Open Access Library Journal
n 2026, Volume 13, e15913
N ISSN Online: 2333-9721
Y ISSN Print: 2333-9705

Early Detection of Epilepsy: The Role of Genetic
Scanning in Patients with Epilepsy

Abigail Osei Owusul, Zhanli Liu?*, Yan Li}, Sisi Dai?, Qingqing Deng}, Yifan Chen?, Meilin Liu?,

Jiayue Dong?, Jing Dong?

'Department of Neurology, Hangzhou Children’s Hospital Zhejiang Chinese Medical University, Hangzhou, China

Intensive Care Unit, Hangzhou Children’s Hospital, Hangzhou, China

Email: abigailoseiowusu6@gmail.com, *liuzhanlihz@123.com

How to cite this paper: Owusu, A.O,, Liu,
Z.L.,Li, Y., Dai, S.S., Deng, Q.Q., Chen,
Y.F, Liu, M.L., Dong, ].Y. and Dong, .
(2026) Early Detection of Epilepsy: The
Role of Genetic Scanning in Patients with
Epilepsy. Open Access Library Journal, 13:
el15913.
https://doi.org/10.4236/0alib.1115913

Received: August 18, 2026
Accepted: September 20, 2026
Published: September 23, 2026

Copyright © 2026 by author(s) and Open
Access Library Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

This Background—Epilepsy is a chronic neurological disorder characterized
by recurrent, unprovoked seizures. Genetic factors are increasingly recognized
as major contributors to epilepsy, although their contribution is not uniform
across the epilepsies: a molecular diagnosis can be identified in a substantial
proportion of the monogenic developmental and epileptic encephalopathies
(DEEs) and other early-onset syndromic epilepsies, whereas common, gener-
alized, and structurally or acquired epilepsies are more often polygenic or non-
genetic in origin. Early and accurate diagnostic genetic testing in patients who
present with seizures remains a critical challenge, particularly in cases with
complex etiologies. Method—This review examined the literature on diagnos-
tic genetic scanning in patients with a clinical diagnosis of epilepsy, searching
PubMed/MEDLINE, Embase, Scopus, Web of Science, and Cochrane Library
for articles published between January 2000 and October 2024 (final search
conducted 9 March 2025; see Materials and Methods for complete search
strings). Selected studies focused on the application of genetic techniques (sin-
gle-gene testing, gene panels, WES, WGS) for diagnosis, prognosis, and treat-
ment of epilepsy in symptomatic patients. Data extraction and synthesis were
performed to identify key findings and challenges. Findings—Genetic testing
significantly enhances diagnostic accuracy, particularly in early-onset epilep-
sies and specific syndromes. Numerous genes associated with epilepsy have
been identified, affecting ion channel function, synaptic transmission, brain
development, and cell adhesion. Genotype-phenotype correlations are emerg-
ing, informing treatment decisions and providing prognostic insights. How-
ever, cost, variant interpretation, and ethical considerations pose challenges to
widespread implementation. Conclusions—Genetic scanning holds substantial
potential for improving diagnostic accuracy and personalized management of
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epilepsy in patients who already present with seizures. Addressing existing
challenges through expanded gene discovery, development of targeted thera-
pies, improved variant interpretation, and robust ethical guidelines is crucial
for realizing its full clinical utility.
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1. Introduction

This Epilepsy is not a single disease entity, but rather a diverse group of neurolog-
ical disorders characterized by a predisposition to generate seizures [1]. It affects
approximately 50 million people worldwide, making it one of the most prevalent
neurological disorders [2]. The International League Against Epilepsy (ILAE) de-
fines epilepsy as having at least two unprovoked (or reflex) seizures occurring
more than 24 hours apart, one unprovoked (or reflex) seizure and a probability of
further seizures similar to the general recurrence risk (at least 60%) after two un-
provoked seizures, occurring over the next 10 years, or diagnosis of an epilepsy
syndrome [3]. These seizures arise from abnormal, excessive, or synchronous neu-
ronal activity in the brain. The clinical manifestations of seizures vary widely,
ranging from brief staring spells to convulsive episodes with loss of consciousness,
reflecting the diverse brain regions involved and the underlying pathophysiology.
The prevalence of epilepsy is estimated to be around 0.5% - 1% globally, making
it one of the most common neurological disorders. The impact of epilepsy extends
beyond the immediate physical consequences of seizures. Individuals with epi-
lepsy often experience social stigma, limitations in educational and employment
opportunities, and increased risk of comorbid psychiatric conditions, such as de-
pression and anxiety [4]. The burden of epilepsy is particularly pronounced in
low- and middle-income countries, where access to diagnosis, treatment, and sup-
portive care is often limited [5].

The etiology of epilepsy is complex and multifactorial. In many cases, the un-
derlying cause remains unknown (idiopathic epilepsy). However, various factors
can contribute to the development of epilepsy, including genetic mutations, struc-
tural brain abnormalities (e.g., lesions, tumors, and stroke), infections (e.g., men-
ingitis, encephalitis), traumatic brain injury, and metabolic disorders [6]. The rel-
ative contribution of these factors varies depending on the age of onset, epilepsy
syndrome, and individual characteristics.

A significant proportion of epilepsies, particularly those with early onset and
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specific syndromic features, are attributed to genetic factors. These genetic epilep-
sies can be classified into monogenic epilepsies, caused by mutations in a single
gene, and complex epilepsies, influenced by the interplay of multiple genes and
environmental factors [7].

