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Abstract

Objective: Genetic testing is now included in the diagnostic assessment of
childhood onset epilepsies. We evaluated the yield of a targeted next generation
sequencing (TNGS) panel dedicated to pediatric epilepsies.

Methods: We tested by TNGS panel 1000 consecutive patients presenting
with childhood onset epilepsies and including mainly patients with early onset
epilepsies (under 2years, 61%).

Results: Causal variants were identified in 31% of patients, spanning 78 differ-
ent genes. Patients with benign familial neonatal/infantile epilepsy (BFN/IS)
exhibited the highest rate of positive findings (82%). Developmental and epi-
leptic encephalopathies (DEEs) had a global diagnostic yield of 37%, with epi-
lepsy of infancy with migrating focal seizures (EIMFSI) and Dravet syndrome
(DS) presenting the highest yield in this group (78%) and early infantile DEE
(EIDEE) laying next with a yield of 43%. The lowest rates of genetic diagnosis
were observed in infantile epileptic spasms syndrome (IESS, 17%), epilepsy with
myoclonic-atonic seizures (EMALtS, 19%), and DEE-SWAS (14%). Patients with
GEFS+ had a yield of 16%. Among patients with developmental encephalopa-
thies and refractory seizures with onset after 2years, TNGS yielded a 33% di-
agnostic rate. Atypical absences yielded 16%, focal epilepsy yielded 18%, and
generalized epilepsies with refractory seizures yielded 13%. These groups exhib-
ited a high genetic heterogeneity.

Significance: TNGS is an effective first-step genetic screening in patients
with high diagnostic yields (BFN/IS, EIMFS, DS, EIDEE) and for epilepsy syn-
dromes associated with one or a few major genes (BFN/IS, EIMFS, DS, GEFS+,
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1 | INTRODUCTION

Over the past decades, the identification of genes involved in
epileptic disorders has grown exponentially thanks to major
advances in molecular technologies, notably the advent of
next generation sequencing (NGS), coupled to careful and
deep electro-clinical phenotyping. These achievements
have transformed the diagnostic strategy dedicated to pa-
tients affected by childhood-onset epilepsy, leading to the
integration of NGS into the diagnostic framework."?

A genetic diagnosis has significant positive implica-
tions for patients and their families. It can reduce unnec-
essary and often invasive investigations, facilitate therapy
adjustment, and enable the use of targeted anti-seizure
medications (ASMs) for specific etiologies. Furthermore,
a genetic diagnosis provides patients and their families
with insights into the underlying cause of their disease
and allows genetic counseling with possible prenatal or
preimplantation diagnosis.z’3

In 2015 we developed a custom targeted next genera-
tion sequencing (TNGS) strategy for the molecular diag-
nosis of pediatric epilepsy. We have prospectively assessed
the efficacy of this approach across various electro-clinical
syndromes. Our aim was to identify the electro-clinical
phenotypes that would benefit most from TNGS as a first-
line diagnostic tool. We integrated our results in the ILAE
classification.*

2 | METHODS

We included 1000 consecutive pediatric patients, fol-
lowed in our reference center for rare epilepsies at

DEE-SWAS). Whole exome or genome sequencing (WES/WGS) should be consid-
ered as a second step in these groups with a probably relevant Mendelian inherit-
ance. WES/WGS could be proposed as first-tier analysis in patients with IESS,
EMALS, generalized or focal epilepsies refractory to ASMs, and developmental
encephalopathies with seizure onset after 2 years. However, the lower diagnostic
yield obtained in these groups may suggest a complex inheritance.

Plain Language Summary: This study emphasizes the importance of accu-
rately identifying different types of epilepsy and epilepsy syndromes to improve
genetic testing strategies. We suggest that a targeted gene panel can be a good
first step for some genetic conditions, such as benign familial neonatal/infantile
epilepsy, Dravet syndrome, and epilepsy of infancy with migrating focal seizures.

developmental and epileptic encephalopathies, Dravet syndrome, epilepsy with migrating
focal seizures of infancy, genetics, next generation sequencing

Key points

« A precise phenotyping and the ILAE epilepsy
syndrome classification are essential for guid-
ing genetic diagnostic strategies, helping to
identify the most appropriate testing methods.

