the transmembrane glycoproteins found at glutamatergic
and GABAergic synaptic terminals, and thus has implications for neuromodulation and
neurotransmission [65]. The protein regulates the release and reuptake of neurotransmitters,
which allows a decrease in neuronal excitability in the brain, which is desirable in epilepsy
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therapy [66]. In addition, it is found to block voltage-dependent sodium channels in
neurons [67].

BRV is one of the substances that rapidly penetrates the blood–brain barrier, and
its bioavailability is almost 100% [66,68]. The drug is metabolized in the liver with the
involvement of CYP450, particularly CYP2C9 and CYP2C19 [69,70]. Patients using BRV
have been noted to experience headaches, dizziness, drowsiness, back pain, fatigue, and
irritability [71].

BRV is a drug approved in the European Union for adjunctive therapy in patients
aged 2 years and older, while in the United States it is approved for monotherapy as well
as adjunctive treatment in children aged 1 month and older [69,72,73]. The drug is used
in patients with focal seizures, generalized seizures, drug-resistant epilepsy, and epileptic
syndromes [72,74–76].

BRV is used orally, and its dosage depends on the patient’s weight. Children weighing
11–20 kg get an initial dose of 1–2.5 mg/kg/d, while the maintenance dose is 5 mg/kg/d.
Adequately, patients weighing 20–50 kg receive 0.5–1 mg/kg twice daily and 1–4 mg/kg/d.
In contrast, patients weighing more than 50 kg receive 2 mg/kg, but the daily dose is a
maximum of 100 mg taken twice [77].

The clinical experiment included 23 patients (14 girls and 9 boys) with drug-resistant
epilepsy who were treated with BRV. The mean age of the patients was 12.5 years, while the
drug dose received was 3.9 mg/kg/d. In eight patients, a reduction in seizure frequency of
more than 50% was achieved. In addition, lethargy was noted in two children, and three
had behavioral disturbances [78].

A retrospective and descriptive study involving 66 patients aged 1–16 years was
performed. In this group, 27 children had epileptic encephalopathy, and 93.4% of patients
suffered from drug-resistant epilepsy. In 30.3% of the patients, seizure frequency decreased
by more than 50%, whereas 9% of the patients had no seizures at all. Drowsiness, irritability,
and nervousness were observed in 24.2%. It was found that there was a better response
to treatment in patients who were directly changed from LEV to BRV than in the portion
whose therapy was gradually changed. The rates of better response to treatment were
66.7% and 24.1%, respectively [73].

The study, which ran from 2011 to 2022 to evaluate the long-term efficacy and safety of
BRV as an adjunctive therapy, involved 257 patients under the age of 17. The study found
that while taking the drug for such a long time, as many as 93.4% of patients developed
adverse reactions. Among the most common were nasopharyngitis and pharyngitis (29.2%
and 22.3%), fever (25.3%), vomiting (21.4%), headache (15.2%), decreased appetite (11.7%),
or drowsiness (10.5%). In contrast, serious effects such as status epilepticus, pneumonia,
and generalized tonic-clonic seizures were observed adequately in 4.3%, 3.1%, and 1.9% of
patients. By analyzing the 28-day frequency of overall and focal seizures, a decrease in their
occurrence was found in 87.7% and 96.9% of patients before 2 years of age, respectively,
while an overall reduction in seizures was noted in 68.2% of children at this age. However,
in patients after the age of 2 years, 60.3%, 63%, and 50.9% were similarly affected. The
study proved that long-term use of BRV in children, although often associated with adverse
symptoms, significantly reduced the incidence of focal or generalized seizures [79].