Traditional diagnostic approaches for epilepsy rely on a combination of clinical
history, neurological examination, electroencephalography (EEG), and neuroim-
aging techniques (e.g., magnetic resonance imaging - MRI) [8]. EEG is a non-
invasive neurophysiological test that measures the electrical activity of the brain
through electrodes placed on the scalp [9]. It can help identify abnormal brain
activity patterns, such as epileptiform discharges, that are characteristic of epi-
lepsy. Neuroimaging techniques, such as MRI, can detect structural brain abnor-
malities that may be contributing to seizures [10] [11]. While these methods are
essential for diagnosing epilepsy and identifying potential underlying causes, they
often fall short in pinpointing the specific genetic etiology, especially in cases with
atypical presentations or inconclusive findings.

Genetic scanning has emerged as a powerful diagnostic tool that complements
traditional evaluation and improves the identification of a molecular etiology in
patients who already present with seizures. This review is concerned with diag-
nostic testing in symptomatic individuals, not with population-based or pre-
symptomatic screening of asymptomatic people, for which the evidence base and
ethical considerations differ substantially. The genetic basis of epilepsy has be-
come increasingly apparent over the past decade, with significant advances in our
understanding of the molecular mechanisms underlying seizure disorders. The
genetic contribution to epilepsy is not uniform: current evidence suggests that a
molecular diagnosis can be identified in a substantial proportion of the mono-
genic developmental and epileptic encephalopathies and other early-onset syn-
dromic epilepsies, whereas common, generalized, and structurally or acquired-
caused epilepsies are more often polygenic or non-genetic in origin, with corre-
spondingly lower single-test diagnostic yields [12]. This genetic component man-
ifests through various mechanisms, including single-gene mutations, copy num-
ber variations, structural rearrangements, and complex polygenic interactions. In
patients with a clinical diagnosis of epilepsy, genetic scanning can identify causa-
tive variants, confirm or refine a diagnosis, predict prognosis, inform treatment
decisions, and facilitate genetic counseling and family planning [13] [14]. The
rapid advancements in genomic technologies and the decreasing cost of sequenc-
ing have made genetic scanning increasingly accessible and clinically relevant. Re-
cent technological advances in genetic testing have revolutionized our approach
to epilepsy diagnosis and management. Next-generation sequencing (NGS) tech-
nologies, including whole-exome sequencing (WES), whole-genome sequencing
(WGS), and targeted gene panels, have enabled the identification of numerous
genetic variants associated with epilepsy [15]. These developments have signifi-
cantly enhanced understanding of epilepsy’s genetic architecture and opened new

avenues for diagnosis and clinical management.
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The critical importance of early diagnosis in epilepsy has been well documented
in numerous studies. Research has consistently demonstrated that an earlier mo-
lecular diagnosis and appropriate intervention can significantly improve patient
outcomes, shorten the diagnostic odyssey, reduce unnecessary testing, and en-
hance quality of life [16]. In patients who already present with seizures, genetic
testing can identify a causative variant early in the diagnostic pathway—often be-
fore every clinical feature of a given epilepsy syndrome has emerged—allowing
clinicians to initiate a syndrome- or gene-specific management strategy (for ex-
ample, avoiding a sodium-channel-blocking anti-seizure medication in SCN1A-
related Dravet syndrome, or starting pyridoxine in ALDH7A1-related epilepsy)
sooner than would be possible on clinical grounds alone. This diagnostic and
treatment-optimization benefit is distinct from primary disease prevention: ge-
netic scanning as reviewed here does not prevent epilepsy from occurring, and its
use in asymptomatic, pre-symptomatic, or population-screening contexts raises
separate evidentiary and ethical questions that are outside the scope of this review.
This review aims to provide a systematic overview of the role of diagnostic genetic
scanning in patients with a clinical diagnosis of epilepsy, focusing on its method-

ologies, applications, benefits, limitations, and future directions.

2. Materials and Methods

2.1. Literature Search

An extensive search of electronic databases, including PubMed/MEDLINE, Em-
base, Scopus, Web of Science, and Cochrane Library, was conducted. PubMed:
(“epilepsy” [MeSH] OR “seizures” [MeSH]) AND (“genetic testing” [MeSH] OR
“genomics” [MeSH] OR “exome sequencing” OR “genome sequencing” OR “gene
panel”) AND (“2000/01/01” [Date - Publication]: “2024/10/31” [Date - Publica-
tion]). Embase: (“epilepsy”/exp OR “seizure”/exp) AND (“genetic screening”/exp
OR “genetic testing”/exp OR “whole exome sequencing”/exp OR “whole genome
sequencing”/exp OR “gene panel”/exp) AND [2000-2024]/py AND [english]/lim.
Scopus: TITLE-ABS-KEY ((epilepsy OR seizure*) AND (“genetic testing” OR “ge-
netic screening” OR “gene panel” OR “whole exome sequencing” OR “whole ge-
nome sequencing” OR “next generation sequencing”)) AND PUBYEAR > 1999
AND PUBYEAR < 2025 AND LANGUAGE((english). Web of Science: TS = ((ep-
ilepsy OR seizure*) AND (“genetic testing” OR “genetic screening” OR “gene
panel*” OR “whole exome sequencing” OR “whole genome sequencing” OR
“next-generation sequencing”)), refined to English language and 2000-2024.
Cochrane Library: #1 MeSH descriptor: [Epilepsy] explode all trees; #2 MeSH de-
scriptor: [Seizures] explode all trees; #3 (epilepsy OR seizure*):ti,ab,kw; #4 (#1 OR
#2 OR #3); #5 MeSH descriptor: [Genetic Testing] explode all trees; #6 (genetic
testing OR genetic screening OR exome sequencing OR genome sequencing OR
gene panel*): ti, ab, kw; #7 (#5 OR #6); #8 (#4 AND #7), limited to 2000-2024. The
search strategy included relevant keywords and MeSH terms related to epilepsy,

genetics, genomics, genetic testing, genetic screening, gene sequencing, next-gen-
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eration sequencing (NGS), whole-exome sequencing (WES), whole-genome se-
quencing (WGS), genetic counseling, and specific epilepsy syndromes. The search
was limited to articles published in English. The time frame for the search covered
articles published from January 2000 to October 2024, to capture the advance-
ments in genetic technologies and their application to epilepsy research. The final
search across all databases was conducted on 9 March 2025.2.2. Maintaining the
Integrity of the Specifications.

