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Genetic testing in childhood epilepsy:
what tests to send, whom to test, and why to test?
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ABSTRACT

The role of genetics in childhood epilepsy has significantly expanded with the advancements in next-generation
sequencing technologies. Genetic testing now plays a crucial role in diagnosis, prognosis, and precision thera-
peutics, particularly in developmental and epileptic encephalopathies and drug-resistant epilepsies. However,
implementation remains uneven, leaving clinicians with frequent questions: Which test should | choose? When
is testing justified? And why does it matter just beyond a molecular label? This review aims to synthesize current
evidence on the utility of genetic testing in epilepsy, comparing available modalities, identifying the clinical sce-
narios where testing has the most impact, and outlining the therapeutic implications.
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RESUME

Le role de la génétique dans I'épilepsie de I'enfant s'est considérablement renforcé avec l'essor des technologies
de séquencage de nouvelle génération. Les tests génétiques constituent désormais un outil central pour le
diagnostic, I'évaluation pronostique et la mise en place de stratégies thérapeutiques de précision, en particulier
dans les encéphalopathies développementales et épileptiques ainsi que dans les épilepsies pharmaco-résis-
tantes. Leur intégration en pratique clinique demeure toutefois hétérogéne, exposant les cliniciens a des inter-
rogations persistantes : quel test privilégier, a quel moment le prescrire et quelle valeur attribuer aux résultats
au-dela d'une simple étiquette moléculaire ? Cette revue a pour objectif de synthétiser les données actuelles
sur l'utilité des tests génétiques dans I'épilepsie, de comparer les différentes approches disponibles, didentifier
les contextes cliniques ou leur impact est le plus déterminant et de préciser leurs implications thérapeutiques.

Mots clés : Epilepsie de I'enfant, gene, WES, WCS.

I-INTRODUCTION epilepsy. These causes can include structural ano-
malies, infectious factors, immune-mediated factors,
genetic and metabolic factors, among others (3). The
role of genetic testing in clini—cal pediatric neurolo-
gy has significantly increased in recent years, with
epilepsy being no exception. This progress is largely
driven by advances in molecular technologies, parti-
cularly next-generation sequencing (NGS) (4,5). The
contribution of genetic discoveries has transformed
the field of epilepsy, with more than 900 genes now
implicated in the condition. Similar to other complex
diseases, epilepsy arises not only from monogenic
changes but also from the interaction between en-
vironmental and polygenic risk factors. For many pa-

Epilepsy is one the most common neurological disor-
ders globally, affecting an estimated 60 million indi-
viduals. It is more prevalent in children, with a rate of
4-6 per 1,000 children, and more common in Arab
populations compared to Western countries (1,2).
Epilepsy is increasingly recognized as a group of he-
terogeneous disorders rather than a single disease
entity. While clinical evaluation, electroencephalogra-
phy, and neuroimaging are essential for the diagnosis
and classification of epilepsy, the International League
Against Epilepsy (ILAE) recognizes the growing im-
portance of understanding the underlying causes of
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tients, especially those with early-onset or drug-resis-
tant epilepsy, genetic testing is no longer optional but
integral to clinical care (4,5). A genetic diagnosis has
significant positive implications for patients and their
families. It can reduce unnecessary and often invasive
investigations, facilitate therapy adjustment, and en-
able the use of targeted anti-seizure medications for
specific etiologies.

This review will address three key clinical questions:
Which tests should be ordered? Whom to test? What
are the clinical benefits from testing?

Il- Which tests should be sent?

The choice of genetic test depends on the clinical
context, including the specific epileptic syndrome
and associated comorbidities, suspected etiology,
and available resources (Table 1).

