Journal of

%

Clinical Medicine

Review

Autism Spectrum Disorder and Epilepsy: Pathogenetic
Mechanisms and Therapeutic Implications

Alessandra Giliberti 1*, Adele Maria Frisina 1, Stefania Giustiniano !, Ylenia Carbonaro 1, Michele Roccella 2

and Rosaria Nardello !

Academic Editor: Umberto Aguglia

Received: 3 February 2025
Revised: 24 February 2025
Accepted: 27 March 2025
Published: 2 April 2025

Citation: Giliberti, A.; Frisina, AM,;
Giustiniano, S.; Carbonaro, Y.;
Roccella, M.; Nardello, R. Autism
Spectrum Disorder and Epilepsy:
Pathogenetic Mechanisms and
Therapeutic Implications. ]. Clin.
Med. 2025, 14, 2431. https://doi.org/
10.3390/jcm14072431

Copyright: © 2025 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license
(https://creativecommons.org/license

s/by/4.0/).

1 Department of Health Promotion, Mother and Child Care, Internal Medicine and Medical Specialities
“G. D’ Alessandro”, University of Palermo, 90128 Palermo, Italy; rosaria.nardello@unipa.it (R.N.)

2 Department of Psychology, Educational Science and Human Movement, University of Palermo,

90128 Palermo, Italy; michele.roccella@unipa.it

Correspondence: gilale98@gmail.com

Abstract: The co-occurrence of autism spectrum disorder (ASD) and epilepsy is a complex
neurological condition that presents significant challenges for both patients and clinicians.
ASD is a group of complex developmental disorders characterized by the following: (1)
Social communication difficulties: challenges in understanding and responding to social
cues, initiating and maintaining conversations, and developing and maintaining
relationships. (2) Repetitive behaviors: engaging in repetitive actions, such as hand-
flapping, rocking, or lining up objects. (3) Restricted interests: focusing intensely on
specific topics or activities, often to the exclusion of other interests. (4) Sensory
sensitivities: over- or under-sensitivity to sensory input, such as sounds, touch, tastes,
smells, or sights. These challenges can significantly impact individuals” daily lives and
require specialized support and interventions. Early diagnosis and intervention can
significantly improve the quality of life for individuals with ASD and their families.
Epilepsy is a chronic brain disorder characterized by recurrent unprovoked (>2) seizures
that occur > 24 h apart. Single seizures are not considered epileptic seizures. Epilepsy is
often idiopathic, but various brain disorders, such as malformations, strokes, and tumors,
can cause symptomatic epilepsy. While these two conditions were once considered
distinct, growing evidence suggests a substantial overlap in their underlying
neurobiology. The prevalence of epilepsy in individuals with ASD is significantly higher
than in the general population. This review will explore the epidemiology of this
comorbidity, delve into the potential mechanisms linking ASD and epilepsy, and discuss
the implications for diagnosis, treatment, and management.

Keywords: autism spectrum disorder— ASD; epilepsy; antiepileptic medication;
AED —antiepileptic drugs; DEE—developmental and epileptic encephalopathies;
epileptic syndrome

1. Autism Spectrum Disorder
1.1. ASD: General Features and Epidemiology

ASD encompasses a range of neurodevelopmental disabilities marked by repetitive
behaviors, specific interests, and challenges in social interactions. It is a complex condition
characterized by behavioral and psychological difficulties in children, who often
experience distress when their environment changes due to limited adaptive skills.
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Symptoms typically emerge in early childhood and can significantly impact daily
functioning. Additionally, children with ASD are more likely to experience co-occurring
language difficulties, intellectual disabilities, and epilepsy compared to the general
population. The cause of ASD remains unidentified. The onset can vary widely, and the
progression is gradual, lacking a clearly defined starting point [1]. An estimated 61.8
million individuals (one in every 127 people) were on the autism spectrum globally in
2021. The global age-standardized prevalence was 788.3 per 100,000 people, equivalent to
1064.7 autistic males per 100000 males and 508.1 autistic females per 100,000 females. ASD
was ranked within the top ten causes of non-fatal health burden for people younger than
20 years [2].

1.2. Diagnostic Procedures

Generally, diagnosing ASD requires a lengthy and time-consuming process that
requires a qualified multi-disciplinary team (MDT) composed of a pediatrician, child
neuropsychiatrists, psychologists, and speech and occupational therapists. The evaluation
of the child usually includes the following:

e A detailed anamnesis to collect information regarding pre- and perinatal personal
histories, including prenatal exposure to substances and toxins, birth records,
newborn screening results, growth curve analyses, developmental and behavioral
histories, learning or psychological difficulties, pharmacological treatment histories,
and sleep and food analyses [3];

e A physical examination composed of a growth analysis; general health screening;
and neurological examination, including oculomotor behaviors, signs of injury,
morphological analyses, and skin examinations [3];

e  Hearing screening tests and complete hearing evaluations to rule out the presence of
audition impairment [3];

e Genetic testing to identify any underlying genetic conditions associated with ASD;

e Routine biological testing such as complete blood count, urea and
electrolytes/glucose, liver function test, thyroid function test, heavy metal levels, HIV
testing, and urine screening for aminoaciduria;

e Neuroimaging studies (MRI or CT scan), especially in the presence of suspect
metabolic syndrome and to rule out organic causes;

e  Electroencephalogram (EEG), especially in the presence of seizures and clinical
concerns [3];

e An extensive observation in various settings to assess social interactions,
communication skills, and repetitive behaviors;

e  Standardized assessment tools, such as the following;:

o Cognitive testing, used to assess intellectual functioning for differential
diagnosis with other developmental disorders;

o  Speech and language evaluation, used to evaluate communication abilities and
to determine if there are delays or atypical patterns;

o Behavioral assessments, used to provide a broader perspective on the child’s
behavior across different settings;

e  Specific diagnostic instruments, such as the following;:

o ADOS (Autism Diagnostic Observation Schedule), a semi-structured
assessment to evaluate social and communication behaviors;

o Autism Diagnostic Interview —Revised (ADI-R), a structured interview with
parents that covers the child’s developmental history and current behaviors.
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The diagnosis of ASD is typically made based on the criteria of the DSM-5TR, which
outline specific requirements related to social communication difficulties and restricted or
repetitive behaviors.

1.3. Diagnostic Criteria of ASD in DSM-5TR
In the DSM-5TR [4], the diagnostic criteria for ASD are as follows (Table 1):

Table 1. Diagnostic criteria of ASD.

DSM-VTR Diagnostic Criteria

A. Persistent deficits in social communication and social interaction across multiple contexts, as manifested by the
following;:

1. Social-emotional reciprocity:

o  Abnormal social approach and failure of normal back-and-forth conversation.
o Reduced sharing of interests, emotions, or affect.
o Failure to respond to social interactions.

2. Nonverbal communicative behaviors:
o Abnormalities in eye contact and body language or deficits in understanding and use of gestures.
o Total lack of facial expressions and nonverbal communication.
3. Developing, maintaining, and understanding relationships:
o Difficulties adjusting behavior to suit various social contexts.
o Difficulties in sharing imaginative play or in making friends.

o  Absence of interest in peers.

B. Restricted, repetitive patterns of behavior, interests, or activities, as manifested by at least two of the following:
1.  Stereotyped or repetitive motor movements, use of objects, or speech:
o  Simple motor stereotypies, lining up toys, or flipping objects.
o Echolalia, idiosyncratic phrases.
2. Insistence on sameness, inflexible adherence to routines, or ritualized patterns of behavior:
o  Extreme distress at small changes.
o Difficulty with transitions.
o Rigid thinking patterns.
3. Highly restricted, fixated interests that are abnormal in intensity or focus:
o  Strong attachment to or preoccupation with unusual objects.
o  Excessively focused interests.
4. Hyper- or hyporeactivity to sensory input or unusual interest in sensory aspects of the environment:
o Indifference to pain/temperature.
o Adverse response to specific sounds or textures.

o Excessive smelling or touching of objects.

C. Symptoms must be present in the early developmental period (typically recognized in the first two years of
life), but may not become fully manifest until social demands exceed limited capacities, or may be masked by
learned strategies in later life.

D. Symptoms cause clinically significant impairment in social, occupational, or other important areas of current
functioning.

E. These disturbances are not better explained by intellectual disability (intellectual developmental disorder) or
global developmental delay. Intellectual disability and ASD frequently co-occur; to make comorbid diagnoses
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of ASD and intellectual disability, the social communication criteria must be met without the need for the

performance on standardized tests to be below the intellectual disability threshold.

Specifiers:

Current severity (Level 1, Level 2, Level 3).

With or without accompanying intellectual impairment.

With or without accompanying language impairment.

Associated with a known medical or genetic condition or environmental factor.
Associated with another neurodevelopmental, mental, or behavioral disorder.

(A) Persistent deficits in social communication and social interaction across multiple

contexts, as manifested by all of the following, currently or by history:

1. Deficits in social-emotional reciprocity, including, for example, abnormal social
approach and failure of normal back-and-forth conversation; reduced sharing of
interests, emotions, or affect; and failure to initiate or respond to social

interactions.

2. Deficits in nonverbal communicative behaviors used for social interaction,

including, for example, poorly integrated verbal and nonverbal communication;

abnormalities in eye contact and body language or deficits in understanding and

use of gestures; and a total lack of facial expressions and nonverbal

communication.

3. Deficits in developing, maintaining, and understanding relationships,
including, for example, difficulties adjusting behavior to suit various social
contexts; difficulties in sharing imaginative play or in making friends; and

absence of interest in peers.

(B) Restricted, repetitive patterns of behavior, interests, or activities, as manifested by at

least two of the following, currently or by history:

1. Stereotyped or repetitive motor movements, use of objects, or speech (e.g.,
simple motor stereotypies, lining up toys or flipping objects, echolalia,

idiosyncratic phrases).

2. Insistence on sameness, inflexible adherence to routines, or ritualized patterns

of verbal or nonverbal behavior (e.g., extreme distress at small changes,

difficulties with transitions, rigid thinking patterns, greeting rituals, need to take

the same route or eat the same food every day).

3. Highly restricted, fixated interests that are abnormal in intensity or focus (e.g.,
strong attachment to or preoccupation with unusual objects, excessively

circumscribed or perseverative interests).

4. Hyper- or hyporeactivity to sensory input or unusual interest in sensory aspects

of the environment (e.g., apparent indifference to pain/temperature, adverse

response to specific sounds or textures, excessive smelling or touching of objects,

visual fascination with lights or movement).

(C) Symptoms must be present in the early developmental period (but may not become
fully manifest until social demands exceed limited capacities or may be masked by

learned strategies in later life).

(D) Symptoms cause clinically significant impairment in social, occupational, or other

important areas of current functioning.

(E) These disturbances are not better explained by intellectual developmental disorder

(intellectual disability) or global developmental delay. Intellectual developmental
disorder and ASD frequently co-occur; to make comorbid diagnoses of ASD and
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intellectual developmental disorder, social communication should be below that
expected for general developmental level [4].

Individuals with a well-established DSM-IV diagnosis of autistic disorder,
Asperger’s disorder, or pervasive developmental disorder not otherwise specified should
be given the diagnosis of ASD. Individuals who have marked deficits in social
communication but whose symptoms do not otherwise meet criteria for ASD should be
evaluated for social (pragmatic) communication disorder.

The severity of the social communication impairments and of the restricted,
repetitive patterns of behavior must be specified as follows:

(1) Level 3—Requiring very substantial support: The patient presents with severe
deficits in verbal and nonverbal social communication skills, which cause severe
impairments in functioning, very limited initiation of social interactions, and
minimal response to social overtures from others, inflexibility of behavior, extreme
difficulty coping with change, or other restricted/repetitive behaviors that markedly
interfere with functioning in all spheres. Changes in their routine usually cause great
difficulty and distress.

(2) Level 2—Requiring substantial support: The patient presents with marked deficits in
verbal and nonverbal social communication skills; social impairments apparent even
with supports in place; limited initiation of social interactions; and reduced or
abnormal responses to social overtures from others. The patient presents with
distress and/or difficulty changing focus or action.

(3) Level 1—Requiring support: The patient presents, without supports in place, with
deficits in social communication that cause noticeable impairments. He has
difficulties initiating social interactions and has clear examples of atypical or
unsuccessful responses to social overtures of others. He may appear to have
decreased interest in social interactions. Inflexibility of behavior causes significant
interference with functioning in one or more contexts. The patient also has difficulties
switching between activities, and problems related to organization and planning
hamper independence.

It must be specified if the child also presents, in compresence with the ASD,
intellectual impairment; language impairment; a known genetic or other medical
condition; a neurodevelopmental, mental, or behavioral disorder; or catatonia [4].

ASD is characterized by challenges in reciprocal social communication and social
interaction (Criterion A), along with restricted and repetitive patterns of behavior,
interests, or activities (Criterion B). These symptoms typically manifest during early
childhood and can significantly impact the daily functioning of those children (Criteria C
and D). The age at which functional impairments becomes evident differs based on the
individual’s characteristics and their environment. While core diagnostic features are
apparent during the developmental period, interventions, compensatory strategies, and
existing support systems can sometimes obscure these challenges in certain contexts. The
expression of ASD varies a lot, influenced by factors such as the severity of the condition,
developmental level, and chronological age. Individuals without cognitive or language
impairments may exhibit more subtle deficits in social communication (Criterion A) and
restricted interests or behaviors (Criterion B) than patients with intellectual disability or
language delay. This can lead to significant efforts to mask these deficits, particularly in
individuals with stronger overall communication skills. Deficits in social communication
may appear less pronounced in those who are verbally fluent and do not have intellectual
impairments. Similarly, restricted interests may be more aligned with age-appropriate
norms, making them less noticeable. ASD encompasses early infantile autism, Kanner’s
autism, high-functioning autism, atypical autism, pervasive developmental disorder not
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otherwise specified, childhood disintegrative disorder, and Asperger’s disorder. The
impairments identified in Criterion A are pervasive and long-lasting. Diagnoses are most
reliable when informed by multiple sources, including clinician observations (ADOS),
caregiver reports, and, where possible, self-reports. Manifestations of verbal and
nonverbal deficits in social communication can be based on the individual's age,
intellectual ability, and language skills, as well as their treatment history and current
support. Many individuals with ASD experience language difficulties, which can range
from total lack of speech to language delays, poor comprehension, echolalia, or rigid and
overly literal language use. Even when formal language abilities (e.g., vocabulary and
grammar) are intact, the application of language in reciprocal social communication is
often impaired. Deficits in social-emotional reciprocity may be evident in young children
who show limited or no initiation of social interactions, lack of emotional sharing, and
reduced imitation of others” behaviors. When communication does occur, it is frequently
one-sided, focusing on requests or labeling rather than engaging in mutual conversation
or emotional exchange.

In older children and adults without intellectual disabilities or language delays,
challenges in social-emotional reciprocity are usually most noticeable in their difficulties
in interpreting and responding to complex social cues. Even those who have developed
compensatory strategies for social interactions may struggle in unfamiliar or unsupported
situations, leading to significant mental effort and anxiety as they navigate social
conventions. This can contribute to an underrecognition of ASD, particularly among adult
women. Comprehensive assessments, including extended observation in naturalistic
settings and inquiries about the emotional toll of social interactions, may be essential to
diagnose ASD [4].

1.4. Clinical Features

ASD is characterized by deficits in nonverbal communicative behaviors essential in
the child for social interaction. These deficits may manifest as absent, reduced, or atypical
use of eye contact, lack of gestures (indicative pointing or crossmodal gestures),
inadequate modulation of facial expressions, body orientation, or variations in speech
intonation (vocal tone anomalies or monotony) often deviating from cultural norms. A
hallmark of ASD is impaired joint attention, which can present as a lack of pointing,
showing, or bringing objects to share interests with others, as well as difficulty in
following another person’s pointing or gaze. While some individuals may acquire a
limited set of functional gestures, their overall repertoire tends to be smaller compared to
their peers, and they often do not use expressive gestures spontaneously during
communication. Among youth and adults with fluent language skills, the coordination of
nonverbal cues with verbal communication can appear awkward or exaggerated,
resulting in a perception of “odd” or “wooden” body language. Although deficits may be
subtle in specific areas—such as maintaining eye contact while speaking —there is often a
noticeable lack of integration among eye contact, gestures, posture, prosody, and facial
expressions in social contexts. The impairment can become more pronounced under stress
or during prolonged interactions. When assessing the ability to develop, maintain, and
understand relationships in individuals with ASD, it is essential to consider age, gender,
and cultural norms. Individuals may display absent, reduced, or atypical social interest,
which can manifest as rejection of others, passivity, or inappropriate approaches that may
seem aggressive or disruptive. These challenges are particularly evident in young
children, who may lack shared social play and imaginative interactions typical of their
developmental stage, often opting for rigid play structures instead. As these individuals
grow older, they may present with difficulties in understanding and navigating the
nuances of social behavior—failing to recognize what is deemed appropriate in various
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contexts, such as the difference between casual behavior during a job interview and
during informal interactions. Furthermore, they may prefer isolating themselves and
show a preference for solitary activities or on the other hand seek interactions with
individuals significantly younger or older than themselves. While there is often a desire
to form friendships, this may occur without a complete understanding of the dynamics of
friendship, leading to one-sided relationships or connections based solely on shared
special interests. ASD is further defined by restricted, repetitive patterns of behavior,
interests, or activities, as outlined in diagnostic criteria. These behaviors can, in their
manifestations, be influenced by factors such as age, cognitive ability, intervention, and
available support. Individuals may exhibit simple motor stereotypies such as hand
flapping, finger flicking, repetitive use of objects such as spinning coins, lining up toys, or
repetitive speech patterns such as echolalia or delayed or immediate repetition of heard
phrases. A strong adherence to routines may be observed, resulting in distress at
seemingly minor changes or an insistence on following rigid rules. Individuals may
engage in ritualized verbal or nonverbal behaviors, such as repetitive questioning or
pacing defined areas. Highly restricted interests are another characteristic of ASD.
Sensory sensitivities can also play a role in ASD, with some individuals displaying
extreme reactions to certain sounds or textures, a fascination with lights or spinning
objects, and even a notable indifference to physical discomfort. Although many
individuals with ASD who do not have intellectual or language impairments may learn
to suppress their repetitive behaviors in public settings, these behaviors often serve a
calming or self-soothing purpose. Special interests can provide significant joy and
motivation.

Criterion D stipulates that the features of this disorder must lead to clinically
significant impairments in social, occupational, or other vital areas of functioning.
Criterion E emphasizes that while social communication deficits may co-occur with
intellectual developmental disorder (intellectual disability), these impairments must be
disproportionate to the individual’s developmental level, indicating that difficulties
extend beyond what is typically expected based on development [4].

1.5. Associated Features

One significant aspect of ASD is the frequent co-occurrence of intellectual (33%) and
language impairments (16%). Many individuals with ASD exhibit delays in language
development and typically have smaller vocabularies than their peers, as shown by the
Mullen Scales of Early Learning (MSEL) and the MacArthur-Bates Communicative
Developmental Inventory (CDI) [5,6]. More often, they demonstrate comprehension skills
that lag behind their expressive abilities. Even those with average or above-average
intelligence often present with an uneven profile of cognitive strengths and weaknesses,
leading to a notable disparity between their intellectual capabilities and adaptive
functional skills. A common feature of ASD is the presence of theory-of-mind deficits,
which manifest as difficulties in understanding and interpreting the perspectives of
others. Additionally, executive function deficits are prevalent among individuals with
ASD, further complicating their ability to plan, organize, and regulate their behaviors.
Challenges with central coherence—an ability to grasp context and perceive the
overarching significance of information—are also frequently observed, leading to a
tendency to focus intensely on details at the expense of the broader picture. Motor skills
can also be affected in individuals with autism. Many exhibit atypical motor patterns, such
as an unusual gait or clumsiness, or other abnormal motor behaviors, including walking
on tiptoes [5]. The main motor domains evaluated include features of fine and gross motor
skills, manual dexterity, coordination/motor control/praxis, balance, running
speed/agility, strength, gait, whole-body movements, aiming and catching (ball skills),
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and repetitive movements. Motor impairments are consistently observed in ASD from the
first years of life, persisting into adulthood. They include a significant deficit in
performance of manual, posture, strength, and gait behavior/skills. The deficits described
in ASD comprise impairments in fine and gross motor skills, lower balance, lower
cadence, and greater variation of gait control, as well as weakness among other features
that lead this population to move in an adaptive way, affecting their interactions in real
life [7]. These motor deficits can be accompanied by self-injurious behaviors, such as head
banging or wrist biting, which are more prevalent in children and adolescents with ASD
compared to those with other developmental disorders, including intellectual disability.
In some cases, individuals with autism may display catatonic-like motor behaviors, with
episodes of slowing or “freezing” mid-action, with marked deterioration in motor
symptoms, mutism, posturing, grimacing, and waxy flexibility, especially during
adolescent years. In a study of about 48 autistic patients, (11 female, 37 male) aged 12-18,
the presence of catatonia was detected in 18 out of 48 (37.5%) participants according to
BCRS and in 16 cases (35.4%) according to DSM-5 criteria [8].

1.6. Epidemiology

ASD represents an important public health concern. The World Health Organization
(WHO) estimates the international prevalence of ASD at approximately 0.76% (only about
16% of the global child population). In the United States, the Centers for Disease Control
and Prevention (CDC) reports a higher prevalence of around 1.68% among children aged
8 years. ASD affects individuals of all racial, ethnic, and socioeconomic backgrounds;
however, disparities in diagnosis persist. Caucasian children are consistently identified
with ASD at higher rates than their Black or Hispanic counterparts, although this gap may
be influenced by factors such as stigma, limited access to healthcare services, and language
barriers for non-English speaking patients. The male-to-female ratio for ASD diagnoses
has traditionally been reported as 4:1, but recent meta-analyses suggest a more accurate
ratio closer to 3:1. (ASD is more common in groups with Y chromosome aneuploidy.
Males with Y chromosome aneuploidy —XYY and XXYY —were 4.8 times more likely to
have a diagnosis of ASD than the XXY/KS—Klinefelter syndrome—group and 20 times
more likely than males in the general population. Y-chromosome genes may provide
insight into male predominance in idiopathic ASD [9-11].) This discrepancy may also be
attributed to underdiagnosis in females, who often exhibit less overt symptoms and may
engage in “camouflaging” behaviors to mask social deficits. Females with autism tend to
have more severe intellectual disability [12]. Certain genetic conditions are frequently
associated with a higher incidence of co-occurring ASD, including:

e  Fragile X syndrome (first described by Martin and Bellin 1943, a common monogenic
cause of syndromic ASD, characterized by cognitive disability, delayed or absent
speech, autistic features, attention deficit, hyperactivity, anxiety, a high incidence of
epilepsy, and macroorchidism and estimated to be about 2% of all ASD cases) [13];

e  Tuberous sclerosis (an autosomal dominant genetic disorder affecting ~1 in 6000 live
births, characterized by benign tumors in the brain and other organs, epilepsy,
cognitive impairment, and high penetrance of ASD, caused by mutations in the TSC1
or TSC2 genes, which encode hamartin and tuberin, that dimerize and form a
complex that negatively regulates the mammalian target of rapamycin (mTOR)
protein complex). The ASD prevalence is estimated to be between 36% and 50% [13];

e Down syndrome, a trisomy of chromosome 21, characterized by distinct facial
features, such as a flat facial profile, slanted eyes, and a short neck, single transverse
palmar crease, a gap between the first and second toes, and hypotonia, mild to
moderate intellectual disability, congenital heart defects, respiratory issues, hearing
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problems, and thyroid conditions. The ASD prevalence is estimated to be between
5% and 39% [14];

e  Rett syndrome, a progressive neurological disorder usually caused by loss-of-
function mutations in the methyl-CpG-binding protein 2 (MECP2) gene, which
affects ~1 in 10,000 female live births and is characterized by 6-18 months of normal
development followed by rapid regression, autistic features, loss of purposeful hand
use and language skills, cognitive deficits, motor impairments, breathing
abnormalities, seizures, and acquired microcephaly [13];

However, these genetic disorders account for a relatively small proportion of overall
ASD cases. Advances in genetic testing, particularly chromosomal microarray analysis,
have linked several chromosomal sites (X, 2, 3, 7, 15, 16, 17, and 22) to increased ASD risk
[15]. In addition to genetic factors, environmental influences, such as advanced parental
age and prematurity, have been identified as risk factors for ASD. Firstborn offspring of
two older parents were three times more likely to develop autism than were third- or later-
born offspring of mothers aged 20-34 years and fathers aged <40 years [16]. The
association between older parental age and ASD may be related to the increased
probability of genetic mutations in older gametes, which can contribute to obstetric
complications, including prematurity [9]. Others factors, such as White and Asian race,
gestational hypertension, gestational diabetes, maternal and paternal education college
graduate, threatened abortion, antepartum hemorrhage, caesarian delivery, gestational
age <36 weeks, parity >4, spontaneous labor, induced labor, no labor, breech presentation,
preeclampsia, fetal distress, low birth weight, postpartum hemorrhage, male gender, and
brain anomaly, increase the risk of incidence of ASD [17].