The study included 31 patients between the ages of 6 and 20 who had been switched
to BRV due to a lack of response to previous treatments or adverse reactions to therapy.
20 of them had focal epilepsy, 11 had Lennox—Gastaut syndrome, 3 had myoclonic—atonic
syndrome, and 3 had myoclonic absence. The results showed that 45% of all patients
responded positively to treatment. In contrast, the number of patients who experienced
side effects was low. Drowsiness was experienced by 6.4% of them, psychosis by 3.2%, and
nausea occurred in 3.2% of patients [80]. A clinical experiment was performed to determine
the efficacy of BRV use in 46 patients under the age of 18. The results were very promising,
as 65% of the patients responded to the therapy, and 30% of them did not experience any
seizures. Adverse effects such as drowsiness or irritability were observed in 43.5% of the
subjects [81].
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Based on a number of studies conducted on a group of pediatric patients, it can be
concluded that BRV is a drug that effectively reduces the incidence of epileptic seizures.
Although a sizable group of patients experienced side effects, they were relatively mild.
BRV is a new drug that doctors will increasingly use in children affected by various types
of epilepsy [73,75,78–81]. Table 5 summarizes the studies documenting the effectiveness
of brivaracetam.

Table 5. Studies describing responses to brivaracetam treatment and its adverse effects.

Author of the
Study

Year of
Publication

Number of
Patients Age of Patients Dose Type

of Epilepsy
Positive

Response to the
Treatment

Adverse Effects

McGuire S et al.
[78] 2020 20 4–20 3.9 mg/kg/d refractory

epilepsy 9 (45%) psychiatric adverse effects (17%)

Lagae L et al.
[79] 2023 257 1 month–17 years 5 mg/kg/d

focal
epilepsy,

generalized
epilepsy,

generalized
epileptic

syndrome or
other

symptomatic
generalized

epilepsy

225 (87.7%)

inflammation of the nasopharynx
(29.2%); inflammation of the
throat (22.3%); fever (25.3%);
vomiting (21.4%); headache
(15.2%); decreased appetite

(11.7%); abdominal pain (10.5%);
status epilepticus (4.3%);

pneumonia (3.1%); generalized
tonic-clonic seizures (1.9%)

Nissenkorn A
et al. [80] 2019 31 6–20 100–300 mg

focal
epilepsy,
Lennox-
Gastaut

syndrome,
myoclonic-

atonic
syndrome, myoclonic

absence

14 (45%) drowsiness (6.4%); nausea (3.2%);
psychosis (3.2%)

Visa-Reñé N
et al. [81] 2020 46 0–18

initial
average

2.8 mg/kg/d

focal
epilepsy,

generalized
epilepsy

30 (65%) drowsiness and irritability (43.5%)

3.6. Ganaxolone

Ganaxolone (GNX) is a new drug classified as a neuroactive GABAA receptor (GABAAR)
modulator [82]. It is among substances with multiple potential actions: antiepileptic,
antidepressant, anti-anxiety, sedative, stress-reducing, sleep-promoting, neuroprotective,
anti-aggressive, pro-sexual, and pro-social [83]. GNX was approved for patients over
2 years of age by the FDA in March 2022 and by the EMA in May 2023.

GNX, or 3α-hydroxy-3β-methyl-5α-pregnan-20-one, is a 3β-methylated analog of the
neurosteroid allopregnanolone, which is classified as a metabolite of progesterone [84].
Through methylation, there is no rapid metabolism of the drug, and the terminal half-life is
34 h [85]. It reaches its maximum plasma concentration 2 to 3 h after oral administration.
The drug is metabolized in the liver mainly by CYP3A4/5, but also by CYP2B6, CYP2C19,
and CYP2D6 [86].

The main inhibitory neurotransmitter in the central nervous system is γ-aminobutyric
acid (GABA). Through activation of GABAAR at presynaptic and postsynaptic connections
by GNX, there is an increase in suppression of neuronal excitability [85]. Neurosteroid
binding to GABAAR causes an increase in chloride channel permeability. In addition,
it is found that a low concentration (20 nM) of GNX activates membrane progesterone
receptors (mPR), mainly δ, so that it has an anti-apoptotic effect on nerve cells. By activating
inhibitory G protein (Gi)-dependent signaling through mPRα and/or mPRβ, there are
specific messages about the neuroprotective effects of GNX [87].