Table 1: Genetic tests in epilepsy: advantages and
limitations

WES, whole-exome sequencing; WGS, whole-ge-
nome sequencing; CMA, chromosomal microarray.
+: less costly; ++: more costly

With more than 900 epilepsy-related genes iden-
tified, and additional genes continuously being
discovered, broad sequencing approaches are ge-
nerally preferred (4,5). Whole-exome sequencing
(WES) targets the protein-coding regions of the
genome, which represent less than 2% of the ge-
nome but harbor the majority of known pathoge-
nic variants. Whole-genome sequencing (WGS), by
contrast, interrogates the entire genome, including
noncoding regions, and provides a diagnostic yield
approximately 15% higher than WES. However, bar-
riers such as the complexity of interpreting nonco-
ding variants, high data storage demands, and cost
continue to limit its widespread clinical adoption. It
is important to highlight that WES platforms differ
in their design and coverage. Extended exome se-
quencing approaches, which include deep intro-
nic and regulatory regions, have been reported
to achieve diagnostic yields approaching those of
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WGS (6). Current guidelines recommend WES or
WGS as first-line tests in children with epilepsy (7.8).
Targeted gene panels remain in use, but their uti-
lity is limited by variability across laboratories. The-
refore, ILAE guidelines suggest using panels only
when WES or WGS is not accessible (8). Compara-
tive genomic hybridization (CGH) arrays can detect
pathogenic copy number variants (CNVs) in 5-16%
of children with epilepsy, particularly in those with
neurodevelopmental comorbidities. Some genetic
causes of epilepsy remain difficult to detect: repeat
expansions (e.g, FMRI1-related fragile X syndrome,
CSTB-related  Unverricht-Lundborg  progressive
myoclonic epilepsy), noncoding variants, ring chro-
mosomes (detected by karyotype), and methyla-
tion defects such as UBE3A in Angelman syndrome.
While testing primarily addresses monogenic epilep-
sies, many familial cases are polygenic; testing indi-
viduals for polygenic risk of epilepsy is currently not
availmable in clinical practice (7.8).

I1l- Whom to test?

Recommendations for genetic testing in epilepsy
differ across different international guidelines. Ac-
cording to the evidence-based practice guidelines
by the National Society of Genetic Counselors and
American Epilepsy Society (7), genetic testing is
strongly recommended for any unexplained epilepsy,
irrespective of age. Similarly, the Genetics Commis-
sion of the ILAE Task Force (8) highlights the impor-
tance of incorporating genetic testing into clinical
practice, particularly when the probability of iden-
tifying an underlying etiology is high (Table 2).

Table 2: Common indications for genetic testing in
children with epilepsy
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Genetic testing in children with epilepsy is common-
ly recommended in cases of drug-resistant epilepsy
of unknown cause. It is also warranted in epilepsy
plus presentations, where seizures coexist with
neurodevelopmental disorders, autism spectrum
disorders, dysmorphic features, multiple conge-
nital anomalies, as well as cases with extraneuro-
logic manifestations. Another major indication is
developmental and epileptic encephalopathies
(DEE), which include early infantile syndromes such
as Ohtahara syndrome and early myoclonic en-
cephalopathy, epilepsy of infancy with migrating
focal seizures, infantile epileptic spasms, Dravet
syndrome, epilepsy with myoclonic atonic seizures,
Lennox-Gastaut syndrome, and syndromes with
spike-and-wave activation in sleep. Finally familial
epilepsies, including genetic epilepsy with febrile
seizures, progressive myoclonic epilepsy, and au-
tosomal dominant sleep-related hypermotor epi-
lepsy, represent additional strong indications for
genetic evaluation.

The criteria outlined here represent the most fre-
quent indica—tions for genetic testing in pediatric
epilepsy, though they are not exhaustive. Certain
genetic epilepsies present with distinctive pheno-
typic features that clinicians should recognize. No-
table examples include tuberous sclerosis complex,
progressive myoclonic epilepsies, and neuronal mi-
gration disorders.

