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Genetic Testing for Epilepsy

Description

Description

Epilepsy is a disorder characterized by unprovoked seizures. It is a heterogeneous condition that encompasses many types of seizures and varies in
age of onset and severity. Many genetic epilepsies are thought to have a complex, multifactorial genetic basis. There are also numerous rare epileptic
syndromes associated with global developmental delay and/or cognitive impairment that occur in infancy or early childhood, and that may be caused
by a single-gene pathogenic variant. Genetic testing is commercially available for a large number of genes that may be related to epilepsy.

 

OBJECTIVE
The objective of this evidence review is to determine whether genetic testing improves the net health outcome in individuals with infantile- or early-
childhood-onset epileptic encephalopathy or with presumed genetic epilepsy.
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POLICY STATEMENT
Genetic testing for genes associated with infantile- and early-childhood onset epilepsy syndromes in individuals with infantile- and early-childhood-
onset epilepsy syndromes in which epilepsy is the core clinical symptom (see Policy Guidelines section) may be considered medically necessary if
positive test results may:

Lead to changes in medication management; AND/OR

Lead to changes in diagnostic testing such that alternative potentially invasive tests are avoided; AND/OR

Lead to changes in reproductive decision making.

Genetic testing for epilepsy is considered investigational for all other situations.

POLICY GUIDELINES

Policy Scope

Included Tests and Conditions

This policy addresses testing for epilepsy that might have a genetic etiology. In 2010, the International League Against Epilepsy classified epilepsy as
having underlying genetic cause or etiology when, as best understood, the epilepsy is the direct result of a known or presumed genetic defect and
seizures are the core symptom of the disorder and for which there is no structural or metabolic defect predisposing to epilepsy. The updated 2017 ILAE
classification system does not discuss epilepsy with a genetic cause.

This policy also addresses the rare epilepsy syndromes that present in infancy or early childhood, in which epilepsy is the core clinical symptom (eg,
Dravet syndrome, early infantile epileptic encephalopathy, generalized epilepsy with febrile seizures plus, epilepsy and intellectual disability limited to
females, nocturnal frontal lobe epilepsy). Other clinical manifestations may be present in these syndromes but are generally secondary to epilepsy
itself.

Excluded Tests and Conditions

This policy does not address testing for genetic syndromes that have a wider range of symptomatology, of which seizures may be one, such as the
neurocutaneous disorders (eg, neurofibromatosis, tuberous sclerosis) or genetic syndromes associated with cerebral malformations or abnormal
cortical development, or metabolic or mitochondrial disorders. Genetic testing for these syndromes may be specifically addressed in other evidence
reviews (see Related Policies links).

Testing that is limited to genotyping of cytochrome P450 (CYP450) genes is addressed separately (evidence review 2.04.38).

This policy does not address the use of genotyping for the HLA-B*1502 allelic variant in patients of Asian ancestry prior to considering drug treatment
with carbamazepine due to risks of severe dermatologic reactions. This testing is recommended by the U.S. Food and Drug Administration (FDA)
labeling for carbamazepine.

This policy also does not address the testing for variants in the mitochondrial DNA polymerase gamma (POLG) gene in patients with clinically
suspected mitochondrial disorders prior to initiation of therapy with valproate. Valproate"s label contains a black box warning related to increased risk of
acute liver failure associated with the use of valproate in patients with POLG gene-related hereditary neurometabolic syndromes. FDA labeling states
that valproate "is contraindicated in patients known to have mitochondrial disorders caused by POLG mutations and children under 2 years of age who
are clinically suspected of having a POLG-related disorder”.

Medically Necessary Statement Definitions and Testing Strategy

The medically necessary statement refers to epilepsy syndromes that present in infancy or early childhood, are severe, and are characterized by
epilepsy as the primary manifestation, without associated metabolic or brain structural abnormalities. As defined by the International League Against
Epilepsy, these include epileptic encephalopathies, which are electroclinical syndromes associated with a high probability of encephalopathic features
that present or worsen after the onset of epilepsy. Other clinical manifestations, including developmental delay and/or intellectual disability, may be
present secondary to the epilepsy itself. Specific clinical syndromes based on the International League Against Epilepsy classification include:
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Dravet syndrome (also known as severe myoclonic epilepsy in infancy [SMEI] or polymorphic myoclonic epilepsy in infancy)

EFMR syndrome (epilepsy limited to females with mental retardation)

Epileptic encephalopathy with continuous spike-and-wave during sleep

GEFS+ syndrome (generalized epilepsies with febrile seizures plus)

Ohtahara syndrome (also known as early infantile epileptic encephalopathy with burst suppression pattern)

Landau-Kleffner syndrome

West syndrome

Glucose transporter type 1 deficiency syndrome.

Variants in a large number of genes have been associated with early-onset epilepsies. Some of them are summarized in Table PG1.

Table PG1. Single Genes Associated With Epileptic Syndromes

Syndrome Associated Genes

Dravet syndrome SCN1A, SCN9A, GABRA1, STXBP1,
PCDH19, SCN1B, CHD2, HCN1

Epilepsy limited to females with mental retardation PCDH19

Epileptic encephalopathy with continuous spike-and-wave during sleep GRIN2A

Genetic epilepsy with febrile seizures plus SCN1A, SCN9A

Early infantile epileptic encephalopathy with suppression burst (Ohtahara
syndrome)

KCNQ2, SLC25A22, STXBP1, CDKL5, ARX

Landau-Kleffner syndrome GRIN2A

West syndrome ARX, TSC1, TSC2, CDKL5, ALG13, MAGI2,
STXBP1, SCN1A, SCN2A, GABA, GABRB3,
DNM1

Glucose transporter type 1 deficiency syndrome SLC2A1

Application of the Medically Necessary Policy Statement

Although there is no standard definition of epileptic encephalopathies, they are generally characterized by at least some of the following: (1) onset in
early childhood (often in infancy); (2) refractory to therapy; (3) associated with developmental delay or regression; and (4) severe
electroencephalogram (EEG) abnormalities. There is a challenge in defining the population appropriate for testing given that specific epileptic
syndromes may be associated with different EEG abnormalities, which may change over time, and patients may present with severe seizures prior to
the onset or recognition of developmental delay or regression. However, for this policy, the medically necessary policy statement would apply for
patients with:

