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CURRENT AWARENESS SERVICE

Highlights from the International Epilepsy Congress 2021

Last year’s International Epilepsy Congress held virtually 
by the International League Against Epilepsy (ILAE) and 
the International Bureau for Epilepsy (IBE) covered a 
wealth of topics in the field of epilepsy. These scientific 
meetings are always enriching experiences. They provide 
a state-of-the-art picture of important research findings 
and the focus of future research.  

I’m pleased to share a roundup of a few of the excellent 
presentations at the 2021 congress.

Diagnostic delay
Dr Laura Parviainen, physician in Finland and winner of 
the Epilepsia Open Prize this year, discussed the impact of 
diagnostic delay on seizure outcome in newly diagnosed 
focal epilepsy. 

She explained that while few studies have looked at this, the 
research shows around 38-55% of patients may have had 
undiagnosed seizures before the seizure that led to their 
diagnosis. Some people may experience years of seizures 
before their diagnosis. Dr Parviainen said this is more 
common in focal epilepsy and non-convulsive seizures.

Early diagnosis is important as some data show that a 
large number of seizures before diagnosis is linked to 
poorer outcomes, and there is also a higher risk of 
problems including injuries and accidents.

Dr Parviainen and her team’s study aimed to find out the 
impact of diagnostic delay on seizure outcome. The study 
used data from previous trials and analysed diagnostic 
delay and the number of seizures before diagnosis. The 
team then compared these findings with the response to 
treatment after the trial period of five years.  

The study included 176 patients – eight with only focal 
aware seizures, 25 with focal impaired awareness seizures, 
83 with focal to bilateral tonic-clonic seizures (FBTCS) 
and 60 with multiple seizure types. The study found that 

most commonly, people had 3-10 seizures before 
diagnosis, but around 10% had more than 50 seizures 
before being diagnosed. The delay was under six months 
for a third of people and, extraordinarily, over 10 years 
for 15% of people.  

In the study, diagnostic delay showed no clear correlation 
with how the epilepsy was controlled at five years 
following diagnosis. The study results showed around 40% 
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of patients remained seizure free, and 40% achieved 
seizure freedom during the follow-up period, after 
changes in ASMs. Of the rest, 14% had refractory 
epilepsy and 6% were lost during the follow-up. 

Although the study showed no statistically significant 
association between diagnostic delay and treatment 
response, there did seem to be a trend. This was that 
poorer outcomes were seen in people who had many 
seizures before being diagnosed. 

Dr Parviainen discussed that diagnostic delay could be 
explained by a lack of awareness of seizures and not 
recognising subtle events or symptoms with no motor 
components as seizures. She added that denial of 
symptoms due to stigma, difficulty accessing medical care 
and a lack of eye witnesses could also contribute to 
some of the delay in diagnosis. 

Dr Parviainen concluded that it is important to increase 
public and healthcare professional awareness of the 
diversity of the manifestations and symptoms of epilepsy. 
This includes in developed countries which have good 
access to doctors with an understanding of, and 
expertise in, epilepsy. The full study is available online at 
bit.ly/3y1hvrn.

Mental health
One of the congress’ sessions focused on epilepsy and 
mental health and suicidality. The first to speak was Dr 
Milena Gandy, a clinical psychologist in Australia who 
discussed findings from research carried out by the 
ILAE’s Psychology Task Force.

The Task Force surveyed over 400 healthcare 
professionals – the majority neurologists or 
epileptologists – from 67 countries. The research revealed 
some of the barriers that exist in the epilepsy care setting 
which prevents optimal mental health support for people 
with epilepsy. These barriers included a lack of screening 
resources, a lack of clarity about whose responsibility 
mental health screening and treatment is, and a lack of 
standardised procedures and policies. The research also 
found there was a lack of referrals, compounded by a lack 
of mental health professionals and particularly those who 
specialised in epilepsy. 

The Task Force is responding to these findings by working 
to put together updated protocols, helping support 
integrated care models and increasing the number of 
trained mental health professionals in epilepsy settings. 

Next, Dr Marco Mula shared some practical advice about 
how to talk about suicide with adult patients in a busy 
epilepsy clinic. He started off reminding the audience 
that suicide is the 10th most common cause of death in 
all age groups. Dr Mula highlighted the different 
challenges in screening and tackling suicidality in adult 

services, echoing much of the work that had been 
presented by Dr Gandy. 