The template is used to format your paper and style the text. All margins, col-
umn widths, line spaces, and text fonts are prescribed; please do not alter them.
You may note peculiarities. For example, the head margin in this template measures
proportionately more than is customary. This measurement and others are delib-
erate, using specifications that anticipate your paper as one part of the entire jour-
nals, and not as an independent document. Please do not revise any of the current

designations.

2.2. Study Selection

The titles and abstracts of identified articles were screened for relevance. Studies
were included if they focused on the application of genetic scanning techniques in
patients with a clinical diagnosis of epilepsy, with a specific emphasis on diagnosis,
prognosis, treatment, and family planning. Studies that described novel genetic
mutations, genotype-phenotype correlations, clinical utility of genetic testing, eth-
ical considerations, and future directions in epilepsy genetics were prioritized. Re-
view articles, meta-analyses, clinical trials, case series, and original research ar-
ticles were considered. Studies focusing solely on animal models or cellular
mechanisms of epilepsy without a direct clinical application to human patients
were excluded, as were studies addressing population-based or pre-sympto-
matic genetic screening of asymptomatic individuals rather than diagnostic test-
ing in symptomatic patients.

A total of 4822 records were identified through database searching (PubMed:
1840; Embase: 1412; Scopus: 960; Web of Science: 510; Cochrane Library: 100).
Following removal of 1642 duplicate records, 3180 records were screened at the
title and abstract level, of which 2754 were excluded as irrelevant to diagnostic
clinical genetics in epilepsy. The remaining 426 full-text articles were assessed for
eligibility; 344 were excluded with documented reasons, comprising lack of quan-
titative diagnostic yield or clinical outcome metrics (n = 212), exclusive focus on
in vitro electrophysiology (n = 78), and cohorts of fewer than 10 subjects (n = 54).
A final total of 82 primary studies were included in the qualitative and quantitative
synthesis. (A PRISMA flow diagram summarizing this selection process should
accompany the manuscript.)

Screening and eligibility assessment were performed by two reviewers inde-
pendently; no disagreements arose between the two reviewers during screening or
eligibility assessment. No formal quality or risk-of-bias assessment tool was ap-

plied to the included studies.
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2.3. Data Extraction

Relevant information from selected studies was extracted and summarized. This
included study design, sample size, patient demographics, epilepsy type or syn-
drome, genetic testing methods, specific genes or variants identified, genotype-
phenotype correlations, clinical outcomes, treatment responses, and any reported
ethical or practical challenges. The data extraction process was standardized to
ensure consistency and accuracy. The review categorized the different genetic
screening techniques, discussed their applications and limitations, highlighted the
benefits of early genetic diagnosis, addressed the ethical and practical considera-
tions, and outlined future directions in the field. The analysis focused on identi-
fying key themes, trends, and gaps in the literature, and providing a balanced per-

spective on the current state of knowledge.

3. Results

Before the literature search and selection process yielded a substantial number of
publications focusing on the application of diagnostic genetic scanning in patients

with epilepsy.

3.1. Spectrum of Genetic Mutations in Epilepsy

Genetic studies have identified a diverse range of genes and mutations associated
with epilepsy. These genes can be broadly categorized into Ion Channel Genes,
Synaptic Transmission Genes, Metabolic Genes, Structural Brain Development
and Cell-Adhesion Genes, and Transcription Factors and Chromatin Remodeling
Genes based on their function.

1) Ion Channel Genes: Mutations in genes encoding ion channels, such as
SCNI1A, SCN1B, SCN2A, SCN8A, KCNQ2, KCNQ3, KCNH2, and GABRALI, are
among the most commonly identified causes of genetic epilepsy [17]-[22]. These
mutations disrupt the normal flow of ions across neuronal membranes, leading to
altered neuronal excitability and seizure generation. For example, mutations in
SCNI1A are a leading cause of Dravet syndrome, a severe form of epilepsy charac-
terized by early-onset seizures, developmental delay, and cognitive impairment
[23]-[28].

2) Synaptic Transmission Genes: Genes involved in synaptic transmission, such
as SYNGAP1, GRIN2A, DLG4, and STXBP1, have also been implicated in epi-
lepsy [29]. Mutations in these genes affect the release, uptake, or response to neu-
rotransmitters, disrupting the delicate balance of excitation and inhibition in the
brain. SYNGAP1 mutations, for instance, are associated with a spectrum of neu-
rodevelopmental disorders, including intellectual disability, autism spectrum dis-
order, and epilepsy [29]-[31].

3) Metabolic Genes: Mutations in genes encoding metabolic enzymes or trans-
porters, such as ALDH7A1 and SLC2A1, lead to epilepsy due to disruptions in
energy metabolism or the accumulation of toxic metabolites in the brain. ALDH7A1

mutations cause pyridoxine-dependent epilepsy, a rare metabolic disorder in
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which seizures can be controlled by supplementation with pyridoxine (vitamin
B6) [32]-[34].

