
Epilepsy and developmental disorders: Next generation sequencing in the clinic 

Introduction: 

Over the past 20 years there have been rapid advances in our understanding of the genetic causes, 

contributors, and modifiers of most human diseases. Epilepsy has been no exception. It has long 

been appreciated that epilepsy has strong genetic determinants, a concept supported by evidence 

from twin-based heritability studies1,2, and from the observation that epilepsy is a common feature 

of a number of genetic multisystem disorders, such as tuberous sclerosis complex (TSC)3, fragile X-

syndrome4, DiGeorge syndrome5 and Angelman syndrome6. By the early 1990s, the molecular 

genetic basis of many of these multisystem disorders was beginning to be understood.  

The channelopathy era: 

In 1995 Steinlein et al. identified a rare variant in the CHRNA4 gene, encoding the alpha 4 subunit of 

the neuronal nicotinic acetylcholine receptor7. This variant segregated with affected individuals 

within a large family affected by autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE), 

originally reported by Scheffer et al8. The discovery of CHRNA4 was a significant breakthrough on 

two counts. First, the families affected by ADNFLE demonstrated no additional medical or cognitive 

morbidity in addition to their epilepsy, so this was heralded as the first “pure epilepsy” gene. 

Second, this discovery implicated neuronal ion channels in the aetiology of epilepsy for the first 

time. A pattern of ion channel gene association with epilepsy continued with the subsequent 

discoveries that 70-80% of children with Dravet syndrome had variants in the sodium channel gene 

SCN1A9-12, and that variants in the potassium channel genes13 and KCNQ314 were associated with 

self-limited familial neonatal seizures.  

The Next Generation Sequencing (NGS) era: 

Since 2005, the development and application of high throughput genetic testing has facilitated the 

discovery of hundreds of epilepsy-associated genes. As of 2017 at least 66 different epilepsy-

associated ion channel genes had been published. However, ion channel genes in fact constitute a 

minority of the total. Genes involved in diverse cellular processes are now known to be implicated in 

epilepsy. Such processes can be broadly divided into: ion transport; cell growth and differentiation; 

regulation of synaptic processes; transport and metabolism of small molecules within and between 

cells; and regulation of gene transcription and translation (Figure 1).  

High throughput genetic testing platforms, including epilepsy gene panels, clinical exome 

sequencing, and whole exome sequencing, have now entered the clinical domain and are being 

applied to increasing numbers of patients with epilepsy. In this review, we provide an overview of 

the current landscape of genetic testing in childhood epilepsies, including the yield of different 

testing approaches and the impact of a genetic diagnosis on patient management.  

Parallel epilepsy gene discovery paths: 

Studies aimed at identifying associations with epilepsy can be broadly divided into two categories: 1. 

those comparing large cohorts of patients with epilepsy with healthy controls which look for 

enrichment of common genetic variants among those with epilepsy – known as genome wide 

association studies (GWAS); 2. those looking for much rarer, damaging variants, deemed to explain 

enough phenotypic variance to be considered causative. Mild phenotypes are considered most 

suitable for the GWAS, whilst severe phenotypes are more ideal for the latter approach. In these 

circumstances de novo damaging variants, which are likely to confer reproductive unfitness and are 

therefore heavily constrained in the general population, are typically the strongest candidates. 



GWAS studies, rather than trying to find causes of disease, attempt to isolate common genetic 

variants that confer increased risk. GWAS have been limited in what they have been able to reveal 

about the genetic architecture of epilepsy. From these studies very few variants have reached 

genome wide significance, and those that have explain a very small proportion of overall variance15. 

Hence, these studies remain of limited clinical utility. Further progress with this approach is likely to 

require larger numbers are participants, and possibly division of patients into phenotypic groups to 

reduce heterogeneity. 

In contrast, studies that have employed NGS to isolate rare damaging variants in well-phenotyped 

individuals with severe epilepsy and/or developmental disorders have proved fruitful sources of new 

epilepsy-associated genes, and have provided data with genuine clinical utility. These studies have 

tended to approach epilepsy from two distinct angles: one angle has involved investigation of 

cohorts of patients with broad neurodevelopmental phenotypes which may or may not include 

epilepsy, the best example of which is the Deciphering Developmental Disorders (DDD) study16; the 

other has involved investigation of cohorts of patients specifically with epilepsy, as exemplified by 

the Epi4K study17. The distinction between these two approaches is important to consider because in 

the first epilepsy is typically reported as one of a variety of symptoms of more global 

neurodevelopmental disease, whereas in the latter additional features are more likely to be  

presented as comorbidities of the epilepsy.