1.7. Development and Course

ASD is characterized by behavioral features that usually emerge in early childhood.
Some children may exhibit a lack of interest in social interactions during their first year of
life, while most symptoms are recognized between 12 and 24 months of age. In cases of
notable developmental delays, symptoms may present earlier than 12 months, and in
instances where behaviors are subtler, recognition may occur later than 24 months. The
onset of ASD often includes descriptions of early developmental delays or the loss of
previously acquired social or language skills (regression). Parents or caregivers may
report a gradual or rapid decline in social behaviors or communication abilities,
particularly between 12 and 24 months of life of the child. Prospective studies indicate
that the onset of ASD is frequently associated with a decline in critical social and
communication behaviors within the first two years of life. Such declines are uncommon
in other neurodevelopmental disorders, making them an important indicator of ASD. In
rare instances, developmental regression occurs after at least two years of typical
development (previously categorized as childhood disintegrative disorder in the DSM-
IV). The initial symptoms of ASD often involve delayed language development, limited
social interest, or atypical social interactions. Other behaviors may include unusual play
patterns, like carrying toys without engaging with them, and atypical communication
habits. As children progress into their second year, odd and repetitive behaviors become
more pronounced, along with a noticeable absence of typical play. Differentiating
between restrictive and repetitive behaviors indicative of ASD and those typical of
typically developing children can be challenging, especially among preschoolers. The
clinical distinction relies on the type, frequency, and intensity of these behaviors. Learning
and compensatory strategies can develop throughout an individual’s life. Symptoms often
peak in early childhood and early school years, with many children demonstrating
developmental gains in later childhood, particularly in social interaction. Although a
small percentage of individuals may experience behavioral decline during adolescence,
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most show improvement. Generally, individuals with lower levels of impairment tend to
be more independent. However, even those with milder symptoms may present
difficulties with social naivety, vulnerability, and difficulties in managing practical
demands without support, often experiencing anxiety and depression. Many adults with
ASD report employing compensation strategies and coping mechanisms to mask their
challenges in social settings, which can lead to significant stress. Diagnosis in adulthood
can arise from various triggers, including familial diagnoses or personal crises. In such
cases, obtaining a developmental history may be difficult, but a diagnosis can still be made
based on current criteria and supporting childhood history. Overall, ASD symptoms can
persist and cause significant impairments in key life areas, even if interventions or coping
strategies help mask these challenges [4].

1.8. Etiology and Pathogenesis

ASD is a complex neurobiological condition influenced by both genetic and
environmental factors that affect brain development. Research on ASD has primarily
focused on brain development and function, revealing significant central nervous system
(CNS) pathologies at both gross and cellular levels. Studies have noted morphological
abnormalities such as increased head circumference and altered brain structures in young
children with ASD. Notably, evidence also suggests a pattern of early brain overgrowth
followed by growth arrest or degeneration. Patients with ASD often present characteristic
alterations in cerebellar architecture and connectivity, abnormalities in the limbic system,
and cortical changes in the frontal and temporal lobes, alongside other subtle
malformations. The majority of ASD patients exhibit focal disruptions in cortical laminar
architecture, suggesting challenges in cortical layer formation and neuronal
differentiation. Brain overgrowth —reflected in both increased cortical size and extra-axial
fluid —has also been documented in children with ASD, such as altered brain connectivity
patterns, with some studies indicating lower connectivity between distant brain regions
and increased connectivity within nearby regions. Synaptic dysfunction is identified as a
key neuropathology in ASD, with many high-risk genes linked to synaptic function.
Specific signaling pathways, such as mTOR/PI3K and NRXN-NLGN-SHANK, are crucial
in ASD pathology, affecting synaptogenesis and leading to a potential imbalance in
excitatory and inhibitory transmission. Beyond the brain, recent research has highlighted
the role of the gastrointestinal (GI) system in ASD. A significant number of individuals
with ASD report GI dysfunction, which is often correlated with the severity of ASD
symptoms. Increased intestinal permeability, often referred to as “leaky gut,” has been
observed, suggesting a connection between gut health and chronic inflammation in ASD.
The gut-brain axis is recognized for its influence on behavior and neurodevelopment,
with dysbiosis in gut microbiota reported in individuals with ASD, indicating differences
in microbial diversity and composition compared to non-autistic individuals. These
alterations in gut microbiota and intestinal barrier function may exacerbate GI issues and
inflammatory processes, thereby impacting cerebral function and contributing to ASD
neuropathology [9,18]. Genetic factors play a significant role in susceptibility to ASD.
Studies indicate that siblings of individuals with ASD have a higher risk of diagnosis
compared to population norms, and monozygotic twins show a much higher risk of
developing autism. (47-96% ASD concordance rates for monozygotic twins and 0-36% in
dizygotic twins) [19]. Advances in genetic research, including genome-wide association
studies and whole exome sequencing, have expanded our understanding of the genes
associated with ASD susceptibility. Candidate genes often involve those linked to brain
development, neurotransmitter functioning, or neuronal excitability. Many genetic
variants associated with ASD encode proteins crucial for neuronal synapse functionality
or are involved in activity-dependent neuronal changes, including regulatory proteins
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such as transcription factors. Networks of genetic risk may converge on pathways related
to neurotransmission and neuroinflammation. Dysregulation of transcription and
splicing, along with alterations in epigenetic mechanisms like DNA methylation and
histone modification, may further contribute to ASD pathogenesis. Recent studies have
identified 16 novel genes associated with ASD, hinting at new mechanisms involving
cellular cytoskeletal structure and ion transport. [9] Overall, ASD is characterized by
significant genetic heterogeneity, with de novo and inherited variants identified in over
700 genes [15,20-24]. While genetic factors are crucial in ASD etiology, the phenotypic
expression of genetic susceptibility is highly variable. Environmental influences during
prenatal, perinatal, and postnatal periods may modulate genetic risk in certain individuals
[25]. Prenatal exposure to medications such as thalidomide and valproic acid has been
associated with an increased risk of ASD, whereas folic acid supplementation during
pregnancy may reduce risk, particularly in those exposed to antiepileptic drugs. Maternal
autoimmune diseases, maternal infection, or immune activation during pregnancy have
been suggested as potential risk factors. In addition, inter-pregnancy intervals that are
either too short or too long have also been correlated with increased ASD risk [9].

1.9. Association with Suicide Thought

Individuals with ASD are at greater risk for suicide death compared to those without
ASD. Children with ASD who had impaired social communication had a higher risk of
self-harm with suicidal intent, suicidal thoughts, and suicide plans by age 16 years
compared to those without impaired social communication. Adolescents and young
adults with ASD have an increased risk of suicide attempts compared to age- and sex-
matched control subjects, even after adjustments for demographic factors and psychiatric
comorbidities [4]. Self-injurious thoughts and behaviors (SITBs) are prevalent among
autistic youth. Existing research predominantly relies on caregiver reports, often
overlooking the perspectives of the youth themselves. Critical aspects of SITBs —including
the types of behaviors, thought content, triggers, and the decision-making process
regarding whether to disclose these thoughts and behaviors to caregivers—remain
underexplored. This gap in understanding presents significant challenges for clinicians
and families attempting to provide effective support to young people with autism in crisis.
In a study conducted by Jessica M Schwartzman and her team, involving 103 autistic
patients aged 10 to 17 without intellectual disabilities who were receiving outpatient
mental health services. The study used the Columbia-Suicide Severity Rating Scale (C-
SSRS) clinical interview and supplemented it with follow-up questions aimed at gaining
deeper insight into youths’ perceptions of suicide, the triggers for their suicidal thoughts,
and their communication with caregivers regarding these feelings. The results revealed
that a substantial majority of participants reported having experienced suicidal thoughts
at some point in their lives (86; 83.5%). Among these, specific thoughts such as
dying/suicide (20; 23.3%) and death by cutting (13; 15.1%) were notably common.
Alarmingly, half of the youth who experienced suicidal thoughts (43; 50.0%) did not
disclose these feelings to their caregivers. Furthermore, nearly one-quarter of participants
reported having attempted suicide at some point (25; 24.3%), while a smaller group (16;
15.5%) sought assistance from caregivers to avert an attempt. The study identified
sadness/depression and bullying/teasing as the predominant triggers for suicidal
behaviors, whereas anger/frustration emerged as the primary trigger for non-suicidal self-
injury. These findings underscore the necessity of incorporating youth perspectives into
the assessment and prevention strategies for SITBs among autistic young people. By
enhancing current assessment tools and prevention approaches, caregivers and clinicians
can better support autistic young people facing crises [25].
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1.10. Functional Consequences of ASD

In young children with ASD, deficits in social and communication skills can
significantly hinder learning, particularly in social interactions and peer-based settings.
At home, strong adherence to routines, aversion to change, and sensory sensitivities can
complicate essential activities such as eating and sleeping, making routine care—like
haircuts and dental visits—particularly challenging. Typically, adaptive skills in these
individuals tend to be lower than their measured 1Q levels. Difficulties with planning,
organization, and adjustment to change can adversely affect academic performance, even
among those with above-average intelligence. As these individuals transition into
adulthood, challenges in achieving independence often persist due to ongoing rigidity
and difficulty handling novel situations. Many adults with ASD, even those without co-
occurring intellectual developmental disorders, experience poor psychosocial
functioning, as evidenced by low rates of independent living and gainful employment.
The long-term functional consequences of these challenges in older age remain largely
unknown; however, it is likely that social isolation and communication difficulties—such
as reduced help-seeking behavior—may negatively impact health outcomes in later
adulthood. Additionally, individuals with ASD who have co-occurring intellectual
developmental disorders, epilepsy, mental health issues, and chronic medical conditions
may face an increased risk of premature mortality. Notably, rates of death from injury and
poisoning are higher in this population compared to the general public, as are suicide
rates. Among children with ASD, drowning remains the leading cause of accidental death
[4]. Autistic people have at least a two times higher risk of dying than other people, and
females with ASD are at an even greater risk of death compared to males [26].

1.11. Differential Diagnoses for ASD

o Attention Deficits and Hyperactivity. Individuals with ASD often exhibit either
heightened focus, distractibility, or hyperactivity. Attention-deficit/hyperactivity
disorder (ADHD) frequently occurs in association with ASD. While both conditions
can present attentional difficulties, ADHD is characterized by a developmental
trajectory that lacks the restricted, repetitive behaviors typical of ASD.

o Intellectual Developmental Disorder. Differentiating intellectual developmental
disorder (IDD) from ASD can be particularly challenging in young children,
especially when language and symbolic skills are very underdeveloped. ASD is
diagnosed when social communication and interaction are significantly impaired
compared to the individual’s nonverbal skills. IDD is diagnosed when social
communicative skills align with other intellectual abilities.

e Language Disorders and Social (Pragmatic) Communication Disorder. Language disorders
may include communication difficulties that result in social challenges, but they
typically do not involve abnormal nonverbal communication or restricted behaviors.
When social communication impairments are present without restricted or repetitive
behaviors, a diagnosis of social (pragmatic) communication disorder may be
appropriate.

e Selective Mutism. Selective mutism presents with appropriate communication skills
in certain contexts, and social reciprocity remains intact. Unlike ASD, selective
mutism does not involve impaired social interaction or the presence of restricted
behaviors.

e Stereotypic Movement Disorder. Motor stereotypies are common in ASD, and when
these behaviors do not lead to self-injury, a diagnosis of stereotypic movement
disorder is generally not warranted. However, if such behaviors result in self-harm
and require treatment, both diagnoses may be appropriate.
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e Anxiety Disorders. Anxiety disorders frequently overlap with ASD symptoms,
complicating diagnosis. Common anxiety presentations in individuals with ASD
include specific phobias and social anxiety. Clinicians must discern whether
behaviors such as social withdrawal stem from anxiety or are intrinsic to ASD.

e Obsessive-Compulsive Disorder. Repetitive behaviors are central to both obsessive-
compulsive disorder (OCD) and ASD, but their motivations differ. In OCD,
compulsions are responses to intrusive thoughts aimed at alleviating anxiety, while
in ASD, repetitive behaviors may have a more pleasurable or reinforcing quality.

e Schizophrenia. Childhood-onset schizophrenia typically follows a period of normal
development, with prodromal symptoms that may resemble those in ASD. Distinct
features of schizophrenia, such as hallucinations and delusions, are absent in ASD.
However, both disorders can co-occur, and careful assessment is necessary to
differentiate between them.

e Personality Disorders. In adults with ASD who do not have significant intellectual or
language impairments, behaviors may be misinterpreted as symptoms of personality
disorders, such as narcissistic or schizotypal personality disorder. The early
developmental history of autism, including lack of imaginative play and sensory
sensitivities, can aid in distinguishing it from personality disorders [4].

1.12. Possible Associations

In the context of ASD, individuals experience a higher incidence of various medical
conditions compared to the general population. Research indicates that children with
autism present frequently with eczema, asthma, food allergies, gastrointestinal (GI)
issues, and other symptoms [27-30]. For instance, they are 1.6 times more likely to have
eczema, 1.8 times more likely to suffer from asthma and food allergies, and up to 7 times
more likely to report GI problems [31]. Identifying comorbid conditions in children with
autism is crucial. Many of these medical issues can exacerbate the core symptoms of
autism—such as social deficits, language impairments, and repetitive behaviors—and
may hinder the child’s ability to learn effectively. When these comorbidities are treated,
improvements in behavior and learning outcomes can often be observed. Furthermore,
the increased mortality risk associated with ASD is likely linked more to these comorbid
medical conditions and intellectual disabilities than to autism itself. Therefore, timely
recognition and treatment of comorbid conditions can significantly enhance the quality of
life for both the child and their family. However, diagnosing comorbid conditions in
children with ASD can be challenging due to various factors, including communication
difficulties, symptom ambiguity, and the evolving nature of these symptoms over time.
The common misconception that certain behaviors are merely part of autism adds another
layer of complexity. There is also a lack of diagnostic tools specifically designed to screen
for these disorders. Symptoms that may appear to be exclusively related to autism, such
as headbanging or fidgeting, could actually indicate underlying medical issues, such as
headaches or gastrointestinal discomfort. Recognizing and addressing these
comorbidities is essential for ensuring effective treatment and care [32].

° Genetic disorders

Genetic disorders are linked to an increased risk of autism. These include Fragile X
syndrome (FXS), Down syndrome (DS), Duchenne muscular dystrophy,
neurofibromatosis type I (NF1), tuberous sclerosis complex (TSC), and Rett syndrome.
The interplay of these genetic factors can lead to atypical brain wiring associated with
ASD. FXS is the most common inherited intellectual disability and is present in
approximately 2-3% of all ASD cases, with 25-33% of FXS patients also diagnosed with
ASD. Children with both FXS and ASD exhibit higher rates of social anxiety, intellectual
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disabilities, and repetitive behaviors compared to those with ASD without known genetic
causes. The co-occurrence of ASD and DS is noteworthy, as up to 40% of children with DS
may also have ASD. DS-ASD patients often display developmental regression,
communication challenges, and various behavioral issues. Duchenne muscular dystrophy
is another condition frequently observed alongside ASD, particularly in children
exhibiting toe-walking, necessitating creatine phosphokinase (CPK) level assessments.
Neurofibromatosis type I has been associated with ADHD symptoms, though recent
studies suggest a lesser prevalence of ASD in this population. TSC presents a significant
link to ASD, with prevalence rates ranging from 26% to 45%, as does Rett syndrome, with
a prevalence of 61% of children. Given the higher incidence of genetic disorders in
children with autism, genetic consultation is advisable for any child diagnosed with ASD.
This can help inform treatment pathways and improve developmental outcomes [32].
e Neurological disorders

Children with autism are at an increased risk for various neurological disorders,
including epilepsy, macrocephaly, hydrocephalus, cerebral palsy, and migraines. The
overlap between autism and these neurological conditions suggests shared molecular
mechanisms. Up to 60% of children with autism may show abnormal
electroencephalogram (EEG) results, and 10% to 30% may develop epilepsy. Conversely,
autism occurs in approximately 8% of children with epilepsy. The co-occurrence of
epilepsy and autism may result from shared pathogenic mechanisms, including synaptic
dysfunction and neuroinflammation. Early seizures can also lead to “autism-like”
behaviors. Children with ASD and intellectual disabilities are at an even higher risk for
epilepsy, particularly with underlying neurological conditions such as TSC [32-38].
e Sleep disorders

Sleep disorders are prevalent in children with autism, affecting approximately 80%
of this population. Common sleep issues include difficulty falling asleep, frequent
awakenings, and sleepwalking. These disturbances can significantly impact the child’s
behavior, learning, and overall well-being, with potential links to GI disorders and
anxiety. Given the treatable nature of many sleep disorders, it is imperative to implement
evidence-based interventions to improve sleep quality and, consequently, overall
functioning for children with ASD [32,39-42].
e Gl disorders

Gastrointestinal (GI) issues are common among children with ASD, with prevalence
rates ranging from 46% to 84%. Common manifestations include chronic constipation,
diarrhea, and gastroesophageal reflux. These GI symptoms can lead to discomfort, which
may exacerbate behavioral issues and hinder learning. The identification of underlying GI
disorders is crucial, as untreated conditions can significantly affect the child’s quality of
life. Clinical assessments should include thorough GI histories, as many children with
autism may struggle to communicate their discomfort effectively [32,43—46].
e Metabolic disorders

Inborn errors of metabolism, such as mitochondrial dysfunction, have been
increasingly linked to autism. These disorders can manifest as various neurological
symptoms and affect the child’s overall health and development. Laboratory findings,
including abnormal blood chemistry and urine analysis, can assist in identifying potential
metabolic disorders in children with autism [32,47-49].
. Immune, autoimmune, and allergic disorders

Research suggests that children with ASD may experience immune dysregulation
and chronic neuroinflammation. Approximately 25% of children with autism exhibit
immune deficiencies, which can complicate their overall health and treatment outcomes.
Identifying and managing these immune dysfunctions can lead to improved cognitive
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and behavioral outcomes. Allergic conditions are also more prevalent in children with
ASD, influencing both the severity of symptoms and behavioral challenges. Addressing
allergic disorders can be beneficial for improving the overall functioning of children with
autism [32,50,51].
e Emergency room and outpatient guidelines

Children with ASDs encounter a heightened risk of medical emergencies,
particularly in the emergency department (ED) setting. This risk increases to 70% in teens
between the ages of 15 and 18 years. Effective management requires specialized training
for ED staff and consideration of the unique challenges faced by children with autism.
Recommendations for creating an autism-friendly environment in the ED include
reducing sensory stimuli, offering calming objects, and ensuring adequate
communication with families [32,52-56].

1.13. Pharmacological Treatment for ASD

Refs. [57-144] In clinical practice, psychopharmacological treatments are frequently
used to manage symptoms associated with comorbidities in individuals with ASD [Table
2].

Table 2. Pharmacological treatment ASD.

Pharmacological Treatment ASD

Pharmacological treatments can help manage specific symptoms associated with the disorder. Treatment strategies
often focus on addressing co-occurring conditions, such as anxiety, depression, attention-deficit/hyperactivity
disorder (ADHD), and irritability.

(1) Irritability and aggression:

e antipsychotics

o Iline of treatment

= aripiprazole
=  risperidone

o IIline of treatment

*  quetiapine,

] ziprasidone,

=  paliperidone,

=  haloperidol

= chlorpromazine

*  Clozapine (disruptive behaviors)

e mood stabilizers

o Valproate

(2) Co-occurrence of ADHD:

e methylphenidate

e alpha-2 adrenergic agonists:

o Clonidine

o guanfacine

(3) stereotypies:

e antipsychotics:

o risperidone
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@

(5)

(6)

?)

()

e xanthine derivatives:
o  pentoxifylline.
Anxiety and depression:
e antidepressants
o Selective Serotonin Reuptake Inhibitors (SSRIs):
*  Citalopram
=  Fluoxetine,
=  Sertraline

e anxiolytics

e noradrenergic and specific serotonergic antidepressants (NaSSA):

o  mirtazapine
o buspirone
e IIline of treatment: Methylphenidate and risperidone
Sleep disorder:
e Benzodiazepines:
o clonazepam
e  Melatonin
e alpha-2 adrenergic agonist:
o clonidine
OCD:
e  SSRIs:
o fluoxetine
o fluvoxamine
o citalopram
o  sertraline
o  escitalopram
o clomipramine
e antipsychotics.
Seizures and repetitive behaviors
e  Antiepileptic drugs:
o valproate
Schizophrenia:

e antipsychotics

Emotional dysregulation and irritability are prevalent in this population, often

manifesting as aggression toward oneself or others, tantrums, and rapidly changing

moods. These behaviors can significantly impact overall adaptive functioning in both

children and adults. Individuals with ASD often struggle with emotional awareness,

emotional language, flexibility, and sensitivity to change and environmental stimuli,

making them particularly vulnerable to emotional

dysregulation.

Emotional

dysregulation is defined as the ability to manage arousal and emotional reactivity to
achieve goals and maintain adaptive behaviors. Research indicates that as many as 68%
of individuals with ASD may exhibit aggression or self-injurious behaviors (SIB), based

on parent-reported measures, though more objective assessments suggest a lower
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prevalence. The presence of irritability and aggression can lead to serious personal and
social consequences, including significant functional impairment, increased family stress,
and the need for residential placement.