4) Structural Brain Development and Cell-Adhesion Genes: Genes involved in
brain development, neuronal migration, and cell-cell adhesion cause epilepsy by
disrupting the normal formation of brain structures or neural circuitry. Mutations
in DCX, LIS1, and ARX can lead to conditions such as lissencephaly (smooth
brain) or polymicrogyria (excessive folding of the brain cortex), which are often
associated with severe epilepsy and developmental delay [35]-[37]. PCDHI9 also
belongs in this category rather than among the metabolic genes: it encodes a cal-
cium-dependent protocadherin, a cell-adhesion molecule involved in neuronal
migration and cortical circuit formation, and its disruption causes PCDH19-clus-
tering epilepsy, an X-linked disorder with an unusual inheritance pattern in which
heterozygous females and mosaic males are affected while hemizygous males are
spared, an effect attributed to a “cellular interference” mechanism arising from
the mosaic pattern of X-inactivation.

5) Transcription Factors and Chromatin Remodeling Genes: Genes encoding
transcription factors and chromatin remodeling proteins, such as FOXGI,
MECP2, and CDKLS5, can cause epilepsy by affecting the expression of other genes
involved in brain development and function. MECP2 mutations are the cause of
Rett syndrome, a neurodevelopmental disorder primarily affecting females, char-

acterized by intellectual disability, autism-like features, and epilepsy [38]-[41].

3.2. Diagnostic Yield of Genetic Testing

The diagnostic yield of genetic testing in epilepsy varies depending on several fac-
tors, including the epilepsy type or syndrome, age of onset, family history, and the
specific testing method used [42]. Genetic testing encompasses a wide range of
methods, including targeted gene panels, whole-exome sequencing (WES), and
whole-genome sequencing (WGS), each with its own advantages and limitations.
Targeted gene panels focus on specific genes known to be associated with epilepsy,
providing a cost-effective and efficient approach for identifying common muta-
tions. WES and WGS, on the other hand, offer a more comprehensive analysis by
examining the entire exome or genome, respectively, and can detect rare or novel
genetic variations that might be missed by targeted panels [43] [44]. Studies have
shown that genetic testing is more likely to identify causative mutations in patients
with early-onset epilepsy, specific epilepsy syndromes (e.g., Dravet syndrome,
Lennox-Gastaut syndrome), or a strong family history of epilepsy or related neu-
rodevelopmental disorders [42]. Early-onset epilepsy, which occurs in infancy or
early childhood, is often linked to genetic factors, and identifying these mutations
can provide critical insights into the underlying pathophysiology. For instance,
mutations in the SCN1A gene are commonly associated with Dravet syndrome, a
severe epilepsy syndrome characterized by febrile seizures, developmental delays,
and cognitive impairment [43]. Similarly, patients with Lennox-Gastaut syn-

drome, a complex epilepsy syndrome marked by multiple seizure types and cog-
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nitive dysfunction, often have identifiable genetic mutations that can inform treat-
ment and prognosis [44]. A large multigene-panel study of over 8,500 patients
with epilepsy and neurodevelopmental disorders found that a small number of
genes—led by SCN1A and KCNQ2—accounted for a disproportionate share of
positive results, and that roughly 9% of positive findings were copy-number vari-
ants detectable only by exon-level array analysis rather than sequence-level panel
testing alone [45]. A positive family history of epilepsy or related neurodevelop-
mental disorders can also increase the likelihood of detecting genetic mutations,
as certain epilepsy syndromes exhibit autosomal dominant or recessive inher-
itance patterns. The diagnostic yield of genetic testing can be further influenced
by the clinical context and the specific characteristics of the patient’s epilepsy. For
example, patients with focal epilepsy, where seizures originate from a specific area
of the brain, may have lower diagnostic yields compared to those with generalized
epilepsy, which involves widespread neuronal activity [46]. Additionally, ad-
vances in genomic technologies and bioinformatics tools have enhanced the abil-
ity to interpret genetic variants and their potential pathogenicity, thereby improv-
ing the overall diagnostic accuracy.

Single-gene testing is optimal when clinical features clearly indicate a specific
genetic disorder with an established gene association. This approach offers high
clinical sensitivity due to precise phenotypic matching and minimizes the risk of
discovering multiple variants of unknown significance. Clinical expertise is cru-
cial in identifying the appropriate gene for testing. Using achondroplasia as an
example, FGFR3 gene testing detects mutations in a large majority of patients,
making it a highly efficient single-gene test in the correct clinical context [47].
However, physicians must possess comprehensive knowledge of the disorder’s di-
agnostic characteristics to select the correct genetic test, and variant classification
for any positive or ambiguous result should follow standardized criteria, such as
the ACMG/AMP framework for variant interpretation [48].

Gene panels represent a sophisticated approach to genetic diagnostics, trans-
forming how clinicians identify disease-causing mutations across complex disor-
ders. Through simultaneously screening multiple genes associated with specific
conditions, these panels leverage next-generation sequencing technology to pro-
vide comprehensive genetic insights. The design of such panels involves intricate
decision-making, balancing breadth of coverage with scientific rigor. Laboratories
develop these panels by carefully selecting genes with strong clinical evidence,
considering factors like disease association, phenotypic overlap, and potential di-
agnostic utility. The number of genes in a panel can vary dramatically, ranging
from around 70 to several hundred for conditions like epilepsy, reflecting the nu-
anced approach required in genetic testing [49] [50]. Clinicians and laboratory
geneticists collaborate to ensure panels make clinical sense, prioritizing genes with
established pathogenic connections.