 

Figure 1 – epilepsy gene discovery 1991-2017
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The case of STXBP1 is illustrative. De novo damaging variants in STXBP1, which encodes a protein 

involved in synaptic docking and fusion, were first reported in four unrelated individuals with severe 

early-infantile onset drug-resistant epilepsy with burst-suppression EEG pattern (Ohtahara 

syndrome)18. Initially considered an “Ohtahara syndrome gene” STXBP1 emerged as an “epileptic 

encephalopathy gene” when further studies in different epilepsy cohorts revealed STXBP1-variants 

to be associated with several other severe epilepsy phenotypes including Dravet syndrome19, West 

syndrome20, Lennox-Gastaut syndrome17, and epilepsy with myoclonic-atonic Seizures21. Finally 

STXBP1 became a “developmental disorder gene ” when among the first 4,293 families reported by 

the DDD study 11 patients with de novo damaging variants in STXBP1 were identified, all of whom 

had significant developmental delay, but three of whom had no history of epilepsy at all, and two 

more of whom only developed seizures in later childhood22. 

Phenotypic expansion: 

The consequence of testing large numbers of patients using platforms involving increasing numbers 

of genes is that the phenotypic spectrum associated with each individual genetic cause has 

progressively broadened. As an example, variants in SCN1A were initially considered to be 

associated with two distinct phenotypes: Genetic epilepsy with febrile seizures plus (GEFS+) and 

Dravet syndrome12. GEFS+ is a dominantly inherited familial epilepsy phenotype in which affected 

individuals demonstrate a predisposition to both febrile and afebrile seizures, but do not develop 

drug-resistant epilepsy and have good cognitive outcomes23. In contrast, in Dravet syndrome, though 

initial seizures are often associated with fever, a severe drug-resistant epilepsy emerges over the 

second and third years of life12, and this is associated with significant cognitive morbidity10,24. It is 

now clear that not only is there a complete spectrum of phenotypes between GEFS+ and Dravet 

syndrome25-28, but there are also substantially different SCN1A-associated epilepsy phenotypes that 

do not sit within the GEFS+/Dravet spectrum at all29. Furthermore, SCN1A variants can be associated 

with other neurological phenotypes which do not include epilepsy, such as familial hemiplegic 

migraine (FHM)30. A similar picture, characterised by wide variability in epilepsy phenotypes, as well 

as other neurological phenotypes, has emerged for the majority of epilepsy-associated genes. Some, 

but not all phenotypic variability is likely to be explained by specific functional effects of the genetic 

variant. For example, FHM-associated SCN1A variants demonstrate gain-of-function properties31. 

Additional genetic and environmental modifiers are likely to explain much of the remining 

phenotypic variability, but these factors remain difficult to isolate and characterise. 

Characteristics of epilepsy-associated genes 

Among the currently known epilepsy-associated genes there is likely to be a bias in favour of those 

associated with severe phenotypes. This partly reflects that severely affected families may be more 

invested in identifying an underlying cause and hence be recruited to gene discovery studies, but it 

also reflects that damaging variants are easier to identify when they have arisen de novo in an 

individual with severe disease. Various publicly available tools are available to assess properties of 

candidate genes and variants. Characteristics of the majority of genes that are associated with 

severe epilepsies are a high relative expression in brain and a low tolerance for variation in the 

general population. Normative human tissue expression data comes largely from adult postmortem 

samples, and has been made publicly available by platforms such as the Genotype Expression 

Portal32. Variation tolerance information for genes comes from datasets of fully genotyped (by whole 

exome sequencing or whole genome sequencing) healthy individuals. The Exome Aggregation 

Consortium compares the number of missense observed variants in a gene with the number that 

would be expected based on its size and expresses this as a Z-score. A higher Z-score signifies a more 

intolerant gene33. In Figure 2 we have plotted the missense Z-score and relative brain expression 



from GTEx for all human genes. The 45 most commonly-implicated autosomal dominant epilepsy 

genes are highlighted in orange. These epilepsy-associated genes cluster in the right upper corner of 

Figure 2, which contains those highly brain-expressed genes which are intolerant of variation.



 

Figure 2 – relative brain expression (GTEx ratio) and missense constraint (missense Z-score) for all characterised human genes, with those 45 genes most commonly associated with dominant 
epilepsy highlighted orange.