Pharmacological treatments for irritability and aggression in individuals with ASD
typically include antipsychotics, mood stabilizers, and glutamatergic blockers. Currently,
only two medications are approved in the US and many European countries specifically
for treating these symptoms in individuals with ASD: aripiprazole and risperidone, which
are both indicated for children and adolescents. The most common side effects associated
with aripiprazole include akathisia, while risperidone is often linked to weight gain.
Reports indicate that adverse effects occur in up to 61% of patients treated with
aripiprazole and 77% of patients treated with risperidone. Other atypical antipsychotics,
including quetiapine, ziprasidone, and paliperidone, may be used for patients who do not
respond to initial treatments. Olanzapine is less commonly prescribed due to its high risk
of causing weight gain. Clozapine can be considered for treatment-resistant patients
displaying significant disruptive behaviors, but its use is limited by potential risks such
as agranulocytosis and myocarditis. First-generation antipsychotics, like haloperidol and
chlorpromazine, are also options for treatment-resistant irritability or aggression,
although careful monitoring for extrapyramidal side effects is necessary. Valproate serves
as an alternative therapy, particularly in patients with concurrent epilepsy, for addressing
irritability. N-acetylcysteine (NAC) has been associated with a notable decrease in
hyperactivity and irritability. For patients with co-occurring ADHD, methylphenidate
and alpha-2 adrenergic agonists are recommended to manage hyperactivity and attention
difficulties. Methylphenidate, a psychostimulant, is the first medication widely utilized
for ADHD treatment. While its effectiveness in children with ASD may not match that
seen in typically developing children, it remains a reasonable first-line option for
untreated children with ASD and uncomplicated ADHD. Children with autism may
experience a higher incidence of side effects, including decreased appetite, sleep issues,
irritability, headaches, and stomach discomfort. Clonidine and guanfacine, which act on
o2-adrenergic presynaptic receptors to inhibit noradrenergic release and synaptic
transmission, have demonstrated significant improvements in ADHD symptoms, as
reported by parents and teachers. To manage tics in patients with both ASD and Tourette
syndrome, some literature suggests efficacy for topiramate and aripiprazole, while
levetiracetam has not shown effectiveness. Pharmacological treatment options for
stereotypies include risperidone and pentoxifylline. Regarding anxiety disorders, which
are commonly comorbid with ASD and affect between 35% and 75% of young people,
antidepressants and anxiolytics are often employed, but their effectiveness is generally
limited. Selective serotonin reuptake inhibitors (SSRIs) are frequently referenced in
literature for treating anxiety and depression in ASD patients, with citalopram, fluoxetine,
and sertraline noted for their effectiveness and minimal side effects. Alternatives for
anxiety treatment include noradrenergic and specific serotonergic antidepressants
(NaSSA) like mirtazapine and buspirone, a serotonin 5-HT1A receptor agonist.
Benzodiazepines are commonly prescribed to young people with ASD, particularly for
sleep disturbances and acute anxiety. Methylphenidate and risperidone have also been
utilized for depression in individuals with co-occurring ASD. Melatonin is a primary
pharmacological intervention for sleep disturbances, often combined with behavioral
treatment, and has demonstrated effectiveness in enhancing sleep duration. Other
pharmacological options such as clonidine and clonazepam are also considered for
improving sleep initiation and overall quality. The treatment of obsessive-compulsive
disorder (OCD) in patients with ASD includes SSRIs and antipsychotics. Clomipramine
has shown some efficacy in small studies for managing repetitive and compulsive
behaviors in children and adolescents with ASD, although it is often associated with side
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effects and is typically regarded as a second-line option. Fluoxetine has displayed
moderate effectiveness for repetitive behaviors in both children and adults with ASD.
Other SSRIs, including fluvoxamine and citalopram, have shown mixed results, with
some studies indicating minimal effects or poor tolerance. Sertraline and escitalopram
have shown promise but lack specific measures of obsessive-compulsive symptoms in
current research. Antiepileptic drugs such as valproate have shown some evidence of
reducing repetitive behaviors in small studies. For treating schizophrenia in patients with
ASD, antipsychotics are used to manage psychotic symptoms. Lithium, primarily a mood
stabilizer, has demonstrated promise in patients with ASD, with one study indicating a
73.7% improvement rate in maladaptive behaviors among those receiving lithium
treatment, particularly in individuals with ADHD characteristics. Additionally, valproate,
functioning as both an anticonvulsant and mood stabilizer, has been shown to effectively
reduce irritability in ASD without necessitating a specific bipolar disorder diagnosis [57-
144].

2. Epilepsy
2.1. General Features

Seizures represent a complex phenomenon characterized by abnormal and
unregulated electrical discharges occurring in the cortical gray matter of the brain. These
episodes can lead to transient disruptions in normal brain function, manifesting as altered
awareness, unusual sensations, focal involuntary movements, or, in severe cases,
convulsions, which are marked by widespread and violent contractions of voluntary
muscles. The diagnosis of seizures is primarily clinical, often supplemented by
neuroimaging, laboratory tests, and electroencephalography (EEG), particularly in cases
of new-onset seizures. For individuals with previously diagnosed seizure disorders,
monitoring the levels of antiseizure medications (anticonvulsants) is essential.
Management strategies for seizures focus on identifying and addressing underlying
causes whenever possible. Treatment options typically include the use of antiseizure
medications, and in cases where pharmacological interventions are ineffective, surgical
options may be considered. Overall, effective management of seizures requires a
comprehensive approach tailored to the individual patient, combining clinical assessment
with appropriate diagnostic tools and therapeutic interventions [145,146].

Epilepsy, also referred to as epileptic seizure disorder, is a chronic neurological
condition characterized by the occurrence of recurrent seizures that are unprovoked,
defined as occurring at least two times and separated by a minimum of 24 h. It is important
to note that a single seizure does not qualify for a diagnosis of epilepsy. While many cases
of epilepsy are classified as idiopathic, meaning the exact cause remains unknown, there
are instances where identifiable brain disorders, such as malformations, strokes, or
tumors, lead to symptomatic epilepsy. Symptomatic epilepsy refers to seizure activity that
can be directly attributed to a known underlying condition, with symptomatic epileptic
seizures being more prevalent among neonates and older adults. In addition to
symptomatic epilepsy, there exists a category known as cryptogenic epilepsy. This
classification is used when a specific cause for the seizures is suspected but remains
undetermined. It is crucial to differentiate between epileptic seizures and nonepileptic
seizures, the latter of which are provoked by temporary conditions or stressors. These can
include metabolic imbalances, central nervous system infections, cardiovascular issues,
medication toxicity or withdrawal, and psychogenic disorders. In pediatric populations,
fever can lead to febrile seizures, which, while seizure-like, are not classified as epilepsy.
Moreover, psychogenic nonepileptic seizures, often referred to as pseudoseizures, are
episodes that mimic seizures but occur in individuals with underlying psychiatric
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conditions. These episodes do not involve abnormal electrical discharges in the brain,
distinguishing them from true epileptic seizures [145].

2.2. Etiology

Seizures and epilepsy arise from an imbalance between excitation and inhibition
within specific regions of the central nervous system (CNS). Given the multitude of
mechanisms that regulate neuronal electrical activity, various factors can disrupt this
balance, leading to numerous causes of both seizures and epilepsy. The International
League Against Epilepsy (ILAE) Task Force has delineated six etiologic categories for
epilepsy: genetic, structural, metabolic, infectious, immune, and unknown. These
categories are non-hierarchical, and a patient’s epilepsy may span multiple etiological
classifications.

e Structural etiology:

Structural etiologies refer to identifiable abnormalities on neuroimaging that are
reasonably inferred to contribute to a patient’s seizures, supported by concordant
electroclinical assessments and clinical findings. These structural causes can be
categorized as either acquired or genetic. Acquired structural etiologies encompass
conditions such as hypoxic-ischemic encephalopathy, stroke, trauma, and infections.
Common epileptogenic pathologic processes include also mesial temporal sclerosis,
malformations of cortical development, focal encephalomalacia, primary brain tumors,
vascular malformations, and neurocysticercosis. In contrast, genetic origins involve a
wide array of disorders, including those from single-nucleotide mutations such as
missense, frameshift, and nonsense mutations, copy number variations by de novo or
inherited DNA deletion or duplication, and chromosomal copy number abnormalities
[145,147].

e Genetic etiology:

Epilepsy of genetic origin is identified when a specific disease-causing variant in a
gene or a copy number variant is known or presumed, with seizures being a common
phenotype. Wang and his team identified 977 genes associated with epilepsy, categorizing
them into four distinct groups based on their relationship to epilepsy phenotypes. These
categories include epilepsy genes (which cause epilepsies or syndromes where epilepsy
is the core symptom), neurodevelopment-associated epilepsy genes (linked to both brain
developmental malformations and seizures), epilepsy-related genes (associated with
systemic abnormalities alongside seizures), and genes putatively associated with epilepsy
(which require further validation) [145,148,149].

Epilepsy can be classified into three categories: genetic generalized epilepsy (GGE),
focal epilepsy (FE), and epileptic encephalopathy, each encompassing specific syndromes
characterized by variations in seizure types, EEG patterns, age of onset, and disease
progression [145,150].

GGE syndromes typically emerge during childhood or adolescence and are
characterized by generalized seizures that engage both hemispheres of the brain. They
include juvenile myoclonic epilepsy and childhood absence epilepsy, associated with
large recurrent deletions at chromosomes 15q13.3, 16p13.11, and 15q11.2. These deletions
have also been linked to conditions such as autism and schizophrenia [151,152]. Focal
epilepsies, on the other hand, originate in one hemisphere of the brain and include familial
mesial temporal lobe epilepsy (FMTLE), autosomal dominant lateral temporal epilepsy
(ADLTE), and autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE). FMTLE is
a benign syndrome characterized by significant psychic and autonomic seizures, with no
correlation to hippocampal sclerosis (HS) or febrile seizures (FS). Genetic studies have
identified markers on chromosome 4q13.2-q21.3 [153]. ADLTE is characterized by
heritable temporal lobe epilepsy with auditory ictal manifestations; mutations in the



J. Clin. Med. 2025, 14, 2431

20 of 49

leucine-rich glioma-inactivated 1 (LGI1) gene at the 10q24 locus were identified through
linkage analysis [154]. ADNFLE, which has childhood onset, is characterized by brief
nocturnal motor seizures originating from the frontal lobe and was the first inherited
epilepsy for which a specific mutation was identified. The gene implicated, CHRNA4, is
located on chromosome 20q13 and encodes the a-4 subunit of the neuronal nicotinic
acetylcholine receptor (NnAChR). In patients with ADNFLE, a missense mutation results
in the substitution of serine with phenylalanine at position 247, a highly conserved amino
acid residue in the second transmembrane domain [155]. Epileptic encephalopathies
represent a severe, early onset category of conditions characterized by refractory seizures,
developmental delays, or regressions linked to ongoing epileptic activity, and generally
poor prognoses. This category includes disorders attributed to mutations in genes
encoding ion channels, such as KCNQ2 in benign familial neonatal seizures, SCN2A in
benign familial infantile epilepsy, and SCN1A in Dravet syndrome. The KCNQ2 gene
encodes voltage-gated potassium channels responsible for producing the M current,
which normally induces a hyperpolarizing shift in membrane voltage. Loss of KCNQ2
function can lead to increased neuronal hyperexcitability, resulting in spontaneous
seizure activities. The SCN1A gene encodes NaV1.1, one of nine a subtypes of voltage-
gated sodium channels primarily expressed in GABAergic neurons. It is a critical
causative gene in epilepsy. Dysfunction of Navl.l channels results in diminished
excitability of GABAergic neurons, contributing to brain hyperexcitability in individuals
with Dravet syndrome [145,156-160].

e Infectious Etiology:

Infections of the central nervous system (CNS) pose a significant risk factor for the
development of epilepsy. They represent the most prevalent identifiable cause of this
condition. The risk of unprovoked seizures among survivors of CNS infections ranges
from 6.8% to 8.3%, with even higher rates observed in low- and middle-income countries
(LMICs) [145,161]. An infectious etiology pertains specifically to patients with epilepsy
that arises as a consequence of prior CNS infections rather than those experiencing
seizures due to an acute CNS infection. In this context, seizures are induced by alterations
in the brain caused by neurotropic infectious agents or post-infectious reaction (acute
disseminated encephalomyelitis, ADEM), such as cysticercus, human immunodeficiency
virus (HIV), cytomegalovirus, measles, chickenpox, Toxoplasma gondii, Mycobacterium
tuberculosis, and Plasmodium falciparum. Each infectious agent leads to distinct forms of
cerebral damage, such as cortical necrosis associated with viruses, infarction resulting
from bacterial meningitis, hypoxic-ischemic injury due to cerebral malaria, and gliosis
surrounding calcified larvae in neurocysticercosis. Additionally, these infections provoke
an immune and inflammatory response in the affected brain tissue [145]. The sustained
activation of pro-inflammatory signals, whether from chronic inflammation or from
seizures themselves, can result in damage to the blood-brain barrier (BBB), neuronal
death, and persistent neuronal hyperexcitability. Furthermore, immune responses to
systemic (non-CNS) infections may induce alterations in BBB integrity through pro-
inflammatory cytokines, leading to subsequent neuronal hyperexcitability [161].

e Metabolic etiology:

Metabolic epilepsy is characterized by seizures that directly arise from known or
presumed metabolic disturbances. In contrast, individuals experiencing transient
metabolic disturbances that lead to acute symptomatic seizures do not qualify, as these
seizures are provoked and thus not classified as epileptic. Various metabolic disorders,
often stemming from genetic abnormalities, can result in cellular degeneration,
dysmyelination, or disorders of neuronal migration, thereby indirectly promoting
epileptogenesis by adversely affecting cellular or organ function. These disorders are
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categorized into small- or large-molecule disorders. Small-molecule disorders encompass
issues related to amino acids, organic acids, fatty acids, neurotransmitters and their
metabolites, urea cycle constituents, and various vitamins and cofactors. They are
categorized as aminoacido-pathies, organic acidemias, demyelinating conditions,
defective GABA metabolism, and mitochondrial disorders. Large-molecule disorders, on
the other hand, include lysosomal storage diseases, peroxisomal disorders, glycosylation
disorders, and leukodystrophies. Although most metabolic epilepsies have a genetic
basis, some can be acquired, such as pyridoxine-dependent seizures and cerebral folate
deficiency [145,149,162].

o Immune etiology:

An immune etiology should be considered in patients with epilepsy of unknown
origin, especially when they test positive for neural-specific antibodies and exhibit signs
of autoimmune-mediated CNS inflammation. Autoimmune epilepsies account for
approximately 5-7% of all epilepsy cases [163]. Recognizing this etiology is crucial for
treatment, as seizures triggered by autoimmune encephalitis require immunotherapies.
Autoimmune epilepsy has been associated with various neuronal cell surface antigens,
including LGI1, N-methyl-D-aspartate receptor (NMDA-R), a-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA), GABA-B, and metabotropic glutamate
receptor 5 (mGluR5), as well as intracellular antigens like glutamic acid decarboxylase 65
(GADG65), antineuronal nuclear antibody type 1 (ANNA-1), and small cell lung carcinoma
(Ma). Autoantibodies targeting plasma membrane epitopes appear to disrupt ion channel
functions; for instance, IgG anti-LGI1 interferes with the LGI1-ADAM?22 interaction,
leading to diminished synaptic AMPA receptor function and reduced calcium influx.
Similarly, IgG anti-NMDA-R binds to a specific region of the GluN1 subunit of NMDA-
R, disrupting the interaction between NMDA-R and ephrin type B2 receptor, which is also
associated with decreased synaptic NMDA-R-mediated currents. In contrast,
autoantibodies against intracellular targets are thought to mediate their pathogenic effects
through cytotoxic T cells, resulting in neuronophagia, granzyme B neurotoxicity, neuronal
loss, and gliosis, all of which can promote epileptogenesis in affected individuals. Immune
responses play a significant role not only in seizure induction but also in the development
of epilepsy. Both innate (inflammation) and adaptive immune responses are activated
within the epileptic brain by resident immune cells and their secreted mediators, as well
as by leukocytes that migrate from the periphery. The neuroinflammatory processes can
originate either peripherally or centrally. Peripheral inflammation can enhance epileptic
discharges by altering ion and glutamate homeostasis and facilitating the migration of
pro-inflammatory molecules from peripheral inflammatory sites to the blood-brain
barrier (BBB). The initial pathological triggers may include febrile seizures, trauma,
stroke, or infections, any of which can initiate an inflammatory cascade. This cascade
involves the activation of the IL-1 receptor/toll-like receptor (IL-IR/TLR) signaling
pathways via ligation of pathogen-associated molecular patterns (PAMPs) or damage-
associated molecular patterns (DAMPs). It also activates the cyclooxygenase-2 (COX-2)
pathway and initiates the transforming growth factor-B/small mothers against
decapentaplegic (TGF-B/Smad) signaling cascade. The activation of glial cells, neurons,
and endothelial cells that form the BBB likely leads to the release of pro-inflammatory
cytokines, such as IL-13 and TNF-a, along with danger signals like high-mobility group
box-1 (HMGBI1). These inflammatory mediators contribute to BBB permeability, enhance
its leakage, and upregulate leukocyte adhesion molecules on the endothelium, which
attracts lymphocytes from the adaptive immune system, resulting in their infiltration into
the CNS. Lastly, there exists a sixth category of etiology, termed unknown, which is
designated for patients whose etiology remains undetermined [163-167].
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2.3. Classification of Seizure Disorders

The International League Against Epilepsy (ILAE) provides a comprehensive
classification system for seizure disorders that is essential for clinicians in diagnosing and
managing epilepsy. This classification system has evolved over the years, with the last
update being in 2017. The ILAE classification system categorizes seizures based on clinical
and electroencephalographic (EEG) features, as well as the underlying etiology. The
classification has three primary components: seizure types, epilepsy types, and epilepsy
syndromes.

e  Seizure type: Seizures are classified into the following:

o  Focal seizures: the seizure originate in a specific area of the brain. These can be

further divided into the following;:

= Focal onset aware seizures
= Focal onset impaired awareness seizures
=  Focal to bilateral tonic-clonic seizures

o  Generalized seizures: the seizures involve both hemispheres of the brain from
the onset and include the following;:

=  Tonic-clonic seizures
=  Absence seizures

*  Mpyoclonic seizures

. Atonic seizures.

o  Unknown seizures

e Epilepsy Types

e  Epilepsy syndromes: classified based on the seizure types, their clinical features, age
of onset, and associated conditions.

2.3.1. Focal-Onset Seizures

Focal-onset seizures originate from one hemisphere and may originate in subcortical
structures. They may be discretely localized or more widely distributed.
Focal-onset seizures may be classified as the following;:

e  Focal aware seizures (formerly simple partial seizures)
¢  Focal impaired-awareness seizures (formerly complex partial seizures)

If awareness is impaired during any part of the seizure, the seizure is classified as a
focal impaired-awareness seizure.
Focal-onset motor seizures may be further classified into the following:

¢  Automatisms (coordinated, purposeless, repetitive motor activity)

e Atonic (focal loss of muscle tone)

¢ Clonic (focal rhythmic jerking)

e Epileptic spasms (focal flexion or extension of arms and flexion of trunk)
e  Hyperkinetic (causing pedaling or thrashing)

e Myoclonic (irregular, brief focal jerking)

e  Tonic (sustained focal stiffening of one limb or one side of the body)

Focal-onset nonmotor seizures may be further classified into the following:

e Autonomic dysfunction (autonomic effects such as gastrointestinal (GI) sensations, a
sense of heat or cold, flushing, sexual arousal, piloerection, and palpitations)

e  Behavior arrest (cessation of movement and unresponsiveness as the main feature of
the entire seizure)

e Cognitive dysfunction (impairment of language or other cognitive domains or
positive features such as déja vu, hallucinations, illusions, or perceptual distortions)
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¢  Emotional dysfunction (manifesting with emotional changes, such as anxiety, fear,
joy, other emotions, or affective signs without subjective emotions)

e  Sensory dysfunction (causing somatosensory, olfactory, visual, auditory, gustatory,
or vestibular sensations or a sense of heat or cold)

Focal-onset seizures may evolve into a generalized-onset tonic-clonic seizure (called
a focal-to-bilateral tonic-clonic seizure; formerly, secondary generalization), which causes
loss of consciousness. Focal-to-bilateral tonic-clonic seizures occur when a focal-onset
seizure spreads and activates the entire cerebrum bilaterally. Activation may occur so
rapidly that the initial focal-onset seizure is not clinically apparent or is very brief [146].

2.3.2. Generalized-Onset Seizures

In generalized-onset seizures, seizures originate from both hemispheres. Awareness
is usually impaired, and consciousness is usually lost. They are classified as motor or
nonmotor (absence) seizures. Motor activity is usually bilateral from the onset.

¢ Generalized-onset motor seizures may be further classified into the following:

o  Tonic-clonic seizures (formerly grand mal seizures)

o  Clonic seizures (sustained rhythmic jerking)

o  Tonic seizures (generalized stiffening involving all limbs and without rhythmic
jerking)

o  Atonic seizures (loss of muscle tone)

o  Myoclonic seizures (rhythmic jerking not preceded by stiffening)

o  Myoclonic-tonic-clonic seizures (myoclonic jerking followed by tonic and clonic
movements)

o Myoclonic-atonic seizures (myoclonic jerking followed by atonia)

o  Epileptic spasms (formerly, infantile spasms)

e  Generalized-onset nonmotor seizures may be further classified into the following:

o Typical absence seizures

o Atypical absence seizures (with less abrupt onset or termination or with
abnormal changes in tone)

o  Myoclonic seizures (myoclonic jerking preceded by brief impairment of
consciousness)

o  Eyelid myoclonia [146].

2.3.3. Unknown-Onset Seizures

Seizures are usually classified as unknown-onset seizures when information about
onset is lacking.

Seizures of unknown onset can be motor or nonmotor.

Unknown-onset motor seizures may be further classified as
e Tonic-clonic
e  Epileptic spasms

Unknown-onset nonmotor seizures may be further classified as

e  Behavior arrest [146].
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2.4. Clinical Features

Seizures are neurological events that can manifest in various forms, often preceded
by an aura, which describes the sensations or feelings experienced by patients before a
seizure begins. Auras may include motor activity; sensory, autonomic, or psychic
sensations, such as paresthesia; rising epigastric sensations; abnormal smells; feelings of
fear; and phenomena like déja vu or jamais vu. The latter refers to a familiar experience
feeling strangely unfamiliar. Typically, auras are associated with focal aware seizures.

Most seizures resolve spontaneously within 1 to 2 min. After a seizure, particularly
generalized-onset seizures, patients often enter a postictal state characterized by deep
sleep, confusion, headache, and muscle soreness, lasting from minutes to hours. This state
may also involve Todd paralysis, a temporary neurologic deficit, usually resulting in
weakness of the limb opposite to the seizure focus.

Patients generally appear neurologically normal between seizures, although high
doses of sedating antiseizure medications can impair alertness. Any progressive cognitive
decline is usually linked to the underlying neurologic disorder rather than the seizures
themselves. In rare cases, seizures can become unremitting, leading to status epilepticus
[146].

Focal-onset seizures are categorized in focal aware seizures, formerly known as
simple partial seizures, if during the seizure awareness is maintained and focal impaired-
awareness seizures, formerly known as complex partial seizures, if awareness is impaired,
though not completely lost.

Focal aware seizures can produce motor, sensory, or psychomotor symptoms that
reflect the affected brain region. For example, Jacksonian seizures exhibit motor
symptoms starting in one hand and progressing up the arm (Jacksonian march). Other
types of focal-onset seizures may begin in the face before spreading to limbs.