However, gene panel development is not without challenges. The rapid pace of

genetic discovery means panels must constantly evolve, carefully validating newly
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identified genes to avoid including potentially misleading genetic information
[50]. This requires a meticulous approach to prevent accumulating variants of un-
certain significance, which could complicate clinical interpretation. The ultimate
goal of gene panels is to provide more efficient, comprehensive genetic diagnos-
tics. By offering a broader screening approach compared to traditional single-gene
testing, these panels increase the likelihood of identifying causative mutations, ul-
timately supporting more personalized medical approaches and potentially guid-
ing treatment strategies across various genetic disorders.

Whole-Exome Sequencing (WES) is another powerful genomic tool in the di-
agnosis and understanding of epilepsy, particularly in cases with complex or atyp-
ical presentations. By analyzing the protein-coding regions of the genome, which
represent approximately 1% - 2% of the human genome, WES allows for the iden-
tification of novel or rare genetic variants that may contribute to epileptic disor-
ders [51]. This approach enhances the likelihood of detecting causative mutations
that might otherwise be missed by traditional genetic testing methods.

Studies have demonstrated the significant diagnostic potential of WES in iden-
tifying genetic causes of epilepsy. WES can uncover pathogenic mutations in 25-
40% of patients with previously undiagnosed epilepsy, particularly in those with
complex or syndromic forms of the disorder [52] [53]. In fact, a study published
in Human Genomics identified pathogenic variants in 14 out of 43 epilepsy pa-
tients (32.6%), including both previously reported and novel mutations [54]. This
underscores WES’s ability to detect both known and novel genetic variants that
contribute to epilepsy, which is critical for patient management, offering insights
into prognosis, recurrence risk, and potential treatment strategies. WES has also
played an instrumental role in uncovering genetic heterogeneity within epilepsy:
mutations in genes such as SCN1A, KCNQ2, and DEPDC5 have been implicated
in various epilepsy syndromes, demonstrating the diverse genetic landscape of the
condition and the need for a comprehensive testing approach [24].

Whole-exome sequencing (WES) has also become a pivotal tool in identifying
genetic causes of developmental and epileptic encephalopathies (DEEs), a group
of severe, early-onset epilepsies characterized by refractory seizures and develop-
mental delays. A study published in the European Journal of Paediatric Neurology
evaluated the diagnostic yield of WES in patients with DEEs who had previously
undergone gene panel testing without conclusive results. The findings revealed
that WES identified pathogenic or likely pathogenic variants in a significant pro-
portion of these patients, underscoring its value in uncovering genetic etiologies
that may be missed by more targeted approaches [55]. This highlights the im-
portance of WES in the diagnostic evaluation of DEEs, particularly when initial
genetic tests are inconclusive.

A study conducted by Aaltio et al. [56] aimed to evaluate the cost-effectiveness
and diagnostic utility of WES as an early diagnostic tool in children with severe
neurological diseases, including progressive neurological and epileptic disorders.

The study, conducted at Helsinki University Hospital, involved 48 children with
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infantile-onset severe neurological diseases or childhood-onset progressive neu-
rological disorders, who underwent WES. A control group of 49 children who re-
ceived traditional diagnostic examinations was also included for comparison. The
study found that WES provided a significantly better diagnostic yield compared
to traditional diagnostic methods, identifying a pathogenic cause in 38% of pa-
tients compared to a 25% diagnostic yield from conventional methods. Notably,
WES performed even better when used early, within the first year of the patient’s
admission, achieving a diagnostic yield of 44%. Furthermore, the study also con-
sidered the cost-effectiveness of WES using the Incremental Cost-Effectiveness
Ratio (ICER) to assess the cost per additional diagnosis; while the analysis was
affected by the higher costs of WES during the 2016-2018 study period, the results
still indicated that WES is a cost-effective diagnostic tool, with cost-effectiveness
likely to improve further as sequencing costs continue to decline.

Whole-Genome Sequencing (WGS) represents the most comprehensive ap-
proach to genetic screening by sequencing the entire genome, including both cod-
ing and non-coding regions. Unlike WES, which focuses solely on the exome,
WGS captures the full spectrum of genetic information, offering a more complete
picture of an individual’s genetic makeup—and, in epilepsy specifically, has begun
to demonstrate diagnostic value beyond what WES alone can provide.

In a large clinical cohort of 733 families with pediatric epilepsy evaluated by
WGS or WES over an eight-year period, WGS/WES together identified a molec-
ular diagnosis in 37.9% of individuals overall; among those tested by WGS, the
diagnostic yield was 35.0%, and several of the additional diagnoses achieved
through WGS after a prior non-diagnostic WES depended on structural variants
with breakpoints in non-coding regions—including a large duplication, a complex
structural rearrangement, and deletions spanning one to three exons—that would
not have been resolved by exome-level analysis alone [57]. Consistent with this, a
cohort study of children with unexplained epilepsy and a prior non-diagnostic
exome found that genome sequencing achieved a “unique” diagnostic yield of
5.6% attributable specifically to variants that exome sequencing could not detect,
including small copy-number variants and variants in non-coding regulatory re-
gions [58]. In early infantile epileptic encephalopathy, whole-genome analysis
combining sequencing with comprehensive structural-variant discovery identi-
fied a genetic diagnosis in all 14 previously undiagnosed subjects studied, includ-
ing de novo structural rearrangements in known epilepsy genes that exome se-
quencing would have been expected to miss [59].

WGS has also proved uniquely suited to detecting a category of pathogenic var-
iant that neither gene panels nor exome sequencing can reliably capture: non-
coding repeat expansions. Benign adult familial myoclonic epilepsy (also called
familial adult myoclonic epilepsy, FAME), a cortical-tremor and myoclonic-sei-
zure syndrome long linked to specific chromosomal loci by family studies but ge-
netically unsolved for two decades, was shown to be caused by intronic penta-
nucleotide (TTTCA/TTTTA) repeat expansions in SAMDI2 and, in a smaller
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number of families, in TNRC6A and RAPGEF2—a discovery made possible by
combining linkage analysis with whole-genome sequencing of an affected family,
since the causative repeat expansions lie in non-coding, structurally repetitive
DNA that short-read exome capture does not cover and that panel-based sequence
analysis is not designed to detect [60].

