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Genetic Testing in the Care 
of Patients With Epilepsy
Genetic testing is improving diagnostic accuracy and sometimes, informing 
treatment decisions.

By Alica M. Goldman, MD, PhD, MS

Historical Background
Epidemiologic research as well as analyses of 
individual families show that genetic factors 
play an important role in a broad spectrum 
of epilepsies. As early as 1951, Lennox ana-
lyzed data from more than 4,000 patients 

and reported an approximate incidence of epilepsy in 3.2% 
of family members of persons with essential (ie, nonle-
sional) epilepsy and an 84% concordance in monozygotic 
(ie, identical) twins versus a 10% concordance in dizygotic 
(ie, fraternal) twins with epilepsy.1 In 1995, it was discovered 
that a gene coding for the acetylcholine receptor a4 subunit 
is linked to autosomal dominant nocturnal frontal lobe 
epilepsy (ADNFLE),2 and this hallmarked a period of subse-
quent discoveries of individually relevant genes and variants 
causally associated with a range of epilepsies.

Today we know that genetic influences affect even patients 
with posttraumatic epilepsy in whom the emergence of epi-
leptic seizures used to be attributed strictly to environmental 
factors.3 In complex disease, such as sporadic epilepsy, an esti-
mated 5% to 10% of first-degree relatives manifest the disease 
compared to 50% in a fully penetrant autosomal dominant 
Mendelian disorder.4 There are increased options for and 
access to clinical genetic testing, and the expanding clinical 
relevance of molecular diagnosis and relative ease of access 
and direct-to-consumer marketing of DNA analysis may 
prompt physicians to initiate and then execute, the process of 
genetic testing in their clinical practice. 

Understanding Genetically Defined Epilepsy Risk
Because most epilepsy seems to be sporadic, risk predic-

tions based upon Mendelian inheritance are frequently not 
applicable. Understanding population-based risk for genetic 
epilepsies is often useful for patient counseling, particu-
larly when discussing issues related to family planning or 
the merits of genetic testing. A 2014 epidemiologic study 
provides useful risk estimates that also validate some of the 
earlier observations.5 Among 2,439 first-degree relatives resid-

ing in a single county, the cumulative incidence of epilepsy 
to age 40 was 4.7% (standard error [SE], 0.60%). The risk for 
epilepsy was increased 3.3-fold (95% confidence interval [CI], 
2.75-5.99) for first-degree relatives of persons with epilepsy, 
and this was similar among parents (4.5%; SE, 1.67%), siblings 
(4.8%; SE, 0.87%), and offspring (3.9%; SE, 0.89%). The risk was 
the greatest among relatives of probands with idiopathic 
epilepsies (standardized incidence ratio [SIR], 5.5), particu-
larly among relatives of probands with idiopathic generalized 
epilepsies (SIR, 6.0) versus probands with idiopathic focal 
(SIR, 2.1) epilepsies. Relatives of probands with generalized 
epilepsy, had an 8-times higher risk for generalized epilepsy, 
but only a 2.5-times increased risk for focal epilepsy.5 

Interpreting Genetic Epilepsy Variants
Genetic epilepsy can be a sole disease manifestation 

or a comorbidity within a syndrome with a multisystem 
involvement. Epilepsy is among the most common findings 
in chromosomal aberrations, identified in close to 40% of 
patients with a variety of genetic dysmorphic disorders.6 
Together with developmental delay and intellectual dis-
ability, it is often dominant and highly disabling. The genetic 
lesions underlying human epilepsies range from aberrant 
chromosomal number or structure to highly devastating 
single-nucleotide substitutions. This widely varied molecu-
lar pathology warrants appropriate diagnostic platforms. 
Genetic testing has proven clinical relevance in confirming 
diagnosis, family counseling, prognostication, and, increas-
ingly, in guiding therapeutic decisions. In a study of 611 con-
secutive newborns with seizures, 79 children were diagnosed 
with a broad spectrum of neonatal epilepsies. Although 
genetic diagnostic approaches varied, 58% of patients who 
were tested genetically received a molecular diagnosis.7 A 
similarly high diagnostic yield of genetic investigations is also 
found in early-life epilepsies.8 Clinically relevant genetic find-
ings were found in 7.9%, 29.2%, and 27.8% of investigations 
using comparative genomic hybridization (CGH) microar-
rays, gene panels, and whole exome sequencing (WES), 
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respectively. In this study of unselected patients with early-
life epilepsies, genetic testing informed clinical diagnosis 
on par with imaging in 40% and 37.7% of patients, respec-
tively.8 These results do not mean to suggest that genetic 
testing can replace core clinical dignostic modalities. Gene 
testing can be a powerful complementary diagnostic tool 
that ought to be considered early in the diagnostic course, 
in order to arrive at an accurate clinical diagnosis early 
and effectively. A helpful framework evaluating usefulness 
of genetic testing is available from the Center for Disease 
Control and Prevention.9 Commercial laboratories can 
submit information about their genetic testing platforms 
into a genetic testing registry supported by the National 
Institutes of Health.10       