Epilepsia partialis continua is a rare condition characterized by continuous focal
aware motor seizures, typically involving one arm, hand, or side of the face. In adults, it
often results from a structural lesion, while in children, it may stem from a focal cerebral
cortical inflammatory process such as Rasmussen encephalitis. Focal-onset seizures in
patients can manifest transient, unexplained psychiatric-like symptoms such as
hallucinations, behavioral automatisms, or speech arrest.

During focal impaired-awareness seizures, patients may exhibit oral or limb
automatisms, stare blankly, resist assistance, and show posturing of the limb opposite to
the seizure focus. Afterward, confusion and disorientation can persist for several minutes,
with postictal amnesia being common.

Generalized-onset seizures typically involve impaired awareness from the outset and
can be categorized as motor or nonmotor (absence) seizures. Absence seizures can be
classified into typical absence seizures, if the seizure is characterized by several seconds
to 30 seconds of loss of consciousness and eyelid fluttering, or atypical absence seizures,
if the seizures last longer, with more pronounced jerking or automatic movements and
less complete loss of awareness. Typical absence seizures predominantly affect children
and often do not continue into adulthood. They may be triggered by hyperventilation and
usually do not present with postictal symptoms. Atypical absence seizures are frequently
seen in Lennox-Gastaut syndrome, a severe epilepsy form typically beginning before age
4, marked by various seizure types and associated with cognitive impairment and
behavioral issues. Myoclonic absence seizures involve rhythmic jerking of the arms and
shoulders, with the seizure lasting about 10-60 s, while atonic seizures result in a brief
and complete loss of muscle tone, posing a risk of head injury, especially in children.

Eyelid myoclonia consists of myoclonic jerks of the eyelids and upward deviation of
the eyes, usually triggered by closing eyes or exposure to light. It can manifest during both
motor and non-motor seizures.
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Tonic seizures primarily occur during sleep and are most commonly seen in children
often associated with Lennox—Gastaut syndrome. These seizures involve a sustained
contraction of the axial muscles, which can start either abruptly or gradually and may
then extend to the proximal muscles of the limbs. During a tonic seizure, the neck typically
becomes stiff. The duration of tonic seizures is generally between 10 and 15 s, although
longer episodes may be followed by a few rapid clonic jerks as the tonic phase concludes.

Clonic seizures are characterized by sustained, rhythmic jerking movements that
affect both sides of the body, including the limbs as well as the head, neck, face, and trunk.
Clonic seizures are most frequently observed in infants and should be differentiated from
jitteriness or shuddering attacks. Clonic seizures are significantly less common than tonic-
clonic seizures.

Tonic-clonic seizures can be classified as generalized-onset tonic-clonic seizures,
formerly known as primarily generalized seizure, which typically last 1-2 min and start
with an outcry leading to loss of consciousness and falling with tonic contraction followed
by clonic (rapidly alternating contraction and relaxation) motion of the muscles of the
extremities, trunk, and head and may involve tongue biting and incontinence, both
urinary and fecal, as well as frothing at the mouth, and focal-to-bilateral tonic-clonic
seizures, formerly known as secondarily generalized seizures, which begin with a focal
aware or impaired-awareness seizure before progressing to a generalized tonic-clonic
seizure.

Myoclonic seizures consist of brief jerks of the limbs or the trunk, which may evolve
into generalized tonic-clonic seizures. Myoclonic-atonic seizures involve brief jerks
followed by limpness (drop attacks), commonly observed in young children.

Epileptic spasms, previously known as infantile spasms, manifest as sudden flexion
and adduction of the arms and trunk flexion, occurring in infants and often associated
with developmental defects.

Juvenile myoclonic epilepsy typically arises during adolescence. It is characterized
by myoclonic and tonic-clonic seizures, often triggered by sleep deprivation or alcohol
use.

Febrile seizures occur in children with fever, are typically brief, and are classified as
benign or complicated based on duration and characteristics. Complicated febrile seizures
carry a higher risk of subsequent seizure disorders.

Dravet syndrome presents in early childhood with a mix of focal and generalized
seizures, often related to mutations in the SCN1A gene.

Status epilepticus is defined as continuous seizure activity and can be classified into
convulsive and nonconvulsive forms. Convulsive status epilepticus involves prolonged
tonic-clonic activity or multiple seizures without full recovery of consciousness.
Untreated generalized seizures lasting over 60 min can lead to permanent brain damage
or death.

Nonconvulsive status epilepticus includes focal-onset status epilepticus and absence
status epilepticus, with prolonged episodes of altered mental status, often requiring EEG
for diagnosis [146,149,168-170].

Sudden Unexpected Death in Epilepsy (SUDEP)

SUDEP is a rare but serious complication of seizures, typically occurring during
sleep. The risk is heightened in patients with frequent seizures, particularly generalized
tonic-clonic seizures. While no definitive measures prevent SUDEP, optimal seizure
control is the recommended strategy [146,171].
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2.5. Diagnostic Procedures

Clinical evaluation of seizures is critical for determining whether an event is a seizure
or due to other causes of altered consciousness, such as pseudoseizures or syncope.
Patients typically undergo neuroimaging (CT or MRI), laboratory testing, and EEG in an
emergency department setting. For known seizure disorders, patients are often evaluated
in outpatient settings with a focus on monitoring antiseizure medication levels to avoid
toxicity. A comprehensive history is vital for understanding seizure characteristics and
potential risk factors. In anamnesis, clinicians must collect information both from the
patient and eventually from the witness about seizure description, such as duration,
frequency, evolution, presence of aura, postictal state, risk factors, prior head trauma, CNS
infections, neurological disorders, substance use/withdrawal, nonadherence to
medications, family history of seizures, trigger events, such as repetitive sounds, flashing
lights, video games, and sleep deprivation, etc. In the physical examination, the clinician
should look for evidence such as tongue biting, incontinence, and prolonged confusion
postictally, longer duration, absence of postictal confusion, atypical progression of
muscular activity, and resistance to eye opening (pseudoseizure indicator). Routine
testing is essential, although normal results do not rule out the presence of seizures.
Testing should be guided by clinical findings. Other tests required by clinicians for
differential diagnosis include lumbar puncture to exclude meningitis or CNS infection,
drug screens to exclude illicit use of drug, and researching for anti-NMDA receptor
antibodies, especially in young women. Other required procedures include CT, the first-
line imaging modality to rule out hemorrhage or mass lesions; MRI if CT results are
negative, providing better resolution for soft tissue abnormalities; and EEG, crucial for
diagnosing epileptic seizures, particularly focal impaired-awareness seizures. For surgical
candidates, a functional MRI, magnetoencephalography, and SPECT are usually required,
which can help localize seizure foci for potential surgical intervention and
neuropsychological testing, which is crucial to evaluate cognitive deficits and predict
rehabilitation potential post-surgery [146,172-175].

2.6. Treatment

Refs. [176-214] Anti-epileptic drugs (AEDs) encompass a wide range of medications
[Table 3].

Table 3. Anti-epileptic drugs.

Classification of Antiepileptic drugs

AEDs can be classified into:

Based on Mechanism of Action:

e  Sodium Channel Blockers

Phenytoin

O 0O 0O 0O O

Carbamazepine
Lamotrigine
Lacosamide
Rufinamide

e  Calcium Channel Modulators

o  Ethosuximide (T-type calcium channel blocker)

o  Gabapentin (modulates voltage-gated calcium channels)

o  Pregabalin (modulates voltage-gated calcium channels)

e GABAergic Drugs

o  Benzodiazepines (e.g., Diazepam, Lorazepam)
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o  Phenobarbital
o Tiagabine (inhibits GABA reuptake)
o  Vigabatrin (inhibits GABA transaminase)
¢  Glutamate Receptor Antagonists
o  Topiramate (also has other mechanisms)
o  Perampanel (AMPA receptor antagonist)
e Other Mechanisms
o  Levetiracetam (modulates synaptic vesicle protein 2A)
o  Zonisamide (multiple mechanisms, including sodium and calcium channel modulation)

o  Felbamate (NMDA receptor antagonist and enhances GABA activity)
Based on Chemical Structure:

e Hydantoins
o  Phenytoin
e Carboxamides
o Carbamazepine
o Oxcarbazepine
o  Eslicarbazepine
e  Succinimides
o Ethosuximide
e Benzodiazepines
o Diazepam
o Clonazepam
o Lorazepam
e  Barbiturates
o  Phenobarbital
e  Amines
o  Gabapentin
o Pregabalin
e  Sulfonamides
o  Zonisamide
e  Other Structures
o Levetiracetam (pyrrolidine)
o Topiramate (sugar-derived compound)

o Lacosamide (vinylsultam derivative)

Based on Seizure Type
o  Generalized Seizures
o  Valproate
o Lamotrigine
o Levetiracetam
o Topiramate
o  Zonisamide

o Benzodiazepines
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e  Focal Seizures
o Carbamazepine
o  Phenytoin
o  Oxcarbazepine
o Lacosamide
o  Gabapentin
o Pregabalin
e Absence Seizures
o  Ethosuximide
o Valproate

o Lamotrigine

Newer AEDs:
e Lacosamide
e  Perampanel
e  Eslicarbazepine
e  Brivaracetam

e Cenobamate

Certain AEDs target sodium channels by blocking their repeated activation, such as
phenytoin and carbamazepine, or by enhancing their slow inactivation, such as
lacosamide. Other medications focus on calcium channels, blocking T-type calcium
channels, such as ethosuximide and valproic acid, or N- and L-type calcium channels,
such as zonisamide. Lamotrigine blocks sodium channels, inhibits N- and L-type calcium
channels, and modulates H-currents. Topiramate blocks sodium channels and AMPA
receptors and inhibits carbonic anhydrase. Phenobarbital and benzodiazepines enhance
GABA-A receptor function. Felbamate blocks NMDA receptors, while ezogabine opens
potassium channels [176,177].

e  Carbamazepine (CisH12N20, CBZ) is a dibenzazepine derivative used for both focal
and generalized seizures for the treatment of bipolar disorder and trigeminal
neuralgia. It works by stabilizing the inactivated state of voltage-gated sodium
channels in neuronal cell membranes, and by inhibiting these channels, it reduces
excessive neuronal firing that is characteristic of epilepsy and can also stabilize mood
in bipolar disorder. Additionally, it may influence neurotransmitter systems and has
been shown to have some effect on gamma-aminobutyric acid (GABA) receptors.
Carbamazepine is well absorbed from the gastrointestinal tract, is extensively bound
to plasma proteins and has a large volume of distribution, is primarily metabolized
in the liver by cytochrome P450 enzymes (mainly CYP3A4), has an active metabolite,
carbamazepine-10,11-epoxide, and has an elimination half-life of up to 35 h initially
that decreases with chronic use due to autoinduction of its own metabolism.
Common side effects include gastrointestinal symptoms, hyponatremia, rash,
itching, drowsiness, dizziness, blurred and double vision, headache, and ataxia.
More serious but rare side effects can include Stevens—Johnson syndrome, toxic
epidermal necrolysis, leukopenia, aplastic anemia (pancytopenia), agranulocytosis,
and hepatic dysfunction. Patients in treatment must be monitored for complete blood
counts, liver function tests, serum sodium levels, and therapeutic drug levels
[176,178-183].
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Oxcarbazepine (CisHuaN202) is a keto-derivative of carbamazepine and has a
comparable mechanism of action, working by stabilizing hyperexcitable neuronal
membranes and inhibiting repetitive neuronal firing. It is used for the treatment of
focal and secondarily generalized tonic-clonic seizures in adults and children aged 2
years and older and may also be used off-label for the treatment of neuropathic pain
and as a mood stabilizer in bipolar disorder. Common side effects include dizziness,
headache, ataxia, nausea, rash, double vision, and hyponatremia, which may occur
due to the syndrome of inappropriate secretion of antidiuretic hormone (SIADH).
Regular monitoring of sodium levels is recommended due to the risk of
hyponatremia. Caution should be taken in patients with a history of allergic reactions
to carbamazepine, as cross-reactivity may occur [176,180,184-187].

Phenytoin (CisH12N20z2) is a hydantoin derivative, one of the oldest anti-seizure
medications. It is widely used for focal and generalized seizures and is also indicated
for status epilepticus. It may serve as a second-line agent for mixed seizure types
such as tonic-clonic and myoclonic. It is rapidly absorbed from the gastrointestinal
tract, has highly protein-bound (approximately 90-95%) and a large volume of
distribution, is metabolized in the liver via cytochrome P450 enzymes, particularly
CYP2C9 and CYP2C19, and has a half-life typically ranging from 7 to 42 h, influenced
by dosage and individual patient factors. Phenytoin primarily blocks voltage-gated
sodium channels, but it may also exert effects through decreased synaptic
transmission and alterations in ionic gradients and induces the CYP enzyme system,
which can diminish the effectiveness of various hormonal oral contraceptives.
Significant adverse effects include gingival hyperplasia, hirsutism, folic acid
depletion, rash, and nausea, as well as potential declines in bone density. Long-term
use may lead to dizziness, drowsiness, ataxia, double vision, osteoporosis, hepatic
dysfunction, and neuropathy. It is contraindicated for patients with hypersensitivity
to hydantoins and phenytoin. Caution must be also taken in patients with liver
disease. Regular monitoring of serum phenytoin levels is essential to ensure
therapeutic efficacy and minimize toxicity [180,188-191].

Lacosamide (CisHisN20s) stabilizes hyperexcitable membranes and inhibits
repetitive neural firing through slow inactivation of sodium channels. It may also
bind to collapsing response mediator protein 2 (CRMP2), which is linked to neuronal
growth and differentiation, involved in the epileptogenesis process. It is well
absorbed after oral administration, with peak plasma concentrations occurring
approximately 1 to 4 h after a dose, has a volume of distribution of approximately 0.6
L/kg, is approximately 15% bound to plasma proteins, undergoes hepatic metabolism
primarily through CYP2C19, with minimal contribution from CYP3A4 and CYP2C9,
and has an elimination half-life of about 12 to 15 h. It is approved for use in patients
aged four and older, as monotherapy or adjunct therapy for focal-onset seizures. It is
generally well tolerated, with dizziness, headache, nausea, fatigue, diplopia, and
ataxia as the most common side effects. It can cause dose-dependent PR interval
prolongation on electrocardiograms, necessitating EKG (electrocardiogram)
monitoring at treatment initiation, and is contraindicated in patients with a history
of cardiac conduction abnormalities. It is also contraindicated in patients with known
hypersensitivity to lacosamide or any of its components [192-196].

Phenobarbital (Ci2H12N20s) is a barbiturate derivative, utilized for both generalized
and focal seizures, to manage insomnia, and for preoperative sedation. It works by
enhancing the activity of gamma-aminobutyric acid (GABA) at the GABA-A
receptor, prolonging its open state to increase chloride influx and hyperpolarize cells
and leading to increased inhibitory neurotransmission in the central nervous system
(CNS). Its use is very limited in modern times due to its sedative effects and the risk
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of dependence. Phenobarbital is well-absorbed from the gastrointestinal tract after
oral administration. It can also be given intravenously and intramuscularly. It is
widely distributed throughout the body, including the brain, has a high volume of
distribution, is primarily metabolized in the liver via cytochrome P450 enzymes, and
has an elimination half-life that ranges from 80 to 120 h, which can be prolonged in
cases of liver impairment or in neonates. Common collateral effects are drowsiness,
dizziness, and cognitive impairment, particularly at higher doses. Severe side effects
are risk of respiratory depression, especially when combined with other CNS
depressants, and dependence and withdrawal symptoms with long-term use [197-
199].

Vigabatrin (CsHisN3OsS, 4-amino-hex-5-enoic acid) is a derivative of gamma-
aminobutyric acid (GABA), an irreversible inhibitor of the enzyme GABA
transaminase, an enzyme responsible for GABA metabolism, raising GABA levels in
the central nervous system. It serves as an adjunct treatment for refractory focal
seizures and can also be used as monotherapy for the same indication. Additionally,
it is also used in pediatric patients with infantile spasms, especially in those with
tuberous sclerosis complex. It is rapidly absorbed after oral administration, with peak
plasma concentrations occurring within 1 to 2 h, is widely distributed in body tissues,
with a volume of distribution of approximately 0.6 L/kg, undergoes minimal hepatic
metabolism, and has an elimination half-life of approximately 5 to 10 h. Common
side effects are peripheral vision loss, fatigue, dizziness, headache, weight gain,
behavioral changes such as irritability and agitation, nausea, and MRI abnormalities
without clear neurological deficits [200-204].

Topiramate (Ci12H21N30sS) blocks voltage-gated sodium channels, enhances GABA
transmission, antagonizes NMDA receptors (AMPA/kainate subtype of glutamate
receptors), and has a mild inhibiting action on carbonic anhydrase. It is approved for
the treatment of focal-onset and primary generalized tonic-clonic seizures (in both
children and adults ages 10 and up) and as adjunctive therapy for focal seizures or
Lennox—Gastaut syndrome (ages 2 and up). Patients may experience weight loss,
cognitive impairment, expressive language difficulties, fatigue, taste changes, nausea
depression, headache, and paresthesia. There is also a risk of metabolic acidosis with
tachypnea and calcium phosphate kidney stones and of suicidal thoughts or behavior
[180,205].

Valproate (CsHisNaO: valproic acid, VPA) acts by blocking sodium channels,
increasing GABA levels, and mildly inhibiting T-type calcium currents. It is used for
both focal and generalized seizures. It is rapidly absorbed from the gastrointestinal
tract, with peak plasma concentrations typically reached within 1-4 h after oral
administration, is widely distributed in body tissues, with a volume of distribution
ranging from 0.1 to 0.5 L/kg, and is highly protein-bound (approximately 90-95%). It
is metabolized in the liver through glucuronidation and beta-oxidation and has an
elimination half-life of 9-16 h. Common side effects include nausea, tremor, easy
bruising, weight gain, insulin resistance, metabolic syndrome, and subclinical
hypothyroidism. Rare but serious side effects can include acute hepatocellular injury
with jaundice and acute pancreatitis. VPA is contraindicated during pregnancy due
to its teratogenic effects [206-210].

Levetiracetam (CsH1N20:) is a pyrrolidine derivative whose exact mechanism of
action is not fully understood, but it is believed to involve the inhibition of synaptic
vesicle protein 2A (SV2A). It is used as adjunctive therapy for focal-onset seizures in
both children and adults, myoclonic seizures in juvenile myoclonic epilepsy (ages 12
and up), and primary generalized tonic-clonic seizures (ages 6 and up) in patients
with idiopathic generalized epilepsy. Levetiracetam is rapidly absorbed following
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oral administration, with peak plasma concentrations occurring within 1 to 2 h, has
a bioavailability of approximately 100% and a volume of distribution of about 0.5 to
0.7 L/kg, and is approximately 10% protein-bound. Levetiracetam is minimally
metabolized by the liver and has an elimination half-life of approximately 7 h.
Common side effects include behavioral changes, fatigue, headache drowsiness,
dizziness, upper respiratory infections, mood disorders, and neurocognitive issues.
Side effects associated with AEDs can range from 7% to 31%, though most are mild
and reversible. Allergic reactions are a potential concern with all medications and
warrant monitoring upon initiation. With chronic use, levetiracetam can lead to
osteoporosis; therefore, patients are advised to supplement with calcium and vitamin
D and maintain regular exercise. Serious side effects can include Stevens—Johnson
syndrome, agranulocytosis, aplastic anemia, hepatic failure, pancytopenia,
multiorgan hypersensitivity, psychosis, and lupus syndrome [180,207-214].

Once an AED treatment has been initiated, it is recommended to monitor serum
medication levels to establish a therapeutic baseline and check for toxicity. If the patient
remains stable, these levels can be assessed annually, alongside complete blood counts,
comprehensive metabolic panels, and liver function tests. Toxic symptoms from AEDs are
often idiosyncratic and are more frequently associated with first-generation AEDs, such
as carbamazepine, which can cause acute or chronic toxicity. Symptoms may include
ataxia, dystonia, sinus tachycardia, hyperthermia, coma, arrhythmias, respiratory
depression, and even death. Valproic acid can also lead to toxicity, presenting as metabolic
and hematological disruptions, pancreatitis, CNS depression, optic nerve atrophy,
respiratory issues, cardiopulmonary arrest, brain edema, and coma. Treatment for toxicity
may range from supportive care to high-flow hemodialysis, plasmapheresis, or charcoal
hemoperfusion. For children, it is generally recommended to consider discontinuing
AEDs after two years of being seizure-free. In contrast, adults face a higher estimated risk
of seizure recurrence (around 30%) immediately after stopping AEDs at the two-year
mark. This risk appears to decrease over time for those who remain seizure-free,
explaining why guidelines for adults suggest a more conservative approach of a seizure-
free period of 2 to 5 years and recommend against driving for three months following
AED cessation [176].