Machine-learning based computer (“in silico”) tools can be used to predict likely pathogenicity of 

specific variants, though all have limitations34. The most useful tool for determining pathogenicity 

remains the identification of the same variant in an unrelated individual manifesting the same or a 

highly similar phenotype. The phenotypic expansion of genetic disease, and application of NGS to 

more mildly affected individuals is set to make variant interpretation increasingly challenging.  



Approaches to clinical genetic testing: 

Single gene Sanger sequencing may still have a place in a few of the more common single gene 

epilepsies in which gene-phenotype correlation tends to be the rule rather than the exception. The 

best examples are SCN1A, which is associated with Dravet syndrome in the majority of cases, and 

KCNQ2, which is by far the most common genetic cause of neonatal seizures35. However, the 

increasing affordability of NGS will make this approach decreasingly relevant. Most laboratories are 

now using either large gene panels, clinical exomes, or whole exomes for genetic diagnosis in 

epilepsy. The relative advantages and disadvantages of each approach have been reviewed 

elsewhere36. It must be borne in mind that in a small proportion of cases, a genetic cause for 

epilepsy can be established through analysis for copy number variation, using chromosomal 

microarray37-40, though modern NGS platforms may also be able to identify copy number variants41. 

Recurrently implicated CNVs linked to epilepsy include: 1p36 deletion, 15q11.2 deletion, 15q11.3 

deletion, 16p11.2 deletion, 16p13.1 deletion, and 22q11.21 deletion or duplication42. 

Yield from NGS testing in epilepsy: 

We identified papers reporting the application of NGS to cohorts of patients with epilepsy using a 

Medline literature search (date April 18th 2018) using the following terms:  

 [epilepsy] or [epileptic] or [seizure] and  

 [next generation sequencing] or [gene panel] or [exome] or [genome] 

Total number of results was 870. Abstracts of these papers were reviewed to identify studies in 

which NGS technology (either a targeted gene panel, a clinical exome, a whole exome, or a whole 

genome) had been applied in the diagnostic evaluation of a cohort of patients with epilepsy. Studies 

which did not include patients with epilepsy were excluded, as were those that did not report 

diagnostic results, or in which 10 or fewer patients were reported. 24 studies were included. The 

total number of diagnostic results involving each gene were summated for each paper. Between the 

24 studies a total of 13,063 patients with epilepsy underwent diagnostic NGS, with 2219 positive 

results (17.0%), involving variants in 210 different genes. Diagnostic yield varied markedly between 

studies, from 3% to 50% (Table 1).   Diagnostic yield was associated with size of panel. Larger panels 

and whole exomes demonstrating significantly higher yields (Figure 3). Variation in patient selection 

between these studies is likely to explain much of the remaining variance. The low diagnostic yield of 

4% in the study by Hildebrand et al. may be due to the fact that most of the patients in this study 

had sporadic temporal lobe epilepsy43. The current state of knowledge suggests that sporadic 

temporal lobe epilepsy is rarely monogenic. The low yield of 3% in the Myers et al. study may be 

because most of the patients selected had already undergone extensive genetic investigation44. 

Figure 4 shows the genes recurrently implicated (four or more positive results). The most commonly 

implicated genes were SCN1A, KCNQ2, CDKL5, SCN2A, STXBP1, and PCDH19. These six genes were 

implicated in more than 50% of the diagnostic results. The 27 most commonly-implicated genes 

explained 80% of the diagnostic results. 

Studies that recruited patients with childhood-onset severe epilepsies (e.g. Hamdan 2017; Tumienė 

2017; Ko 2018)45-47 had higher diagnostic yield than those with broader inclusion (Trump 2015; 

Butler 2017)48-49. Moreover, within individual studies, age of onset was also associated with 

increased probability of receiving a diagnostic result. In the Trump et al. study the odds ratio for a 

diagnostic result in the children aged less than two months was 5.0 (see Table 2)48 and in Møller et 

al. presentation in the first month of life was associated with an odds ratio of a diagnostic result of 

5.750. Conversely in the Helbig et al. study, a significant difference for early-onset patients was not 



seen. Nor did Helbig et al. find significantly increased diagnostic yields in subgroups with infantile 

spasms or early onset epileptic encephalopathy51. 