« Targeted next-generation sequencing can
serve as an initial alternative to whole exome/
genome sequencing for certain monogenic
syndromes with a high diagnostic yield.

« Whole exome sequencing or genome
sequencing is recommended as a first-tier
analysis for patients with specific conditions,
including infantile epileptic spasms syndrome
or epilepsy with myoclonic atonic seizures.

Necker Enfants-Malades Hospital, between 2015 and
2023.

Electroclinical data were obtained for all patients. We
detailed seizure history including age of onset, seizures'
type, and response to antiseizure medications (ASMs). We
evaluated the family history of seizure disorders, personal
history, early psychomotor development, neurological
examination, video-EEG recordings, and neuroimaging
studies.

We included all patients with epilepsy onset before
the age of 2years except patients with evidence of brain
anoxic-ischemic insult. Patients with confirmed malfor-
mation of cortical development and tuberous sclerosis
were excluded as they are tested by dedicated panels.
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For patients with seizure onset after the age of 2years,
we included self-limited focal epilepsies (SeLFE) evolving
to a DEE/EE-SWAS spectrum, and patients with genetic
generalized epilepsies (GGE) refractory to ASMs. Epilepsy
syndrome diagnosis was made according to the ILAE
criteria.*

Patients’ inclusion in the panel and the results of the
panel were discussed by a multidisciplinary team com-
posed of pediatric neurologists, neurophysiologists, neu-
roradiologists, and molecular geneticists.

For patients included between 2015 and 2021, we used
the first version of the panel targeting 151 genes. For pa-
tients included between 2022 and 2023, we used the sec-
ond version of the panel targeting 249 genes. The panel
design, the NGS technique, and data analysis are detailed
in the Appendix S1 and S3. All patients or legal guard-
ians gave written informed consent for genetic diagnosis
procedures.

3 | RESULTS

3.1 | Population

We included 1000 consecutive patients (535 boys, 54%)
with a mean age at seizure onset of 2years (range:
0-13years, median: 6 months). Of these, 164 (16%) had
neonatal seizure onset, and 616 (62%) had seizures be-
fore 2years of age. At the last follow-up, the mean age
was 7.1years (range: 1 month-36years, median: 1.5years).
Consanguinity was reported in 6% of families, and 14%
had a family history of seizures. Electroclinical diagnosis
is detailed in Table 1.

3.2 | Genetic results (NGS panel)

For the patients included in the first version of the
panel, we obtained a mean depth of sequencing of 448x
(range: 230-724%, median: 477x). For the patients in-
cluded in the second version of the panel, we obtained
a mean depth of sequencing of 585X (range: 331-732X,
median: 540%).

Considering the whole cohort, a pathogenic or likely
pathogenic variant (PV/LPV) was identified in 31% of pa-
tients (310/1000). Of the PV/LPVs, 49% (152/310) were
novel. PV/LPV laid on 78 different genes (Appendix S2).
A “top 10” of genes accounted for 18% (175/1000) of the
genetic diagnosis, including SCNIA (n=48), KCNQ2
(n=28), SCN2A (n=21), PRRT2 (n=17), SCNSA
(n=13), STXBP1 (n=11), KCNT1 (n=10), CDKL5
(n=8), SYNGAPI (n=7), WWOX (n=6), and CHD2
(n=6, Appendix S2).

TABLE 1 Electroclinical diagnosis and diagnostic yield of
TNGS in this cohort.

Features of the Diagnostic
cohort No. of patients and age TNGS yield
Patients 1000 31%
Mean age at 2years (range: 0-13 years,
epilepsy onset median: 6 month)
Age at last 7.1years (1 month-36years,
follow-up median: 1.5years)
Neonatal onset of 164
seizures
No. of Diagnostic
Diagnostic group patients TNGS yield
Epilepsies with developmental 463 37%
and epileptic encephalopathy
EIDEE 168 43%
IESS 132 17%
EMALS 52 19%
DS 51 78%
EIMFS 23 78%
DEE-SWAS 21 14%
LGS 11 36%
HHE 5 40%
GEFS+ 62 16%
Benign (familial) neonatal/ 39 82%
infantile epilepsy
Atypical absences 56 16%
Focal epilepsy refractory to 190 18%
ASMs
Generalized epilepsy refractory 52 13%
to ASMs
DE with epilepsy refractory to 138 33%
ASMs