Onset of seizures in early childhood (ie, before the age of 5 years); AND

Clinically severe seizures that affect daily functioning and/or interictal EEG abnormalities; AND

No other clinical syndrome that would potentially better explain the patient"s symptoms.
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Testing Strategy

There is clinical and genetic overlap for many of the electroclinical syndromes previously discussed. If there is suspicion for a specific syndrome based
on history, EEG findings, and other test results, testing should begin with targeted variant testing for the candidate gene most likely to be involved,
followed by sequential testing for other candidate genes. In particular, if an SCN1A-associated syndrome is suspected (Dravet syndrome, GEFS+),
molecular genetic testing of SCN1A with sequence analysis of the SCN1A coding region, followed by deletion and duplication analysis if a pathogenic
variant is not identified, should be obtained.

Given the genetic heterogeneity of early-onset epilepsy syndromes, a testing strategy that uses a multigene panel may be considered reasonable. In
these cases, panels should meet the criteria outlined in evidence review 2.04.92 (general approach to evaluating the utility of genetic panels). Criteria
for use of whole exome sequencing are outlined in evidence review 2.04.102 (whole exome and whole genome sequencing for diagnosis of genetic
disorders).

Genetics Nomenclature Update

The Human Genome Variation Society nomenclature is used to report information on variants found in DNA and serves as an international standard in
DNA diagnostics. It is being implemented for genetic testing medical evidence review updates starting in 2017 (Table PG2). The Society"s
nomenclature is recommended by the Human Variome Project, the Human Genome Organization, and by the Human Genome Variation Society itself.

The American College of Medical Genetics and Genomics and the Association for Molecular Pathology standards and guidelines for interpretation of
sequence variants represent expert opinion from both organizations, in addition to the College of American Pathologists. These recommendations
primarily apply to genetic tests used in clinical laboratories, including genotyping, single genes, panels, exomes, and genomes. Table PG3 shows the
recommended standard terminology<97>"pathogenic,” "likely pathogenic,” "uncertain significance,” "likely benign,” and "benign”<97>to describe
variants identified that cause Mendelian disorders.

Table PG2. Nomenclature to Report on Variants Found in DNA

Previous Updated Definition

Mutation Disease-associated variant Disease-associated change in the DNA sequence

  Variant Change in the DNA sequence

  Familial variant Disease-associated variant identified in a proband for use in subsequent
targeted genetic testing in first-degree relatives

Table PG3. ACMG-AMP Standards and Guidelines for Variant Classification

Variant Classification Definition

Pathogenic Disease-causing change in the DNA sequence

Likely pathogenic Likely disease-causing change in the DNA sequence

Variant of uncertain significance Change in DNA sequence with uncertain effects on disease

Likely benign Likely benign change in the DNA sequence

Benign Benign change in the DNA sequence

ACMG: American College of Medical Genetics and Genomics; AMP: Association for Molecular Pathology.
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Genetic Counseling

Genetic counseling is primarily aimed at patients who are at risk for inherited disorders, and experts recommend formal genetic counseling in most
cases when genetic testing for an inherited condition is considered. The interpretation of the results of genetic tests and the understanding of risk
factors can be very difficult and complex. Therefore, genetic counseling will assist individuals in understanding the possible benefits and harms of
genetic testing, including the possible impact of the information on the individual's family. Genetic counseling may alter the utilization of genetic testing
substantially and may reduce inappropriate testing. Genetic counseling should be performed by an individual with experience and expertise in genetic
medicine and genetic testing methods.

BENEFIT APPLICATION
Experimental or investigational procedures, treatments, drugs, or devices are not covered (See General Exclusion Section of brochure).

Screening (other than the preventive services listed in the brochure) is not covered. Please see Section 6 General exclusions.

Benefits are available for specialized diagnostic genetic testing when it is medically necessary to diagnose and/or manage a patient"s existing medical
condition. Benefits are not provided for genetic panels when some or all of the tests included in the panel are not covered, are experimental or
investigational, or are not medically necessary.

FDA REGULATORY STATUS
Clinical laboratories may develop and validate tests in-house and market them as a laboratory service; laboratory-developed tests must meet the
general regulatory standards of the Clinical Laboratory Improvement Amendments (CLIA). Commercially available genetic tests for epilepsy are
available under the auspices of the CLIA. Laboratories that offer laboratory-developed tests must be licensed by the CLIA for high-complexity testing.
To date, the FDA has chosen not to require any regulatory review of this test.

 

RATIONALE

Summary of Evidence

For individuals who have infantile- or early-childhood-onset epileptic encephalopathy who receive testing for genes associated with epileptic
encephalopathies, the evidence includes prospective and retrospective cohort studies describing the testing yield. Relevant outcomes are test validity,
symptoms, quality of life, functional outcomes, medication use, resource utilization, and treatment-related morbidity. For Dravet syndrome, which
appears to have the largest body of associated literature, the sensitivity of testing for SCN1A disease-associated variants is high (up to 80%). For other
early-onset epileptic encephalopathies, the true clinical sensitivity and specificity of testing are not well-defined. However, studies reporting on the
overall testing yield in populations with epileptic encephalopathies and early-onset epilepsy have reported detection rates for clinically significant
variants ranging from 7.5% to 57%. The clinical utility of genetic testing occurs primarily when there is a positive test for a known pathogenic variant.
The presence of a pathogenic variant may lead to targeted medication management, avoidance of other diagnostic tests, and/or informed reproductive
planning. The evidence is sufficient to determine that the technology results in an improvement in the net health outcome.