3. Epilepsy and Autism: An Overlapping Syndrome
3.1. Etiopathology and Pathophysiology of the Co-Occurrence of Epilepsy and ASD

Epilepsy is more common in autistic individuals than in the general population. The
prevalence of epilepsy in autistic individuals in clinical sample-based studies was higher
than that in population-based cross-sectional or cohort studies. The prevalence of
epilepsy in autistic adults was higher than that in autistic children. A significantly
increased prevalence of epilepsy was detected in the autistic adolescent group (11-17
years old), and a higher trend of prevalence of epilepsy was observed in the autistic pre-
school group (<6 years old) than that in the autistic school-aged group (7-10 years old).
The prevalence of epilepsy increased with age, female rate, and low intellectual function
rate of autistic individuals [215]. There is a suggested common biological mechanism
linking childhood epilepsy and comorbid ASD, which may involve overlapping genetic
subgroups contributing to similar phenotypic manifestations and biological functions.
This association has been recognized since the late 1980s, particularly in children
presenting with infantile spasms and associated ASD in the context of tuberous sclerosis
complex (TSC). Refs. [216,217] Subsequent research has confirmed this connection by
frequently identifying early developmental markers of ASD, such as deficits in social
communication, in the first year of life in infants with TSC-related epilepsy [218-220]. This
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concept has been explored through extensive research, which over time has led to the term
developmental and epileptic encephalopathy (DEE), the most severe group of epilepsies
where early onset epilepsy with genetic etiology is associated with cognitive or behavioral
disturbances such as ASD. More than 900 genes have been identified as monogenic causes
of developmental and epileptic encephalopathies [221]. Molecular products involved in
synaptic function and plasticity —such as genes encoding neuroligins and neurexins and
neuronal activity-related genes like methyl CpG binding protein 2 (MECP2, linked to
classic and atypical Rett syndrome (RTT), non-specific intellectual disability, cognitive
regression and ASD, fatal neonatal encephalopathy, parkinsonism, pyramidal signs, and
neuropsychiatric symptoms (such as bipolarism), and ubiquitin-protein ligase E3A
(UBE3A, responsible for some cases of Angelman syndrome and Prader-Willi syndrome
if lacking and autism if overexpressed), brain development genes like ARX (related to
agenesis of the corpus callosum, ACC, learning disabilities, ASD, and epilepsy) and
FOXP2 (linked to speech and language disorders, oral-motor dyspraxia, dysarthria, fine
motor difficulties, and ASD), and those related to ion channel function (particularly
sodium and calcium channels)—may underpin the common pathological processes
observed in childhood epilepsy and comorbid ASD [216,222-232]. Structural or
developmental lesions, genetic susceptibilities, and environmental factors may contribute
to early onset epilepsy and ASD. There is a bidirectional relationship between epilepsy
and ASD. Epilepsy may contribute to the development of ASD, or, alternatively, the
underlying abnormal brain circuitry associated with ASD may predispose individuals to
seizures. Aberrant protein translation may lead to brain overgrowth and altered
connectivity, characteristics of these syndromes. Disruptions in the timing of
synaptogenesis during early brain development may serve as mechanisms for the
emergence of both epilepsy and ASD. An accelerated rate of cell and synaptic growth
during the first three years of life, combined with heightened inhibitory currents, could
increase the risk of developing ASD. Genetic mutations within the mammalian target of
rapamycin (mTOR) and phosphoinositide 3-kinases (PI3K) pathways have been
implicated in excessive synaptic and cellular growth. Mutations in the neurexin-
neuroligin-SH3 and multiple ankyrin repeat domains 3 (NRXN-NLGN-SHANK)
pathway are believed to disrupt synaptogenesis and contribute to an imbalance of
inhibitory currents. Disruption of the balance between neuronal excitation and inhibition
is recognized as a precursor to seizures and epilepsy. Increased excitation may arise from
dysfunctions in ion channels responsible for depolarization such as in sodium or calcium
channelopathies or enhancements in excitatory neurotransmission. Conversely, decreased
inhibitory function, possibly due to potassium channelopathies or GABAergic
dysfunctions in case of reduced synthesis, increased degradation, or impaired receptor
activity, may also facilitate seizure onset. Atypical neuronal networks resulting from
imbalances in excitation and inhibition, due to disrupted synaptic formation and
development, could underlie core symptoms of ASD, such as impaired communication,
aberrant socialization, and restricted behaviors or stereotypies [216]. Genetic mutations
associated with childhood epilepsy and ASD frequently involve mechanisms that extend
beyond ion channels and synaptic physiology, encompassing regulation of synaptic
vesicle release, modulation of subcellular signaling pathways, and organization of
neuronal network connections. Three main categories of risk genes may shed light on the
epilepsy-ASD phenotype as a connectivity issue: (a) ion channels, (b) synaptic function
and structure, and (c) transcriptional regulators. Numerous studies support the role of
genes encoding ion channels (such as SCN1A, SCN2A, and SCNS8A for sodium channels,
KCNBI for potassium channels, and CACNAIA for calcium channels) as leading risk
factors for the epilepsy-ASD phenotype. Genes involved in synaptic function and
structure, such as SHANKS3, CDKL5, STXBP1, NRXN1, PCDH19, and CASK, are also
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significant. Furthermore, epigenetic modifications affecting DNA transcription are
relevant factors in the occurrence of ASD, with genes like SYNGAP1, YWHAG, PACS2,
ACTL6B, MEF2C, MECP2, and FOXG1 playing a role. Dysregulation of cellular growth is
another crucial mechanism during early brain development that can lead to abnormal
neuronal cytoarchitecture and, consequently, altered neuronal connectivity. For instance,
the mTOR (mammalian target of rapamycin) pathway is involved in cell growth and
proliferation, regulating neuronal morphology, GABAergic interneuron development,
white matter connectivity, and the number and shape of synapses. Disruptions in this
delicate pathway can lead to childhood epilepsy, intellectual disability, and ASD [216,233—
272].

3.2. Treatment for Epilepsy in ASD Patients

Refs. [62,80,180,273-300] The pharmacological management of pediatric patients
with ASD and comorbid epilepsy presents a multifaceted challenge. A tailored treatment
plan is essential to effectively address the unique needs of each child. The co-occurrence
of ASD and epilepsy is associated with a diverse array of symptoms that complicate
pharmacological care. Experts often recommend initiating treatment by focusing on the
management of ASD-related symptoms, utilizing medications designed to mitigate or
alleviate these manifestations. Commonly prescribed medications include antipsychotics
and antidepressants, such as risperidone, aripiprazole, or SSRIs, which modulating
neurotransmitter systems such as dopamine and serotonin systems and stabilize neuronal
excitability, reducing the likelihood of seizure activity. The selection of antiepileptic drugs
(AEDs) is influenced by factors such as the type of seizure, the patient’s age, and any
associated comorbidities, such as epileptic patients without ASD. In instances where
individuals with ASD are not experiencing seizures, the focus of pharmacological
interventions shifts to managing behavioral, emotional, or cognitive challenges such as
anxiety, hyperactivity, aggression, and sleep disturbances. It is common for psychiatric
medications to be used in conjunction with other drug classes, such as anxiolytics,
antipsychotics, and antidepressants, to address both the psychiatric and epileptic
symptoms, particularly in cases of severe epilepsy. A notable challenge in this therapeutic
landscape is the potential for significant drug interactions among the various medications
employed. Antipsychotic medications can exhibit important interactions with
anticonvulsants and mood stabilizers. Carbamazepine, phenytoin, and phenobarbital, for
example, are inducers of the cytochrome P450, so they can decrease the plasma
concentrations of certain psychiatric medications such as antidepressants like tricyclics,
SSRIs, and antipsychotics, potentially leading to reduced efficacy of medication, while
valproate, on the other hand, is an inhibitor that can increase the plasma levels of
psychiatric medications, raising the risk of side effects and toxicity. Some AEDs can alter
the protein binding of psychiatric medications, affecting their free (active) concentrations.
Valproate, for example, can displace other drugs from protein binding sites, increasing
their free concentrations, which may enhance efficacy or toxicity (lamotrigine). Phenytoin
is highly protein-bound and can interact with other highly protein-bound drugs, leading
to increased free drug levels of psychiatric medications. AEDs and many psychiatric
medications can cause CNS depression, leading to additive effects. Benzodiazepines and
antipsychotics, when combined with AEDs, can increase sedation, respiratory depression,
and cognitive impairment. SSRIs may increase the level of valproate, and tricyclic
antidepressants (TCAs) can be significantly affected by inducers like carbamazepine,
necessitating dosage adjustments. Concomitant use of clozapine with carbamazepine can
lead to decreased clozapine levels, necessitating monitoring and possible dose
adjustments. Valproate could increase level of olanzapine, leading to heightened risk of
side effects [180,273-286]. Understanding the implications of these combinations is
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crucial, as serious adverse reactions may arise. Moreover, the effectiveness of combination
therapy has been corroborated in open-label studies involving patients with both ASD
and epilepsy who exhibit partial responses. These studies support combinations such as
olanzapine with lithium, valproate, or carbamazepine; risperidone with lithium or
valproate; and quetiapine with lithium or valproate. However, the simultaneous use of
these medications must be approached with caution due to the risk of toxic symptoms at
elevated doses. Additionally, acute manic episodes, extrapyramidal symptoms,
physiological disturbances, or potential neurological damage could occur, affecting the
brain’s structure in areas where the epilepsy focus is located [62,80,287-300].

Medical treatments for ASD and epilepsy primarily aim to manage the core
symptoms of both conditions while also addressing co-occurring physical issues such as
sleep disturbances, gastrointestinal problems, and sensory sensitivities. Significant
challenges remain in understanding the comorbidity between ASD and epilepsy and in
exploring the relationship between seizures and the central social symptoms associated
with ASD. Although there is a notable prevalence of epilepsy among individuals with
ASD, the precise ways in which seizures may influence social functioning in ASD are still
an area of active research. Further challenges to the treatment also include the
symptomatic variability of both epileptic and spectrum disorder syndromes. While some
children experience recurrent seizures, others may have only a single episode in their
lifetime. This inconsistency not only adds complexity to studying the relationship
between seizures and ASD but also poses challenges in identifying predictive patterns
and developing personalized treatment strategies [297].

4. Conclusions

In conclusion, the intricate relationship between ASD and epilepsy underscores the
necessity for a comprehensive approach to treatment that addresses both conditions
simultaneously. As research continues to evolve, it becomes increasingly clear that
tailored interventions that consider the unique needs of individuals with co-occurring
ASD and epilepsy can significantly enhance quality of life. Multidisciplinary strategies,
including pharmacological management, which requires careful consideration of the
complex interplay between medications, individual patient needs, and the potential for
adverse interactions; behavioral therapies; and supportive services are crucial in
optimizing outcomes for patients. Furthermore, ongoing education and training for
healthcare providers are essential to ensure that they are equipped to recognize and
manage the complexities of these intertwined disorders. By fostering a collaborative
environment among caregivers, clinicians, and researchers, we can pave the way for
innovative treatment modalities that not only mitigate symptoms but also promote overall
well-being for individuals navigating the challenges of both autism and epilepsy. The
journey ahead is promising, but it requires a steadfast commitment to improving
understanding and support for this vulnerable population.
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a-CGH array comparative genomic hybridization
ASD autism spectrum disorder

MRI magnetic resonance imaging

MDT multi-disciplinary team

EEG electroencephalogram

ADOS Autism Diagnostic Observation Schedule

ADI-R Autism Diagnostic Interview-Revised (ADI-R)
DSM 5TR  Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, Text Revision

MSEL Mullen Scales of Early Learning (MSEL)

CDI MacArthur-Bates Communicative Developmental Inventory
WHO World Health Organization

CDC Centers for Disease Control and Prevention (CDC)

mTOR mammalian target of rapamycin

MECP2 methyl-CpG-binding protein 2

CNS central nervous system (CNS)

GI gastrointestinal tract

SITBS self-injurious thoughts and behaviors

C-SSRS Columbia-Suicide Severity Rating Scale
ADHD attention-deficit/hyperactivity disorder

IDD intellectual developmental disorder
1Q intelligence quotient
PI3K phosphoinositide 3-kinases

NRXN neurexins
NLGN neuroligin

OCD obsessive-compulsive disorder

FXS Fragile X syndrome

DS Down syndrome

NF1 neurofibromatosis type I

TSC tuberous sclerosis complex

CPK creatine phosphokinase

ED emergency department

SIB self-injurious behavior

NaSSA noradrenergic and specific serotonergic antidepressants
SSRIs selective serotonin reuptake inhibitors

ILAE International League Against Epilepsy (ILAE)

GGE genetic generalized epilepsy

FE focal epilepsy (FE)

FMTLE mesial temporal lobe epilepsy

ADLTE autosomal dominant lateral temporal epilepsy
ADNFLE  autosomal dominant nocturnal frontal lobe epilepsy
HS hippocampal sclerosis

ES febrile seizures

LGl leucine-rich glioma-inactivated 1 (LGI1)

nAChR neuronal nicotinic acetylcholine receptor
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LMICs
HIV

BBB
GABA
NMDA-R
AMPA
mGLuR5
GAD65
ANNA-1
IL-1IR/TLR
PAMP
DAMPs
COX2

middle-income countries

human immunodeficiency virus

Blood-brain barrier

gamma-aminobutyric acid, y-aminobutyric acid
N-methyl-D-aspartate receptor
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
metabotropic glutamate receptor 5 (mGluR5),
glutamic acid decarboxylase 65 (GAD65),
antineuronal nuclear antibody type 1 (ANNA-1),
IL-1 receptor/toll-like receptor
pathogen-associated molecular patterns
damage-associated molecular patterns
cyclooxygenase-2

TGF-f/Smadtransforming growth factor-3/small mothers against decapentaplegic

HMGB1
SUDEP
SCN1A
GABA
CT
SPECT
SIADH
CBZ
CRMP2
SV2A
AED
RTT
UBE3A
ACC
SHANKk3
ARX
FOXP2
SCN1A
SCN2A
SCNSA
KCNB1
CACNA1A
SHANK3
CDKL5
STXBP1
NRXN1
PCDHI19
CASK
SYNGAP1
YWHAG
PACS2
ACTL6B
MEF2C
FOXG1
VAP
TCAs
EKG

KS
ADEM

high-mobility group box-1 (HMGB1)

sudden death in wpilepsy

sodium voltage-gated channel alpha subunit 1
4-aminobutanoic acid

computed tomography

single-photon emission computed tomography
syndrome of inappropriate secretion of antidiuretic hormone
carbamazepine

collapsing response mediator protein 2

synaptic vesicle glycoprotein 2A

antiepileptic drugs

Rett syndrome

ubiquitin-protein ligase E3A (UBE3A,

agenesis of the corpus callosum

multiple ankyrin repeat domains 3

aristaless-related homeobox

forkhead box P2

sodium voltage-gated channel alpha aubunit 1
sodium voltage-gated channel alpha subunit 2
sodium voltage-gated channel alpha subunit 8
potassium voltage-gated channel subfamily B member 1
calcium voltage-gated channel subunit alphal A
SH3 and multiple ankyrin repeat domains 3
cyclin-dependent kinase-like 5

syntaxin binding protein 1

neurexin 1

protocadherin 19

calcium/calmodulin-dependent serine protein kinase
synaptic Ras GTPase activating protein 1

tyrosine 3-monooxygenase/ tryptophan 5-monooxygenase activation protein gamma
hosphofurin acidic cluster sorting protein 2

actin like 6B

myocyte enhancer factor 2C

forkhead box G1

valproic acid

tricyclic antidepressants (TCAs)

electrocardiogram

Klinefelter syndrome

acute disseminated encephalomyelitis



J. Clin. Med. 2025, 14, 2431 37 of 49

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Mughal, S.; Faizy, R.M.; Saadabadi, A. Autism Spectrum Disorder. In StatPearls [Internet]; StatPearls Publishing: Treasure Island,
FL, USA, 2025. Available online: https://www.ncbi.nlm.nih.gov/books/NBK525976/ (accessed on 19 July 2022).

Global Burden of Disease Study 2021 Autism Spectrum Collaborators. The global epidemiology and health burden of the autism
spectrum: Findings from the Global Burden of Disease Study 2021. Lancet Psychiatry 2024, epub ahead of print.
https://doi.org/10.1016/52215-0366(24)00363-8. PMID: 39709974.

Dauchez, T.; Camelot, G.; Levy, C.; Rajerison, T.; Briot, K.; Pizano, A.; Geoffray, M.M.; Landrieu, L.; Bouvard, M.; Amestoy, A.
Diagnostic Process for Autism Spectrum Disorder: A Meta-Analysis of Worldwide Clinical Practice Guidelines for the Initial
Somatic Assessment. Children 2022, 9, 1886. https://doi.org/10.3390/children9121886. PMID: 36553329; PMCID: PMC9777418.
American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric
Association: Washington, DC, USA, 2022.

Micai, M.; Fatta, L.M.; Gila, L.; Caruso, A.; Salvitti, T.; Fulceri, F.; Ciaramella, A.; D’Amico, R.; Del Giovane, C.; Bertelli, M.; et
al. Prevalence of co-occurring conditions in children and adults with autism spectrum disorder: A systematicreview and meta-
analysis. Neurosci. Biobehav. Rev. 2023, 155, 105436; ISSN 0149-7634.

Belteki, Z.; Ward, E.K,; Begum-Ali, J.; van den Boomen, C.; Bélte, S.; Buitelaar, J.; Charman, T.; Demurie, E.; Falck-Ytter, T.;
Hunnius, S.; et al. A Concurrent Validity Study of the Mullen Scales of Early Learning (MSEL) and the MacArthur-Bates
Communicative Developmental Inventory (CDI) in Infants with an Elevated Likelihood or Diagnosis of Autism. J. Autism Dev.
Disord. 2025, epub ahead of print. https://doi.org/10.1007/s10803-024-06652-4. PMID: 39821722.

Silva, S.H.; Felippin, M.R.; de Oliveira Medeiros, L.; Hedin-Pereira, C.; Nogueira-Campos, A.A. A scoping review of the motor
impairments in autism spectrum disorder. NeurosciBiobehav. Rev. 2025, 169, 106002.
https://doi.org/10.1016/j.neubiorev.2025.106002. PMID: 39756718.

Yurumez, E.; Temelturk, R.D.; Kaymak, B.; Karabiyikoglu, Y.0,; Zengin, N.D. Catatonia in autism spectrum disorders:
Prevalence, functional impact, and diagnostic insights. Psychiatry Res. 2024, 342, 116250.
https://doi.org/10.1016/j.psychres.2024.116250. PMID: 39488943

Hodges, H.; Fealko, C.; Soares, N. Autism spectrum disorder: Definition, epidemiology, causes, and clinical evaluation. Transl.
Pediatr 2020, 9 (Suppl. S1), S55-S65. https://doi.org/10.21037/tp.2019.09.09. PMID: 32206584; PMCID: PMC7082249.

Demily, C.; Poisson, A.; Peyroux, E.; Gatellier, V.; Nicolas, A.; Rigard, C.; Schluth-Bolard, C.; Sanlaville, D.; Rossi, M. Autism
spectrum disorder associated with 49, XYYYY: Case report and review of the literature. BMC Med. Genet. 2017, 18, 9.
https://doi.org/10.1186/s12881-017-0371-1. PMID: 28137251; PMCID: PM(C5282903.

Tartaglia, N.R.; Wilson, R.; Miller, ].S.; Rafalko, J.; Cordeiro, L.; Davis, S.; Hessl, D.; Ross, J. Autism Spectrum Disorder in Males
with Sex Chromosome Aneuploidy: XXY/Klinefelter Syndrome, XYY, and XXYY. J. Dev. Behav. Pediatr. 2017, 38, 197-207.
https://doi.org/10.1097/DBP.0000000000000429. PMID: 28333849; PMCID: PMC5423728.

Volkmar, F.; Siegel, M.; Woodbury-Smith, M.; King, B.; McCracken, J.; State, M.; American Academy of Child and Adolescent
Psychiatry (AACAP); Committee on Quality Issues (CQI). Practice Parameter for the Assessment and Treatment of Children
and Adolescents With Autism Spectrum Disorder. J. Am. Acad. Child Adolesc. Psychiatry 2014, 53, 237-257.

Sztainberg, Y.; Zoghbi, H.Y. Lessons learned from studying syndromic autism spectrum disorders. Nat. Neurosci. 2016, 19, 1408—
1417. https://doi.org/10.1038/nn.4420. PMID: 27786181.

Spinazzi, N.A.; Santoro, ].D.; Pawlowski, K.; Anzueto, G.; Howe, Y.J.; Patel, L.R.; Baumer, N.T. Co-occurring conditions in
children with Down syndrome and autism: A retrospective study. J. Neurodev. Disord. 2023, 15, 9. https://doi.org/10.1186/s11689-
023-09478-w. PMID: 36864370; PMCID: PMC9979529.

Chris, P.J.; Myers, SM.; The Council on Children with Disabilities. Identification and Evaluation of Children with Autism
Spectrum Disorders. Pediatr. Novemb. 2007, 120, 1183-1215. https://doi.org/10.1542/peds.2007-2361.

Durkin, M.S.; Maenner, M.J.; Newschaffer, C.J.; Lee, L.C.; Cunniff, C.M.; Daniels, J.L.; Kirby, R.S.; Leavitt, L.; Miller, L.;
Zahorodny, W; et al. Advanced parental age and the risk of autism spectrum disorder. Am. J. Epidemiol. 2008, 168, 1268-1276.
https://doi.org/10.1093/aje/kwn250. PMID: 18945690; PMCID: PMC2638544.

Wang, C,; Geng, H.; Liu, W.; Zhang, G. Prenatal, perinatal, and postnatal factors associated with autism: A meta-analysis.
Medicine 2017, 96, €6696. https://doi.org/10.1097/MD.0000000000006696. PMID: 28471964; PMCID: PMC5419910.

Sauer, A.K,; Stanton, J.; Hans, S.; Grabrucker, A. Autism Spectrum Disorders: Etiology and Pathology. In Autism Spectrum
Disorders [Internet]; Grabrucker, A.M., Ed.; Exon Publications: Brisbane, AU, USA, 2021. Chapter 1. Available online:
https://www.ncbi.nlm.nih.gov/books/NBK573613/ (accessed on 20 January 2025).



J. Clin. Med. 2025, 14, 2431 38 of 49

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

Kim, Y.S.; Leventhal, B.L. Genetic epidemiology and insights into interactive genetic and environmental effects in autism
spectrum disorders. Biol. Psychiatry 2015, 77, 66-74. https://doi.org/10.1016/j.biopsych.2014.11.001. PMID: 25483344; PMCID:
PMC4260177.

Skefos, J.; Cummings, C.; Enzer KHoliday, J.; Weed, K.; Levy, E.; Yuce, T.; Kemper, T.; Bauman, M. Regional alterations in
Purkinje cell density in patients with autism. PLoS ONE 2014, 9, e81255. https://doi.org/10.1371/journal.pone.0081255.
Stoodley, C.J.; D’'Mello, A.M.; Ellegood, J.; Jakkamsetti, V.; Liu, P.; Nebel, M.B.; Gibson, ].M.; Kelly, E.; Meng, F.; Cano, C.A.; et
al. Altered cerebellar connectivity in autism and cerebellar-mediated rescue of autism-related behaviors in mice. Nat. Neurosci.
2017, 20, 1744-1751. https://doi.org/10.1038/s41593-017-0004-1.

De Rubeis, S.; He, X.; Goldberg, A.P.; Poultney, C.S.; Samocha, K.; Cicek, A.E.; Kou, Y.; Liu, L.; Fromer, M.; Walker, S.; et al.
Synaptic, transcriptional ~and chromatin genes disrupted in autism. Nature 2014, 515,  209-215.
https://doi.org/10.1038/nature13772.

Shen, M.D.; Kim, S.H.; McKinstry, R.C.; Gu, H.; Hazlett, H.C.; Nordahl, CW.; Emerson, R.W.; Shaw, D.; Elison, ].T.; Swanson,
M.R;; et al. Increased Extra-axial Cerebrospinal Fluid in High-Risk Infants Who Later Develop Autism. Biol. Psychiatry 2017, 82,
186-193. https://doi.org/10.1016/j.biopsych.2017.02.1095.

Hazlett, H.C.; Gu, H.; Munsell, B.C.; Kim, S.H.; Styner, M.; Wolff, ].].; Elison, J.T.; Swanson, M.R.; Zhu, H.; Botteron, K.N; et al.
Early brain development in infants at high risk for autism spectrum disorder. Nature 2017, 542, 348-351.
https://doi.org/10.1038/nature21369.

Schwartzman, ].M.; Rubin, A.; Fox, K.R.; Hedley, D.; Bettis, A.H. Type, content, and triggers for self-injurious thoughts and
behaviors in autistic youth and their disclosure to caregivers. Autism 2024, epub ahead of print.
https://doi.org/10.1177/13623613241308327. PMID: 39723692.

Laurence Forsyth, Marc McSorley, Ewelina Rydzewska,All-cause and cause-specific mortality in people with autism spectrum
disorder: A  systematic review. Res. Autism  Spectr. Disord. 2023, 105, 102165. ISSN  1750-9467.
https://doi.org/10.1016/j.rasd.2023.102165.

Al-Ayadhi, LY.; Elamin, N.E.; Madani, A.; Al-Ghamdi, F.; Al-Ghamdi, H.A.; Halepoto, D.M. Examining the Prevalence,
Characteristics, and Potential Links Between Skin Disorders and Autism Spectrum Disorder (ASD). ]. Clin. Med. 2025, 14, 469.
https://doi.org/10.3390/jcm14020469. PMID: 39860475; PMCID: PMC11765873.

Lyall, K.; Van de Water, J.; Ashwood, P.; Hertz-Picciotto, I. Asthma and Allergies in Children With Autism Spectrum Disorders:
Results From the CHARGE Study. Autism Res. 2015, 8, 567-574. https://doi.org/10.1002/aur.1471. PMID: 25722050; PMCID:
PMC6900397.