 



Study Country/region Patient selection Platform Yield 

Lemke 201252 Germany/ 
Switzerland 

Not specified – variable phenotypes 265 gene epilepsy panel  16/33 (48%) 

Kodera 201353 Japan Early onset epileptic encephalopathy 30 gene epilepsy panel 11/53 (21%) 

Della Mina 201454 Italy Not specified – variable phenotypes 67 gene epilepsy panel 9/19 (47%) 

Carvill 201419 Global Infantile spasms or Lennox Gastaut Syndrome Trio Whole Exome Sequencing (WES) 51/356 (14%) 

Allen 201555 Ireland Unexplained early onset epileptic encephalopathy 137 gene epilepsy panel 13/50 (26%) 

Trump 201548 UK Tertiary referrals to Great Ormond Street Hospital 46 gene epilepsy panel 58/323 (18%) 

Zhang 201556 China Unexplained epilepsy and intellectual disability  300 gene epilepsy panel 46/253 (18%) 

Møller 201650 Denmark, Estonia, UK, 
Argentina, Pakistan 

Epileptic encephalopathies and familial epilepsies 46 gene epilepsy panel 49/216 (23%) 

Myres 201644 Global Unsolved epileptic encephalopathy cases 27 candidate gene epilepsy panel 18/531 (3%) 

Helbig 201651 USA Clinical referrals to diagnostic lab, all patients with seizures Diagnostic exome 119/314 (38%) 

Zhang 201657 China Early onset epileptic encephalopathy 17 gene epilepsy panel 56/175 (32%) 

Parrini 2016 Italy Drug-resistant epilepsy (0-5 years) 95 gene epilepsy panel 71/349 (20%) 

Hildebrand 201643 Australia Focal epilepsy 11 gene epilepsy panel 11/251 (4%) 

de Kovel 201659 Europe Seizures and intellectual disability, onset <5 years 26 gene epilepsy panel 31/360 (9%) 

Gokben 201760 Turkey Early-onset epileptic encephalopathy 16 gene panel 9/30 (30%) 

Butler 201749 USA Clinical referrals 110 gene epilepsy panel 58/339 (17%) 

Hamdan 201745 Canada Developmental and epileptic encephalopathy Trio Whole Genome Sequencing (WGS) 63/197 (32%) 

Ortega-Moreno 201761 Spain Epilepsy and developmental delay 106 gene epilepsy panel 17/87 (20%) 

Newman 201762 USA Referrals to diagnostic lab. 100 gene epilepsy panel 36/166 (22%) 

Tumienė 201746 Slovenia Epilepsy and developmental delay or dysmorphism Diagnostic exome (4813 genes) 40/86 (47%) 

Ko 201847 South Korea Developmental and epileptic encephalopathy 172 gene epilepsy panel 97/278 (35%) 

Palmer 201863 Australia Epileptic encephalopathies Diagnostic exome 16/32 (50%) 

Lindy 201841 USA Clinical referrals 70 gene panel 1324/8565 (15.5%) 

Table 1 - Summary of 24 NGS studies of epilepsy, involving 13,063 patients: 2012-2018 

  



 

Study Clinical feature associated with 
diagnostic result 

Number with diagnostic 
result/Number with feature (%) 

Number with diagnostic 
result/Number without feature (%) 

Odds ratio (95% confidence intervals) and p 
value (Fisher’s exact test) 

Trump 201548 Presentation < 2 months 30/77 (39%) 28/246 (11%) 5.0 (2.7-9.1), p<0.0001 

Møller 201650 Presentation < 1 month 12/21 (57%) 37/195 (19%) 5.7 (2.2-14.5), p<0.001 

Helbig 201651 Presentation < 1 month 12/28 (43%) 107/276 (37%) 1.3 (0.6-2.8), n.s. 

Helbig 201651 Infantile spasms 16/41 (39%) 103/273 (38%) 1.4 (0.7-2.7), n.s. 

Helbig 201651 Early Onset Epileptic 
Encephalopathy 

28/67 (42%) 91/247 (37%) 1.2 (0.7-2.1), n.s. 

Ko 201847 Drug-resistant seizures 74/161 (46%) 23/118 (19%) 3.5 (2.0-6.1), p<0.0001 

Table 1 - Odds ratios for clinical predictors of diagnostic results within epilepsy NGS studies 



 

Figure 3 – relationship between size of gene panel and diagnostic yield
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Figure 4 – Combined results from 24 NGS studies in epilepsy. Genes implicated on four or more occasions.
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The utility and impact of genetic testing in childhood epilepsy 

While it is clear that genetic testing in childhood epilepsy can lead to an aetiological diagnosis in a 

significant proportion of children, how useful is this? For the clinician, a specific diagnosis may allow 

a more accurate prognosis to be given to the patient and their family, though the broadening 

phenotypic spectra and rarity of genetic epilepsies can render this more complex. Surveillance for 

longer-term health issues such as gait issues in Dravet syndrome and multi-system problems in 

tuberous sclerosis are also benefits of diagnosis.  