For individuals who have presumed genetic epilepsy who receive testing for genetic variants associated with genetic epilepsies, the evidence includes
prospective and retrospective cohort studies describing testing yields. Relevant outcomes are test validity, changes in reproductive decision making,
symptoms, quality of life, functional outcomes, medication use, resource utilization, and treatment-related morbidity. For most genetic epilepsies, which
are thought to have a complex, multifactorial basis, the association between specific genetic variants and the risk of epilepsy is uncertain. Despite a
large body of literature on associations between genetic variants and epilepsies, the clinical validity of genetic testing is poorly understood. Published
literature is characterized by weak and inconsistent associations, which have not been replicated independently or by meta-analyses. A number of
studies have also reported associations between genetic variants and antiepileptic drug (AED) treatment response, AED adverse effect risk, epilepsy
phenotype, and risk of sudden unexplained death in epilepsy (SUDEP). The largest number of these studies is related to AED pharmacogenomics,
which has generally reported some association between variants in a number of genes (including SCN1A, SCN2A, ABCC2, EPHX1, CYP2C9,
CYP2C19) and AED response. Similarly, genetic associations between a number of genes and AED-related adverse events have been reported.
However, no empirical evidence on the clinical utility of testing for the genetic epilepsies was identified, and the changes in clinical management that
might occur as a result of testing are not well-defined. The evidence is insufficient to determine that the technology results in an improvement in the net
health outcome.

FEP 2.04.109 Genetic Testing for Epilepsy

The policies contained in the FEP Medical Policy Manual are developed to assist in administering contractual benefits and do not constitute medical advice. They are not
intended to replace or substitute for the independent medical judgment of a practitioner or other health care professional in the treatment of an individual member. The
Blue Cross and Blue Shield Association does not intend by the FEP Medical Policy Manual, or by any particular medical policy, to recommend, advocate, encourage or
discourage any particular medical technologies. Medical decisions relative to medical technologies are to be made strictly by members/patients in consultation with their
health care providers. The conclusion that a particular service or supply is medically necessary does not constitute a representation or warranty that the Blue Cross and
Blue Shield Service Benefit Plan covers (or pays for) this service or supply for a particular member.



SUPPLEMENTAL INFORMATION

Practice Guidelines and Position Statements

Guidelines or position statements will be considered for inclusion in 'Supplemental Information" if they were issued by, or jointly by, a U.S. professional
society, an international society with US representation, or National Institute for Health and Care Excellence (NICE). Priority will be given to guidelines
that are informed by a systematic review, include strength of evidence ratings, and include a description of management of conflict of interest.

American Academy of Neurology et al.

In 2006, the American Academy of Neurology and Child Neurology Society published joint guidelines on the diagnostic assessment of children with
status epilepticus.86, These guidelines were reviewed and reaffirmed in 2022. With regard to whether genetic testing should be routinely ordered for
children with status epilepticus, the guidelines stated: "There is insufficient evidence to support or refute whether such studies should be done
routinely.”

In 2000, the American Academy of Neurology, Child Neurology Society, and the American Epilepsy Society published joint guidelines for evaluating a
first nonfebrile seizure in children.87, This guidance was reviewed and reaffirmed in 2023. Routine electroencephalography was recommended as part
of the diagnostic evaluation; genetic testing was not addressed.

International League Against Epilepsy

In 2015, the International League Against Epilepsy issued a report with recommendations on the management of infantile seizures, which included the
following related to genetic testing in epilepsy41,:

"Genetic screening should not be undertaken at a primary or secondary level of care, as the screening to identify those in need of specific
genetic analysis is based on tertiary settings.”

"Standard care should permit genetic counseling by trained personnel to be undertaken at all levels of care (primary to quaternary).”

"Genetic evaluation for Dravet syndrome and other infantile-onset epileptic encephalopathies should be available at tertiary and quaternary
levels of care (optimal intervention would permit an extended genetic evaluation).”

"Early diagnosis of some mitochondrial conditions may alter long-term outcome, but whether screening at quaternary level is beneficial is
unknown.”

National Society of Genetic Counselors

In 2022, the National Society of Genetic Counselors published a practice guideline on genetic testing and counseling for unexplained epilepsies.88,The
Society made the following relevant recommendations:

"We strongly recommend that individuals with unexplained epilepsy be offered genetic testing, without limitation of age.

We strongly recommend comprehensive, multi-gene testing, such as exome/genome sequencing or multi-gene panel as a first-tier test.

We conditionally recommend exome/genome sequencing over multi-gene panel as the first-tier test.

The multi-gene panel should have a minimum of 25 genes and include copy number analysis."
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European Academy of Neurology

In 2010, the European Federation of Neurological Societies (now the European Academy of Neurology) issued guidelines on the molecular diagnosis
of channelopathies, epilepsies, migraine, stroke, and dementias.89, The guidelines made the following recommendations on epilepsy:

"There is good evidence to suggest that a thorough clinical and electrophysiological investigation may lead to the choice of the gene to be tested in
patients with periodic paralysis (Level B). In myotonic disorders, it is recommended to first search for myotonic dystrophy and use clinical and
electrophysiological phenotype characterization to guide for molecular genetic testing (Level B).

Molecular investigations are possible and may help in some cases to diagnose the condition but cannot be considered as a routine procedure with
regard to the large number of different mutations [variants] in different genes. Furthermore, diagnosis can be made more easily by clinical and
physiological investigation (Good Practice Point). One exception of note is the diagnosis of SMEI , in which mutations [variants] are found in SCN1A in
80% of the patients (Level B).”