Abbreviations: ASMs, anti-seizure medication; DEE-SWAS, developmental
and epileptic encephalopathy with spike-wave activity in sleep; DS,
Dravet syndrome; EI-DEE, Early-infantile developmental and epileptic
encephalopathy syndrome; EIMFS, epilepsy of infancy with migrating
focal seizures; EMALS, epilepsy with myoclonic-atonic seizures; GEFS+,
generalized epilepsy with febrile seizures plus; HHE, hemiconvulsion
hemiplegia epilepsy syndrome; IESS, infantile epileptic spasms syndrome;
LGS, Lennox-Gastaut syndrome; m, months; TNGS, targeted next
generation sequencing.

Autosomal dominant conditions were identified in
82% of patients (254/310). In this group, PV/LPVs were
de novo in 56% (174/310), inherited from an affected
heterozygous parent in 4% (12/310), inherited from a
healthy heterozygous parent in 12% (36/310), and in-
herited from a parent carrying the variant in probable
somatic mosaicism in 2% (5/310). In seven cases, a het-
erozygous PV/LPV variant was absent in one parent, but
the segregation analysis could not be performed in the
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second parent. In 20 cases, the segregation study could
not be performed. Probable somatic mosaicism was de-
tected in 3% of patients (10/310) ranging from 11% to
32% of the reads. A probable gonadal mosaicism was
identified in one family (Appendix S2).

Autosomal recessive conditions were identified in 10%
of patients (30/310). X-linked conditions were identified
in 8% (26/310) including 21 de novo variants, 4 hemizy-
gous variants inherited from the heterozygous unaffected
mother, and 1 heterozygous variant inherited from the un-
affected mother carrying the variant in somatic mosaicism
(Appendix S2).

Six hundred sixty-one patients (661/1000) were in-
cluded in the first version of the panel with a diagnostic
yield of 30% (201/661). Three hundred thirty-nine patients
(339/1000) were included in the second version of the
panel with a diagnostic yield of 32% (109/339), (Figure 1A).
For five patients (5/339) included in the second version of
the panel, the pathogenic variant would have been missed
by the first panel version, as they are located in genes
that were added in the second version (NUSI, KCNMAI,
FGF12, UBA5, and SYNJ1, Appendix S2).

In 2% of patients, we identified variants classified
of unknown significance (VUS) based on several ele-
ments including a low frequency in the public databases
(GnomAD), in silico prediction of pathogenicity, lack of
precise genotype—-phenotype correlation and the unavail-
ability of the parental samples to perform the familial
study (Appendix S2).

3.3 | Genetic results in relation to
epilepsy syndromes

3.3.1 | Developmental and epileptic
encephalopathies

PV/LPVs were found in 37% (172/463) of patients with
DEE. In patients with EIDEE, a molecular diagnosis could
be established in 43% of children (72/168) with mutations
affecting 28 different genes. Mutations mainly affected
STXBP1 (n=9), SCN2A (n=8), KCNQ2 (n=7), WWOX
(n=6), DNM1 (n=4), SCN8A (n=4), and CDKL5 (n=4).
All EIDEE are de novo except for the autosomal recessive
WWOX-EIDEE and EIDEE due to RARS2, SYNJI, and
PNPO LPV/PV (Table 1, Figures 1B-D, 2A, Appendix S2).

Considering patients with EIMFS, we identified a PV/
LPVin 78% (18/23) with de novo variants in KCNT1 (n=9),
SCN8A (n=2),KCNA2(n=1), KCNCI1 (n=1),and CDKL5
(n=1). In two patients, compound heterozygous variants
were identified in QARS (n=1) and ALDH7A1 (n=1).
Two children had hemizygous variants in PIGA (n=2),
de novo in one case and inherited from the unaffected

heterozygous mother in the second (Table 1, Figures 1B-
D, 2A, Appendix S2).