How does a genetic diagnosis impact epilepsy management? There are a limited number of 

conditions which present with childhood epilepsy where currently a specific, aetiology-directed 

treatment exists. The largest group are inborn errors of metabolism, including Glut1 Deficiency and 

Vitamin B6 responsive disorders (Table 3).  Some of these conditions may be diagnosed through 

blood, urine and CSF investigations rather than genetic testing. However children with Glut1 

deficiency may present with seizures alone and may not have raised enough clinical suspicion to 

undergo lumbar puncture and CSF glucose testing35. 

There are a number of experimental therapies which have been used in in vitro studies or in a small 

number of patients (Table 4). AN example is Quinidine for KCNT1-related epilepsies. Following 

successful blockade of abnormal potassium current in vitro, initial clinical reports were promising. 

However, a randomised controlled trial failed to show benefit64 and in the largest case series 

published to date only 20% of patients showed a >50% seizure reduction in seizure frequency. 

However, in rare devastating disorders such as KCNT1-related epilepsies where seizures are 

unrelenting, clinicians will often consider a therapeutic trial.  

The major impact of a genetic diagnosis on clinical management is usually choosing or avoiding 

certain antiepileptic medications (Table 4). Several studies have examined how a specific genetic 

diagnosis influenced management. Truty et al. reported an unselected, mostly paediatric cohort of 

over 9000 patients referred for epilepsy gene panel testing65. 33% of the 1502 patients with a 

positive molecular genetic diagnosis had a variant which was “actionable”. The authors categorised 

these actionable diagnoses into biochemical disorders, such as Glut1 deficiency and neuronal ceroid 

lipofuscinosis type 2 (CLN2), and indications or contraindications for anti-epileptic drugs (AEDs). 

Over 50% of the actionable findings related to avoidance of contraindicated AEDs, primarily sodium 

channel blockers in SCN1A-related epilepsies. 40% of actionable findings related to positive AED 

selection. While these findings are encouraging for a precision medicine approach, the authors 

acknowledge that in many cases supportive evidence is limited. For example, Memantine, a NMDAR 

blocker, is listed as an “emerging” treatment for the treatment of GRIN2A-related disorders. 

However GRIN2A variants can be both loss or gain of function, and whilst some phenotype:genotype 

correlation has been demonstrated66, in the absence of in vitro functional testing, it may not be 

possible to determine whether a patient will benefit or be harmed by NMDAR blockade.  

Another positive benefit of a genetic diagnosis is identifying patients eligible for clinical trials. In the 

Truty et al. study this applied to 25% of those with a positive molecular diagnosis65. Another study 

examined the impact of whole exome sequencing in 180 patients with epilepsy of unknown cause 

with onset under 5 years of age67.  A molecular genetic diagnosis had clinical implications in 27 of 59 

diagnosed patients and led to a change in management in 23 patients (39%) or 13% of all patients. 

This ranged from choice or avoidance of specific medications to limiting of investigations and 

stopping medication in SCN2A and KCNQ2-related self-limited familial neonatal/infantile epilepsies. 



Oates et al. found clinically actionable variants in 63% of positive diagnoses on a targeted NGS 

epilepsy panel, again largely related to recommendations about sodium channel blocking AEDs68.  In 

a prospective, population-based study of epilepsy of onset under 3 years, 64/80 (80%) of the genetic 

diagnoses were stated to have potential treatment implications35. The authors acknowledged that 

much of this is based on limited quality evidence. However both Stiripentol and Cannabidiol have 

been tested in randomised controlled trials of Dravet syndrome.  

Gene  AEDs/treatments 
which are 
recommended 

AED to avoid Other management 
implications  

SLC2A1 Ketogenic Diet Phenobarbitone  

ALDH7A1  Pyridoxine - Lysine-restricted diet 

PNPO Pyridoxal phosphate -  

GAMT  Oral creatine 
supplements 

-  

SLC6A8 Oral creatine 
supplements 

-  

TPP1 (CLN2) Tripeptidyl‐peptidase I 
enzyme replacement 
therapy 

- - 

FOLR1  
 

Folinic acid - - 

SLC35A2 Galactose 
supplements 

-  

Table 3: Therapeutic implications in metabolic disorders presenting with severe childhood epilepsy which may 

be diagnosed by genetic testing. Biotinidase deficiency is not included as this is usually diagnosed by low blood 

biotinidase activity rather than genetic testing 

Gene  AEDs/treatments which 
are recommended 

AED to avoid Other management 
implications  

SCN1A Stiripentol, valproate, 
clobazam 
Ketogenic Diet 
Cannabidiol  
Fenfluramine 