North American Consensus Panel

In 2017, recommendations were published from a consensus panel of 14 physicians and 5 family members/caregivers of patients with Dravet
syndrome.90, There was strong consensus among panel members that genetic testing should be completed in all patients with clinical suspicion for
Dravet syndrome since this can lead to earlier diagnosis. Options for testing include SCN1A sequencing followed by testing for deletions and
duplications if sequencing is negative, or epilepsy gene panel testing, with no consensus among panel members about which option is superior. There
was strong consensus that epilepsy gene panel testing is preferred to SCN1A testing if the clinical presentation is less clear or if the patient has
atypical features, and that karyotyping is not needed. The panel did not reach consensus about the utility of chromosomal microarray in patients with
suspected Dravet syndrome (72.2% agreed, 22.2% disagreed, 5.6% did not know) and concluded that this test can be considered. Based on strong
consensus, the panel recommended genetic testing in the following circumstances among children with normal development, seizures of unknown
etiology, and no evidence of causal lesion in the brain: infants with at least 2 prolonged focal febrile seizures, or children aged 1 to 3 years with at least
one prolonged febrile seizure before 18 months of age or myoclonic or atypical absence seizures that are refractory to at least one antiepileptic
medication. Infants who experience a single prolonged focal or generalized convulsion do not require genetic testing (strong consensus), but this can
be considered in children aged 1 to 3 years who experience multiple brief episodes of febrile seizure activity before 18 months of age or myoclonic or
atypical absence seizures that do not respond to antiepileptic medication (moderate consensus). The panel had moderate consensus about the role of
genetic testing (epilepsy gene panel) in teens and adults without congenital dysmorphism who have seizure activity resistant to antiepileptic medication
and lack an early life history.

U.S. Preventive Services Task Force Recommendations

Not applicable.

Medicare National Coverage

There is no national coverage determination. In the absence of a national coverage determination, coverage decisions are left to the discretion of local
Medicare carriers.

REFERENCES
1. Williams CA, Battaglia A. Molecular biology of epilepsy genes. Exp Neurol. Jun 2013; 244: 51-8. PMID 22178301
2. Fisher RS, Cross JH, French JA, et al. Operational classification of seizure types by the International League Against Epilepsy: Position Paper

of the ILAE Commission for Classification and Terminology. Epilepsia. Apr 2017; 58(4): 522-530. PMID 28276060
3. Berg AT, Berkovic SF, Brodie MJ, et al. Revised terminology and concepts for organization of seizures and epilepsies: report of the ILAE

Commission on Classification and Terminology, 2005-2009. Epilepsia. Apr 2010; 51(4): 676-85. PMID 20196795
4. Merwick A, O'Brien M, Delanty N. Complex single gene disorders and epilepsy. Epilepsia. Sep 2012; 53 Suppl 4: 81-91. PMID 22946725
5. Miller IO, Sotero de Menezes MA. SCN1A-Related Seizure Disorders. In: Adam MP, Ardinger HH, Pagon RA, et al., eds. GeneReviews.

Seattle, WA: University of Washington; 2014.
6. Petrovski S, Kwan P. Unraveling the genetics of common epilepsies: approaches, platforms, and caveats. Epilepsy Behav. Mar 2013; 26(3):

229-33. PMID 23103323
7. Helbig I, Lowenstein DH. Genetics of the epilepsies: where are we and where are we going?. Curr Opin Neurol. Apr 2013; 26(2): 179-85. PMID

23429546

FEP 2.04.109 Genetic Testing for Epilepsy

The policies contained in the FEP Medical Policy Manual are developed to assist in administering contractual benefits and do not constitute medical advice. They are not
intended to replace or substitute for the independent medical judgment of a practitioner or other health care professional in the treatment of an individual member. The
Blue Cross and Blue Shield Association does not intend by the FEP Medical Policy Manual, or by any particular medical policy, to recommend, advocate, encourage or
discourage any particular medical technologies. Medical decisions relative to medical technologies are to be made strictly by members/patients in consultation with their
health care providers. The conclusion that a particular service or supply is medically necessary does not constitute a representation or warranty that the Blue Cross and
Blue Shield Service Benefit Plan covers (or pays for) this service or supply for a particular member.



8. Deprez L, Jansen A, De Jonghe P. Genetics of epilepsy syndromes starting in the first year of life. Neurology. Jan 20 2009; 72(3): 273-81. PMID
19153375

9. Chambers C, Jansen LA, Dhamija R. Review of Commercially Available Epilepsy Genetic Panels. J Genet Couns. Apr 2016; 25(2): 213-7.
PMID 26536886

10. Kwan P, Brodie MJ. Early identification of refractory epilepsy. N Engl J Med. Feb 03 2000; 342(5): 314-9. PMID 10660394
11. Cavalleri GL, McCormack M, Alhusaini S, et al. Pharmacogenomics and epilepsy: the road ahead. Pharmacogenomics. Oct 2011; 12(10):

1429-47. PMID 22008048
12. Food and Drug Administration (FDA). Label: Tegretol. 2023; https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?

event=overview.process&ApplNo=016608. Accessed December 18, 2023.
13. Food and Drug Administration (FDA). Depakene (valproic acid) Capsules and Oral Solution, Depakote (divalproex sodium) Delayed Release

and Depakote ER (Extended Release) Tablets, Depakote Sprinkle Capsules (divalproex sodium coated particles in capsules), Depacon
(valproate sodium) Injection. Safety Labeling Changes Approved By FDA Center for Drug Evaluation and Research (CDER) 2015;
https://www.accessdata.fda.gov/drugsatfda_docs/appletter/2016/018081Orig1s064,018082Orig1s047,018723Orig1s056,019680Orig1s043,020
593Orig1s034,021168Orig1s033ltr.pdf. Accessed December 18, 2023.