Dr Mula stressed that “suicide prevention should be 
everyone’s job” and shared some tips for managing risk 
when you identify a positive suicide screening in a 
patient. He championed ‘caring’ (listening and attending 
to a person’s distress), ‘collaborating’ (identifying existing 
coping strategies) and ‘connecting’ (having in place a clear 
clinical pathway) to provide effective support. 

The final talk in the session came from paediatric 
psychologist Dr Avani Modi and associate professor Dr 
Janelle Wagner, both from the US. They presented 
research on working with patients and families to 
recognise suicidal ideation in children with epilepsy. They 
began by saying that suicide is the second leading cause 
of death in young people. They added that evidence 
suggests that 14-27% of young people aged 7-17 years 
old with epilepsy had suicidal ideation, and that risk of 
suicidal ideation or attempts (parasuicide) is 1.5 times 
higher in those with, than those without epilepsy. 

They explained that adolescence is a vulnerable period, 
and that depression looks and may present differently in 
children. It might present as behavioural problems, 
irritability or talking about death and dying, for example. 
They added that risk factors of suicide attempts include 
comorbidities including attention deficit hyperactivity 
disorder (ADHD) or anxiety, as well as substance abuse, 
previous suicide attempts or self-harming events and 
previous psychiatric hospitalisations. 

Dr Modi and Dr Wagner stressed that we need to adapt 
the language we use to be clear and easy to understand 
and also better understand and engage those with 
learning and intellectual disabilities and social and 
communication disorders.  

The speakers suggested that yearly screening for mental 
health problems in all children with epilepsy is important. 
Those with risk factors, specifically adolescents, patients 
with a mental health comorbidity, and patients with a 
chronic epilepsy that had lasted many years, with or 
without good seizure control, should be screened more 
often. Those patients with a previous history of suicidal 
ideation or suicide attempts, or those with depression, 
should be considered very high risk patients. They said that 
protocols will depend on the particular healthcare setting. 

It is important to use robust and standardised screening 
tools, to identify the person responsible for using these 
tools and establish a clear pathway for onward referral 
should this be required. 

Surgery plateau
Maria Eriksson from University College, London in the 
UK discussed paediatric epilepsy surgery from 2000-18, 

http://bit.ly/3y1hvrn


in which she asked the question: ‘Have we reached a 
plateau in seizure freedom rates?’

Ms Eriksson explained that since 2012, when the 
Children’s Epilepsy Surgery Service (CESS) was launched 
in England, there has been a significant increase in the 
number of surgical procedures performed each year. 
There has also been an increase in the number of 
reviewed but rejected cases.

The range of surgical procedures has also broadened 
over the years, Ms Eriksson said. There has been a 
significant increase in the proportion of disconnections 
and a significant decrease in the proportion of 
lesionectomies. First-time surgeries and reoperations are 
most commonly performed involving the frontal and 
temporal lobes, and multi-lobar surgery most commonly 
done as reoperation. Although frontal lobe and multi-
lobar surgeries have seen a significant increase, their 
proportion compared to other epilepsy surgeries has 
remained the same. 

Low grade epilepsy associated tumours (LEAT), focal 
cortical dysplasia type II and mesio-temporal sclerosis 
were the most commonly identified pathologies. Non-
specific epilepsy related changes (NSC) and ‘no abnormal 
pathology’ are also common. She added that patients are 
also undergoing surgery earlier now than they were 
before the establishment of CESS. This is clearly 
important for a number of reasons, as has been 
discussed in a recent issue of PECAS (March 2021).

Over time, despite advances in pre-surgical assessment 
tools and technologies, seizure freedom rates have 
remained between 60-70%, Ms Eriksson noted. She said 
there are a few possible explanations for this finding. 
One is that more children are weaned off their ASMs at 
one year follow-up. She said studies have shown that 
seizure freedom rates increased when children still took 
ASMs and plateaued with increasing numbers of children 
being weaned off ASMs. Another reason could be the fact 
that more complex cases are being considered for 
surgery and are then undergoing more complex 
procedures. Children with aetiologies that are less likely 
to result in seizure freedom, but in seizure reduction 
after surgery are being accepted for this treatment. 
Consequently, there is less chance of seizure freedom in 
this group which will then reduce the overall seizure 
freedom rate in all children undergoing epilepsy surgery. 
Ms Eriksson said that it could also be a ceiling effect, and 
there may be a limit to the seizure freedom rates that 
can be achieved with the currently-available surgical 
techniques and tools. 

It is possible that improved rates of seizure freedom 
might be achieved with novel surgical procedures. What 
was not mentioned was the long-term follow-up of 
children that had become seizure free following surgery 

in the CESS programme. Long-term studies in adults have 
shown that even after 15 or 20 years, some patients may 
lose seizure freedom even if they are still taking ASMs.  