Jyonouchi, H. Food allergy and autism spectrum disorders: Is there a link? Curr. Allergy Asthma Rep. 2009, 9, 194-201.
https://doi.org/10.1007/s11882-009-0029-y.

Jameson, C.; Boulton, K.A; Silove, N.; Guastella, A.]. Eczema and related atopic diseases are associated with increased symptom
severity in children with autism spectrum disorder. Transl. Psychiatry 2022, 12, 415. https://doi.org/10.1038/s41398-022-02185-5.
PMID: 36171195; PMCID: PM(C9519885.

Isaksen, J.; Bryn, V.; Diseth, T.H.; Heiberg, A.; Schjelberg, S.; Skjeldal, O.H. Children with autism spectrum disorders—The
importance of medical investigations. Eur. J. Paediatr. Neurol. 2013, 17, 68-76. https://doi.org/10.1016/j.ejpn.2012.08.004.
Al-Beltagi, M. Autism medical comorbidities. World ]. Clin. Pediatr. 2021, 10, 15-28. https://doi.org/10.5409/wjcp.v10.i3.15. PMID:
33972922; PMCID: PMC8085719.

Pacheva, I.; Ivanov, I; Yordanova, R.; Gaberova, K.; Galabova, F.; Panova, M.; Petkova, A.; Timova, E.; Sotkova, I. Epilepsy in
Children with Autistic Spectrum Disorder. Children 2019, 6, 15.

Lamb, G.V.; Green, R.J.; Olorunju, S. Tracking epilepsy and autism. Egypt. ]. Neurol. Psychiatry Neurosurg. 2019, 55, 55.
Saemundsen, E.; Ludvigsson, P.; Rafnsson, V. Autism spectrum disorders in children with a history of infantile spasms: A
population-based study. J. Child. Neurol. 2007, 22, 1102-1107. https://doi.org/10.1177/0883073807306251.

Lee, B.H.; Smith, T.; Paciorkowski, A.R. Autism spectrum disorder and epilepsy: Disorders with a shared biology. Epilepsy
Behav. 2015, 47, 191-201. https://doi.org/10.1016/j.yebeh.2015.03.017.

Talos, D.M.; Sun, H.; Zhou, X; Fitzgerald, E.C.; Jackson, M.C.; Klein, P.M.; Lan, V.J.; Joseph, A.; Jensen, F.E. The interaction
between early life epilepsy and autistic-like behavioral consequences: A role for the mammalian target of rapamycin (mTOR)
pathway. PLoS ONE 2012, 7, 35885. https://doi.org/10.1371/journal.pone.0035885.

Amiet, C.; Gourfinkel-An, I; Bouzamondo, A.; Tordjman, S.; Baulac, M.; Lechat, P.; Mottron, L.; Cohen, D. Epilepsy in autism
is associated with intellectual disability and gender: Evidence from a meta-analysis. Biol. Psychiatry 2008, 64, 577-582.
https://doi.org/10.1016/j.biopsych.2008.04.030.



J. Clin. Med. 2025, 14, 2431 39 of 49

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Devnani, P.A.; Hegde, A.U. Autism and sleep disorders. J. Pediatr. Neurosci. 2015, 10, 304-307. https://doi.org/10.4103/1817-
1745.174438.

Souders, M.C.; Mason, T.B.; Valladares, O.; Bucan, M.; Levy, S.E.; Mandell, D.S.; Weaver, T.E.; Pinto-Martin, J. Sleep behaviors
and sleep quality in children with autism spectrum disorders. Sleep 2009, 32, 1566-1578. https://doi.org/10.1093/sleep/32.12.1566.
Yang, X.L.; Liang, S.; Zou, M.Y.; Sun, C.H.; Han, P.P.; Jiang, X.T.; Xia, W.; Wu, L.J. Are gastrointestinal and sleep problems
associated with behavioral symptoms of autism spectrum disorder? Psychiatry Res. 2018, 259, 229-235.
https://doi.org/10.1016/j.psychres.2017.10.040.

Lukowski, M.; Wasilewska, J.; Lebensztejn, D. Sleep and gastrointestinal disturbances in autism spectrum disorder in children.
Dev. Period. Med. 2015, 19, 157-161.

Xu, G,; Snetselaar, L.G.; Jing, ].; Liu, B.; Strathearn, L.; Bao, W. Association of Food Allergy and Other Allergic Conditions with
Autism Spectrum Disorder in Children. JAMA Netw. Open 2018, 1, e180279. https://doi.org/10.1001/jamanetworkopen.2018.0279.
Bresnahan, M.; Hornig, M.; Schultz, A.F.; Gunnes, N.; Hirtz, D.; Lie, K.K.; Magnus, P.; Reichborn-Kjennerud, T.; Roth, C.;
Schjelberg, S.; et al. Association of maternal report of infant and toddler gastrointestinal symptoms with autism: Evidence from
a prospective birth cohort. JAMA Psychiatry 2015, 72, 466—474. https://doi.org/10.1001/jamapsychiatry.2014.3034.

Fulceri, F.; Morelli, M.; Santocchi, E.; Cena, H.; Del Bianco, T.; Narzisi, A.; Calderoni, S.; Muratori, F. Gastrointestinal symptoms
and behavioral problems in preschoolers with Autism Spectrum Disorder. Dig. Liver Dis. 2016, 48, 248-254.
https://doi.org/10.1016/j.d1d.2015.11.026.

Wasilewska, J.; Klukowski, M. Gastrointestinal symptoms and autism spectrum disorder: Links and risks—A possible new
overlap syndrome. Pediatr. Health Med. Ther. 2015, 6, 153-166. https://doi.org/10.2147/PHMT.S85717.

Cheng, N.; Rho, ].M.; Masino, S.A. Metabolic Dysfunction Underlying Autism Spectrum Disorder and Potential Treatment
Approaches. Front. Mol. Neurosci. 2017, 10, 34. https://doi.org/10.3389/fnmol.2017.00034.

Yektas, C.; Alpay, M.; Tufan, A.E. Comparison of serum B12, folate and homocysteine concentrations in children with autism
spectrum disorder or attention deficit hyperactivity disorder and healthy controls. Neuropsychiatr. Dis. Treat. 2019, 15, 2213
2219. https://doi.org/10.2147/NDT.5212361.

Rossignol, D.A.; Frye, R.E. Mitochondrial dysfunction in autism spectrum disorders: A systematic review and meta-analysis.
Mol. Psychiatry 2012, 17, 290-314. https://doi.org/10.1038/mp.2010.136.

Gladysz, D.; Krzywdzinska, A.; Hozyasz, K.K. Inmune Abnormalities in Autism Spectrum Disorder-Could They Hold Promise
for Causative Treatment? Mol. Neurobiol. 2018, 55, 6387-6435. https://doi.org/10.1007/s12035-017-0822-x.

Meltzer, A.; Van de Water, J. The Role of the Immune System in Autism Spectrum Disorder. Neuropsychopharmacology 2017, 42,
284-298. https://doi.org/10.1038/npp.2016.158.

Iannuzzi, D.A.; Cheng, E.R.; Broder-Fingert, S.; Bauman, M.L. Brief report: Emergency department utilization by individuals
with autism. J. Autism Dev. Disord. 2015, 45, 1096-1102. https://doi.org/10.1007/s10803-014-2251-2.

Nicholas, D.B.; Muskat, B.; Zwaigenbaum, L.; Greenblatt, A.; Ratnapalan, S.; Kilmer, C.; Craig, W.; Roberts, W.; Cohen-Silver,
J.; Newton, A.; et al. Patient- and Family-Centered Care in the Emergency Department for Children with Autism. Pediatrics
2020, 145, S93-598. https://doi.org/10.1542/peds.2019-1895L.

Samet, D.; Luterman, S. See-Hear-Feel-Speak: A Protocol for Improving Outcomes in Emergency Department Interactions With
Patients With Autism Spectrum Disorder. Pediatr. Emerg. Care 2019, 35, 157-159. https://doi.org/10.1097/PEC.0000000000001734.
Wood, E.B.; Halverson, A.; Harrison, G.; Rosenkranz, A. Creating a Sensory-Friendly Pediatric Emergency Department. |.
Emerg. Nurs. 2019, 45, 415-424. https://doi.org/10.1016/j.jen.2018.12.002.

Davico, C.; Marcotulli, D.; Cudia, V. Emotional dysregulation and adaptive functioning in preschoolers with Autism Spectrum
Disorder or other neurodevelopmental disorders. Front. Psychiatry 2022, 13, 846146.

Beck, K.; Conner, C.; Breitenfeldt, K. Assessment and Treatment of Emotion Regulation Impairment in Autism Spectrum
Disorder Across the Life Span: Current State of the Science and Future Directions. Child. Adolesc. Psychiatr. Clin. N. Am. 2020,
29, 527-542.

Kanne, S.; Mazurek, M. Aggression in children and adolescents with ASD: Prevalence and risk factors. J. Autism Dev. Disord.
2011, 41, 926-937.

Fung, L.; Mahajan, R.; Nozzolillo, A. Pharmacologic treatment of severe irritability and problem behaviors in autism: A
systematic review and meta analysis. Pediatrics 2016, 137, 5124-5135.

Fallah, M.; Shaikh, M.; Neupane, B. Atypical antipsychotics for irritability in pediatric autism: A systematic review and network
metaanalysis. J. Child. Adolesc. Psychopharmacol. 2019, 29, 168-180.



. Clin. Med. 2025, 14, 2431 40 of 49
J

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Banas, K.; Sawchuk, B. Clonidine as a Treatment of Behavioural Disturbances in Autism Spectrum Disorder: A systematic
literature review. J. Can. Acad. Child. Adolesc. Psychiatry 2020, 29, 110-120.

Salazar de Pablo, G.; Pastor Jord, C.; Vaquerizo-Serrano, J. Systematic review and meta-analysis: Efficacy of pharmacological
interventions interventions for irritability and emotional dysregulation in autism spectrum disorder and predictors of response.
J. Am. Acad. Child. Adolesc. Psychiatry 2023, 62, 151-168.

DeVane, C.; Charles, J.; Abramson, R. Pharmacotherapy of autism spectrum disorder: Results from the randomized BAART
clinical trial. Pharmacotherapy 2019, 39, 626-635.

Hollander, E.; Wasserman, S.; Swanson, E. A double-blind placebo-controlled pilot study of olanzapine in childhood/adolescent
pervasive developmental disorder. J. Child. Adolesc. Psychopharmacol. 2006, 16, 541-548.

Frogley, C.; Taylor, D.; Dickens, G. A systematic review of the evidence of clozapine’s anti-aggressive effects. Int. ].
Neuropsychopharmacol. 2012, 15, 1351-1371.

Zuddas, A.; Ledda, M,; Fratta, A. Clinical effects of clozapine on autistic disorder. Am. J. Psychiatry 1996, 153, 738.

Beherec, L.; Lambrey, S.; Quilici, G. Retrospective review of clozapine in the treatment of patients with autism spectrum
disorder and severe disruptive behaviors. J. Clin. Psychopharmacol. 2011, 31, 341-344.

Adler, B.; Wink, L.; Early, M. Drug-refractory aggression, self-injurious behavior, and severe tantrums in autism spectrum
disorders: A chart review study. Autism 2015, 19, 102-106.

Barchel, D.; Stolar, O.; De-Haan, T. Oral cannabidiol use in children with autism spectrum disorder to treat related symptoms
and co-morbidities. Front. Pharmacol. 2019, 9, 1521.

Bar-Lev Schleider, L.; Mechoulam, R.; Saban, N. Real life experience of medical cannabis treatment in autism: Analysis of safety
and efcacy. Sci. Rep. 2019, 9, 200.

Hollander, E.; Chaplin, W.; Soorya, L. Divalproex sodium vs placebo for the treatment of irritability in children and adolescents
with autism spectrum disorders. Neuropsychopharmacology 2010, 35, 990-998.

Lee, T.-M.; Lee, K.-M.; Lee, C.-Y. Effectiveness of N-acetylcysteine in autism spectrum disorders: A meta-analysis of randomized
controlled trials. Aust. N. Z. ]. Psychiatry 2021, 55, 196-206.

Hollingdale, J.; Woodhouse, E.; Young, S. Autistic spectrum disorder symptoms in children and adolescents with attention-
deficit/hyperactivity disorder: A meta-analytical review. Psychol. Med. 2020, 50, 2240-2253.

Lamberti, M.; Siracusano, R.; Italiano, D. Head-to-head comparison of aripiprazole and risperidone in the treatment of ADHD
symptoms in children with Autistic Spectrum Disorder and ADHD: A pilot, open-label, randomized controlled study. Paediatr.
Drugs 2016, 18, 319-329.

Young, S, Hollingdale, J.; Absoud, M. Guidance for identification and treatment of individuals with attention
deficit/hyperactivity disorder and autism spectrum disorder based upon expert consensus. BMC Med. 2020, 18, 146.
Rodrigues, R.; Lai, M.; Beswick, A. Practitioner Review: Pharmacological treatment of attention-deficit/hyperactivity disorder
symptoms in children and youth with autism spectrum disorder: A systematic review and meta-analysis. ]. Child. Psychol.
Psychiatry 2021, 62, 680-700.

Ghanizadeh, A. Atomoxetine for treating ADHD symptoms in autism: A systematic review. ]. Atten. Disord. 2013, 17, 635-640.
Mahbobeh, E.; Paria, H.; Fatemeh, B. Assessment the efficacy of Atomoxetine in Autism Spectrum Disorders: A randomized,
double-blind, placebo-controlled trial. Ran . Psychiat Behav. Sci. 2018, 12, €10596.

Shea, S.; Turgay, A.; Carroll, A. Risperidone in the treatment of disruptive behavioral symptoms in children with autistic and
other pervasive developmental disorders. Pediatrics 2004, 114, e634—e641.

McCracken, J.; McGough, J.; Shah, B. Risperidone in children with autism and serious behavioral problems. N. Engl. ]. Med.
2002, 347, 314-321.

Troost, P.; Lahuis, B.; Steenhuis, M. Long-term effects of risperidone in children with autism spectrum disorders: A placebo
discontinuation study. ]. Am. Acad. Child. Adolesc. Psychiatry 2005, 44, 1137-1144.

Jaselskis, C.; Cook, E.; Fletcher, K. Clonidine treatment of hyperactive and impulsive children with autistic disorder. J. Clin.
Psychopharmacol. 1992, 12, 322-327.

Burd, L.; Li, Q.; Kerbeshian, J. Tourette syndrome and comorbid pervasive developmental disorders. J. Child. Neurol. 2009, 24,
170-175.

Canitano, R. Self injurious behavior in autism: Clinical aspects and treatment with risperidone. ]. Neural Transm. 2006, 113, 425-
431.

Gulisano, M.; Barone, R.; Mosa, M. Incidence of Autism Spectrum Disorder in Youths Affected by Gilles de la Tourette
Syndrome Based on Data from a Large Single Italian Clinical Cohort. Brain Sci. 2020, 10, 812.



. Clin. Med. 2025, 14, 2431 41 of 49
J

86.

87.

88.
89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.
107.

108.

109.

110.

Jesner, O.S.; Aref-Adib, M.; Coren, E. Risperidone for autism spectrum disorder. Cochrane Database Syst Rev. 2007, 2007,
CD005040. https://doi.org/10.1002/14651858.

Pandina, G.; Bossie, C.; Youssef, E. Risperidone improves behavioral symptoms in children with autism in a randomized,
double-blind, placebo-controlled trial. J. Autism Dev. Disord. 2007, 37, 367-373.

Hirsch, L.; Pringsheim, T. Aripiprazole for autism spectrum disorders (ASD). Cochrane Database Syst. Rev. 2016, 2016, CD009043.
Uljarevi¢, M.; Hedley, D.; Rose-Foley, K. Anxiety and Depression from Adolescence to Old Age in Autism Spectrum Disorder.
J. Autism Dev. Disord. 2020, 50, 3155-3165.

Van Steensel, F.; Bogels, S.; Perrin, S. Anxiety disorders in children and adolescents with autistic spectrum disorders: A meta-
analysis. Clin. Child. Fam. Psychol. Rev. 2011, 14, 302-317.

Wijnhoven, L.; Niels-Kessels, H.; Creemers, D. Prevalence of comorbid depressive symptoms and suicidal ideation in children
with autism spectrum disorder and elevated anxiety symptoms. J. Child. Adolesc. Ment. Health 2019, 31, 77-84.

Rodgers, J.; Riby, D.; Janes, E. Anxiety and repetitive behaviours in autism spectrum disorders and Williams syndrome: A cross-
syndrome comparison. J. Autism Dev. Disord. 2012, 42, 175-180.

Kent, R.; Simonoff, E. Prevalence of Anxiety in Autism Spectrum Disorders. In Anxiety in Children and Adolescents with
Autism Spectrum Disorder: Evidence-Based Assessment and Treatment; Elsevier: Amsterdam, The Netherlands, 2017; pp. 5-
32.

Deb, S.; Roy, M.; Lee, R. Randomised controlled trials of antidepressant and anti-anxiety medications for people with autism
spectrum disorder: Systematic review and meta-analysis. B/Psych Open 2021, 7, e179.

Persico, A.; Ricciardello, A.; Lamberti, M. The pediatric psychopharmacology of autism spectrum disorder: A systematic
review —Part I: The past and the present. Prog. Neuropsychopharmacol. Biol. Psychiatry 2021, 110, 110326.

McDougle, C.; Thom, R.; Ravichandran, C. A randomized double-blind, placebo-controlled pilot trial of mirtazapine for anxiety
in children and adolescents with autism spectrum disorder. Neuropsychopharmacology 2022, 47, 1263-1270.

Simonoff, E.; Mowlem, F.; Pearson, O. Citalopram Did Not Significantly Improve Anxiety in Children with Autism Spectrum
Disorder Undergoing Treatment for Core Symptoms: Secondary Analysis of a Trial to Reduce Repetitive Behaviors. J. Child.
Adolesc. Psychopharmacol. 2022, 32, 233-241.

King, B.; Hollander, E.; Sikich, L. STAART Psychopharmacology Network. Lack of efficacy of citalopram in children with autism
spectrum disorders and high levels of repetitive behavior: Citalopram ineffective in children with autism. Arch. Gen. Psychiatry
2009, 66, 583-590.

Buchsbaum, M.; Hollander, E.; Mehmet Haznedar, M. Effect of fluoxetine on regional cerebral metabolism in autistic spectrum
disorders: A pilot study. Int. |. Neuropsychopharmacol. 2001, 4, 119-125.

Potter, L.; Scholze, D.; Biag, H. A randomized controlled trial of sertraline in young children with autism spectrum disorder.
Front. Psychiatry 2019, 10, 810.

Steingard, R.; Zimnitzky, B.; Demaso, D. Sertraline Treatment of Transition-Associated Anxiety and Agitation in Children with
Autistic Disorder. J. Child. Adolesc. Psychopharmacol. 1997, 7, 9-15.

Ceranoglu, T.; Wozniak, ].; Fried, R. A Retrospective Chart Review of Buspirone for the Treatment of Anxiety in Psychiatrically
Referred Youth with High-Functioning Autism Spectrum Disorder. J. Child. Adolesc. Psychopharmacol. 2019, 29, 28-33.
Buitelaar, J.; Van der Gaag, R.; Van der Hoeven, J. Buspirone in the management of anxiety and irritability in children with
pervasive developmental disorders: Results of an open-label study. J. Clin. Psychiatry 1998, 59, 56-59.

Chugani, D.; Chugani, H.; Wiznitzer, M. Autism center of excellence network. Efficacy of low-dose buspirone for restricted and
repetitive behavior in young children with Autism Spectrum Disorder: A randomized trial. ]. Pediatr. 2016, 170, 45-53.el.
Hossain, M.; Khan, N.; Sultana, A. Prevalence of comorbid psychiatric disorders among people with autism spectrum disorder:
An umbrella review of systematic reviews and meta-analyses. Psychiatry Res. 2020, 287, 112922.

Cassidy, S.; Bradley, L.; Shaw, R. Risk markers for suicidality in autistic adults. Mol. Autism 2018, 9, 42.

Mazzone, L.; Postorino, V.; Peppo, L. Mood symptoms in children and adolescents with autism spectrum disorders. Res. Dev.
Disabil. 2013, 34, 3699-3708.

Magnuson, K.; Constantino, J. Characterization of depression in children with autism spectrum disorders. J. Dev. Behav. Pediatr.
2011, 32, 332-340.

Chandrasekhar, T.; Sikich, L. Challenges in the diagnosis and treatment of depression in autism spectrum disorders across the
lifespan. Dialogues Clin. Neurosci. 2015, 17, 219-227.

Schwartzman, J.; Williams, Z.; Corbett, B. Diagnostic- and sex-based differences in depression symptoms in autistic and
neurotypical early adolescents. Autism 2022, 26, 256-269.



J. Clin. Med. 2025, 14, 2431 42 of 49

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.
128.

129.

130.

131.

132.

133.

134.

135.

136.

Nasca, B.; Lopata, C.; Donnelly, J. Sex Differences in Externalizing and Internalizing Symptoms of Children with ASD. J. Autism
Dev. Disord. 2020, 50, 3245-3252.

Prosperi, M.; Turi, M.; Guerrera, S. Sex differences in autism spectrum disorder: An investigation on core symptoms and
psychiatric comorbidity in preschoolers. Front. Integr. Neurosci. 2021, 14, 594082.

Vitiello, B. Combined Cognitive-Behavioural Therapy and Pharmacotherapy for Adolescent Depression. CNS Drugs 2009, 23,
271-280.

Williams, K.; Brignell, A.; Randall, M. Selective serotonin reuptake inhibitors (SSRIs) for autism spectrum disorders (ASD).
Cochrane Database Syst. Rev. 2013, 8, CD004677.

Golubchik, P.; Rapaport, M.; Weizman, A. The effect of methylphenidate on anxiety and depression symptoms in patients with
Asperger syndrome and comorbid attention deficit/hyperactivity disorder. Int. Clin. Psychopharmacol. 2017, 32, 289-293.
Golubchik, P.; Sever, J.; Weizman, A. Reboxetine treatment for autistic spectrum disorder of pediatric patients with depressive
and inattentive/hyperactive symptoms: An open-label trial. Clin. Neuropharmacol. 2013, 36, 37—41.

Rausch, J.; Sirota, E.; Londino, D. Open-label risperidone for Asperger’s disorder: Negative symptom spectrum response. J. Clin.
Psychiatry 2005, 66, 1592.

Richdale, A.; Schreck, K. Sleep problems in autism spectrum disorders: Prevalence, nature, &amp; possible biopsychosocial
aetiologies. Sleep. Med. Rev. 2009, 13, 403—411.

Elrod, M.; Hood, B. Sleep differences among children with autism spectrum disorders and typically developing peers: A meta-
analysis. J. Dev. Behav. Pediatr. 2015, 36, 166-177.

Chen, H.; Yang, T.; Chen, J.; Chen, L. Sleep problems in children with autism spectrum disorder: A multicenter survey. BMC
Psychiatry 2021, 21, 406.

Favole, I.; Davico, C.; Marcotulli, D. Sleep disturbances and emotional dysregulation in young children with autism spectrum,
intellectual disability, or global developmental delay. Sleep. Med. 2023, 105, 45-52.

