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Bottom line: Epilepsy is a chronic brain disease that is characterized by an enduring predisposition to recurrent 
unprovoked epileptic seizures. A pathogenic/likely pathogenic variant in a single gene can be identified in about 
30% of epilepsy cases.1 Genetic testing should be considered when: epilepsy is accompanied by dysmorphic 
features, intellectual disability, autism and/or cognitive regression; epilepsy is drug-refractory; epilepsy with 
multiple neurological co-morbidities; or there is a positive family history. Consultation with an epileptologist 
and/or a clinical or biochemical geneticist may be warranted. Genetic testing may provide a specific diagnosis for 
the individual with epilepsy and may end the diagnostic odyssey. This may help to guide management, provide 
information on prognosis and more accurate recurrence risk counselling, and provide prenatal testing options.  
Importantly, a molecular diagnosis may bring closure for the family and help them to network with support groups. 

What is epilepsy?  

Epilepsy is a chronic brain disease that is characterized by an enduring predisposition to recurrent 
unprovoked epileptic seizures. Epilepsy is diagnosed when an individual has: 1) ≥ two unprovoked or reflex 
seizures (seizures that are consistently induced by a specific stimulus or trigger) more than 24 hours apart, 2) 
one unprovoked or reflex seizure and a high probability of having another seizure (e.g. a child with Sturge-
Weber syndrome presenting with a first seizure) or 3) a recognizable epilepsy syndrome (e.g. an individual 
with a characteristic history and clinical presentation plus EEG findings consistent with a condition such as 
West syndrome).  

How common is epilepsy? 
Epilepsy is the second most common neurological condition. A recent meta-analysis reported the prevalence of 
active epilepsy as 6.38 per 1,000 persons.2 

What do I need to know about the genetics of epilepsy?  
Epilepsy is best described as a group of conditions. Not all epilepsies are genetic in origin. Most commonly, a 
complex combination of genetic and non-genetic factors leads to a seizure disorder (i.e. multifactorial inheritance). 
Twins and first-degree relatives of an affected individual do have an increased risk for epilepsy.3 A genetic 
contribution is estimated to be present in up to 70% of affected individuals. Only a fraction (~30%) of epilepsies 
can be attributed to a pathogenic/likely pathogenic variant in a single gene.  

Certain types of epilepsy have a high likelihood of a genetic etiology. These include: 

• Developmental and/or Epileptic encephalopathies (e.g. Dravet syndrome)  

• Progressive myoclonic epilepsies (e.g. Lafora disease)  

• Epilepsies associated with malformations of cortical development (e.g. Tuberous Sclerosis complex) 

• Suspected inborn errors of metabolism (e.g. urea cycle disorders) 

• Familial focal epilepsies (e.g. autosomal dominant sleep-related hypermotor epilepsy) 

• Epilepsy with associated multiple co-morbidities/unusual features/organ anomalies  

How is epilepsy usually evaluated? 
A detailed clinical evaluation is the first step. The electroencephalogram [EEG] is universally used as a diagnostic 
measure in epilepsy. Investigations like video-EEG and brain MRI are usually indicated where the etiology is 
uncertain, the seizures focal or prolonged, or the affected individual is refractory to antiepileptic drugs.  
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The figure below outlines clinical assessment and investigations of an individual with epilepsy including when to 
consider a genetic etiology:4 
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How do I order genetic testing? 
Genetic testing is generally offered and ordered by a geneticist, neurologist or a specialist with expertise in 
neurogenetic conditions.  

The ordering physician will perform a detailed clinical evaluation, including taking details of seizures/epilepsy and 
developmental profile, looking for associated neurological and other systemic co-morbidities or dysmorphisms, 
and taking a 3-generation family history. 

A decision will be made about genetic testing. If testing is appropriate, the benefits, risks and limitations of the 
genetic testing chosen will be reviewed.  The most appropriate testing approach will be determined by history and 
clinical presentation (e.g. single gene analysis, a gene panel analyzing a selected group of genes associated with a 
specific condition or set of symptoms, microarray detecting small extra or missing pieces of genetic information 
(microduplication/deletion), genome sequencing analyzing every gene in the entire genetic library.)  

In Ontario, genetic testing guidance for neurogenetic conditions have been published by the Provincial Genetics 
Program.  

Individuals with the following types of epilepsy do not require genetic testing: 

• Isolated self-limited focal epilepsy 

• Typical idiopathic generalized epilepsy (e.g. childhood absence epilepsy, juvenile myoclonic epilepsy) 

• Isolated mesial temporal lobe epilepsy with hippocampal sclerosis  

• A clearly acquired epilepsy (e.g. occurring secondary to head trauma, CNS infection, hypoxia)  

Where do I refer my patient?  
If the epilepsy is uncontrolled, referral to, or consultation with, a Comprehensive Epilepsy Centre/Program/ District 
or Regional Epilepsy Centre is recommended.  