For pediatric patients, GNX is administered orally, gradually increasing the dose
three times a day with meals. In patients weighing less than 28 kg, the starting dose is
18 mg/kg/d, while the maximum dose is 63 mg/kg/d. In patients over 28 kg, the doses
are 450 mg/d and 1800 mg/d [88].

The indication for GNX is cyclin-dependent kinase-like 5 (CDKL5) deficiency syn-
drome (CDD), consisting of severe early-onset epilepsy with associated multiple cognitive,
motor, pattern, and autonomic disorders [82]. In addition, the drug’s efficacy has been stud-
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ied in focal epilepsy, refractory status epilepticus, menstrual epilepsy, disorders associated
with fragile X syndrome, and infantile spasms [89].

The study included 101 patients with CDD: 50 took GNX, 51 took placebo. In 24%
of patients taking GNX, the incidence of major seizures was reduced by more than 50%,
whereas in the placebo group it was reduced by 10%. Adverse symptoms occurred in 86%
of the study group and 88% of the control group. The most common were lethargy, upper
respiratory tract infections, or fever [90].

Based on available information on the therapy of 50 CDD patients taking GNX, the
median 28-day decrease in the incidence of severe seizures was 48.2%. After 22–24 months
of therapy, reductions in the incidence of severe seizures of more than 25%, 50%, 75%, and
100% were found in 66%, 46%, 24%, and 6% of patients, respectively. Based on an analysis
of the results of 88 patients taking GNX, adverse symptoms were reported by 46.6% of
them. A total of 17% experienced lethargy, 5.7% decreased appetite, 4.5% weight loss, 3.4%
behavioral disturbances, and 3.4% gait disturbances [91].

The study included 21 girls between the ages of 5 and 10 with protocadherin-19
(PCDH19)-clustering epilepsy. The disease is caused by a mutation of the PCDH19 gene
located on the X chromosome. It is characterized by the occurrence of treatment-resistant
epileptic seizures, intellectual disability, autism, and behavioral disorders. Based on the
analysis, 50% of those taking GNX reported a decrease in seizure frequency of more than
50% within 28 days, whereas the percentage of patients in the placebo group was 36.4%.
In addition, a significant improvement in health was reported by 55.6% of patients in
the study group, compared to 9.1% in the control group. Adverse symptoms occurred in
70% of patients taking the drug, compared to 100% of those taking the placebo. The most
commonly reported were drowsiness, mental confusion, excitement, and gastrointestinal
distress [92].

Based on the available data and studies, it can be concluded that GNX is a drug
with great therapeutic potential and application in pediatric neurology. The accessible
information predicts the safety and efficacy of using the drug on pediatric patients for
specific types of epileptic seizures [90–94]. Table 6 shows the effect of GNX on the frequency
of epileptic seizures.

Table 6. Studies describing the effectiveness of ganaxolone in reducing seizure frequency (CDD—CDKL5
deficiency disorder, PCDH19—Protocadherin-19, CDKL5—cyclin-dependent kinase-like 5).

Author of the
Study

Year of
Publication

Number of
Patients

Age of
Patients Dose Type of

Epilepsy
Seizure

Frequency
Reduction

Adverse Effects

Knight et al.
[90] 2022 50 2–21 63 mg/kg ≤28 kg

1800 mg/d > 28kg CDD 50%

somnolence (36%), pyrexia (18%),
seizure (14%), vomiting (10%),

upper respiratory tract infection
(10%), constipation (6%), sedation
(6%), salivary hypersecretion (6%),

ear infection (4%), rash (4%)

Olson HE et al.
[91] 2024 50 2–19 63 mg/kg ≤28 kg

1800 mg/d > 28kg CDD 48.20%

somnolence (17%),
seizure (11.4%),

decreased appetite (5.7%),
pneumonia (5.7%)

weight decrease (4.5%),
attention-seeking behavior (3.4%),

acute respiratory failure (3.4%),
pneumonia aspiration (3.4%)

gait disturbance (3.4%)