Gringras, P.; Nir, T.; Breddy, J. Efficacy and Safety of Pediatric Prolonged-Release Melatonin for Insomnia in Children With
Autism Spectrum Disorder. |. Am. Acad. Child. Adolesc. Psychiatry 2017, 56, 948-957.e4.

Maras, A.; Schroder, C.; Malow, B. Long-Term Efficacy and Safety of Pediatric Prolonged-Release Melatonin for Insomnia in
Children with Autism Spectrum Disorder. ]. Child. Adolesc. Psychopharmacol. 2018, 28, 699-710.

Yuge, K.; Nagamitsu, S.; Ishikawa, Y. Long-term melatonin treatment for the sleep problems and aberrant behaviors of children
with neurodevelopmental disorders. BMC Psychiatry 2020, 20, 445.

Leyfer, O.; Folstein, S.; Bacalman, S. Comorbid psychiatric disorders in children with autism: Interview development and rates
of disorders. J. Autism Dev. Disord. 2006, 36, 849-861.

King, B. Fluoxetine and repetitive behaviors in children and adolescents with autism spectrum disorder. JAMA 2019, 322, 1557-
1558.

Ne’eman, A.; Albrecht, K.; Kapp, S. Obsessive-Compulsive Behaviors in Autism. JAMA 2020, 323, 790.

Murray, K.; Jassi, A.; Mataix-Cols, D. Outcomes of cognitive behaviour therapy for obsessive-compulsive disorder in young
people with and without autism spectrum disorders: A case controlled study. Psychiatry Res. 2015, 228, 8-13.

Reddihough, D.; Marraffa, C.; Mouti, A. Effect of Fluoxetine on Obsessive-Compulsive Behaviors in Children and Adolescents
With Autism Spectrum Disorders: A Randomized Clinical Trial. JAMA 2019, 322, 1561-1569.

Gordon, C.; Rapoport, J.; Hamburger, S. Differential response of seven subjects with autistic disorder to clomipramine and
desipramine. Am. J. Psychiatry 1992, 149, 363-366.

Gordon, C.; State, R.; Nelson, J. A double-blind comparison of clomipramine, desipramine, and placebo in the treatment of
autistic disorder. Arch. Gen. Psychiatry 1993, 50, 441-447.

Herscu, P.; Handen, B.; Arnold, L. The SOFIA Study: Negative Multi-center Study of Low Dose Fluoxetine on Repetitive
Behaviors in Children and Adolescents with Autistic Disorder. ]. Autism Dev. Disord. 2020, 50, 3233-3244.

Martin, A.; Koenig, K.; Anderson, G. Low-dose Fluvoxamine treatment of children and adolescents with pervasive
developmental disorders: A prospective, open-label study. J. Autism Dev. Disord. 2003, 33, 77-85.

Sugie, Y.; Sugie, H.; Fukuda, T. Clinical efficacy of fluvoxamine and functional polymorphism in a serotonin transporter gene
on childhood autism. J. Autism Dev. Disord. 2005, 35, 377-385.

McDougle, C.; Brodkin, E.; Naylor, S. Sertraline in adults with pervasive developmental disorders: A prospective open-label
investigation. J. Clin. Psychopharmacol. 1998, 18, 62—66.

Wasserman, S.; Iyengar, R.; Chaplin, W. Levetiracetam versus placebo in childhood and adolescent autism: A double-blind
placebo-controlled study. Int. Clin. Psychopharmacol. 2006, 21, 363-367.



. Clin. Med. 2025, 14, 2431 43 of 49
J

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.
147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.
163.

Zheng, Z.; Zheng, P.; Zou, X. Association between schizophrenia and autism spectrum disorder: A systematic review and meta-
analysis: Schizophrenia and autism spectrum disorder. Autism Res. 2018, 11, 1110-1119.

Downs, J.; Lechler, S.; Dean, H. The Association Between Comorbid Autism Spectrum Disorders and Antipsychotic Treatment
Failure in Early-Onset Psychosis: A Historical Cohort Study Using Electronic Health Records. J. Clin. Psychiatry 2017, 78, e1233—
el1241.

Deb, S.; Roy, M.; Limbu, B. Pharmacological management of psychopathology in people with intellectual disabilities and/or
autism spectrum disorder. B/Psych Adv. 2022, 29, 322-333.

Iasevoli, F.; Barone, A.; Buonaguro, E. Safety and tolerability of antipsychotic agents in neurodevelopmental disorders: A
systematic review. Expert. Opin. Drug Saf. 2020, 19, 1419-1444.

Dunalska, A.; Rzeszutek, M.; Debowska, Z. Comorbidity of bipolar disorder and autism spectrum disorder—Review paper.
Psychiatr. Pol. 2021, 55, 1421-1431.

Mutluer, T.; Aslan Geng, H.; Ozcan Morey, A. Population-Based Psychiatric Comorbidity in Children and Adolescents With
Autism Spectrum Disorder: A Meta-Analysis. Front. Psychiatry 2022, 13, 856208.

Mintz, M.; Hollenberg, E. Revisiting Lithium: Utility for Behavioral Stabilization in Adolescents and Adults with Autism
Spectrum Disorder. Psychopharmacol. Bull. 2019, 49, 28-40.

Hollander, E.; Dolgoff-Kaspar, R.; Cartwright, C. An open trial of divalproex sodium in autism spectrum disorders. J. Clin.
Psychiatry 2001, 62, 530-534.

Davico, C.; Secci, I.; Vendrametto, V.; Vitiello, B. Pharmacological treatments in autism spectrum disorder: A narrative review.
J. Psychopathol. 2023, 29, 38-52.

Huff, J.S.; Murr, N.I. Seizure. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2025.

MSD Manuals, Professional Version. Available online: https://www.msdmanuals.com/professional/neurologic-
disorders/seizure-disorders/seizure-disorders#Classification_v39866697 (accessed on 20 January 2025).

Lapalme-Remis, S.; Cascino, G.D. Imaging for Adults With Seizures and Epilepsy. Continuum 2016, 22, 1451-1479.

Scheffer, L.E.; Berkovic, S.; Capovilla, G.; Connolly, M.B.; French, J.; Guilhoto, L.; Hirsch, E.; Jain, S.; Mathern, G.W.; Moshé, S.L.;
et al. ILAE classification of the epilepsies: Position paper of the ILAE Commission for Classification and Terminology. Epilepsia
2017, 58, 512-521.

Wang, J.; Lin, Z.-].; Liu, L.; Xu, H.-Q.; Shi, Y.-W.; Yi, Y.-H. Epilepsy-associated genes. Seizure 2017, 44, 11-20.

Helbig, I.; Mefford, H.C.; Sharp, A.]J.; Guipponi, M.; Fichera, M.; Franke, A. 15q13.3 microdeletions increase risk of idiopathic
generalized epilepsy. Nat. Genet. 2009, 41, 160-162.

de Kovel, C.G.F.; Trucks, H.; Helbig, I.; Mefford, H.C.; Baker, C.; Leu, C. Recurrent microdeletions at 15q11.2 and 16p13.11
predispose to idiopathic generalized epilepsies. Brain 2010, 133, 23-32.

Hedera, P.; Blair, M.A.; Andermann, E.; Andermann, F.; D'Agostino, D.; Taylor, K.A.; Chahine, L.; Pandolfo, M.; Bradford, Y.;
Haines, J.L.; et al. Familial mesial temporal lobe epilepsy maps to chromosome 4q13.2-q21.3. Neurology 2007, 68, 2107-2112.
Ottman, R.; Winawer, M.R.; Kalachikov, S.; Barker-Cummings, C.; Gilliam, T.C.; Pedley, T.A.; Hauser, W.A. LGI1 mutations in
autosomal dominant partial epilepsy with auditory features. Neurology 2004, 62, 1120-1126.

Kuryatov, A.; Gerzanich, V.; Nelson, M.; Olale, F.; Lindstrom, ]J. Mutation causing autosomal dominant nocturnal frontal lobe
epilepsy alters Ca2+ permeability, conductance, and gating of human a4{32 nicotinic acetylcholine receptors. . Neurosci. 1997,
17, 9035-9047.

Myers, C.T.; Mefford, H.C. Advancing epilepsy genetics in the genomic era. Genome Med. 2015, 7, 91.

Singh, N.A.; Charlier, C.; Stauffer, D.; Dupont, B.R.; Leach, R.J.; Melis, R.; Ronen, G.M.; Bjerre, I.; Quattlebaum, T.; Murphy, ].V.;
et al. A novel potassium channel gene, KCNQ2, is mutated in an inherited epilepsy of newborns. Nat. Genet. 1998, 18, 25-29.
Claes, L.; Del-Favero, J.; Ceulemans, B.; Lagae, L.; Van Broeckhoven, C.; De Jonghe, P. De novo mutations in the sodium-channel
gene SCN1A cause severe myoclonic epilepsy of infancy. Am. J. Hum. Genet. 2001, 68, 1327-1332.

Meng, H.; Xu, H.-Q.; Yu, L.; Lin, G.-W.; He, N.; Su, T. The SCN1A mutation database: Updating information and analysis of the
relationships among genotype, functional alteration, and phenotype. Hum. Mutat. 2015, 36, 573-580.

Musgaard, M.; Paramo, T.; Domicevica, L.; Andersen, O.].; Biggin, P.C. Insights into channel dysfunction from modelling and
molecular dynamics simulations. Neuropharmacology 2018, 132, 20-30.

Vezzani, A.; Fujinami, R.S.; White, H.S.; Preux, P.-M.; Bliimcke, I.; Sander, ].W.; Loscher, W. Infections, inflammation and
epilepsy. Acta Neuropathol. 2016, 131, 211-234.

Yu, J.Y.; Pearl, P.L. Metabolic causes of epileptic encephalopathy. Epilepsy Res. Treat. 2013, 2013, 124934.

Husari, K.S.; Dubey, D. Autoimmune epilepsy. Neurotherapeutics 2019, 16, 685-702.



J. Clin. Med. 2025, 14, 2431 44 of 49

164.
165.

166.

167.
168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.
193.

Toledano, M.; Pittock, S. Autoimmune epilepsy. Semin. Neurol. 2015, 35, 245-258.

Bien, C.G.; Vincent, A.; Barnett, M.H.; Becker, A.].; Bliimcke, I.; Graus, F.; Jellinger, K.A.; Reuss, D.E.; Ribalta, T.; Schlegel, ].; et
al. Immunopathology of autoantibody-associated encephalitides: Clues for pathogenesis. Brain 2012, 135, 1622-1638.

Vitaliti, G.; Pavone, P.; Marino, S.; Saporito, M.A.N.; Corsello, G.; Falsaperla, R. Molecular mechanism involved in the
pathogenesis of early-onset epileptic encephalopathy. Front. Mol. Neurosci. 2019, 12, 118.

Xu, D.; Miller, S.D.; Koh, S. Immune mechanisms in epileptogenesis. Front. Cell Neurosci. 2013, 7, 195.

Nelson, K.B.; Ellenberg, J.H. Prognosis in children with febrile seizures. Pediatrics 1928, 61, 720-727.
https://doi.org/10.1542/peds.61.5.720.

He, Z.; Li, Y.; Zhao, X,; Li B: Dravet syndrome: Advances in etiology, clinical presentation, and treatment. Epilepsy Res. 2022,
188, 10704. https://doi.org/10.1016/j.eplepsyres.2022.107041.

Trinka, E.; Cock, H.; Hesdorffer, D.; Rossetti, A.O.; Scheffer, I.E.; Shinnar, S.; Shorvon, S.; Lowenstein, D.H. A definition and
classification of status epilepticus--Report of the ILAE Task Force on Classification of Status Epilepticus. Epilepsia 2015, 56, 1515
1523. https://doi.org/10.1111/epi.13121.

Pathak, S.J.; Yousaf, M.LK.; Shah, V.B. Sudden Unexpected Death in Epilepsy. In StatPearls [Internet]; StatPearls Publishing:
Treasure Island, FL, USA, 2025; PMID: 32644530.

Beghi, E.; De Maria, G.; Gobbi, G.; Veneselli, E. Diagnosis and treatment of the first epileptic seizure: Guidelines of the Italian
League against Epilepsy. Epilepsia 2006, 47 (Suppl. S5), 2-8. https://doi.org/10.1111/j.1528-1167.2006.00869.x. PMID: 17239098.
St Louis, E.K.; Cascino, G.D. Diagnosis of Epilepsy and Related Episodic Disorders. Contin. Lifelong Learn. Neurol. 2016, 22, 15—
37. https://doi.org/10.1212/CON.0000000000000284. PMID: 26844728.

Gilliam, F.; Wyllie, E. Diagnostic testing of seizure disorders. Neurol. Clin. 1996, 14, 61-84. https://doi.org/10.1016/s0733-
8619(05)70243-7. PMID: 8676849.

Hampel, K.G.; Garces-Sanchez, M.; Gomez-Ibanez, A.; Palanca-Camara, M.; Villanueva, V. Diagnostic challenges in epilepsy.
Rev. Neurol. 2019, 68, 255-263.

Subbarao, B.S.; Silverman, A.; Eapen, B.C. Seizure Medications. In StatPearls [Internet]; StatPearls Publishing: Treasure Island,
FL, USA, 2025. Available online: https://www.ncbi.nlm.nih.gov/books/NBK482269/ (accessed on 10 July 2023).

de Toffol, B.; Trimble, M.; Hesdorffer, D.C.; Taylor, L.; Sachdev, P.; Clancy, M.; Adachi, N.; Bragatti, ].A.; Mula, M.; Kanemoto,
K. Pharmacotherapy in patients with epilepsy and psychosis. Epilepsy Behav. 2018, 88, 54—60.

Berk, M. The use of carbamazepine in the treatment of bipolar disorder: A systematic review. Bipolar Disord. 2017, 19, 337-347.
Mantoan, L. Carbamazepine: Pharmacological and clinical aspects. Clin. Drug Investig. 2018, 38, 559-570.

Kwan, P.; Brodie, M.J. Early identification of refractory epilepsy. N. Engl. ]. Med. 2000, 342, 314-319.

Glauser, T.; Shinnar, S.; Gloss, D.; Alldredge, B.; Arya, R.; Bainbridge, J.; Treiman, D.M. Evidence-based guideline: Treatment
of the child with newly diagnosed epilepsy. Neurology 2013, 81, 2030-2037.

Cohen, F. Carbamazepine: A review of its use in the treatment of epilepsy and other disorders. Ther. Clin. Risk Manag. 2018, 14,
735-747.

Patel, A.; Arora, S. Carbamazepine-induced Stevens-Johnson syndrome: A case report and review of the literature. J. Clin.
Pharm. Ther. 2020, 45, 284-287.

Shorvon, S.D.; Farmer, A. The efficacy of oxcarbazepine in the treatment of epilepsy. Epilepsia 2009, 50, 411-421.

Brodie, M.J.; Kwan, P. Current and future treatments of epilepsy. CNS Drugs 2004, 18, 401-410.

Barker, G.; Cooper, P. Oxcarbazepine. In Antiepileptic Drugs, 5th ed.; Alan, D.L., Ed.; Wiley-Blackwell: Hoboken, NJ, USA, 2012;
pp. 153-165.

Preuss, C.V.; Randhawa, G.; Wy, T.J.P. Oxcarbazepine. [Updated 2023 Aug 28]. In StatPearls [Internet]; StatPearls Publishing:
Treasure Island, FL, USA, 2025. Available online: https://www.ncbi.nlm.nih.gov/books/NBK482313 (accessed on 20 January
2025).

Tomson, T.; Battino, D. Phenytoin. In Antiepileptic Drugs; Wiley-Blackwell: Hoboken, NJ, USA, 2012; pp. 303-318.

Brodie, ML].; French, ]J. The role of phenytoin in the management of epilepsy. J. Neurol. Neurosurg. Psychiatry 2000, 68, 741-746.
McCormack, M. Phenytoin toxicity: A review. J. Med. Toxicol. 2015, 11, 292-298.

Bhatia, R.; Gupta, S. Phenytoin: A review of its pharmacokinetics. Indian. J. Pharmacol. 2016, 48, 135-139.

Lacosamide —FDA Label: U.S. Food and Drug Administration. FDA Lacosamide Information; FDA: Silver Spring, MA, USA, 2021.
Babar, R K; Bresnahan, R.; Gillespie, C.S.; Michael, B.D. Lacosamide add-on therapy for focal epilepsy. Cochrane Database Syst.
Rev. 2021, 5, CD008841.



. Clin. Med. 2025, 14, 2431 45 of 49
J

194.

195.

196.

197.

198.
199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.
213.

214.
215.

216.

217.

218.

Mohammadi, T.; Nasiri, J.; Ghazavi, M.R.; Yaghini, O.; Hoseini, N. Efficacy of Lacosamide Add-on Therapy on Refractory Focal
Epilepsies in Children and Adolescents: An Open-Label Clinical Trial. ]. Res. Pharm. Pract. 2023, 11, 109-115.
https://doi.org/10.4103/jrpp.jrpp_86_21.

Biton, V. Lacosamide for the treatment of partial-onset seizures. Expert. Rev. Neurother. 2012, 12, 645-655.
https://doi.org/10.1586/ern.12.50. PMID: 22650166.

Maschio, M.; Zarabla, A.; Maialetti, A.; Fabi, A.; Vidiri, A.; Villani, V.; Giannarelli, D. Quality of life, mood and seizure control
in patients with brain tumor related epilepsy treated with lacosamide as add-on therapy: A prospective explorative study with
a historical control group. Epilepsy Behav. 2017, 73, 83-89. https://doi.org/10.1016/j.yebeh.2017.05.031.

Lewis, C.B.; Patel, P.; Adams, N. Phenobarbital. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2025.
Available online: https://www.ncbi.nlm.nih.gov/books/NBK532277/ (accessed on 28 February 2024).

Trinka, E. Phenobarbital in Status epilepticus —Rediscovery of an effective drug. Epilepsy Behav. 2023, 141, 109104.
Methaneethorn, J.; Leelakanok, N. Pharmacokinetic variability of phenobarbital: A systematic review of population
pharmacokinetic analysis. Eur. J. Clin. Pharmacol. 2021, 77, 291-309. https://doi.org/10.1007/s00228-020-03011-x.

Fisher, R.S.; Boas WV, E.; Blume, W.; Elger, C.; Genton, P.; Lee, P.; Engel, ]., Jr. Epileptic Seizures and Epilepsy: Definitions
Proposed by the International League Against Epilepsy. Epilepsia 2005, 46, 470-472. https://doi.org/10.1111/j.0013-
9580.2005.66104.x.

Camposano, S.E.; Major, P.; Halpern, E.; Thiele, E.A. Vigabatrin in the treatment of childhood epilepsy: A retrospective chart
review of efficacy and safety profile. Epilepsia 2008, 49, 1186-1191. 10.1111/.1528-1167.2008.01589.x.

Faulkner, M.A; Tolman, J.A. Safety and efficacy of vigabatrin for the treatment of infantile spasms. . Cent. Nerv. Syst. Dis. 2011,
3, 199-207. https://doi.org/10.4137/JCNSD.S6371. PMID: 23861649; PMCID: PMC3663614.

Eadie, M.J; O'Brien, T.J. The Role of Vigabatrin in the Treatment of Epilepsy. CNS Drugs 2004, 18, 541-554.
https://doi.org/10.2165/00023210-200418080-00001.

Scharfman, H.E.; MacLusky, N.J. Vigabatrin: A Review of Its Efficacy and Safety in Epilepsy. Expert. Opin. Pharmacother. 2006,
7, 1267-1282. https://doi.org/10.1517/14656566.7.9.1267.

Silberstein, S.D. Topiramate in the preventive treatment of migraine. Headache ]. Head. Face Pain. 2004, 44 (Suppl. S1), 527-533.
Baldessarini, R.J.; Tondo, L. Valproate in the treatment of bipolar disorder. J. Clin. Psychiatry 2000, 61, 23-28.

Methaneethorn, J. A systematic review of population pharmacokinetics of valproic acid. Br. ]. Clin. Pharmacol. 2018, 84, 816-834.
https://doi.org/10.1111/bcp.13510. PMID: 29328514; PMCID: PMC5903263.

Rahman, M.; Awosika, A.O.; Nguyen, H. Valproic Acid. [Updated 2024 Mar 19]. In StatPearls [Internet]; StatPearls Publishing:
Treasure Island, FL, USA, 2025. Available online: https://www.ncbi.nlm.nih.gov/books/NBK559112/ (accessed on 20 January
2025).

Sills, G.J. Valproate: A pharmacological review. Neuropharmacology 2006, 50, 1293-1301.

Holt, ].K,; Schwartz, T.L. Valproic acid: A review of its utility in treating various psychiatric disorders. CNS Drugs 2019, 33, 445—
456.

Bialer, M.; Johannessen, S.I. Progress in the development of new antiepileptic drugs. Expert. Opin. Pharmacother. 2009, 10, 935—
947.

Shorvon, S.D. The Treatment of Epilepsy: A Practical Guide; Wiley-Blackwell: Hoboken, NJ, USA, 2009.

French, J.A.; Kanner, A.M.; Bautista, J.; Abou-Khalil, B.; Browne, T.; Harden, C.L.; Theodore, W.H.; Bazil, C.; Stern, J.; Schachter,
S.C.; et al. Efficacy and tolerability of the new antiepileptic drugs, I: Treatment of new-onset epilepsy: Report of the TTA and
QSS Subcommittees of the American Academy of Neurology and the American Epilepsy Society. Epilepsia 2004, 45, 401-409.
https://doi.org/10.1111/j.0013-9580.2004.06204.x. PMID: 15101821.

Zhang, Y.; Zhang, X. Levetiracetam: A review of its use in the management of epilepsy. Pharmaceuticals 2020, 13, 182.

Liu, X.; Sun, X; Sun, C.; Zou, M.; Chen, Y.; Huang, J.; Wu, L.; Chen, W.X. Prevalence of epilepsy in autism spectrum disorders:
A systematic review and meta-analysis. Autism 2022, 26, 33-50. https://doi.org/10.1177/13623613211045029. PMID: 34510916.
Hunt, A.; Dennis, J. Psychiatric disorder among children with tuberous sclerosis. Dev. Med. Child. Neurol. 1987, 29, 190-198.
https://doi.org/10.1111/j.1469-8749.1987.tb02135.x. PMID: 3582788.

Curatolo, P.; Cusmai, R. Autism and infantile spasms in children with tuberous sclerosis. Dev. Med. Child. Neurol. 1987, 29, 551.
https://doi.org/10.1111/j.1469-8749.1987.tb02520.x. PMID: 3678635.

de Vries, P.J.; Whittemore, V.H.; Leclezio, L.; Byars, AW.; Dunn, D.; Ess, K.C,; Hook, D.; King, B.H.; Sahin, M.; Jansen, A.
Tuberous sclerosis associated neuropsychiatric disorders (TAND) and the TAND Checklist. Pediatr. Neurol. 2015, 52, 25-35.
https://doi.org/10.1016/j.pediatrneurol.2014.10.004. PMID: 25532776; PMCID: PMC4427347.



. Clin. Med. 2025, 14, 2431 46 of 49
J

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.
235.

236.

237.

238.

239.
240.