Types of Genetic Tests Available
Karyotype Testing and Comparative Genomic 
Hybridization

Although karyotype testing has been largely replaced 
by the more rapid and affordable evaluation via compara-
tive genomic hybridization (CGH) microarray, it remains a 
method of choice in special conditions in which a detection 
by CGH may be falsely negative. An example is epilepsy due 
to a ringed chromosome 20, in which epilepsy severity and 
outcome correlate with the age of onset and the propor-
tional presence of mosaicism of the ring chromosome. 

The CGH microarray is used most commonly for detec-
tion of structural changes called copy-number variants 
(CNVs), which include deletions, duplications, or com-
plex rearrangements of variable size that affect multiple 
genes. Large private CNVs spanning several megabases 
often result in a distinct genetic syndrome, such as Smith 
Magenis syndrome,11 in which epilepsy is one of several 
comorbidities. Large CNVs can be seen under a micro-
scope using fluorescent in situ hybridization (FISH). 
However, the majority of CNVs are submicroscopic, recur-
rent, and occur at genomic hot spots. Among CNVs, those 
involving chromosomal regions 1q21.1, 15q11.2, 15q13.3, 
16p13.11, 16p11.2, and 22q11.2 are associated with epi-
lepsy, intellectual disability, and autism.4 About 3% of 
patients with generalized epilepsies of genetic etiology and 
10% of persons with intellectual disability are carriers for 
CNVs involving the 15q11.2, 15q13.3, or 16p13.11 regions. 
An estimated 1.8% of persons with generalized epilepsies 
of genetic etiology have multiple CNVs. Testing for CNVs 
is an important component of a molecular investigation of 
epilepsy. Dravet’s syndrome, MECP2 duplication syndrome, 
Smith Magenic syndrome, and other syndromes can be 
caused by a single nucleotide variation, small insertions or 
deletions in a gene, or a CNV containing a critical gene.11,12 
A review of 805 children referred for CGH to determine if 
CNVs were present found that the yield of CGH for diagno-

sis of epilepsy paralleled that seen in persons with autism. 
Pathogenic variants were identified in 40 children (5%) in 
the cohort.13 Another study of 143 adults with unexplained 
childhood-onset epilepsy and intellectual disability iden-
tified pathogenic or likely pathogenic CNVs in 23 cases 
(16.1%), and 5 patients tested had more than 1 CNV.14 

The CGH microarray analysis is relatively inexpensive with 
a turnaround time of 2 to 4 weeks. As discussed here, pub-
lished research supports the use of CGH to provide genetic 
diagnosis especially in individuals with epilepsy and intel-
lectual disability and in patients with epilepsy and a family 
history of a neurodevelopmental disorder. As a complement 
to a single gene, gene panel, or exome sequencing in unre-
solved cases, CGH also has diagnostic value (Figure). 

Figure. Approach to genetic testing in epilepsy care. VUS, variant 

of unclear significance; WES, whole exome sequencing. 
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Diagnostic Sequencing, Gene Panels,  
and Whole Exome Analysis

Diagnostic sequencing typically involves evaluation using 
a single gene, gene panel, or whole exome analysis. The 
genetic and phenotypic heterogeneity of human epilepsies 
and cost considerations often prompt the use of a gene 
panel or WES. There are special circumstances when a 
focused single-gene analysis may be preferable (Box 1). 

While the cost among commercial gene panels can be 
comparable, there are several important factors to con-
sider when choosing which to use (Box 2). In a study of 33 
patients with epilepsy, the yield of a 265-gene panel varied 
from 10% to 48.5%.17 In contrast, a review of the diagnostic 
yield of several commercial gene panels found that even a 
38-gene panel may be sufficient to obtain genetic diagno-
sis in 93% of persons with epilepsy of genetic etiology.17,18 
Some of the variables that affect the diagnostic utility of 
a panel are the relevance of genes on the panel, number 
of genes in pertinent biological pathways, age of epilepsy 
onset, the patient’s epilepsy type, and family history.17,19 

The WES analysis focuses on protein coding regions 
comprising approximately 1% to 2% of the genome, 
attributable to about 85% of disease-related mutations. 
This analysis may be a first line of investigation in epilep-
sies with features outside of well-known genetic epilepsy 
syndromes, or it may be an adjunctive test when there 
has been a negative result on single gene, gene panel, or 
CGH screenings. Sometimes, the decision to obtain WES is 
driven by practical reasons, such as approval by the insur-
ance carriers. The reported diagnostic yield in unselected 
patient populations is in the range of 20% to 40%, 
although this will likely improve with ongoing discover-
ies and validation of epilepsy-related genes and variants.18 

There are important caveats to consider when using WES 
for a molecular diagnosis of epilepsy. These caveats include 
that WES is not a discovery tool, gene and variant report-
ing is driven by the reported phenotype, and that WES 
generates an average of 20,000 variants, most of which are 
benign.20 Although the high number of variants increases 
the chances of finding pathogenic variants, it also increases 
the incidence of incidental findings that may affect 
patients and their immediate family and will necessitate 
appropriate counseling and further disposition (Figure). 

