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Learning Objectives

● List examples of patient management changes that can be made 
by clinicians based on a molecular diagnosis of epilepsy.

● Summarize evidence showing that epilepsy testing can be 
associated with positive health outcomes.



The state of genetics today

• Cost barriers
• Reimbursement challenges
• Lack of comfort with genetics

It takes on average 4.8 years for a 
rare disease patient to receive an 
accurate diagnosis*

*Global Genes website: https://globalgenes.org/rare-
facts/?gclid=EAIaIQobChMIupHBhrPr6AIV1BatBh0bCgH6EAAYASAAEgJwzPD_BwE

https://globalgenes.org/rare-facts/?gclid=EAIaIQobChMIupHBhrPr6AIV1BatBh0bCgH6EAAYASAAEgJwzPD_BwE


Benefits of identifying a genetic etiology for patients with 
early-life epilepsy
● High diagnostic yield1

○ Genetic testing of patients with early-life epilepsy has diagnostic yield of 30%–
40% 

● Direct medical care2,3
○ Prevent unnecessary studies/procedures
○ Surveillance for anticipated symptoms
○ Inform medications (indicated vs. contraindicated)

● Avoidance of a diagnostic odyssey3
○ Save money and time for family
○ Reduce overall healthcare costs

1Berg AT, et al. JAMA Pediatr. 2017;171(9):863–71;
2Truty R, et al. Epilepsia Open. 2019;4(3):397–408.
3Oates S, et al. NPJ Genom Med. 2018; 3:13.



Benefits of identifying a genetic etiology for patients with 
early-life epilepsy (cont.)

● Family planning1
○ Determine recurrence risk for parents
○ Determine risk for siblings

● Family support
○ Find advocacy/support groups centered around same rare disease1
○ Be part of a community of families with similar concerns

● Clinical trials and research studies1
○ Early access to therapies 
○ Cutting-edge disease management
○ Natural history studies

→ We anticipate that all of these benefits may ultimately result in better 
outcomes for the patient.
1Berg AT, et al. JAMA Pediatr. 2017;171(9):863–71;
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Many studies demonstrate the clinical utility and costs 
savings of utilizing a gene panel for patients with epilepsy
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Next Generation Sequencing

7Source: Bamshad MJ, et al. Nat Rev Genet. 2011;12(11):745–55.
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Copy number detection by next-generation sequencing

● The depth profile is non-uniform but reproducible.
● Look for deviations with respect to baseline samples.
● Perform this evaluation at the assay level to be able to detect deletions/duplications 

down to single-exon resolution across the panel.

Duplication Deletion
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Cost of DNA sequencing dropping rapidly

Erika Check Hayden, The $1,000 genome, Nature News, 19 March 2014
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Evolution of large public 
databases
1000 Genome (2010)
First large public database of genome 
data from “control” individual

ExAC (2014)
Second large public database
60,000 exomes

gnomAD (2017)
Current largest public database
v2: 125,748 exomes and 15,708 whole 
genomes
v3: 71,702 whole genomes
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Gene discovery for epilepsy
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Helbig I, Tayoun AA. Understanding Genotypes and Phenotypes in Epileptic Encephalopathies. Mol Syndromol. 2016;7(4):172-181.



Study of genetic testing utility in epilepsy

Truty et al. Epilepsia Open. Jul 2019
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Methods
▪ NGS panel consisting of up to 183 genes

▪ Simultaneous detection of sequence variants and exon-level copy number variants 
(deletions and duplications)

▪ ~9769 patients were referred for testing for all genes or a subset (e.g., panels for early 
infantile epileptic encephalopathy or Rett/Angelman spectrum)

• Unselected cohort
• ~90% where under the age of 18 at time of testing

▪ Definition of precision medicine implications based on published literature and 
curation by expert clinicians with long-standing experience in epilepsy

13Truty et al. Epilepsia Open. Jul 2019
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Epilepsy genes related to precision medicine
Strong Emerging
ALDH7A1 Pyridoxine-dependent epilepsy ALDH5A1 Succinic semialdehyde dehydrogenase deficiency

CSTB Unverricht and Lundborg PME ATP1A3 Alternating hemiplegia of childhood

EPM2A Lafora disease DEPDC5 Familial focal epilepsy

FOLR1 Cerebral folate transport deficiency GLRA1 Hyperekplexia

GAMT Cerebral creatine deficiency syndrome GNAO1 Early infantile epileptic encephalopathy

GATM Cerebral creatine deficiency syndrome GOSR2 Progressive myoclonic epilepsy

KCNQ2 Early infantile epileptic encephalopathy GRIN1 Epilepsy with ID and hyperkinesis