Alberta (& Northwest Territories) - See Alberta’s Referral Directory  

Atlantic Canada - QEII Health Sciences Centre Epilepsy Program 

British Columbia (& Yukon) 

• Vancouver General Hospital Epilepsy Program 

• BC Children’s Hospital Neurological Care Centre 

Newfoundland and Labrador - Health Sciences Centre Neurology/Epilepsy Services 

Ontario (& Nunavut) – Comprehensive Epilepsy Programs 

Quebec 

• The Neuro (Montreal Neurological Institute-Hospital) (McGill)  

• CHUM Epilepsy Clinique 

• CHU La clinique d’épilepsie  

If epilepsy is well controlled, and there are dysmorphic features, consider referral to a clinical geneticist. Find the 
contact information for your local genetics centre here. If you have questions, you can always reach out to your 
local genetic centre and speak with a genetic counsellor or geneticist. Many provinces have eConsult where you 
can connect with a specialist. For the most meaningful appointment and appropriate triaging, it is important to 

https://ontariohealth.ca/content/dam/ontariohealth/documents/exome-sequencing-neurogenetics.pdf
https://ontariohealth.ca/content/dam/ontariohealth/documents/exome-sequencing-neurogenetics.pdf
https://albertareferraldirectory.ca/PublicSearchVelocityController?direct=displaySpecialistSearch&serviceId=&pageNumberToDisplay=&publicSearch=true&isForLinkingProfiles=&returningToSearchResults=true#top
https://www.nshealth.ca/clinics-programs-and-services/seizure-and-epilepsy-clinic
https://www.vch.ca/en/service/epilepsy-programs
https://www.bcchildrens.ca/clinics-services/neurological-care-centre
https://nlhealthservices.ca/servicelisting/neurology/
https://ontarioprovincialepilepsynetwork.ca/epilepsy-centres/
https://www.mcgill.ca/neuro/research/centre-excellence-epilepsy/clinical-program
https://www.chumontreal.qc.ca/repertoire/clinique-depilepsie
https://www.chudequebec.ca/patient/maladies-soins-et-services/m-informer-sur-les-soins-et-services/centre-de-reference-en-epilepsie-pour-l%e2%80%99est-du-que.aspx
https://geneticseducation.ca/find-your-local-genomics-expert/canadian-clinics
https://geneticseducation.ca/find-your-local-genomics-expert/canadian-clinics
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include any previous investigations and consultation notes (e.g. genetic test results, psychological assessments, 
brain imaging) along with your referral. 

If there is developmental regression or other clinical features suggestive of an inborn error of metabolism, 
consultation with a biochemical geneticist or a physician with training in inherited metabolic disorders is strongly 
recommended.  

For community support and research opportunities for the affected person and their family, see Canadian Epilepsy 
Alliance. 

What do the genetic test results mean? 
The available genetic testing methods have variable reported yields in selected patient populations with epilepsy, 
for example, genomic microarray (yield 3-10%),5,6 targeted gene panels (yield 10-48.5%),7 whole exome 
sequencing (yield 11-72%)6 and whole genome sequencing (yield 38-48%).8 The variability in testing yields may be 
attributed to variation in the number of genes tested (in a targeted gene panel), research cohort size and inclusion 
criteria. 

Possible results: 

A positive result means a pathogenic/likely pathogenic (P/LP) in a gene(s) known to be associated 
epilepsy have been identified. This confirms a genetic condition.  This result may have significant 
implications for treatment considerations, surveillance, further management and counselling of specific 
recurrence risks. Important considerations when interpreting genetic test results are variable expressivity 
(individuals with the same genetic test result can have different clinical presentations) and incomplete 
penetrance (not every individual with the same genetic test result will develop symptoms). 

A negative result means that no genetic variants of clinical significance were identified in any of the genes 
analysed. This does not rule out the possibility of a genetic contribution to an individual’s clinical 
presentation. Additional epilepsy phenotyping and/or re-selection of appropriate genetic test or panel 
may be warranted. 

A variant of unknown significance (VUS) means a variant in a gene where the significance is not yet 
known was identified. The laboratory cannot confidently determine if the gene variant identified is 
pathogenic or benign as available evidence is insufficient or conflicting. A board-certified genetic 
counsellor or a geneticist can help to interpret the laboratory report. No changes to screening or medical 
management are indicated. While family members are typically not offered genetic testing for a VUS in 
some cases further testing of the parents or other affected family members may be requested to clarify 
the interpretation of these variants. Clinics and laboratories differ in their re-contact protocols, but 
generally an individual would be encouraged to re-contact their genetics provider in 2-5 years for updates 
on re-classification of the VUS they carry. Re-classification of a VUS could mean the variant is now 
determined to be pathogenic or benign.  