Variant Interpretation
Variant interpretation follows the guidelines of the 

American College of Medical Genetics and Genomics and 
the Association for Molecular Pathology.21 Depending on 
the level of evidence (bioinformatics predictions, asso-
ciation with the disease phenotype, animal studies, and 
functional data), the variant is classified as either benign, 
likely benign, pathogenic, likely pathogenic, or as a vari-
ant of unclear significance (VUS). Testing laboratories 
deposit variants with available core phenotypic correlation 
and assertion criteria used in defining the variant class 
(benign, pathogenic, or VUS) into public databases, such as 
ClinVar.22 At the time this article was written, there were 
432,354 unique variants of 30,180 genes in the ClinVar 

Box 2. Considerations for  
Choosing a Gene Panel

1.  Number and relevance of genes tested 
A review of a commercially available epilepsy genetics 
panel showed up to a 6-fold difference in the number of 
genes evaluated and important differences in the degree 
of relevance of covered genes with respect to their role in 
epilepsy.16,17 

2.  Level of analysis provided 
Panels differ in the scope of investigation of the covered 
genes. Some panels include sequencing with copy-num-
ber variant analysis, while others do not. 

3.  Analysis for epilepsy-related genes before or after 
sequencing 
Some panels are enriched for a gene set prior to sequenc-
ing, although others analyze the preselected epilepsy-
related genes sequenced on the exome backbone. 

4.  Turnaround times 
If rapid molecular confirmation of clinical diagnosis is a 
priority, there are panels focused on a relatively limited 
gene set linked to epilepsies with onset in neonates and 
infancy that have a rapid turnaround time (7-14 days).

Box 1. Suspected Diagnoses 
Warranting Single-Gene Analysis

Dravet’s syndrome 
About 80% of patients with Dravet syndrome have a de 
novo pathogenic variant in SCN1A, making single-gene 
evaluation a reasonable choice.15

Progressive myoclonus epilepsy and a compelling  
family history 
Progressive myoclonus epilepsy genetic diagnosis requires 
analysis for repeat expansion in DRPLA and EPMI. Such repeat 
expansions are likely missed by next-generation sequencing.

Imprinting Disorders 
Evaluation of methylation status in patients with imprinting 
disorders, such as Angelman syndrome, requires analyses 
other than next-generation sequencing.
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database. In collaboration with the Clinical Genome 
Resource these, termed ClinGen genes and variants, are 
being actively curated by expert groups with respect 
to relevance to a disease, variant pathogenicity, clini-
cal actionability, and dosage sensitivity.23 These efforts 
are essential in addressing the extensive pool of variants 
with unclear clinical significance and in validating benign 
versus pathogenic variant status. While sophisticated 
bioinformatics tools can provide initial assessment of a 
variant functional effect, variant recurrence in associa-
tion with an identical or similar epilepsy phenotype and 
its functional testing in model systems provides impor-
tant levels of certainty. For example, a nonsynonymous 
variant N302S leads to a replacement of an evolutionary 
conserved amino acid asparagine (N) for serine (S) in a 
pore region of a sodium channel a subunit.24 A functional 
analysis showed that SCN1A gene-based N301S had no 
measurable sodium current, indicating a complete loss of 
function, whereas SCN3A gene-based N302S only slightly 
reduced channel activity.24

Counseling and Clinical Implications
Counseling

Genetic testing begins with genetic counseling that 
ideally happens before genetic testing is ordered (Figure). 
In the pretest counseling phase, it is critical to explain 
the purpose and form of the testing, associated cost, sci-
entific terminology involved, expected results, effect on 
care, and possibility of incidental findings. It is also essen-
tial to learn about the expectations of the patient and 
family. The next counseling phase follows when results 
arrive. This posttesting session typically revolves around 
explanations of findings and implications for manage-
ment, treatment, and health of other family members. It 
is helpful to refer patients to additional resources, such 
as the International League Against Epilepsy multilingual 
brochure on epilepsy genetics.25

Clinical Implications
Prognosis, Treatment, and Research. Results of large 

gene panels and WES include a large amount of genetic 
variation, and a candidate causal variant must make 
biological sense with the a priori clinical diagnosis. 
Pathogenic variants in several known epilepsy genes, such 
as KCNQ2, SCN1A, and SCN8A can be associated with 
relatively benign as well as severe epilepsy forms. Careful 
correlation of molecular diagnosis with the clinical pro-
file and EEG findings can aid precise diagnosis and guide 
treatment, prognosis, family counseling, and referral to 
appropriate support groups. 