14. Dyment DA, Ttreault M, Beaulieu CL, et al. Whole-exome sequencing broadens the phenotypic spectrum of rare pediatric epilepsy: a
retrospective study. Clin Genet. Jul 2015; 88(1): 34-40. PMID 25046240

15. Thevenon J, Milh M, Feillet F, et al. Mutations in SLC13A5 cause autosomal-recessive epileptic encephalopathy with seizure onset in the first
days of life. Am J Hum Genet. Jul 03 2014; 95(1): 113-20. PMID 24995870

16. National Center for Biotechnology Information. GTR: Genetic Testing Registry. n.d.; https://www.ncbi.nlm.nih.gov/gtr/. Accessed December 18,
2023.

17. Hirose S, Scheffer IE, Marini C, et al. SCN1A testing for epilepsy: application in clinical practice. Epilepsia. May 2013; 54(5): 946-52. PMID
23586701

18. Mulley JC, Nelson P, Guerrero S, et al. A new molecular mechanism for severe myoclonic epilepsy of infancy: exonic deletions in SCN1A.
Neurology. Sep 26 2006; 67(6): 1094-5. PMID 17000989

19. Wu YW, Sullivan J, McDaniel SS, et al. Incidence of Dravet Syndrome in a US Population. Pediatrics. Nov 2015; 136(5): e1310-5. PMID
26438699

20. Esterhuizen AI, Mefford HC, Ramesar RS, et al. Dravet syndrome in South African infants: Tools for an early diagnosis. Seizure. Nov 2018; 62:
99-105. PMID 30321769

21. Peng J, Pang N, Wang Y, et al. Next-generation sequencing improves treatment efficacy and reduces hospitalization in children with drug-
resistant epilepsy. CNS Neurosci Ther. Jan 2019; 25(1): 14-20. PMID 29933521

22. Scheffer IE, Bennett CA, Gill D, et al. Exome sequencing for patients with developmental and epileptic encephalopathies in clinical practice.
Dev Med Child Neurol. Jan 2023; 65(1): 50-57. PMID 35701389

23. Jiang T, Gao J, Jiang L, et al. Application of Trio-Whole Exome Sequencing in Genetic Diagnosis and Therapy in Chinese Children With
Epilepsy. Front Mol Neurosci. 2021; 14: 699574. PMID 34489640

24. Kim SY, Jang SS, Kim H, et al. Genetic diagnosis of infantile-onset epilepsy in the clinic: Application of whole-exome sequencing following
epilepsy gene panel testing. Clin Genet. Mar 2021; 99(3): 418-424. PMID 33349918

25. Palmer EE, Sachdev R, Macintosh R, et al. Diagnostic Yield of Whole Genome Sequencing After Nondiagnostic Exome Sequencing or Gene
Panel in Developmental and Epileptic Encephalopathies. Neurology. Mar 30 2021; 96(13): e1770-e1782. PMID 33568551

26. Salinas V, Martnez N, Maturo JP, et al. Clinical next generation sequencing in developmental and epileptic encephalopathies: Diagnostic
relevance of data re-analysis and variants re-interpretation. Eur J Med Genet. Dec 2021; 64(12): 104363. PMID 34673242

27. Sun D, Liu Y, Cai W, et al. Detection of Disease-Causing SNVs/Indels and CNVs in Single Test Based on Whole Exome Sequencing: A
Retrospective Case Study in Epileptic Encephalopathies. Front Pediatr. 2021; 9: 635703. PMID 34055682

28. Lee J, Lee C, Park WY, et al. Genetic Diagnosis of Dravet Syndrome Using Next Generation Sequencing-Based Epilepsy Gene Panel Testing.
Ann Clin Lab Sci. Sep 2020; 50(5): 625-637. PMID 33067208

29. Lee S, Karp N, Zapata-Aldana E, et al. Genetic Testing in Children with Epilepsy: Report of a Single-Center Experience. Can J Neurol Sci. Mar
2021; 48(2): 233-244. PMID 32741404

30. Lee J, Lee C, Ki CS, et al. Determining the best candidates for next-generation sequencing-based gene panel for evaluation of early-onset
epilepsy. Mol Genet Genomic Med. Sep 2020; 8(9): e1376. PMID 32613771

31. Stdberg T, Tomson T, Barbaro M, et al. Epilepsy syndromes, etiologies, and the use of next-generation sequencing in epilepsy presenting in the
first 2 years of life: A population-based study. Epilepsia. Nov 2020; 61(11): 2486-2499. PMID 32964447

32. Berg AT, Coryell J, Saneto RP, et al. Early-Life Epilepsies and the Emerging Role of Genetic Testing. JAMA Pediatr. Sep 01 2017; 171(9): 863-
871. PMID 28759667

33. Mller RS, Larsen LH, Johannesen KM, et al. Gene Panel Testing in Epileptic Encephalopathies and Familial Epilepsies. Mol Syndromol. Sep
2016; 7(4): 210-219. PMID 27781031

34. Trump N, McTague A, Brittain H, et al. Improving diagnosis and broadening the phenotypes in early-onset seizure and severe developmental
delay disorders through gene panel analysis. J Med Genet. May 2016; 53(5): 310-7. PMID 26993267

35. Wirrell EC, Shellhaas RA, Joshi C, et al. How should children with West syndrome be efficiently and accurately investigated? Results from the
National Infantile Spasms Consortium. Epilepsia. Apr 2015; 56(4): 617-25. PMID 25779538

36. Mercimek-Mahmutoglu S, Patel J, Cordeiro D, et al. Diagnostic yield of genetic testing in epileptic encephalopathy in childhood. Epilepsia. May
2015; 56(5): 707-16. PMID 25818041

37. Hrabik SA, Standridge SM, Greiner HM, et al. The Clinical Utility of a Single-Nucleotide Polymorphism Microarray in Patients With Epilepsy at a
Tertiary Medical Center. J Child Neurol. Nov 2015; 30(13): 1770-7. PMID 25862739

FEP 2.04.109 Genetic Testing for Epilepsy

The policies contained in the FEP Medical Policy Manual are developed to assist in administering contractual benefits and do not constitute medical advice. They are not
intended to replace or substitute for the independent medical judgment of a practitioner or other health care professional in the treatment of an individual member. The
Blue Cross and Blue Shield Association does not intend by the FEP Medical Policy Manual, or by any particular medical policy, to recommend, advocate, encourage or
discourage any particular medical technologies. Medical decisions relative to medical technologies are to be made strictly by members/patients in consultation with their
health care providers. The conclusion that a particular service or supply is medically necessary does not constitute a representation or warranty that the Blue Cross and
Blue Shield Service Benefit Plan covers (or pays for) this service or supply for a particular member.