NHLRC1 Lafora disease GRIN2A Focal epilepsy, speech impairment & ID

PNPO Pyridoxamine 5’-PO4 oxidase deficiency GRIN2B EIEE & ID

POLG Mitochondrial DNA depletion; PEO KCNQ3 Benign infantile epilepsy, developmental disability

SCN1A Dravet syndrome KCNT1 Early infantile epileptic encephalopathy

SCN2A Early infantile epileptic encephalopathy NGLY1 Congenital disorder of deglycosylation

SCN8A Early infantile epileptic encephalopathy PCDH19 Sex-limited EIEE

SLC2A1 Glucose transporter deficiency PIGA Congenital anomalies-hypotonia-seizures syndrome

SLC6A8 Cerebral creatine deficiency syndrome PRRT2 Episodic kinesigenic dyskinesia & seizures

TPP1 Neuronal ceroid lipofuscinosis 2 (CLN2) QARS Progressive microcephaly with seizures

TSC1 Tuberous sclerosis SLC6A1 Myoclonic-atonic epilepsy

TSC2 Tuberous sclerosis

14

Legend: 

Genes associated with 
biochemical disorders

Genes associated with 
disorders for which 
there are anti-epileptic 
drug contraindications

Genes associated with 
disorders for which 
there are indications 
for using specific anti-
epileptic drugs.

Truty et al. Epilepsia Open. Jul 2019
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Diagnostic yield of genetic testing in epilepsy
▪ Diagnostic yield of 15-25%, depending on panel used
▪ Syndromic and EIEE have higher yield compared to Comprehensive panel 
▪ 33% of individuals with positive reports had results with precision medicine 

implications

15Truty et al. Epilepsia Open. Jul 2019
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Early molecular diagnosis is important in epilepsy
▪ Children with epilepsy in first year of life 

have the highest diagnostic yield, at 30% 

▪ Nearly half of those with seizures in their first 
year of life and with positive reports have 
results with precision medicine 
implications

▪ 66% of all positive results with precision 
medicine implications were in children 
younger than 5 years

16Truty et al. Epilepsia Open. Jul 2019
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Critical genes involved in epilepsy
▪ 80% of positive molecular diagnoses came from only 30 genes while the remaining 20% 

were from 76 other genes. 
▪ SCN1A has the highest yield
▪ Corroborated by another large genetic testing study (Lindy et al., Epilepsia 2018)

17Truty et al. Epilepsia Open. Jul 2019
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Categories of precision medicine implications
▪ Nearly half of positive molecular diagnoses with precision medicine implications 

were related to contraindications for anti-epileptic drugs (AED), largely due to 
variants in SCN1A.

▪ 10% of molecular diagnoses were related to biochemical disorders with available 
treatments

▪ 40% of molecular diagnoses invoked 
indications for specific AED (e.g., 
Vigabatrin for spasms in TSC)

▪ Another 21% of individuals had positive 
molecular diagnoses in genes with
emerging associations with precision 
medicine implications

18Truty et al. Epilepsia Open. Jul 2019



Study of genetic testing utility for epilepsy in adults

McKnight et al. Neurol Genet. 2022;8:e650
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Overall diagnostic yields for genetic testing in adults with 
epilepsy

20

0-1
years

2-4
years

5-10
years

11-17
years

18+
years

29.6% 13.6% 7.0% 2.4% 3.7%

Seizure onset in infancy resulted in the highest diagnostic yield

2,008 individuals over 18 years of age were tested with multi-gene panels

One in ten adults with epilepsy received a definitive molecular diagnosis

McKnight et al. Neurol Genet. 2022;8:e650
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Adults with epilepsy and comorbidities

21

Among investigated comorbidities, adults with reported ID/DD were most likely to have a 
molecular diagnosis (16.0%).

Abbreviations: ASD, autism spectrum disorder; ID/DD, intellectual disability/developmental delay McKnight et al. Neurol Genet. 2022;8:e650
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Critical genes involved in epilepsy

McKnight et al. Neurol Genet. 2022;8:e650

▪ Just like previous studies, most findings are in under 30 genes
▪ SCN1A has the highest yield
▪ 11 of the 13 top genes in both the Truty et al. study (90% kids) and this study (100% adults) 

were the same 
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Many adults with genetic epilepsy live well into adulthood

Many adults in their 50s, 60s, 70s and even 80s were found to have genetic epilepsy

McKnight et al. Neurol Genet. 2022;8:e650
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Results with clinically actionable findings