IV- Diagnostic yield

The diagnostic yield of genetic testing in pediatric
epilepsy varies widely, typically ranging from 20 to
65%, depending on the inclusion criteria and test
used (Table 1). The diagnostic yield is higher for
whole-exome sequencing (WES), reaching over
60% in some cohorts (4,9,10). Factors influencing
yield include the specific epilepsy syndrome, the
presence of intellectual disability or other neu-
rodevelopmental comorbidities, and the chosen
sequencing technology (WES generally offering
higher yields than panels or chromosomal microar-
ray). Another important point highlighted by several
studies is the significant role of epilepsy types and
syndromes in determining the diagnostic rate of
the test used. In this study, we showed that in Arab
populations compared to Western populations: we
have a higher diagnostic rate (60 % compared to
40%), and most of the identified genes are reces-
sive compared to dominant inheritance (10).

V- Why to Test-Clinical effects?

Beyond establishing etiology, genetic testing in-
creasingly guides clinical management by informing
treatment selection (Tables 3 and 4), refining pro-
gnosis, and supporting genetic counseling (11-13).
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Table 3: Common treatable inherited metabolic epilep-

sies

In the study by Yong Koh et al,, genetic testing in
childhood epilepsy showed significant clinical im-
pact. Among those who received a confirmed ge-
netic diagnosis and were followed over time, 41% of
patients experienced documented changes in ma-
nagement or outcomes directly attributable to their
genetic findings (11). Specific variants predict thera-
peutic response or contraindications. For example,
SCNI1A variants the use of sodium channel blockers
(i.e., lamotrigine), while TSC1/TSC2 variants identify
candidates for mTOR inhibitors, ALDH7A1 variants
supports the use of pyridoxin and lysine restricted
died, and SLC2A1 variants support the use of ke-
togenic diet therapy. These insights prevent harmful
interventions and enable precision therapy. Genetic
results also refine expectations for disease progres-
sion, comorbidities, and long-term outcomes, while
providing essential information for family counse-
ling. At the healthcare systems level, molecular dia-
gnosis shortens the "diagnostic odyssey,” reduces
unnecessary investigations, and opens access to
gene-targeted clinical trials and experimental the-
rapies. This linking patient care with translational
research (11-13).
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Table 4: Current precision medicine in genetic epilepsies costs, inadequate infrastructure, dependence on

DEE: developmental and epileptic encephalopathy
EE-CSWS: epileptic encephalopathy with continuous
spike and wave in sleep

VI- Limitations of genetic testing

Despite its benefits, the implementation of genetic
testing in epilepsy remains inconsistent worldwide.
In many health systems, testing is not a standard
part of care, and the available techniques may be
limited in scope, which reduces the diagnostic yield.
Interpretation challenges, particularly the high fre-
quency of variants of uncertain significance, further
complicate clinical use. Economic barriers are also
significant: in cases where testing is not reimbursed,
costs often fall on families, limiting accessibility and
creating disparities. Access is further constrained
by shortages of specialized genetic counseling
services and unequal distribution of genomic re-
sources across regions.

VIl- Conclusion

Genetic testing is no longer ancillary in epilepsy
care; it is a decisive tool that can guide therapy, de-
fine prognosis, and inform families. The integration
of genetic testing into childhood epilepsy practice
marks a shift toward precision neurology. Evidence
supports early testing in severe pediatric epilepsies
as first-line, with increasing adoption of exome and
genome sequencing over restricted panels.

In the Maghreb and the wider MENA region, adop-
tion of genetic testing remains limited due to high
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overseas laboratories, and a shortage of trained
geneticists and counselors. Limited reimburse-
ment and high rates of consanguinity contribute
to the regional burden of recessive epilepsies, em-
phasizing the importance of accessible testing. To
address these challenges, investment in local se-
quencing, regional databases, clinician training, and
supportive policies is necessary. Tailored strategies
are essential to ensure the benefits of precision me-
dicine in epilepsy reach patients across the region.
Future directions include:

- More widespread use of WGS as costs decrease.
- Integration of polygenic risk scores for common
types of epilepsy.

- Utilization of multi-omics (genomics, transcripto-
mics, metabolomics) to better understand complex
pathophysiology of the condition.

- Expansion of gene-target therapies and antisense
oligonucleotideapproaches.
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