Taken together, these epilepsy-specific data indicate that the incremental yield
of WGS over WES and panel testing is concentrated in structural variants, non-
coding variants, and repeat expansions rather than in the coding single-nucleotide
variants that most panels and exome tests already capture well; WGS is therefore
best positioned as a second-tier test after a non-diagnostic panel or exome, or as
a first-tier test in phenotypes with a high prior probability of one of these variant
classes, rather than as a uniform replacement for panel or exome testing in all
patients with epilepsy.

In clinical applications more broadly, WGS has become fundamental to per-
sonalized medicine, allowing healthcare providers to tailor treatments based on
individual genetic profiles. This approach has particularly impacted several key
medical domains: rare disease diagnosis, where WGS helps identify novel genetic
variants; oncogenomics, enabling targeted cancer therapies; pharmacogenomics,
which optimizes drug selection and dosing; neonatal screening for early disease
detection; and infectious disease genomics for pathogen identification and track-
ing [61]. The technology’s evolution has extended into multi-omics integration,
working to synthesize various types of biomolecular data for a more complete un-
derstanding of human biology [61]. Recent advances have introduced third- and
fourth-generation sequencing technologies, including long-read sequencing for
improved genomic assembly, single-cell genomics for cellular-level analysis, and
nanopore sequencing for real-time DNA analysis [61]. These innovations con-
tinue to expand WGS capabilities, promising even greater precision in medical
diagnosis and treatment.

While WGS is currently more expensive and data-intensive than WES, its com-
prehensive nature makes it valuable in both research and clinical settings. In re-
search, WGS is used to explore the genetic basis of various diseases, including
epilepsy, and discover new genetic associations. In clinical practice, WGS can di-
agnose complex or undiagnosed cases of epilepsy, especially when other genetic
testing methods have failed to provide answers. However, WGS also presents chal-
lenges, including interpreting vast amounts of data and identifying variants of un-
known significance. Advanced bioinformatics tools and expertise are required to
analyze and interpret WGS data effectively. Additionally, the clinical implemen-

tation of WGS is limited by its cost and the need for specialized infrastructure.

3.3. Genotype-Phenotype Correlations

Genetic testing has revealed important genotype-phenotype correlations in epi-
lepsy, demonstrating how specific genetic mutations can influence the clinical

presentation, severity, and prognosis of the disorder.
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SCN1A Mutations: The SCN1A gene plays a substantial role in epilepsy devel-
opment, with mutations leading to a wide range of epilepsy disorders [62]. These
range from milder conditions such as genetic epilepsy with febrile seizures plus
(GEFS+) to more severe forms like Dravet syndrome, developmental epileptic en-
cephalopathies, and epilepsy of infancy with migrating focal seizures [24] [63]
[64].

More than 40% of SCN1A mutations are missense variants. While mutations
within the sodium channel’s core region (S4-S6) are generally linked to severe ep-
ilepsy and those occurring outside this region are often associated with milder
forms, exceptions exist [26] [65] [66]. Due to this variability, predicting disease
severity based solely on mutation location is unreliable. To gain deeper insights
into how specific mutations influence epilepsy severity, researchers recommend
functional studies using mammalian expression systems to assess changes in pro-
tein function.

KCNQ2 Mutations: KCNQ2-related disorders encompass a wide range of neo-
natal epilepsy syndromes, from mild self-limited familial neonatal epilepsy (SLFNE)
to severe neonatal-onset developmental and epileptic encephalopathy (NEO-
DEE) [67]. Other less frequent presentations include neonatal encephalopathy
with non-epileptic myoclonus, infantile or childhood-onset epilepsy, and isolated
intellectual disability without seizures [67]. KCNQ2-SLFNE typically manifests as
seizures within the first week of life in otherwise healthy infants, resolving by 6 -
12 months. Seizures often involve motor symptoms, apnea, and cyanosis, with
around 30% of affected individuals developing epilepsy later in life [67].

STXBP1 Mutations: STXBP1 mutations are associated with a spectrum of neu-
rodevelopmental disorders, including early-onset epileptic encephalopathies (EO-
EEs) (severe epilepsy syndromes that begin in infancy or early childhood and are
often accompanied by developmental delays or regression), Ohtahara syndrome
(a rare and severe form of epilepsy that typically presents within the first few
months of life, characterized by frequent seizures and developmental challenges),
West syndrome (a triad of infantile spasms, developmental regression, and a spe-
cific EEG pattern called hypsarrhythmia), intellectual disability (ID), autism spec-
trum disorder (ASD), and epilepsy [68]. The severity of the phenotype can vary
widely depending on the specific mutation and the individual’s genetic back-
ground. Intellectual disability, a common feature of STXBP1-related disorders,
ranges from mild to profound and is characterized by limitations in intellectual
functioning, such as reasoning and problem-solving, as well as adaptive behaviors
like communication and social skills [68]. Additionally, many individuals with
STXBP1 mutations exhibit features of autism spectrum disorder, including chal-
lenges in social communication and interaction, alongside restricted and repeti-
tive behaviors. Epilepsy is another frequent comorbidity, often presenting early in
life with varying types and severity of seizures. The clinical presentation of
STXBP1-related disorders is highly heterogeneous, emphasizing the importance

of genetic testing and personalized interventions [68]. Early diagnosis and tailored
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support are crucial for addressing the specific needs of affected individuals, opti-

mizing developmental outcomes, and improving their overall quality of life.