Sullivan J et al.
[92] 2023 21 1–17 63 mg/kg ≤28 kg

1800 mg/d > 28kg

PCDH19—
clustering
epilepsy

55.60%

psychiatric disorders (50%),
somnolence (40%), agitation

(20%), gastrointestinal disorders
(20%), diarrhea (10%), agression

(10%), ataxia (10%)

4. Discussion

Epilepsy is encountered in 4–10% of the pediatric population [6,7]. A high risk of
epilepsy occurrence is characteristic of the infantile period due to genetic, metabolic, and
perinatal causes [5]. A mutation in the SCN1A gene is characteristic of epilepsy develop-
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ment [9]. Significant in the treatment of epilepsy is preventing seizure duration exceeding
30 min, as there is a risk of irreversible complications. First-line medications for antiepileptic
treatment are benzodiazepines, while second-line options include phenobarbital, phenytoin,
levetiracetam, and sodium valproate [13].

It’s crucial to diagnose epilepsy in children as quickly as possible and determine
the cause of its occurrence. It’s also important to promptly initiate appropriate epilepsy
treatment, depending on its type, to prevent irreversible changes due to seizures.

CNB, acting as a modulator of GABAA receptors and blocking sodium channels, is
approved only for the treatment of focal seizures in adults. However, it is not approved for
use in children due to limited research [20–23]. Research conducted on a group of patients
ranging from 10 to 18 years of age showed a complete reduction of seizures in 31.3% and
19% of patients, a decrease in the number of seizures by more than half in 37.5% and 52%, a
reduction of seizures by at least 50% in 62% and 61.5%, and a reduction of seizures below
50% in 37.5% [20,23].

FFA, used in the treatment of DS and LGS from the age of 2, has also been recognized as
a safe adjunctive therapy for other ASDs from the age of 2 and older children [28]. Studies
conducted on patients with DS in age groups ranging from 2 to 18 years old showed that
the use of FFA resulted in a 42.3% reduction in seizures, with the percentage of seizure
reduction increasing to 74.9% as the dose increased. In another group of patients aged
6–19 years old, the reduction was over 50%. Additionally, in patients with the SCN1A
mutation, a reduction in seizures of 50% was also demonstrated [31–33].

The studies conducted on fenfluramine clearly indicate a positive impact of intro-
ducing it into antiepileptic therapy in children, with a notable reduction in seizures and
increased seizure-free periods.

Midazolam acts on glycine receptors and increases the rate of opening chloride chan-
nels [43]. Seizure cessation in an EEG was observed in 57.1% of patients following nasal
administration of midazolam [44]. Nasal administration of benzodiazepines not only facil-
itates drug delivery but is also less invasive compared to other routes of administration.
Studies have shown that this route of administration takes the least amount of time from
administration to seizure cessation, is more effective than intramuscular administration
of the drug, and has demonstrated the highest rank probability in total time with the
second-highest successful cessation rate in the pediatric population [95].

CBD acts on ion channels, signaling proteins, transporters, and two GPCRs, the
cannabinoid receptor CB1R and the GPR55 receptor. Cannabidiol also functions as a
negative allosteric modulator of CB1R and an antagonist of the GPR55 receptor [46,53].
It has also been shown to increase the level of AEA in cerebrospinal fluid [56]. CBD
desensitizes non-cannabinoid TRPV1 and TRPV2 ion channels, which prevents the release
of calcium ions, thereby reducing neuronal excitability [66]. The research results showed
that the use of CBD in patients with DS resulted in a lack of seizures in 12% of children
over a period of 14 weeks, while patients with tuberous sclerosis also noticed a reduction
in seizures. Patients with LGS experienced a 50% decrease in seizures [57,96–99].

From the studies conducted, it is evident that CBD holds great promise for pediatric
patients in reducing or completely eliminating epileptic seizures.