24

Clinically actionable finding
121 adults
22 genes

Not a clinically 
actionable finding

97 adults
39 genes

ASM
indication

81.0%

ASM
contraindication

38.0%

Metabolic
treatment

44.6%

Surgical
indication

22.3%

Surgical
contraindication

22.3%

● Over one-half of adults with 
epilepsy had diagnostic 
findings in genes associated 
with at least one specific 
treatment for seizure control

● Genetic testing could have a 
direct impact on clinical 
management for many adult 
patients with epilepsy

Abbreviations: ASM, antiseizure medication McKnight et al. Neurol Genet. 2022;8:e650
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Clinically actionable finding
121 adults
22 genes

Not a clinically 
actionable finding

97 adults
39 genes

ASM
contraindication

38.0%

Metabolic
treatment

44.6%

Surgical
indication

22.3%

ASM
indication

81.0%

Surgical
contraindication

22.3%

McKnight et al. Neurol Genet. 2022;8:e650

Two studies reported ~50% of positive results should be clinically 
actionable…..but are they in practice?

Truty et al. Epilepsia Open. Jul 2019





Epilepsy Outcomes Study Objectives

●Cite data demonstrating that epilepsy genetic testing can lead to actionable results.

●List examples of patient management changes that are made by clinicians based on a 
molecular diagnosis of epilepsy.

●Discuss evidence showing that epilepsy testing can be associated with positive health 
outcomes.

McKnight et al. American Epilepsy Society, Dec 2021
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Rationale 

●Genetic testing for epilepsy identifies a molecular etiology in up to 40% of cases
●~50% of positive findings are in clinically actionable genes 1 2

●Previous studies have demonstrated reduced healthcare costs for individuals with good 
versus poor seizure control (~$14,000/year vs. ~$23,000/year, respectively) due to 
decreased hospitalizations and emergency department visits 3

●Limited information on how genetic information is used by clinicians to guide management 
and subsequent patient outcomes

→AIM: We investigated changes in clinical management and patient outcomes after a 
definitive genetic diagnosis of epilepsy was identified

1. Truty R, et al. Epilepsia Open. 2019; 4(3):397–408)

2. McKnight et al. Neurol Genet. 2022;8:e650

3.. Cramer, Joyce A., et al. Epilepsy & Behavior: E&B 31 (February): 356–62.
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Methods
● 1,567 clinicians who received a positive 

diagnostic finding for a patient with epilepsy 
were sent an invitation to participate

● Case report forms were collected between 
May-November 2020

● 170 clinicians completed case report forms for 
429 patients with epilepsy and a genetic 
diagnosis

● Clinical specialties included: 

30

-Genetics (22.4%)
-Pediatric neurology 
(17.1%)
-Neurology (15.3%)

-Epilepsy (7.6%)
-Internal medicine 
(0.6%)
-Multiple specialties 
(37.1%)

McKnight et al. American Epilepsy Society, Dec 2021
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Did the genetic finding influence a change in clinical 
management?

● Half of positive genetic diagnoses led to a 
change in clinical management.

● In 81.3% of cases, providers changed 
clinical management within 3 months of 
receiving the genetic testing result.

31McKnight et al. American Epilepsy Society, Dec 2021
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Changes that were implemented due to genetic finding

Most common change was to add a new medication.

32McKnight et al. American Epilepsy Society, Dec 2021
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Reasons for not changing management due to the 
genetic finding
Most common response was that clinical management was already consistent with results.

33McKnight et al. American Epilepsy Society, Dec 2021
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Patient outcomes after treatment changes due to a 
molecular finding

● 75% reported positive outcomes 
(129/172)

● 65% reported reduced or 
elimination of seizures

● 23% reported other improvements 
(i.e. in behavior, development, 
academics, movement issues)

● 6% reported reduced medication 
side effects

34McKnight et al. American Epilepsy Society, Dec 2021
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Positive outcomes observed in both adults and children
Similar trends in increased seizure control after treatment changes due to a diagnostic 
finding

35McKnight et al. American Epilepsy Society, Dec 2021
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Conclusions

●Genetic testing for epilepsy identifies a genetic diagnosis in up to 40% of cases depending on 
many factors including age of seizure onset and presence of comorbidities.

●~50% of positive findings are in clinically actionable genes.1,2

●A genetic diagnosis appears to inform changes in clinical management.3

●Management changes informed by genetic information contributes to improved seizure 
control in 65% of cases and other positive outcomes for many patients.3

●These results support growing evidence that genetic testing can improve health outcomes, 
which could also reduce healthcare costs.

1.Truty et al. Epilepsia Open. Jul 2019
2.McKnight et al. Neurol Genet. 2022;8:e650
3.McKnight et al. American Epilepsy Society, Dec 
2021



Thank you