In patients with IESS, a de novo causal variant was
identified in 17% (23/132) affecting 16 different genes:
CDKL5 (n=3), IQSEC2 (n=2), SCN2A (n=2), ALGI3
(n=2), GRIN2B (n=1), STXBPI (n=1), KCNQ2 (n=1),
GRIN2A (n=1), NEDD4L (n=1), GRINI (n=1), SPTANI
(n=1), DEPDC5 (n=1), MECP2 (n=1), NIPA2 (n=1),
CACNAIE (n=1), and UBAS5 (n=1). We identified a trip-
lication including GABRB3, NIPA2, and UBE3A and con-
firmed by FISH of an iso-dicentric chromosome 15 in one
patient. Finally, we detected a de novo 2q24.3 deletion en-
compassing SCN2A and SCN1A and a heterozygous NIPA2
deletion confirmed by a CGH-array identifying the recur-
rent 15q11.2 BP1-BP2 deletion encompassing NIPA2. PV/
LPV were de novo in 22/23 patients. One patient carried
compound heterozygous PV in the UBAS5 gene (Table 1,
Figures 1B-D, 2A, Appendix S2).

In patients with EMALtS, 19% (10/52) had PV/LPV lay-
ing on eight different genes, namely SCN2A (n=3), STX1B
(n=1), CSNK2B (n=1), NEDD4L (n=1), SLC2AI (n=1),
SLC6AI (n=1), KCTD7 (n=1), and ASAH1 (n=1, Table 1,
Figures 1B-D, 2A, Appendix S2). All variants are de novo,
except those on ASAHI and KCTD7, which were biallelic.

In patients with DS, we identified PV/LPV in 78%
(40/51) affecting SCNIA (n=35), KCNA2 (n=2), and
GABRB3 (n=1). We identified two patients with cluster-
ing PCDH19 epilepsy due to de novo PCDH19 PV (Table 1,
Figures 1B-D, 2A, Appendix S2). In 30 patients, PV/LPV
were de novo, in 3 inherited from unaffected heterozygous
parents, and in two inherited from an unaffected parent
carrying the variant in low somatic mosaicism. In 5 cases,
segregation study could not be realized.

In DEE-SWAS, 14% of patients carried de novo PV/
LPVin GRIN2A (3/21).In 4/11 patients with LGS, de novo
causal variants were identified in CHD2 (n=2), RORB
(n=1), and SCN2A (n=1). Finally, among five children
with HHE, one had a de novo SCN1A LPV and one de novo
CACNAIA LPV (Table 1, Figures 1B-D, 2A, Appendix S2).

3.3.2 | Other phenotypes

In patients with benign (familial) neonatal/infantile sei-
zures, PV/LPV were identified in 82% (32/39) laying on
KCNQ2 (n=20), PRRT2 (n=11), and SCN2A (n=1).
In four patients, a recurrent deletion including KCNQ?2,
CHRNA4, and EEF1AE was identified. In three patients,
we identified a heterozygous PRRT2 deletion. PV/LPV
were de novo in eight patients, inherited from an affected
parent in 5, inherited from a healthy parent in 15. In three
cases, we could not perform a segregation study (Table 1,
Figures 1C, 2B, Appendix S2).
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FIGURE 1 Description of the 1000 included patients and their NGS results. (A) NGS results obtained in this cohort and study design,
(B) NGS results in patients with developmental epileptic encephalopathies, and (C) NGS result in patients with other epilepsy syndromes
according to ILAE classification. (D) Genetic results in different DEE according to the ILAE classification (Adapted from Wirrel et al.*). (E)
Proposed algorithm for genetic testing in patients with pediatric epilepsy. DEE-SWAS, developmental and epileptic encephalopathy with
spike-wave activity in sleep; DS, Dravet syndrome; EIDEE, Early-infantile developmental and epileptic encephalopathy syndrome; EIMFS,
epilepsy of infancy with migrating focal seizures; EMALS, epilepsy with myoclonic-atonic seizures; GEFS+, generalized epilepsy with febrile
seizures plus; HHE, hemiconvulsion hemiplegia epilepsy syndrome; IESS, infantile epileptic spasms syndrome; LGS, Lennox-Gastaut
syndrome.