Precision diagnostics creates opportunities for patients 
and families to organize around a clinical-genetic syn-

drome and has facilitated focused research with the 
ultimate goal of precision medicine. There is much inter-
est for targeted compound development or repurpos-
ing of older drugs in a gene-specific matter. Although 
pilot compassionate drug trials for a patient or group 
of patients are important, rigorous unbiased trials are 
essential for safe and effective drug delivery. A recent ran-
domized trial of oral quinidine in patients with epilepsy 
due to KCNT1 mutations is important in its concept and 
results. This single-center, inpatient, order-randomized, 
blinded, placebo-controlled, crossover trial of oral quini-
dine included 6 patients with severe ADNFLE due to 
KCNT1 mutation.26 The study showed an absence of effi-
cacy on seizure control and a dose-limiting prolongation 
of the long QT interval even with serum quinidine levels 
well below the therapeutic range. Although small, this 
trial suggested use of quinidine in patients with KCNT1-
related ADNFLE may not be effective and is coupled with 
considerable cardiac risks.26 This study is important as it 
paves the way to rigorous intervention trials in genetic 
epilepsies. The study also highlights the growing demand 
on precision molecular diagnostics that goes beyond 
variant identification and pathogenic classification but 
includes in-depth understanding of the variant function-
ality and drug response. 

Negative Results. In many patients, genetic investigation 
will not yield actionable findings. This may be because of 
false negatives (ie, suboptimal analytical validity), a causal 
variant that is not yet known to be linked to epilepsy, 
failure to detect the causal variant, or a phenotype with 
multivariant causes including gonadal or somatic mosa-
icism. Although inherent detection failure is uncommon 
in gene panels, it is more common in WES.20  Human 
errors may account for some false negative results as evi-
denced by a recent review of SCN1A sequencing data.27 
The variant quality or a location may not be amenable to 
detection by the applied testing platform. For example, 
WES will not detect pathogenic repeat expansions, 
methylation changes, or variants affecting noncoding 
regions. For this reason, negative test results may prompt 
use of other tests (eg,  single-gene testing, methylation 
microarrays, or WES) aimed at detecting less common 
pathogenic variants. It is estimated that 10% of patients 
with Dravet’s syndrome with a presumed de novo SCN1A 
pathogenic variant result from a parental gonadal mosa-
icism in which a parent may only report febrile seizures 
or a very mild epilepsy.28 Patients with focal epilepsies 
caused by a focal neural migration defect may have varia-
tion present only in the dysplastic tissue and not in the 
lymphocytes used to collect DNA for testing.29

There are several ways to improve the clinical utility 
of genetic testing (Box 3). When results of genetic test-



58 PRACTICAL NEUROLOGY OCTOBER 2018

E P I L E P S Y

ing are negative, there are avenues for further action, 
including complementary genetic analyse or reevaluation, 
which is usually free of charge after 12 months. There 
are also options for referring patients with syndromic 
epilepsies to specific support groups because families are 
an essential driving force behind molecular research for 
such conditions. Family can opt to deposit the exome 
data into the Epilepsy Genetics Initiative (EGI), a program 
sponsored by Citizens United for Research in Epilepsy,30 
apply to the Undiagnosed Disease Network,31 or be 
referred to the international consortia focused on epi-
lepsy research.32

Conclusions
There is a growing understanding of genetic contribu-

tions to epilepsy etiology. Technologic advances and 
research progress have enabled an ever-growing clinical 
utility of molecular investigations of epilepsies. Genetic 
testing is improving the accuracy of clinical diagnostic of 
epilepsy, facilitating discoveries of comorbidities and their 
surveillance, and in some situations informing treatment 
decisions. While testing affords physicians and patients 
with improved understanding of the disease, they also face 
challenges related to potential stigma, incidental findings, 
negative or uncertain results, and all too often problems 
with access to precision diagnostics and care. Although 
federal and private funding, epidemiological, qualitative, 
clinical, and translational research have brought the field 
to the current state of clinical utility, ongoing multifac-
eted efforts are essential for improving patients’ access to 
genetic evaluations and precision care. n
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Box 3. Ways to Improve Clinical 
Utility of Genetic Testing

1.  Consult with a human geneticist or genetic counselor to 
aid in patient evaluation and guide pretest counseling, 
test selection, and posttest counseling. 

2.  Ensure a thorough understanding of the patient’s epilepsy 
and neurologic phenotype to inform pretest hypothesis 
that helps direct selection of an appropriate diagnostic 
platform. 

3.  Communicate with the diagnostic laboratory before 
sample submission to guide appropriate tissue sampling 
and test selection. 