3.4. Impact on Treatment and Management

Genetic testing can inform treatment decisions and improve the management of
epilepsy in the following ways. In each case, the evidence supporting genotype-
directed management is summarized here together with its main limitations, since
these recommendations rest on differing levels and quality of evidence.

1) Precision Medicine in Epilepsy—ASM Selection by Genotype: Identifying
the underlying genetic cause of epilepsy can guide the selection of appropriate
anti-seizure medications (ASMs), but the indication is genotype- and mechanism-
specific rather than gene-general. Sodium channel blockers, such as phenytoin,
carbamazepine, and lamotrigine, are specifically contraindicated in patients with
loss-of-function SCN1A variants, as seen in Dravet syndrome, where SCN1A loss-
of-function mutations disrupt sodium channel activity in inhibitory neurons,
leading to an imbalance in neuronal excitability; blocking sodium channels in this
context can further impair the remaining functional channels and aggravate sei-
zures [18]. By contrast, patients with SCN1A gain-of-function variants, or with
gain-of-function variants in related sodium-channel genes, may benefit from so-
dium channel blockers rather than being harmed by them, so genotype and, where
feasible, functional characterization of the specific variant should guide the deci-
sion rather than the gene name alone. A pharmacogenetic marker, the SCN1A
rs3812718 polymorphism, has similarly been associated with differential response
to ASMs such as valproic acid and carbamazepine [69]. The evidence base for
genotype-directed ASM selection in epilepsy is drawn mainly from small retro-
spective cohorts, case series, and mechanistic/functional studies rather than ran-
domized controlled trials, and pharmacogenetic associations such as the rs3812718
finding require replication in larger, prospective cohorts before they can be used
as a standalone basis for drug selection [70]. These findings nonetheless under-
score the potential of precision medicine to optimize epilepsy treatment and re-
duce reliance on a trial-and-error approach, provided that recommendations are
anchored to the specific genotype and its functional consequence rather than ap-
plied uniformly to a gene.

2) Targeted Therapies—ALDH7A1-Related Epilepsy: In some cases, genetic
testing can identify individuals who are eligible for targeted therapies that address
the underlying molecular mechanism of the disorder. Patients with pyridoxine-
dependent epilepsy (PDE) due to biallelic pathogenic ALDH7A1 variants can be
treated with pyridoxine (vitamin B6) supplementation, which effectively controls
seizures in most patients. ALDH7A1 deficiency disrupts the lysine catabolic path-
way, causing accumulation of alpha-aminoadipic semialdehyde and related toxic
metabolites; pyridoxine supplementation helps restore the function of pyridoxal
5’-phosphate (PLP), a cofactor essential for neurotransmitter synthesis, thereby

reducing seizure activity [32]. The diagnosis and dosing of pyridoxine therapy in
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PDE-ALDH7Al—including age-based dosing, monitoring for a sensory neurop-
athy associated with high-dose pyridoxine, and the role of adjunctive lysine-re-
duction therapy—are now addressed by international consensus guidelines devel-
oped by the International PDE Consortium, which should be consulted for geno-
type-specific dosing and monitoring recommendations rather than treating pyri-
doxine response alone as diagnostic [71]. In addition to pyridoxine, other targeted
therapies are being explored for PDE: L-arginine supplementation has shown
promise in reducing the accumulation of alpha-aminoadipic semialdehyde (a-
AASA) by competitively inhibiting lysine transport into the central nervous sys-
tem, and has been associated with improvements in neurodevelopmental out-
comes in some patients [72]. Dietary modifications, such as lysine restriction,
have been used alongside pyridoxine to manage PDE, although adherence to such
diets can be challenging [72] [73]. The evidence for these adjunctive therapies re-
mains limited to case series and small cohorts rather than randomized trials, given
the rarity of the condition; even with adequate seizure control, many patients re-
tain some degree of developmental delay or intellectual disability, which the con-
sensus guideline identifies as an outcome that lysine-reduction therapies may im-
prove but do not reliably normalize [71] [73]. Early initiation of pyridoxine ther-
apy has nonetheless been shown to improve seizure control and developmental
outcomes in patients with PDE [32] [73].

3) Dietary Management—GLUT1 Deficiency Syndrome: Genetic testing plays
a crucial role in informing dietary management strategies for patients with neu-
rogenetic disorders. Patients with glucose transporter type 1 deficiency syndrome
(GLUT1DS), confirmed by identification of a pathogenic SLC2A1 variant (or,
where genetic testing is inconclusive, by a low cerebrospinal-fluid-to-blood glu-
cose ratio), can significantly benefit from a ketogenic diet (KD). GLUTI1DS is
characterized by impaired glucose transport across the blood-brain barrier, lead-
ing to cerebral energy deficiency; the ketogenic diet provides an alternative energy
source for the brain in the form of ketone bodies, which can bypass the defective
glucose transporter and alleviate symptoms such as seizures, movement disorders,
and cognitive impairment [74]-[76]. The ketogenic diet is internationally recog-
nized as the first-line treatment for GLUT1DS, and current clinical recommenda-
tions specify that it should be initiated as soon as the genetic or biochemical diag-
nosis is confirmed, since earlier initiation is associated with better long-term neu-
rodevelopmental outcomes [74] [76]. In addition to the classic ketogenic diet,
modified versions such as the Modified Atkins Diet (MAD) have also shown
promise in managing GLUT1DS, offering a more flexible and palatable option for
patients while maintaining therapeutic benefit, with genotype (missense versus
truncating SLC2A1 variants) reported to influence, but not reliably predict, indi-
vidual dietary response [76] [77]. The evidence supporting dietary management
in GLUT1DS again derives predominantly from retrospective cohorts and registry
data rather than randomized controlled trials, reflecting the rarity of the condi-

tion; genetic testing confirms the diagnosis and supports the decision to pursue
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dietary therapy, but does not by itself determine which dietary variant a given
patient will tolerate best, and diet selection continues to require individualized
clinical judgment [75] [78].