We tested 62 patients with GEFS+ and found LPV/ Fifty-six children presented GGE with atypical ab-
PV in 16% (10/62) affecting SCN1A (n=7), HCNI (n=1), sences. In this group, we found PV/LPV in 9/56 (16%) af-
SCN1B(n=1),and STX1B (n=1). PV/LPV were inherited fecting five different genes, namely SLC2A1 (n=3), NIPA2
from a heterozygous affected parent in 3, inherited froma  (n=3), NRXNI (n=1), NUSI (n=1), and SYNGAPI
heterozygous unaffected parent in 2, and de novo in 3. For (n=1). In the three patients with NIPA2 deletion, CGH-
two patients, segregation could not be performed (Table 1, array confirmed the recurrent 15q11.2 BP1-BP2 deletion.
Figures 1C, 2B, Appendix S2). PV/LPV were de novo in five patients, inherited from a
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FIGURE 2 Genetic results obtained in this cohort in patients with developmental epileptic encephalopathies and other epilepsy

syndromes according to ILAE classification. (A) The graphs show the percentage of molecular diagnosis obtained in each epilepsy syndrome
that are presented from left to right following the age at onset (Adapted from Wirrel et al.*). We shaded in red the percentage of patients
with a pathogenic variant on one major gene (indicated by an arrow). We shaded in blue the percentage of patients with pathogenic variants
in heterogeneous genes. In gray, we indicate the percentage of patients with a negative panel result. In the center, we present the percentage
of patients with a confirmed genetic etiology. (B) The graphs show the percentage of molecular diagnosis obtained in syndromes other than
DEEs. We shaded in green the percentage of patients with a pathogenic variant in one major gene (indicated by arrows). We shaded in
orange the percentage of patients with pathogenic variants in more heterogeneous genes. In gray, we indicate the percentage of patients with
a negative panel result. In the center, we present the percentage of patients with a confirmed genetic etiology. DEE-SWAS, developmental
and epileptic encephalopathy with spike-wave activity in sleep; DS, Dravet syndrome; EIDEE, Early-infantile developmental and epileptic

encephalopathy syndrome; EIMFS, epilepsy of infancy with migrating focal seizures; EMALS, epilepsy with myoclonic-atonic seizures;

GEFS+, generalized epilepsy with febrile seizures plus; IESS, infantile epileptic spasms syndrome.

heterozygous unaffected parent in 1, inherited from a het-
erozygous affected parent in 1, and inherited from an un-
affected parent carrying the variant in somatic mosaicism
in one. A segregation study could not be done for one pa-
tient (Table 1, Figures 1C, 2B, Appendix S2).

In 52 patients with non-classified GGE, we identified
PV/LPV in 7 (13%) on 5 different genes, namely SLC2A1
(n=3), SCN8A (n=1), HCNI (n=1), EPMA2 (n=1), and
CSNK2B (n=1, Table 1, Figures 1C, 2B, Appendix S2).

In the group of focal epilepsies, a genetic etiology was
established in 35/190 patients (18%) and affected 20 dif-
ferent genes. In particular, PV/LPV were identified in
SCN8A (n=6), PRRT2 (n=4), DEPDC5 (n=3), NPRL3
(n=3), PCDH19 (n=3), MTOR (n=2), GABRAI, SETBPI,

SCN2A, NRXN1, SLC2A1, SYNI1, PNPO, RELN, NPRL2,
GABRG2, KCNC2, LGII, DYRKIA, and KCNTI1 (n=1
each). For 19 patients, PV/LPV were de novo, inherited
from a heterozygous healthy parent in 11, inherited from
an affected father carrying the variant in somatic mosa-
icism in 1, and from an affected heterozygous parent in 1.
One patient carried PNPO compound heterozygous vari-
ants. For two patients, segregation analyses could not be
performed (Table 1, Figures 1C, 2B, Appendix S2).

In 138 patients with developmental encephalopathies
with seizures started after the age of 2years, we identi-
fied PV/LPV in 45 (33%) affecting 27 different genes. They
are de novo in 34 patients. Autosomal recessive condi-
tions were identified in four patients (CNTNAP2 in three
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and PNKP in one). In one patient, the recurrent 15q11.2
BP1-BP2 deletion was identified. In two brothers, we
found a duplication of SCN1A and SCN2A that was absent
in their parents, suggesting a gonadal mosaicism (Table 1,
Figures 1C, 2B, Appendix S2).