It’s worth noting that the EMA has approved the combination of CBD with other
medications. The medications in question are clobazam, valproate, stiripentol, lamotrigine,
and everolimus. The use of these medications requires regular follow-up visits. The dosage
of ASDs and CBD is determined individually for each patient during follow-up visits,
with simultaneous monitoring of adverse effects and CBD plasma levels. This is due to
the complicated pharmacokinetics of CBD, which may interact with the aforementioned
medications. CBD is administered orally, with an initial dose of 5 mg/kg/d, increasing to
10 mg/kg/d after one week [60].

BRV acts through selective affinity to synaptic vesicle glycoprotein 2A (SV2A) and
blocks voltage-dependent sodium channels in neurons [65,67]. It has been approved for use
in monotherapy or adjunctive therapy in children aged 1 month and older in the USA and
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as adjunctive therapy in children aged 2 years and older in the EU [70,71,74]. The research
demonstrated a reduction in seizure frequency by over 50% and even a complete cessation
of seizures. In the group of patients up to 17 years of age, a decrease in seizures of 87.7%
was observed, a decrease of 96.9% for focal seizures in children under 2 years of age, and a
decrease of 68.2% in children aged 2 years. The medication exhibited efficacy in LGS, focal
epilepsy, myoclonic-atonic syndrome, and myoclonic absence seizures [74,75,81].

The above studies demonstrate that, despite its high efficacy, the medication has
adverse effects that do not occur in every patient. Therefore, when implementing BRV
treatment, physicians should carefully monitor patients to determine whether the benefits
of the treatment outweigh the adverse effects if they occur during treatment.

GNX is approved for use in patients over 2 years of age by the FDA and EMA. The
medication activates GABAAR, causing increased neuronal excitability suppression, and
exhibits neuroprotective effects [84–86]. GNX is administered for indications such as CDKL5
CDD [69]. The medication demonstrated a significant reduction in seizures in patients with
CDD, cluster epilepsy, PCDH19, and treatment-resistant infantile spasms [73,80–82].

Analyzing all the above studies, it can be concluded that the drugs discussed exhibit
significant efficacy. These medications demonstrated reductions or decreases in epileptic
seizures and some extended seizure-free periods in children. Can we then determine which
of them is the most effective and safest for children? Unfortunately, this is difficult to
determine. Some of the discussed drugs have been approved by the FDA and EMA for
use in children, such as GNX, diazepam and midazolam intranasally, CBD, BRV, and FFA,
while others, like CNB, have not. Can it be assumed then that drugs approved by the FDA
and EMA for use in children are the safest with high therapeutic efficacy? At present, this
conclusion can be drawn. Alternative therapies for treating epilepsy include steroid agents,
immunosuppressive agents, electrical and magnetic stimulation therapies, the ketogenic
diet, pyridoxine infusion, cerebrospinal fluid drainage, and magnesium infusion [100].

Clinical trials are currently being conducted on the safety of using CNB, the long-term
safety, tolerance, and efficacy of BRV, the safety, tolerance, and pharmacokinetics of FFA
in infants aged 1 year to under 2 years with Dravet syndrome, and phase III studies on
adjunctive treatment with GNX [101–104].

The studies discussed in this article have several limitations. Firstly, the studies
we relied on were conducted in small study groups, and not every study was limited
to individuals under 18 years of age. Another limitation of our study was the lack of
information in the studies we relied on regarding whether the drugs were administered as
monotherapy or in combination with other medications.

Therefore, in our opinion, it is necessary to conduct studies on a larger, strictly defined
age group of children and demonstrate whether it will be possible to administer the
preparations in combination with other drugs or in monotherapy. It will also be important
to verify whether, as a result of using the discussed drugs in combination with other
preparations, it will be possible to reduce the dosage of the drugs and to investigate the
safety of their long-term therapy. Prospects for the development of ASDs should focus
on obtaining drugs with easy administration routes for children or parents and reducing
adverse effects. This will enable the modification of epilepsy treatment in children to
achieve longer seizure-free periods or a complete reduction to zero.
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