4. Discussion

The findings from this review underscore the diagnostic potential of genetic scan-
ning for improving the identification and management of epilepsy in patients who
already present with seizures. The identification of a wide range of genes and mu-
tations associated with epilepsy, spanning ion channel, synaptic, metabolic, struc-
tural/cell-adhesion, and chromatin-regulatory mechanisms, has significantly ad-
vanced our understanding of the disorder’s pathogenesis and heterogeneity. Ge-
netic testing has emerged as a valuable tool for confirming or refining diagnoses,
predicting prognosis, informing treatment decisions, and facilitating family plan-
ning.

The diagnostic yield of genetic testing varies depending on several factors, in-
cluding the epilepsy type or syndrome, age of onset, family history, and the spe-
cific testing method used. As detailed in Section 3.2, this yield is substantially
higher in early-onset, syndromic, and familial epilepsies than in common gener-
alized or focal epilepsies of unknown structural or acquired cause, and the incre-
mental value of WGS over panel or exome testing is concentrated in structural
variants, non-coding variants, and repeat expansions rather than in variant classes
that panels and exomes already detect well. This highlights the importance of care-
ful patient selection and appropriate test selection, in line with current recom-
mendations from the ILAE Genetics Commission on matching test type to clinical
context [14].

The identification of genotype-phenotype correlations has provided valuable
insights into how specific genetic mutations can influence the clinical presenta-
tion, severity, and prognosis of epilepsy. These correlations can help clinicians
tailor treatment strategies and provide more accurate prognostic information to
patients and families, although, as discussed in Section 3.4, the underlying evi-
dence for genotype-directed treatment is drawn largely from observational co-
horts, case series, and registry data rather than randomized controlled trials, and
treatment recommendations should specify the relevant genotype and its func-
tional consequence rather than being generalized across an entire gene.

The widespread application of genetic scanning in epilepsy raises several ethical
and practical considerations. Cost is a significant barrier to access, especially in re-
source-constrained settings. Variant interpretation can be challenging and should
follow standardized frameworks, such as the ACMG/AMP criteria for classifying
sequence variants as pathogenic, likely pathogenic, of uncertain significance,
likely benign, or benign, so that variant reports are consistent and reproducible
across laboratories [48]. Genetic counseling—both before testing, to set expecta-
tions about the likelihood and implications of a positive, negative, or uncertain

result, and after testing, to explain the result and its implications for the patient
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and family—is essential and should be delivered by appropriately trained profes-
sionals, consistent with current ILAE Genetics Commission guidance on test se-
lection, variant reporting, and counseling practice in the epilepsies [14]. Data pri-
vacy and security must be protected, and healthcare providers must adhere to
strict ethical and legal guidelines. The psychological impact of genetic testing
should also be carefully considered. These considerations apply specifically to di-
agnostic testing of symptomatic patients; extending genetic scanning to pre-
symptomatic relatives or population-based screening would raise additional ques-
tions (around the predictive value of a variant found in an asymptomatic person,
the right not to know, and the management of incidental findings) that are outside
the scope of this review and would need to be addressed on their own evidentiary
and ethical basis. A further limitation of this review is methodological: no formal
quality or risk-of-bias assessment tool was applied to the included studies, so the
relative methodological strength of the underlying evidence base could not be sys-
tematically weighted, and this should be borne in mind when interpreting the
findings summarized here.

Despite these challenges, the diagnostic and clinical-management benefits of
genetic scanning in epilepsy are substantial for the patients and clinical contexts
described above. As technology advances and the cost of sequencing decreases,
genetic testing is becoming increasingly accessible. Future directions in epilepsy
genetics include expanding gene discovery efforts, developing targeted therapies,
improving detection and interpretation of structural, non-coding, and repeat-ex-
pansion variants, and integrating multi-omics data to refine diagnostic and treat-

ment strategies.

5. Conclusion

Genetic scanning has emerged as a valuable diagnostic tool for improving the
identification and management of epilepsy in patients who present with seizures.
The identification of a wide range of genes and mutations associated with epilepsy
has significantly advanced our understanding of the disorder’s pathogenesis and
heterogeneity. Genetic testing can inform treatment decisions, improve prognos-
tic accuracy, facilitate family planning, and advance epilepsy research, provided
that genotype-directed recommendations are anchored to the specific variant, its
functional consequence, and the quality of the supporting evidence, and that test
selection, variant reporting, and counseling follow current professional guidance
such as that of the ILAE Genetics Commission and the ACMG/AMP variant-in-
terpretation standards [14] [48]. While challenges related to cost, variant inter-
pretation, and ethics remain, the diagnostic value of genetic scanning in appro-
priately selected patients with epilepsy is well supported by the evidence reviewed
here. As technology advances and the cost of sequencing decreases, genetic testing
is becoming increasingly accessible. Future directions in epilepsy genetics include
expanding gene discovery efforts, developing targeted therapies, and integrating

multi-omics data to refine diagnostic and treatment strategies. The continued in-
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tegration of genetic scanning into clinical practice has the potential to improve

diagnostic accuracy and support more personalized treatment for individuals af-

fected by epilepsy.
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