38. Ottman R, Hirose S, Jain S, et al. Genetic testing in the epilepsies--report of the ILAE Genetics Commission. Epilepsia. Apr 2010; 51(4): 655-
70. PMID 20100225

39. Go CY, Mackay MT, Weiss SK, et al. Evidence-based guideline update: medical treatment of infantile spasms. Report of the Guideline
Development Subcommittee of the American Academy of Neurology and the Practice Committee of the Child Neurology Society. Neurology.
Jun 12 2012; 78(24): 1974-80. PMID 22689735

40. Pellock JM, Hrachovy R, Shinnar S, et al. Infantile spasms: a U.S. consensus report. Epilepsia. Oct 2010; 51(10): 2175-89. PMID 20608959
41. Wilmshurst JM, Gaillard WD, Vinayan KP, et al. Summary of recommendations for the management of infantile seizures: Task Force Report for

the ILAE Commission of Pediatrics. Epilepsia. Aug 2015; 56(8): 1185-97. PMID 26122601
42. National Institute for Health and Care Excellence. Epilepsies: diagnosis and management [CG137]. 2021;

https://www.nice.org.uk/guidance/cg137. Accessed December 18, 2023.
43. Ream MA, Mikati MA. Clinical utility of genetic testing in pediatric drug-resistant epilepsy: a pilot study. Epilepsy Behav. Aug 2014; 37: 241-8.

PMID 25108116
44. Hoelz H, Herdl C, Gerstl L, et al. Impact on Clinical Decision Making of Next-Generation Sequencing in Pediatric Epilepsy in a Tertiary Epilepsy

Referral Center. Clin EEG Neurosci. Jan 2020; 51(1): 61-69. PMID 31554424
45. National Institute of Neurological Disorders and Stroke (NINDS). NINDS Common Data Elements: Epilepsy. 2020, January;

https://www.commondataelements.ninds.nih.gov/epilepsy. Accessed December 18, 2023.
46. McKnight D, Bristow SL, Truty RM, et al. Multigene Panel Testing in a Large Cohort of Adults With Epilepsy: Diagnostic Yield and Clinically

Actionable Genetic Findings. Neurol Genet. Feb 2022; 8(1): e650. PMID 34926809
47. Alsubaie L, Aloraini T, Amoudi M, et al. Genomic testing and counseling: The contribution of next-generation sequencing to epilepsy genetics.

Ann Hum Genet. Nov 2020; 84(6): 431-436. PMID 32533790
48. Johannesen KM, Nikanorova N, Marjanovic D, et al. Utility of genetic testing for therapeutic decision-making in adults with epilepsy. Epilepsia.

Jun 2020; 61(6): 1234-1239. PMID 32427350
49. Minardi R, Licchetta L, Baroni MC, et al. Whole-exome sequencing in adult patients with developmental and epileptic encephalopathy: It is

never too late. Clin Genet. Nov 2020; 98(5): 477-485. PMID 32725632
50. Hesse AN, Bevilacqua J, Shankar K, et al. Retrospective genotype-phenotype analysis in a 305 patient cohort referred for testing of a targeted

epilepsy panel. Epilepsy Res. Aug 2018; 144: 53-61. PMID 29778030
51. Lindy AS, Stosser MB, Butler E, et al. Diagnostic outcomes for genetic testing of 70 genes in 8565 patients with epilepsy and

neurodevelopmental disorders. Epilepsia. May 2018; 59(5): 1062-1071. PMID 29655203
52. Miao P, Feng J, Guo Y, et al. Genotype and phenotype analysis using an epilepsy-associated gene panel in Chinese pediatric epilepsy patients.

Clin Genet. Dec 2018; 94(6): 512-520. PMID 30182498
53. Butler KM, da Silva C, Alexander JJ, et al. Diagnostic Yield From 339 Epilepsy Patients Screened on a Clinical Gene Panel. Pediatr Neurol.

Dec 2017; 77: 61-66. PMID 29056246
54. Tan NC, Berkovic SF. The Epilepsy Genetic Association Database (epiGAD): analysis of 165 genetic association studies, 1996-2008. Epilepsia.

Apr 2010; 51(4): 686-9. PMID 20074235
55. Anney RJ, Avbersek A, Balding D, et al. Genetic determinants of common epilepsies: a meta-analysis of genome-wide association studies.

Lancet Neurol. Sep 2014; 13(9): 893-903. PMID 25087078
56. Steffens M, Leu C, Ruppert AK, et al. Genome-wide association analysis of genetic generalized epilepsies implicates susceptibility loci at 1q43,

2p16.1, 2q22.3 and 17q21.32. Hum Mol Genet. Dec 15 2012; 21(24): 5359-72. PMID 22949513
57. Guo Y, Baum LW, Sham PC, et al. Two-stage genome-wide association study identifies variants in CAMSAP1L1 as susceptibility loci for

epilepsy in Chinese. Hum Mol Genet. Mar 01 2012; 21(5): 1184-9. PMID 22116939
58. Crdoba M, Consalvo D, Moron DG, et al. SLC6A4 gene variants and temporal lobe epilepsy susceptibility: a meta-analysis. Mol Biol Rep. Dec