4 | DISCUSSION

We report the detailed diagnostic yield of a TNGS panel
in a series of 1000 consecutive individuals referred to our
reference center for rare epilepsy. The overall diagnostic
yield in this cohort is 31%. In the literature, the diagnostic
yield of TNGS panels, whole exome sequencing (WES)
and whole genome sequencing (WGS), defined as the
percentage of “solved” cases, varies between 1% and
89%. This variability has been attributed to differences
in the genetic strategies (i.e., panels targeting a variable
number and selection of genes, WES, or WGS) and in
the interpretation/classification of variants, especially
prior to the publication of guidelines for molecular data
interpretation.!*>°

In this series, we did not find a relevant difference in
the diagnostic yield of a first panel version targeting 151
genes (30%) compared to a second panel version targeting
249 genes (32%). Although this is important at an individ-
ual level, it may not support this approach from a cost-
benefit and timeline perspective for such rare genes. This
is consistent with literature data showing that a “core”
panel of 30 genes accounts for the majority of diagnoses,
while larger panels contribute a small percentage of addi-
tional diagnoses.'

Early studies evaluating genetic testing for epilepsies
focused on the efficacy of TNGS approaches in large pa-
tient cohorts but often provided limited clinical descrip-
tions. Many studies did not report detailed phenotypes or
included cohorts with mixed phenotypes, comprising both
monogenic and non-monogenic epilepsies with different
syndromes and ages of onset. This complicates the assess-
ment of the impact of specific phenotypic features on test
yield."! However, the variable diagnostic yield is primarily
influenced by the population included in the reported co-
horts (i.e., pediatric versus adult epilepsies, focal epilep-
sies, DEE, metabolic, or structural epilepsies).1

We analyzed our targeted NGS results based on the
patients’ electroclinical diagnosis according to the ILAE
classification.* Our findings highlight the significant role
of epilepsy types and syndromes in determining the diag-
nostic rate of TNGS strategies, as shown in more recent
studies."?

In our series, patients with DEE had an overall diag-
nostic yield of 37%. Examining the results in more detail,
we achieved a genetic diagnosis in 2/3 of patients with
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EIMFS and DS. These syndromes are monogenic diseases
linked to a few major genes: SCN1A for DS and KCNT1 for
EIMFS. For patients with EIDEE, we attained a molecular
diagnosis in nearly half of the patients with contributions
from three major genes (STXBP1, SCN2A, and KCNQ?2).

In contrast, only 17% of patients with IESS and 19% of
those with EMALS received a molecular diagnosis through
our panel, with no major gene identified in these groups.
This low yield in IESS may be partly due to the exclusion
of patients with structural etiologies, such as tuberous
sclerosis, from this series. Additionally, genetic heteroge-
neity has been reported in patients with EMALtS, suggest-
ing a multifactorial inheritance pattern in most cases.”®

Our results suggest that TNGS remains relevant for pa-
tients with BFN/IS. Patients with DEE, particularly those
with EIMFS and DS, are also good candidates for first-step
TNGS. The high number of diagnoses made by TNGS in
these groups of patients suggests that a Mendelian cause
underlies these epilepsies and that WES or WGS could be
useful in patients with a negative TNGS result (Figure 1E).

For patients with IESS or EMALtS, the low diagnostic
yield from the panel may be due to a high genetic hetero-
geneity warranting proposing WES or WGS as the initial
step in the diagnosis genetic work-up, where available
(Figure 1E). However, the low diagnostic yield in both
syndromes may also be related to a complex inheritance
that cannot be fully resolved by WES or WGS.

Interestingly, for DEE-SWAS, although the yield is not
high, the causal role of one major gene, GRIN2A, may sup-
port the use of TNGS as a first step.” Finally, patients with
focal epilepsies, atypical absences, not-classified drug re-
sistant GGE, and developmental encephalopathy with epi-
lepsy onset after 2 years show a high genetic heterogeneity
and have a low diagnostic yield achieved by panel orient-
ing toward the hypothesis of a complex inheritance. WES
or WGS as a first option for genetic testing could allow a
molecular diagnosis in some cases (Figure 1E). The de-
velopment of polygenic risk score models could be rele-
vant to understanding the complex genetic architecture of
these syndromes. "’

Genetic testing for patients with epilepsy has evolved,
and a variety of testing options are now available within
the diagnostic framework, including TNGS panels, WES,
and WGS. However, clear guidelines regarding the optimal
testing strategy are still lacking, and the recommendations
should include the availability of the different methodolo-
gies and the cost benefit.