Specchio, N.; Di Micco, V.; Trivisano, M.; Ferretti, A.; Curatolo, P. The epilepsy-autism spectrum disorder phenotype in the era
of molecular genetics and precision therapy. Epilepsia 2022, 63, 6-21. https://doi.org/10.1111/epi.17115. PMID: 34741464.
Specchio, N.; Pietrafusa, N.; Trivisano, M.; Moavero, R.; De Palma, L.; Ferretti, A.; Vigevano, F.; Curatolo, P. Autism and
Epilepsy in Patients With Tuberous Sclerosis Complex. Front. Neurol. 2020, 11, 639. https://doi.org/10.3389/fneur.2020.00639.
PMID: 32849171; PMCID: PMC7431762.

Raga, S.; Specchio, N.; Rheims, S.; Wilmshurst, ].M. Developmental and epileptic encephalopathies: Recognition and
approaches to care. Epileptic Disord. 2021, 23, 40-52. https://doi.org/10.1684/epd.2021.1244. PMID: 33632673.

Bebbington, A.; Anderson, A.; Ravine, D.; Fyfe, S.; Pineda, M.; de Klerk, N.; Ben-Zeev, B.; Yatawara, N.; Percy, A.; Kaufmann,
W.E,; et al. Investigating genotype-phenotype relationships in Rett syndrome using an international data set. Neurology 2008,
70, 868-875. https://doi.org/10.1212/01.wnl.0000304752.50773.ec. PMID: 18332345.

Neul, J.L.; Fang, P.; Barrish, ].; Lane, J.; Caeg, E.B.; Smith, E.O.; Zoghbi, H.; Percy, A.; Glaze, D.G. Specific mutations in methyl-
CpG-binding protein 2 confer different severity in Rett syndrome. Neurology 2008, 70, 1313-1321.
https://doi.org/10.1212/01.wnl.0000291011.54508.aa.

Villard, L.; Kpebe, A.; Cardoso, C.; Chelly, P.J.; Tardieu, P.M.; Fontes, M. Two affected boys in a Rett syndrome family: Clinical
and molecular findings. Neurology 2000, 55, 1188-1193.

Couvert, P.; Bienvenu, T.; Aquaviva, C.; Poirier, K.; Moraine, C.; Gendrot, C.; Verloes, A.; Andres, C.; Le Fevre, A.C.; Souville,
I, et al. MECP2 is highly mutated in X-linked mental retardation. Hum. Mol. Genet. 2001, 10, 941-946.
https://doi.org/10.1093/hmg/10.9.941.

Lindsay, S.; Splitt, M.; Edney, S.; Berney, T.P.; Knight, S.J.; Davies, K.E.; O'Brien, O.; Gale, M.; Burn, J. PPM-X: A new X-linked
mental retardation syndrome with psychosis, pyramidal signs, and macroorchidism maps to Xq28. Am. J. Hum. Genet. 1996, 58,
1120-1126. PMID: 8651288; PMCID: PMC1915053.

Venkateswaran, S.; McMillan, H.J.; Doja, A.; Humphreys, P. Adolescent onset cognitive regression and neuropsychiatric
symptoms associated with the A140V MECP2 mutation. Dev. Med. Child Neurol. 2014, 56, 91-94.
https://doi.org/10.1111/dmcn.12334. PMID: 24328834.

Simchi, L.; Panov, J.; Morsy, O.; Feuermann, Y.; Kaphzan, H. Novel Insights into the Role of UBE3A in Regulating Apoptosis
and Proliferation. J. Clin. Med. 2020, 9, 1573. https://doi.org/10.3390/jcm9051573. PMID: 32455880; PMCID: PMC7290732.
Rotaru, D.C.; Wallaard, I.; de Vries, M.; van der Bie, J.; Elgersma, Y. UBE3A expression during early postnatal brain
development is required for proper dorsomedial striatal maturation. JCI Insight 2023, 8, e166073.
https://doi.org/10.1172/jci.insight.166073. PMID: 36810252; PMCID: PMC9977510.

Gras, M.; Heide, S.; Keren, B.; Valence, S.; Garel, C.; Whalen, S.; Jansen, A.C.; Keymolen, K.; Stouffs, K.; Jennesson, M.; et al.
Further characterisation of ARX-related disorders in females due to inherited or de novo variants. . Med. Genet. 2024, 61, 103—
108. https://doi.org/10.1136/jmg-2023-109203. PMID: 37879892.

Fisher, S.E. Human Genetics: The Evolving Story of FOXP2. Curr. Biol. 2019, 29, R65-R67.
https://doi.org/10.1016/j.cub.2018.11.047. PMID: 30668952.

Morgan, A,; Fisher, S.E.; Scheffer, I.; Hildebrand, M. FOXP2-Related Speech and Language Disorder. 2016, 1993-2025. Available
online: https://europepmc.org/article/NBK/nbk368474 (accessed on 20 January 2025).

Guang, S.; Pang, N.; Deng, X.; Yang, L.; He, F.; Wu, L.; Chen, C,; Yin, F.; Peng, J. Synaptopathology Involved in Autism Spectrum
Disorder. Front. Cell Neurosci. 2018, 12, 470. https://doi.org/10.3389/fncel.2018.00470. PMID: 30627085; PMCID: PMC6309163.
Bourgeron, T. A synaptic trek to autism. Curr. Opin. Neurobiol. 2009, 19, 231-234.

Nelson, S.B.; Valakh, V. Excitatory/inhibitory balance and circuit homeostasis in autism spectrum disorders. Neuron 2015, 87,
684-698.

Shao, L.-R.; Habela, C.W.; Stafstrom, C.E. Pediatric epilepsy mechanisms: Expanding the paradigm of excitation/inhibition
imbalance. Children 2019, 6, 23.

Kang, J.-Q.; Barnes, G. A common susceptibility factor of both au-tism and epilepsy: Functional deficiency of GABAA receptors.
J. Autism Dev. Disord. 2013, 43, 68-79.

Stafstrom, C.E.; Benke, T.A. Autism and epilepsy: Exploring the relationship using experimental models. Epilepsy Curr. 2015,
15, 206-210.

Buckley, A.W.; Holmes, G.L. Epilepsy and autism. Cold Spring Harb. Perspect. Med. 2016, 6, a022749.

Keller, R;; Basta, R.; Salerno, L.; Elia, M. Autism, epilepsy, and synaptopathies: A not rare association. Neurol. Sci. 2017, 38, 1353~
1361.



J. Clin. Med. 2025, 14, 2431 47 of 49

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.
251.

252.

253.

254.

255.

256.

257.
258.

259.
260.

261.

262.

Rosenberg, E.C.; Lippman-Bell, ].].; Handy, M.; Soldan, S.S.; Rakhade, S.; Hilario-Gomez, C.; Folweiler, K.; Jacobs, L.; Jensen,
F.E. Regulation of seizureinduced MeCP2 Ser421 phosphorylation in the developing brain. Neurobiol. Dis. 2018, 116, 120-130.
Brooks-Kayal, A. Molecular mechanisms of cognitive and behavioral comorbidities of epilepsy in children. Epilepsia 2011, 52,
13-20.

Stefanski, A.; Calle-Lépez, Y.; Leu, C.; Pérez-Palma, E.; Pestana-Knight, E.; Lal, D. Clinical sequencing yield in epilepsy, autism.
spectrum disorder, and intellectual disability: A systematic review and meta-analysis. Epilepsia 2021, 62, 143-151.

Ontario Health (Quality). Genome-wide sequencing for un-explained developmental disabilities or multiple congeni-tal
anomalies: A health technology assessment. Ont. Health Technol. Assess. Ser. 2020, 20, 1-178.

Reilly, J.; Gallagher, L.; Leader, G.; Shen, S. Coupling of autism genes to tissue-wide expression and dysfunction of synapse,
calcium signalling and transcriptional regulation. PLoS ONE 2020, 15, e0242773.

Pineda, E.; Shin, D.; You, S.J.; Auvin, S.; Sankar, R.; Mazarati, A. Maternal immune activation promotes hippocampal kindling
epileptogenesis in mice. Ann. Neurol. 2013, 74, 11-19.

Opyrer, J.; Maljevic, S.; Scheffer, LE.; Berkovic, S.F.; Petrou, S.; Reid, C.A. Ion Channels in genetic epilepsy: From genes and
mechanisms to disease-targeted therapies. Pharmacol. Rev. 2018, 70, 142-173.

Turner, T.J.; Zourray, C.; Schorge, S.; Lignani, G. Recent advances in gene therapy for neurodevelopmental disorders with
epilepsy. J. Neurochem. 2021, 157, 229-262.

Daghsni, M.; Rima, M.; Fajloun, Z.; Ronjat, M.; Brusés, ].L.; M'rad, R.; De Waard, M. Autism throughout genetics: Perusal of the
implication of ion channels. Brain Behav. 2018, 8, e00978. https://doi.org/10.1002/brb3.978.

Scheffer, L.E.; Nabbout, R. SCN1A-related phenotypes: Epilepsy and beyond. Epilepsia 2019, 60, S17-524.

Reynolds, C.; King, M.D.; Gorman, K.M. The phenotypic spec-trum of SCN2A-related epilepsy. Eur. |. Paediatr. Neurol. 2020, 24,
117-122.

Gardella, E.; Meller, R.S. Phenotypic and genetic spectrum of SCN 8A —Related disorders, treatment options, and outcomes.
Epilepsia 2019, 60, S77-S85.

Bar, C.; Barcia, G.; Jennesson, M.; Le Guyader, G.; Schneider, A.; Mignot, C.; Lesca, G.; Breuillard, D.; Montomoli, M.; Keren, B.;
et al. Expanding the genetic and phenotypic relevance of KCNB1 variants in developmental and epileptic encephalopathies: 27
new patients and overview of the literature. Hum. Mutat. 2020, 41, 69-80. https://doi.org/10.1002/humu.23915.

Marini, C.; Porro, A ; Rastetter, A.; Dalle, C; Rivolta, I.; Bauer, D.; Oegema, R.; Nava, C.; Parrini, E.; Mei, D.; et al. HCN1 mutation
spectrum: From neonatal epileptic encephalopathy to benign generalized epilepsy and beyond. Brain 2018, 141, 3160-3178.
https://doi.org/10.1093/brain/awy263. PMID: 30351409.

Camp, C.R; Yuan, H. GRIN2D/GIuN2D NMDA receptor: Unique features and its contribution to pediatric developmental and
ep-ileptic encephalopathy. Eur. |. Paediatr. Neurol. 2020, 24, 89-99.

Damaj, L.; Lupien-Meilleur, A.; Lortie, A.; Riou, E.; Ospina, L.H.; Gagnon, L.; Vanasse, C.; Rossignol, E. CACNA1A
haploinsufficiency causes cognitive impairment, autism and epileptic encephalopathy with mild cerebellar symptoms. Eur. ].
Hum. Genet. 2015, 23, 1505-1512. https://doi.org/10.1038/ejhg.2015.21.

Wild, B.; Nelson, S.L. STXBP1-related developmental and epileptic encephalopathy. Pediatr. Neurol. Briefs 2019, 33, 6.

Al Shehhi, M.; Forman, E.B.; Fitzgerald, ].E.; McInerney, V.; Krawczyk, J.; Shen, S.; Betts, D.R.; Ardle, L.M.; Gorman, K.M.; King,
M.D.; et al. NRXN1 deletion syndrome; phenotypic and penetrance data from 34 families. Eur. ]. Med. Genet. 2019, 62, 204-209.
https://doi.org/10.1016/j.ejmg.2018.07.015.

Trivisano, M.; Specchio, N. The role of PCDH19 in refractory sta-tus epilepticus. Epilepsy Behav. 2019, 101, 106539.

Vlaskamp, D.R.M.; Shaw, B.J.; Burgess, R.; Mei, D.; Montomoli, M.; Xie, H.; Myers, C.T.; Bennett, M.F.; XiangWei, W.; Williams,
D.; etal. SYNGAPI1 encephalopathy: A distinctive generalized developmental and epileptic encephalopathy. Neurology 2019, 92,
€96—e107; Erratum in Neurology 2019, 93, 908. https://doi.org/10.1212/WNL.0000000000008352.

Kanani, F.; Titheradge, H.; Cooper, N.; Elmslie, F.; Lees, M.M.; Juusola, J.; Pisani, L.; McKenna, C.; Mignot, C.; Valence, S.; et al.
Expanding the genotype-phenotype correlation of de novo heterozygous missense variants in YWHAG as a cause of
developmental and epileptic encephalopathy. Am. ]. Med. Genet. A 2020, 182, 713-720. https://doi.org/10.1002/ajmg.a.61483.
Olson, H.E.; Jean-Marcais, N.; Yang, E.; Heron, D.; Tatton-Brown, K.; van der Zwaag, P.A; Bijlsma, E.K.; Krock, B.L.; Backer, E.;
Kamsteeg, E.J.; et al. A Recurrent De Novo PACS2 Heterozygous Missense Variant Causes Neonatal-Onset Developmental
Epileptic Encephalopathy, Facial Dysmorphism, and Cerebellar Dysgenesis. Am. |. Hum. Genet. 2018, 102, 995-1007; Erratum in
Am. |. Hum. Genet. 2018, 103, 631. https://doi.org/10.1016/j.ajhg.2018.09.002.



. Clin. Med. 2025, 14, 2431 48 of 49
J

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.
280.

281.

282.

283.
284.
285.

286.
287.

Bell, S.; Rousseau, J.; Peng, H.; Aouabed, Z.; Priam, P.; Theroux, J.-F.; Jefri, M.; Tanti, A.; Wu, H.; Kolobova, I.; et al. Mutations
in ACTL6B cause neurodevelopmental deficits and epilepsy and lead to loss of dendrites in human neurons. Am. ]. Hum. Genet.
2019, 104, 815-834.

Brunklaus, A.; Du, ].; Steckler, F.; Ghanty, LL; Johannesen, K.M.; Fenger, C.D.; Schorge, S.; Baez-Nieto, D.; Wang, H.-R.; Allen,
A_; et al. Biological concepts in human sodium chan-nel epilepsies and their relevance in clinical practice. Epilepsia 2020, 61, 387—
399.

Lima Caldeira, G.; Pega, J.; Carvalho, A.L. New insights on syn-aptic dysfunction in neuropsychiatric disorders. Curr. Opin.
Neurobiol. 2019, 57, 62-70.

Emberti Gialloreti, L.; Enea, R.; Di Micco, V.; Di Giovanni, D.; Curatolo, P. Clustering analysis supports the detection of
biological processes related to autism spectrum disorder. Genes 2020, 11, 1476.

Bhandari, R.; Paliwal, ] K.; Kuhad, A. Neuropsychopathology of Autism Spectrum Disorder: Complex Interplay of Genetic,
Epigenetic, and Environmental Factors. Adv Neurobiol. 2020, 24, 97-141. https://doi.org/10.1007/978-3-030-30402-7_4. PMID:
32006358.

Hamza, M.; Halayem, S.; Mrad, R.; Bourgou, S.; Charfj, F.; Belhadj, A. Implication de I'épigénétique dans les troubles du spectre
autis-tique: Revue de la littérature. Encephale 2017, 43, 374-381.

Lo-Castro, A.; Curatolo, P. Epilepsy associated with autism and attention deficit hyperactivity disorder: Is there a genetic link?
Brain Dev. 2014, 36, 185-193.

Nguyen, L.H.; Mahadeo, T.; Bordey, A. mTOR hyperactivity levels influence the severity of epilepsy and associated
neuropathol-ogy in an experimental model of tuberous sclerosis complex and focal cortical dysplasia. J. Neurosci. 2019, 39, 2762—
2773.

Iffland, P.H.; Carson, V.; Bordey, A.; Crino, P.B. GATOR opathies: The role of amino acid regulatory gene mutations in epilepsy
and cortical malformations. Epilepsia 2019, 60, 2163-2173.

Rylaarsdam, L.; Guemez-Gamboa, A. Genetic causes and modifiers of autism spectrum disorder. Front. Cell Neurosci. 2019, 13,
470832. https://doi.org/10.3389/fncel.2019.00385.

Fisher, R.S.; Acevedo, C.; Arzimanoglou, A.; Bogacz, A.; Cross, ].H.; Elger, C.E.; French, ]J.A.; Glynn, M.; Hesdorffer, D.C.; Lee,
B.I; et al. ILAE official report: A practical clinical definition of epilepsy. Epilepsia 2014, 55, 475-482.
https://doi.org/10.1111/epi.12550.

Brodie, M.]J.; Kwan, P. Current approaches to the management of epilepsy. BM] 2002, 325, 633-635.

Holt, R.I; Cockram, C.S. Drug interactions in psychiatric practice. Adv. Psychiatr. Treat. 2004, 10, 274-283.

Zhang, H.; Ou, Z.; Zhang, E.; Liu, W.; Hao, N.; Chen, Y.; Liu, Y.; Ye, H.; Zhou, D.; Wu, X. Efficacy and safety of add-on antiseizure
medications for focal epilepsy: A network meta-analysis. Epilepsia Open 2024, 9, 1550-1564. https://doi.org/10.1002/epi4.12997.
Zaccara, G.; Franco, V. Pharmacokinetic Interactions Between Antiseizure and Psychiatric Medications. Curr. Neuropharmacol.
2023, 21, 1666-1690. https://doi.org/10.2174/1570159X20666220524121645. PMID: 35611779; PMCID: PMC10514545.

Schmidt, D.; Loscher, W. A selective review on the pharmacokinetic and pharmacodynamic interactions of antiepileptic drugs.
Epilepsy Res. 2005, 66, 3-25.

Bachmann, G. Drug interactions with antiepileptic drugs: A review. Ther. Adv. Psychopharmacol. 2010, 1, 29-36.

Perucca, E.; Gilliam, F. Current and Emerging Pharmacological Treatments for Epilepsy: A Review. JAMA Neurol. 2012, 69, 600—
607. https://doi.org/10.1001/jamaneurol.2012.61.

Glauser, T.; Ben-Menachem, E.; Bourgeois, B.; Cnaan, A.; Chadwick, D.; Guerreiro, C.; Kalviainen, R.; Mattson, R.; Perucca, E.;
Tomson, T.; et al. ILAE Treatment Guidelines: Evidence-based Analysis of Antiepileptic Drug Efficacy and Effectiveness as
Initial Monotherapy for Epileptic Seizures and Syndromes. Epilepsia 2006, 47, 1094-1120.

Kelly, T.M.; Daley, M. Co-occurring Disorders: A Guide to the Integrated Treatment of Substance Use and Mental Disorders. ].
Subst. Abus. Treat. 2019, 97, 1-9.

Kwan, P.; Brodie, M.]. Early Identification of Drug-Drug Interactions in Patients with Epilepsy. Lancet Neurol. 2020, 19, 217-227.
Muench, J.; Hamer, A.M. Adverse Effects of Antiepileptic Medications. Am. Fam. Physician 2020, 101, 238-245.

Boon, P.; Ferrao Santos, S.; Jansen, A.C.; Lagae, L.; Legros, B.; Weckhuysen, S. Recommendations for the treatment of epilepsy
in adult and pediatric patients in Belgium: 2020 update. Acta Neurol Belg. 2021, 121, 241-257. https://doi.org/10.1007/s13760-020-
01488-y. PMID: 33048338; PMCID: PMC7937601.

Szaflarski, ].P.; Bebin, E.M. Psychotropic Medication Use in Adults with Epilepsy: A Review. Epilepsy Res. 2023, 191, 106032.
Loscher, W.; Potschka, H.; Sisodiya, S.M.; Vezzani, A. Drug resistance in epilepsy: Clinical impact, potential mechanisms, and
new innovative treatment options. Pharmacol. Rev. 2020, 72, 606-638. https://doi.org/10.1124/pr.120.019539.



J. Clin. Med. 2025, 14, 2431 49 of 49

288.

289.

290.

291.

292.

293.
294.

295.

296.

297.

298.

299.

300.

Kanner, A.M.; Bicchi, M.M. Antiseizure medications for adults with epilepsy: A review. JAMA 2022, 327, 1269-1281.
https://doi.org/10.1001/jama.2022.3880.

Sills, G.J.; Rogawski, M.A. Mechanisms of action of currently used antiseizure drugs. Neuropharmacology 2020, 168, 107966.
https://doi.org/10.1016/j.neuropharm.2020.107966.

Sierra-Arregui, T.; Llorente, J.; Giménez Minguez, P.; Tonnesen, J.; Pefiagarikano, O. Neurobiological mechanisms of autism
spectrum  disorder and epilepsy, insights from animal models. Neuroscience 2020, 445, ~ 69-82.
https://doi.org/10.1016/j.neuroscience.2020.02.043.

Canitano, R.; Palumbi, R.; Scandurra, V. Autism with epilepsy: A neuropsychopharmacology update. Genes 2022, 13, 1821.
Published 2022 Oct 8. https://doi.org/10.3390/genes13101821.

Sharma, A.R.; Batra, G.; Saini, L.; Sharma, S.; Mishra, A.; Singla, R.; Singh, A.; Singh, R.S.; Jain, A.; Bansal, S.; et al. Valproic Acid
and Propionic Acid Modulated Mechanical Pathways Associated with Autism Spectrum Disorder at Prenatal and Neonatal
Exposure. CNS Neurol. Disord. Drug Targets 2022, 21, 399-408. https://doi.org/10.2174/1871527320666210806165430. PMID:
34365961.

Liu, G Slater, N.; Perkins, A. Epilepsy: Treatment options. Am. Fam. Physician 2017, 96, 87-96.

Goziikizil, S.T.; Aydin, Z.; Yal¢in, A.D. Relationship between bone density and levetiracetam monotherapy in epilepsy patients.
Clin. Neurol. Neurosurg. 2022, 218, 107270. https://doi.org/10.1016/j.clineuro.2022.107270.

Sharma, S.R.; Gonda, X.; Tarazi, F.I.; Atmaca, M. Major classes of antidepressants and their potential mechanisms of action. Int.
J. Mol. Sci. 2018, 19, 2030. https://doi.org/10.3390/ijms19072030.

de Leon, J.; Santoro, V.; D’ Arrigo, C.; Spina, E. Interactions between antiepileptics and second-generation antipsychotics. Expert.
Opin. Drug Metab. Toxicol. 2012, 8, 311-334. https://doi.org/10.1517/17425255.2012.660918.

Cano-Villagrasa, A.; Moya-Faz Francisco, J.; Porcar-Gozalbo, N.; Lopez-Zamora, M. Treatment options in autism with epilepsy.
Front. Child. Adolesc. Psychiatry 2024, 3, 2813-4540.

Fieiras, C.; Chen, M.H.; Escobar Liquitay, C.M.; Meza, N.; Rojas, V.; Franco, ].V.A.; Madrid, E. Risperidone and aripiprazole for
autism spectrum disorder in children: An overview of systematic reviews. BM] Evid. Based Med. 2023, 28, 7-14.
https://doi.org/10.1136/bmjebm-2021-111804.

Maguire, M.].; Marson, A.G.; Nevitt, S.]. Antidepressants for people with epilepsy and depression. Cochrane Database Syst. Rev.
2021, 4, CD010682. https://doi.org/10.1002/14651858.CD010682.pub3.

Gilliam, F.G.; Hecimovic, H.; Gentry, M.S. Serotonergic therapy in epilepsy. Curr. Opin. Neurol. 2021, 34, 206-212.
https://doi.org/10.1097/WCO.0000000000000901. PMID: 33664206; PMCID: PMC8478129.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury

to people or property resulting from any ideas, methods, instructions or products referred to in the content.