Telemedicine and health disparities
Michael Kaufman, Data Scientist at the Children’s 
Hospital of Philadelphia in the US, presented on 
telemedicine, health disparities and seizure control in 
children with epilepsy during the COVID-19 pandemic in 
the US. 

The pandemic disrupted healthcare around the world, 
and created what Mr Kaufman called an “unprecedented 
shift” in the way we deliver healthcare, including 
neurological care. Care was entirely in-person and face-
to-face before, and had to shift rapidly to telehealth as 
soon as the pandemic hit. 

Mr Kaufman and his team wanted to investigate the long-
term impact of telemedicine in child neurology during 
and following the pandemic restrictions. 

Their research showed that there was no difference in 
children’s seizures whether they were seen in-person or 
using telehealth. However, when they looked more 
closely, they found that there were disparities within 
different groups. The researchers found that the 
percentage of patients who were seen ‘virtually’ and who 
had their follow-up within the recommended window of 
time – the ‘care window’ – dropped during the pandemic 
from around 70% to around 50%. Mr Kaufman said it has 
stayed around the 50% mark since then. 

The data showed that reaching people in socially 
vulnerable and deprived groups was the biggest 
challenge. People in this group had the lowest follow-ups 
within the recommended time. Within the different 
groups, people in the Hispanic or Latino community 
reported worse seizure severity and control compared 
to other groups. Mr Kaufman said that it is important to 
investigate potential language barriers and improve care 
for this group. Mr Kaufman concluded that the pandemic 
is likely to have disadvantaged these groups of patients 
and led to gaps in their care. Attempts must be made to 
prevent this becoming a long-term problem and the 
gaps must be closed. 

A number of sessions at the IEC raised some important 
points about improvements needed in epilepsy care, how 
best to support mental healthcare in patients with 
epilepsy and where the focus of future research should 
be. The 14th European Epilepsy Congress is due to be 
held 9-13 July 2022 in Geneva, Switzerland.

Kami Kountcheva 
Co-editor
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Your child and epilepsy
Grow your confidence managing 
epilepsy in your family

epilepsy.org.uk/yourchild

Your child and epilepsy is a new 
online course for parents and carers of 
children with epilepsy. It’s been developed 
with parents, epilepsy nurses and 
psychologists.

This course is a helping hand to support families 
on their epilepsy journey. It’s full of advice and 
stories from parents. It aims to give parents and 
carers the confidence, skills and knowledge to 
support their child to manage their epilepsy. 

There are eight parts that cover: 

• Understanding epilepsy

• Supporting your child with their epilepsy

• Keeping your child safe

• The impact of epilepsy on family life

• Your child’s wellbeing

• Learning and behaviour

• Growing up and independence

• Sources of help and support

The course is free and flexible.  
It can be accessed at any time on 
a computer, tablet or smartphone 
with internet access. 

Leaflets about the course to give to families can be requested by 
emailing nurseorders@epilepsy.org.uk

To view the course go to: epilepsy.org.uk/yourchild
Get in touch learning@epilepsy.org.uk

Registered charity in England and Wales (No. 234343)   © Copyright Epilepsy Action 2020

Free 
course

Epilepsy Action
Information you can trust

epilepsy.org.uk/trust
Find out more
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Genetic testing in the epilepsies in 2022: who, 
what and why?
Dr Amy McTague, principal research fellow and honorary consultant paediatric neurologist, 
Developmental Neurosciences, UCL Great Ormond Street Institute of Child Health, Department of 
Paediatric Neurology, Great Ormond Street Hospital

Introduction 
The genomic revolution of the past 20 years has 
transformed our understanding of health and disease in 
humans. With the recent completion of the last 8% of the 
human reference genome, further discoveries in human 
genetic variation are certain [Nurk et al, 2022]. From the 
identification of mutations (now referred to as ‘pathogenic 
variants’) in SCN1A in 2001 [Claes et al, 2001], the advent 
of next generation sequencing has led to an explosion in 
the discovery of variants associated with epilepsy. It is now 
estimated there are >140 genes associated with epilepsy 
as a primary clinical feature [Ellis, Petrovski, and Berkovic 
2020]. In addition, epilepsy is often one feature of a multi-
system disorder including other neurodevelopmental 
conditions such as developmental delay or autistic 
spectrum disorder. Our clinical approach to genetic testing 
in patients with epilepsy has necessarily evolved from 
sequential single gene testing to a more unbiased approach, 
testing a large number of genes which could potentially 
explain the patient’s difficulties. As we move into an era of 
yet more genomic complexity, it is essential that practising 
paediatric neurologists and paediatricians with an interest 
in epilepsy develop the genetic literacy to understand 
these results. In this article, I will discuss the changing 
landscape of genomic testing in epilepsy patients and how 
it is likely to have an impact on everyday clinical practice 
including patient care.