A major limitation of TNGS compared to WES and
WGS is the restricted number of genes analyzed. Negative
results with TNGS will necessitate additional testing and
increase the delay of the diagnosis delivery. Nevertheless,
TNGS offers deeper sequencing than WES and WGS, pro-
viding greater confidence in the results for variants in
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known epilepsy genes, especially when those variants are
already classified as pathogenic.'

In our cohort, the depth of the sequencing in TNGS en-
abled the detection of variants at low levels of mosaicism.
Mosaicism is believed to be an underreported cause of ge-
netic disorders, with Stosser et al. reporting its presence
in 3.5% of 893 patients.'! We identified probable low-level
mosaicism variants in 11 patients (3.5%) and in 6 parents,
which has significant implications for genetic counseling.
An additional advantage of TNGS is that testing known
genes can expedite genetic analysis, particularly when
“rapid panels” with accelerated turnaround times are de-
veloped by diagnostic laboratories, allowing diagnoses in
<1 week.

The epilepsy and epilepsy syndrome diagnosis impacts
the yield of TNGS and allows a rational approach in many
monogenic syndromes.

WGS is a comprehensive genetic testing approach that
can identify variants in non-coding regions, repeat expan-
sions, copy number variants (CNVs), structural variants,
uniparental disomy, and mitochondrial DNA variants.
However, the analysis of WGS results is challenging due to
the generation of variants of uncertain significance (VUS)
and the need for functional studies on newly identified
genes not previously associated with epilepsy. Moreover,
WGS is not yet widely available in routine clinical prac-
tice and often remains a research tool in many settings.'*
Our patients with negative results are entering a genome
diagnosis program, and we will evaluate the yield of this
program in the coming years.

CGH-array enables the identification of pathogenic
copy number variations (CNVs) in approximately 5%-16%
of patients with epilepsy, particularly when associated
with neurodevelopmental disorders." CGH-array remains
a viable option where WGS is not available, serving as a
second-line diagnostic test, especially for patients with
neurodevelopmental disorders.'® In our cohort, we iden-
tified 22 exonic deletions or duplications. Notably, by tar-
geting the gene NIPA2 located in the 15q11.2 region, we
found the recurrent 15q11.2 BP1-BP2 deletion in six pa-
tients, which was further characterized by CGH. Allowing
the detection of both CNVs and structural variants, WGS
is replacing CGH-array.

Our genetic testing algorithm for pediatric epilepsy rec-
ommends using the NGS panel as a first step for patients
with BFI/NS, EIDEE, EIMFS, Dravet syndrome, DEE-
SWAS, and GEFS+. While the number of patients studied
by WGS remains limited, preventing a definite change in
our stepwise genetic testing approach, our findings along
with existing literature™* suggest that WES or WGS could
be considered as a first genetic test, when available, for
patients with IESS, EMALS, developmental encephalopa-
thies with seizure onset after age 2, atypical absences, and

not-classified genetic generalized epilepsy with seizures
refractory to anti-seizure medications (ASMs).

Our results suggest that refining the phenotype and
utilizing multidisciplinary discussion of genetic testing
results can enhance diagnostic yield. Identifying the spec-
trum of phenotypes associated with epilepsy genes will
facilitate the interpretation of genetic results. When pro-
posing genetic testing, epilepsy should not be viewed as
a single disorder. Utilizing the ILAE epilepsy syndrome
classification is valuable for guiding the genetic diagnos-
tic strategy for patients, enabling targeted testing through
panels in certain monogenic epilepsies or those linked to
major genes.

In conclusion, genetic testing has now become an es-
sential tool in the diagnosis of epilepsy and may play a
crucial role in some syndromes. A close collaboration be-
tween epileptologists and Health authorities should con-
sider the cost of genetic testing as part of the work-up for
patients with epilepsy, alongside neuroimaging and other
assessments. Furthermore, employing the ILAE classifica-
tion will enhance the comparison of genetic studies and
improve our understanding of the genetic contributions to
various epilepsy syndromes.
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