A word about VUSs: A VUS is a result that leaves ambiguity for an individual and their family depending on 
their experience, attitudes toward healthcare and education level, there may be an inappropriate 
expectation of increased monitoring based on the result.9,10 Discussions with healthcare practitioners are 
important in shaping a patient’s understanding of the result, managing uncertainty and setting 
expectations. 9,10 It is also important to note that the rate of VUS is reported to be significantly higher in 
those of non-European ancestry (e.g. Hispanic, African, Asian and Pacific Islander).11 This has to do with 
the lack of diversity in clinical and research contexts and the under-representation of non-European 
groups in genomic databases. 12  

A secondary finding: Genetic testing may identify a P/LP variant in a gene unrelated to the primary 
indication for testing. For example, genetic testing ordered because of suspicion of a neurogenetic 
condition and then testing identifies a P/LP variant in a gene associated with hereditary breast cancer. 
These results often still have significant health implications for the individual and their relatives.  

https://www.canadianepilepsyalliance.org/
https://www.canadianepilepsyalliance.org/
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What are the benefits of genetic consultation [with or without genetic testing]? 
Genetic testing may provide a specific diagnosis and may end the diagnostic odyssey. Further benefits may include: 

Targeted treatment: Sometimes, the results of genetic testing may influence the ongoing treatment of 
seizures. For example, individuals with GLUT1 deficiency syndrome benefit from a ketogenic diet, 
avoidance of sodium channel blockers will help in Dravet syndrome, and there are various vitamin-
responsive epilepsies.13 

Appropriate surveillance: Depending on the gene and the expected inheritance, ‘at risk’ family members 
can be screened for the same genetic variant.   

Information on natural history: Once a genetic diagnosis is obtained, a more specific prognosis, with 
regard to epilepsy and other neurological co-morbidities, can be explained to the affected person or their 
parents. Focused systemic surveillance measures may be initiated. For example, a diagnosis of Tuberous 
Sclerosis will lead to recommendations for periodic surveillance for brain, kidney, and heart tumours. 

Recurrence risk counselling can be more accurate once the gene involved and the mode of inheritance are 
known. Options for prenatal diagnosis in future pregnancies may be discussed. In the absence of a 
molecular diagnosis, recurrence risk counselling based solely on empiric risks can be provided to at-risk 
individuals (e.g. a first degree relative of the affected person). 

A genetic diagnosis may also help the family to network with support groups and research collaborations.  

Genetic consultation may also be valuable even in absence of genetic testing. It may provide the affected 
person/family more information about the disease under consideration, short- and long-term psychosocial 
support, and help to formulate future goals and facilitate family communication. 

What are the limitations and complexities of genetic testing for epilepsy? 
Uninformative results: An uninformative result cannot diagnose or rule out any particular genetic condition.  This is 
the case when genetic testing is negative or when a variant of uncertain significance is identified.  

Genetic heterogeneity: A broad epilepsy group may have a number of causative genes. For example, a progressive 
myoclonic epilepsy phenotype may be caused by mutations in genes CSTB, EPM2A, KCNC1, PPT1, TPP1, etc. 

Variable expressivity: The same gene mutation may result in very different clinical phenotypes. The severity of 
epilepsy may be very variable. For example, missense mutations in SCN1A can present as simple febrile seizures, 
febrile seizure plus, or Dravet syndrome.14 

Incomplete penetrance: Some individuals who carry a gene mutation may never develop symptoms of the disease. 
For example, a missense mutation in SCN1A has 60-70% penetrance.  

Surveillance and management 
A genetic diagnosis may provide information about the natural history of the epilepsy syndrome, response to 
specific drugs, associated neurological and other systemic co-morbidities, and prognosis. This may guide the 
clinical and investigation-based follow up. 

A positive genetic test result can direct the testing of “at-risk” family members (cascade testing).  

Individuals with epilepsy contemplating pregnancy can be informed of the risks associated with certain anti-
epileptic medication (e.g. valproic acid), the likelihood the medication will cause congenital anomalies or 
intellectual disability, and risks related to breastfeeding. 15 
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Resources 
Epilepsy resources: 
Canadian Epilepsy Alliance: a Canada-wide network of grassroots organizations dedicated to the promotion 
of independence and quality of life for people with epilepsy and their families, through support services, 
information, and public awareness.    
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