Who should have genetic testing in the 
epilepsy clinic?
In the pre-genomic era, genetic testing would be based on 
specific phenotypic features prompting testing for a single 
gene or a small number of genes. Although there are 
multi-system conditions with dysmorphic features which 
may prompt clinical suspicion of a genetic disorder, there is 
significant genetic and phenotypic heterogeneity in the 
epilepsies [McTague et al, 2016]. That is to say, a specific 
clinical presentation may have multiple genetic causes and 
variants in a gene may result in different clinical 
presentations, sometimes even within the same family. For 
example, Dravet syndrome is caused in the vast majority of 
patients by truncating or missense variants or deletions 
affecting the gene SCN1A, but other genetic causes are 
recognised [Li, Schneider, and Scheffer 2021]. Dravet 
syndrome is the prototypic developmental and epileptic 
encephalopathy (DEE), characterised by frequent seizures 
of multiple types, EEG abnormalities and, in general, poor 
developmental and cognitive outcome. The DEEs are a 

heterogeneous group of severe epilepsies encompassing a 
number of age-related severe electroclinical syndromes and 
have been extremely fruitful in the identification of new 
pathogenic genes. In general, pathogenic, often de novo, 
genetic variants are thought to cause 30-50% of DEEs, 
although this varies between different electroclinical 
syndromes [McTague et al, 2016; Ellis, Petrovski, and 
Berkovic 2020]. For example, epilepsy of infancy with 
migrating focal seizures (EIMFS) is caused by a wide range 
of both dominantly and recessively inherited pathogenic 
variants, although KCNT1 and SCN2A are the most 
frequently identified genes in this rare and severe epilepsy. 
In a large international cohort of EIMFS patients, 70% were 
identified to have a pathogenic variant [Burgess et al, 2019]. 
In contrast, two studies showed only 7%-30% of patients 
with West or infantile spasms syndrome had a genetic 
abnormality [Chourasia et al, 2022; Muir et al, 2019]. 
Beyond infancy, other DEEs such as Landau Kleffner 
syndrome or epilepsies within the broader ‘epilepsy-
aphasia’ spectrum may have strong associations with 
individual genes such as GRIN2A, which encodes an NMDA 
receptor subunit. However, pathogenic variants in a range 
of other genes and copy number variants can converge on, 
or result in, a very similar phenotype [Carvill et al, 2013; 
Kessi et al, 2018]. The genetic architecture of Lennox 
Gastaut syndrome, a DEE of later childhood, has emerged 
to implicate largely de novo variants in genes such as 
GABRB, SHANK3 and CHD2 and a range of copy number 
variants [von Spiczak et al, 2017; Allen et al, 2013; Amrutkar 
and Riel-Romero 2021]. It should also be noted that the 
phenotype of many patients with severe, drug-resistant 
epilepsy may not be classifiable as a specific electro-clinical 
syndrome and therefore genetic testing should not be 
limited to only those with clinical and EEG features that 
strongly suggest one of these syndromes.  

Children of any age that present with epilepsies associated 
with developmental stagnation or regression should also 
undergo genetic testing early in their diagnostic journey. 
The progressive myoclonic epilepsies (PME), which present 
in late childhood or adolescence with action myoclonus, 
generalised tonic-clonic seizures and progressive 
neurological dysfunction, can be caused by a number of 
metabolic conditions and lysosomal disorders. They include 
the neuronal ceroid lipofuscinoses, Lafora body disease and 
Unverricht-Lundborg disease [Franceschetti et al, 2014]. In 
addition, a number of newer genetic causes have been 
identified, such as variants in the potassium channel genes 
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KCNC1 and KCTD7 [Park et al, 2019; Cameron et al, 2019; 
Farhan et al, 2014]. While confirmatory metabolic tests can 
be helpful, genetic testing leads to a diagnosis in over 70% 
of patients with PME [Zhang et al, 2020] and should 
therefore be considered as a first-line test. 