Carbamazepine/Lamotrigine   

SCN2A* Carbamazepine, phenytoin - Consider high-dose 
intravenous phenytoin 
for status epilepticus  

SCN8A Carbamazepine, phenytoin - - 

KCNQ2 Carbamazepine, phenytoin - - 

POLG - Sodium valproate - 

PCDH19 Clobazam  - - 

PRRT2 Carbamazepine - - 

KCNT1 Trial of Quinidine in early 
onset seizures 
Potassium bromides 
Ketogenic Diet 

- - 

TSC1/TSC2 Vigabatrin for infantile 
spasms 

 Surveillance for multi-
system features 



Emerging use of 
Everolimus and MTOR 
inhibitors 

ATP1A3 Flunarizine - - 
Table 4: Current therapeutic implications of genes which are commonly implicated in childhood epilepsy. *the 

majority of SCN2A-related epileptic encephalopathy variants with seizure onset <3 months are gain of function 

Achieving a genetic diagnosis is likely to limit the diagnostic odyssey and potentially avoid further 

invasive tests such as muscle biopsy. While it can be difficult to fully appraise such effects due to 

differences between healthcare systems, referral patterns, and funding systems, several groups have 

shown that earlier genetic testing is cost-effective and leads to earlier diagnosis63,69. Retrospective 

analysis of clinical data in one study found that earlier use of the NGS panel could have potentially 

reduced investigations by two-thirds and the median diagnostic delay from 3.43 years to 21 days68. 

In a different healthcare setting where WES testing was restricted, four patients had lengthy 

diagnostic journeys ranging from one to eight years which were finally ended by a diagnostic WES 

result70. The authors delineated the three costs of the diagnostic journey: cost of time lost to the 

patient/family; impact quality of life; and monetary cost. This study highlighted an important aspect 

of making a genetic diagnosis in childhood epilepsy; the opportunity to give a definitive diagnosis. 

This is important to families. Receiving a diagnosis and the diagnostic journey were important 

themes in the Sussex Early Epilepsy and Neurobehavior (SEEN) study of parental experience of 

childhood epilepsy. However, specific studies of the impact if genetic diagnoses for childhood 

epilepsy are limited. In a study of children with Dravet syndrome, 87% of caregivers reported that 

the diagnosis itself was helpful and 61% reported that it led to increased access to therapies71. When 

requesting genetic tests, it is important to understand the expectations and the perspectives of the 

parents regarding possible outcomes and implications. Many parents carry feelings of guilt for their 

child’s epilepsy and this can be relieved or worsened by a genetic diagnosis, particularly if they are a 

carrier72.  

As the majority of causative variants in the severe epilepsies are de novo, clinicians will usually give a 

low recurrence risk of approximately 1%, taking into account the possibility of germline mosaicism. 

However, it is increasingly recognised that there may be more significant levels of parental somatic 

mosaicism, even when parents are unaffected. This has been demonstrated in SCN1A, SCN8A and 

KCNQ2-related epilepsies73-73. The presence of parental mosaicism can increase the risk of 

recurrence up to 50%, depending on the level of mosaicism detected. It is vital that families have 

access to both expert genetic counselling and clinicians experienced in epilepsy genetics. A further 

advantage of genetic diagnosis can be to afford access to specific support groups for patients and 

their families.  

Conclusion and Future Directions: 

It is clear that genetic testing should be considered a first-line investigation for patients presenting 

with epilepsy, particularly where it is early onset, resistant to treatment and associated with other 

neurodevelopmental disorders. The yield of genetic diagnosis by NGS techniques is significant and 

can have management implications in addition to allowing genetic counselling. As we move away 

from NGS panels and towards clinical whole genome sequencing, identification of non-coding 

variants may provide insight into the 20-50% of patients who do not receive a diagnosis by NGS 

panel or whole exome sequencing. Innovative treatments directed at the genetic aetiology such as 

gene therapy are currently undergoing pre-clinical studies. It is therefore vital that as well as 

continuing to increase the yield of genetic testing, we understand the natural history of the genetic 

epilepsies of childhood by undertaking prospective evaluations of epilepsy and developmental 



phenotypes. This will better equip us to assess the impact of the personalised medicine which is on 

the horizon.  
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