2012; 39(12): 10615-9. PMID 23065262
59. Nurmohamed L, Garcia-Bournissen F, Buono RJ, et al. Predisposition to epilepsy--does the ABCB1 gene play a role?. Epilepsia. Sep 2010;

51(9): 1882-5. PMID 20491876
60. Kauffman MA, Moron DG, Consalvo D, et al. Association study between interleukin 1 beta gene and epileptic disorders: a HuGe review and

meta-analysis. Genet Med. Feb 2008; 10(2): 83-8. PMID 18281914
61. Tang L, Lu X, Tao Y, et al. SCN1A rs3812718 polymorphism and susceptibility to epilepsy with febrile seizures: a meta-analysis. Gene. Jan 01

2014; 533(1): 26-31. PMID 24076350
62. von Podewils F, Kowoll V, Schroeder W, et al. Predictive value of EFHC1 variants for the long-term seizure outcome in juvenile myoclonic

epilepsy. Epilepsy Behav. Mar 2015; 44: 61-6. PMID 25625532
63. Kwan P, Poon WS, Ng HK, et al. Multidrug resistance in epilepsy and polymorphisms in the voltage-gated sodium channel genes SCN1A,

SCN2A, and SCN3A: correlation among phenotype, genotype, and mRNA expression. Pharmacogenet Genomics. Nov 2008; 18(11): 989-98.
PMID 18784617

64. Jang SY, Kim MK, Lee KR, et al. Gene-to-gene interaction between sodium channel-related genes in determining the risk of antiepileptic drug
resistance. J Korean Med Sci. Feb 2009; 24(1): 62-8. PMID 19270815

65. Lin CH, Chou IC, Hong SY. Genetic factors and the risk of drug-resistant epilepsy in young children with epilepsy and neurodevelopment
disability: A prospective study and updated meta-analysis. Medicine (Baltimore). Mar 26 2021; 100(12): e25277. PMID 33761731

66. Li SX, Liu YY, Wang QB. ABCB1 gene C3435T polymorphism and drug resistance in epilepsy: evidence based on 8,604 subjects. Med Sci
Monit. Mar 23 2015; 21: 861-8. PMID 25799371

67. Song C, Li X, Mao P, et al. Impact of CYP2C19 and CYP2C9 gene polymorphisms on sodium valproate plasma concentration in patients with
epilepsy. Eur J Hosp Pharm. Jul 2022; 29(4): 198-201. PMID 32868386

FEP 2.04.109 Genetic Testing for Epilepsy

The policies contained in the FEP Medical Policy Manual are developed to assist in administering contractual benefits and do not constitute medical advice. They are not
intended to replace or substitute for the independent medical judgment of a practitioner or other health care professional in the treatment of an individual member. The
Blue Cross and Blue Shield Association does not intend by the FEP Medical Policy Manual, or by any particular medical policy, to recommend, advocate, encourage or
discourage any particular medical technologies. Medical decisions relative to medical technologies are to be made strictly by members/patients in consultation with their
health care providers. The conclusion that a particular service or supply is medically necessary does not constitute a representation or warranty that the Blue Cross and
Blue Shield Service Benefit Plan covers (or pays for) this service or supply for a particular member.



68. Zhao T, Yu J, Wang TT, et al. Impact of ABCB1 Polymorphism on Levetiracetam Serum Concentrations in Epileptic Uygur Children in China.
Ther Drug Monit. Dec 2020; 42(6): 886-892. PMID 32890316

69. Lu Y, Fang Y, Wu X, et al. Effects of UGT1A9 genetic polymorphisms on monohydroxylated derivative of oxcarbazepine concentrations and
oxcarbazepine monotherapeutic efficacy in Chinese patients with epilepsy. Eur J Clin Pharmacol. Mar 2017; 73(3): 307-315. PMID 27900402

70. Hashi S, Yano I, Shibata M, et al. Effect of CYP2C19 polymorphisms on the clinical outcome of low-dose clobazam therapy in Japanese
patients with epilepsy. Eur J Clin Pharmacol. Jan 2015; 71(1): 51-8. PMID 25323806

71. Ma CL, Wu XY, Jiao Z, et al. SCN1A, ABCC2 and UGT2B7 gene polymorphisms in association with individualized oxcarbazepine therapy.
Pharmacogenomics. 2015; 16(4): 347-60. PMID 25823783

72. Guo Y, Yan KP, Qu Q, et al. Common variants of KCNJ10 are associated with susceptibility and anti-epileptic drug resistance in Chinese
genetic generalized epilepsies. PLoS One. 2015; 10(4): e0124896. PMID 25874548

73. Ma CL, Wu XY, Zheng J, et al. Association of SCN1A, SCN2A and ABCC2 gene polymorphisms with the response to antiepileptic drugs in
Chinese Han patients with epilepsy. Pharmacogenomics. Jul 2014; 15(10): 1323-36. PMID 25155934

74. Rdisch S, Dickens D, Lang T, et al. A comprehensive functional and clinical analysis of ABCC2 and its impact on treatment response to
carbamazepine. Pharmacogenomics J. Oct 2014; 14(5): 481-7. PMID 24567120

75. Yun W, Zhang F, Hu C, et al. Effects of EPHX1, SCN1A and CYP3A4 genetic polymorphisms on plasma carbamazepine concentrations and
pharmacoresistance in Chinese patients with epilepsy. Epilepsy Res. Dec 2013; 107(3): 231-7. PMID 24125961

76. Taur SR, Kulkarni NB, Gandhe PP, et al. Association of polymorphisms of CYP2C9, CYP2C19, and ABCB1, and activity of P-glycoprotein with
response to anti-epileptic drugs. J Postgrad Med. 2014; 60(3): 265-9. PMID 25121365

77. Haerian BS, Roslan H, Raymond AA, et al. ABCB1 C3435T polymorphism and the risk of resistance to antiepileptic drugs in epilepsy: a
systematic review and meta-analysis. Seizure. Jul 2010; 19(6): 339-46. PMID 20605481

78. Sun G, Sun X, Guan L. Association of MDR1 gene C3435T polymorphism with childhood intractable epilepsy: a meta-analysis. J Neural
Transm (Vienna). Jul 2014; 121(7): 717-24. PMID 24553780

79. Shazadi K, Petrovski S, Roten A, et al. Validation of a multigenic model to predict seizure control in newly treated epilepsy. Epilepsy Res. Dec
2014; 108(10): 1797-805. PMID 25282706

80. Chung WH, Chang WC, Lee YS, et al. Genetic variants associated with phenytoin-related severe cutaneous adverse reactions. JAMA. Aug 06
2014; 312(5): 525-34. PMID 25096692

81. He XJ, Jian LY, He XL, et al. Association of ABCB1, CYP3A4, EPHX1, FAS, SCN1A, MICA, and BAG6 polymorphisms with the risk of
carbamazepine-induced Stevens-Johnson syndrome/toxic epidermal necrolysis in Chinese Han patients with epilepsy. Epilepsia. Aug 2014;
55(8): 1301-6. PMID 24861996

82. Wang W, Hu FY, Wu XT, et al. Genetic susceptibility to the cross-reactivity of aromatic antiepileptic drugs-induced cutaneous adverse reactions.
Epilepsy Res. Aug 2014; 108(6): 1041-5. PMID 24856347

83. Bagnall RD, Crompton DE, Cutmore C, et al. Genetic analysis of PHOX2B in sudden unexpected death in epilepsy cases. Neurology. Sep 09
2014; 83(11): 1018-21. PMID 25085640

84. Coll M, Allegue C, Partemi S, et al. Genetic investigation of sudden unexpected death in epilepsy cohort by panel target resequencing. Int J
Legal Med. Mar 2016; 130(2): 331-9. PMID 26423924

85. Bagnall RD, Crompton DE, Petrovski S, et al. Exome-based analysis of cardiac arrhythmia, respiratory control, and epilepsy genes in sudden
unexpected death in epilepsy. Ann Neurol. Apr 2016; 79(4): 522-34. PMID 26704558

86. Riviello JJ, Ashwal S, Hirtz D, et al. Practice parameter: diagnostic assessment of the child with status epilepticus (an evidence-based review):
report of the Quality Standards Subcommittee of the American Academy of Neurology and the Practice Committee of the Child Neurology
Society. Neurology. Nov 14 2006; 67(9): 1542-50. PMID 17101884

87. Hirtz D, Ashwal S, Berg A, et al. Practice parameter: evaluating a first nonfebrile seizure in children: report of the quality standards
subcommittee of the American Academy of Neurology, The Child Neurology Society, and The American Epilepsy Society. Neurology. Sep 12
2000; 55(5): 616-23. PMID 10980722

88. Smith L, Malinowski J, Ceulemans S, et al. Genetic testing and counseling for the unexplained epilepsies: An evidence-based practice guideline
of the National Society of Genetic Counselors. J Genet Couns. Apr 2023; 32(2): 266-280. PMID 36281494

89. Burgunder JM, Finsterer J, Szolnoki Z, et al. EFNS guidelines on the molecular diagnosis of channelopathies, epilepsies, migraine, stroke, and
dementias. Eur J Neurol. May 2010; 17(5): 641-8. PMID 20298421

90. Wirrell EC, Laux L, Donner E, et al. Optimizing the Diagnosis and Management of Dravet Syndrome: Recommendations From a North
American Consensus Panel. Pediatr Neurol. Mar 2017; 68: 18-34.e3. PMID 28284397

 

 

 

 

 

 

 

FEP 2.04.109 Genetic Testing for Epilepsy

The policies contained in the FEP Medical Policy Manual are developed to assist in administering contractual benefits and do not constitute medical advice. They are not
intended to replace or substitute for the independent medical judgment of a practitioner or other health care professional in the treatment of an individual member. The
Blue Cross and Blue Shield Association does not intend by the FEP Medical Policy Manual, or by any particular medical policy, to recommend, advocate, encourage or
discourage any particular medical technologies. Medical decisions relative to medical technologies are to be made strictly by members/patients in consultation with their
health care providers. The conclusion that a particular service or supply is medically necessary does not constitute a representation or warranty that the Blue Cross and
Blue Shield Service Benefit Plan covers (or pays for) this service or supply for a particular member.



 

POLICY HISTORY - THIS POLICY WAS APPROVED BY THE FEP® PHARMACY AND MEDICAL POLICY
COMMITTEE ACCORDING TO THE HISTORY BELOW:

Date Action Description
March 2014 New policy Genetic testing for epilepsy is considered investigational..

June 2015 Replace policy
Policy updated. Policy statement added that genetic testing for early-onset epileptic
encephalopathy syndromes may be considered medically necessary with conditions. References 1
and 40 added.

June 2018 Replace policy
Policy updated with literature review through December 21, 2016; references 9, 15-21, 26-29, 31,
35-37, 39, 44, 47, 49-50 and 59-61 added. The policy is revised with updated genetics
nomenclature. Policy statements unchanged.

June 2019 Replace policy Policy updated with literature review through December 6, 2018; references 19-20, and 34-37
added. Policy statements unchanged.

June 2020 Replace policy Policy updated with literature review through December 9, 2019; no references added. Policy
statements unchanged.

June 2021 Replace policy Policy updated with literature review through December 23, 2020; references added. Policy
statements unchanged.

June 2022 Replace policy Policy updated with literature review through December 29, 2021; references added. Policy
statements unchanged.

June 2023 Replace policy Policy updated with literature review through December 8, 2022; references added. Policy
statements unchanged.

June 2024 Replace policy Policy updated with literature review through December 18, 2023; reference added. Policy
statements unchanged.
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