It is therefore clearly established that the severe epilepsies 
of infancy, childhood and adolescence justify genetic testing. 
However, recently, the focus has widened to other patient 
groups where genetic testing would not have been 
considered a first-line test, such as patients with focal 
epilepsy referred for pre-surgical evaluation. Investigation of 
extended families with familial focal epilepsies (some of 
whom had structural lesions) has implicated the DEPDC5 
and NPRL2/NPRL3 genes which encode the GATOR1 
complex, an inhibitor of the mTOR pathway [Dibbens et al, 
2013; Weckhuysen et al, 2016]. mTOR is a master regulator 
of many cellular processes with hyperactivation seen in 
tuberous sclerosis. Importantly, somatic mutations in mTOR 
pathway genes have been shown to cause malformations of 
the brain including focal cortical dysplasia Type II and 
hemimegalencephaly [Baldassari et al, 2019; Poduri et al, 
2012; Lee et al, 2012]. However, patients with pathogenic 
variants in ion channel or synaptic genes may also present 
with non-lesional focal epilepsy. Recent research into the 
role of genetic testing in pre-surgical evaluation has shown 
that while those patients with variants in the mTOR 
pathway may still have a good surgical outcome, patients 
with variants in synaptic or channel genes may not respond 
as well to surgery, although this is not based on prospective 
data [Boßelmann et al, 2022]. There are notable exceptions, 
such as patients with SCN1A variants and hippocampal 
sclerosis following prolonged febrile seizures. A recent 
retrospective study found that while the presence of an 
SCN1A variant does not preclude surgical success for focal 
seizures, the presence of Dravet syndrome does 
[Vezyroglou et al, 2020]. Therefore there is an increasing 
drive to consider genetic testing as an integral part of 
pre-surgical evaluation in all patients, as it could influence 
pre-surgical counselling and discussions on potential 
outcomes following surgery. 

Adult patients with epilepsy and intellectual disability may 
have missed recent genetic innovations but can still 
benefit from a specific diagnosis. Several studies have 
shown high diagnostic yields of gene panel testing of up to 
23%, with the highest yield in those adult patients with 
onset in infancy or early childhood and with co-morbid 
intellectual disability [Johannesen et al, 2020; McKnight et 
al, 2022]. Notably, many had a change in treatment with 
positive effects following a specific genetic diagnosis. 
Genetic re-evaluation should also be considered in young 
people around the time of their transition to adult 
epilepsy services.

What genetic testing should be done for 
epilepsy patients?
Advances in next-generation sequencing paved the way for 

the use of multiple gene panels in the 2010s, enabling the 
testing of several hundred genes at once. Many studies 
demonstrated significant yields of up to 48% (range 9-48%), 
but this was highly dependent on the patient population 
[Symonds and McTague 2020]. The most significant factor 
for gene panel yield in epilepsy patients is age of onset, 
with yields of 40% demonstrated with seizure onset <2 
months of age [Trump et al, 2016]. However, the inherent 
disadvantages of gene panels, mainly that they capture a 
limited number of genes which may not include the most 
recently identified genetic causes, limits their clinical 
usefulness. Trio whole exome sequencing (WES), where 
both parents and the proband are simultaneously 
sequenced for filtering of the genetic data, captures the 
majority of coding sequence in the genome and offers the 
opportunity to interrogate either a limited number of 
genes (a ‘virtual’ panel) or to perform an ‘agnostic’ analysis. 
Trio WES has been shown to be superior over gene panels 
for childhood epilepsy, also offering the opportunity for 
re-analysis of exome data as new genes emerge [Rochtus 
et al, 2020]. Whole genome sequencing (WGS) affords the 
ability to also capture non-coding regions of the genome 
and structural variants such as tandem repeats and 
improves coverage of coding regions. Small studies have 
confirmed high yield of WGS in childhood epilepsy; a 
recent study of 30 patient trios who had prior 
investigation with WES showed increased yield due to 
detection of structural variants [Palmer et al, 2021]. A 
meta-analysis of >150 studies of genetic testing in epilepsy 
also confirmed superior yield for WGS of 48% versus 24% 
for WES and 19% for gene panels [Sheidley et al, 2022]. The 
only factors significantly associated with increased yield 
were the presence of DEE or neurodevelopmental 
co-morbidities. The pivotal 100,000 Genomes UK study 
has now made the case for the use of trio WGS as a first 
line test in rare disorders including the epilepsies [Smedley 
et al, 2021]. As a result, patients with epilepsy in England 
who meet certain criteria as outlined in the National 
Genomic Test Directory [NHS, 2018] are eligible for trio 
WGS. The NHS testing offers a large panel-based analysis 
of the WGS data and does not offer an agnostic analysis, 
this remaining a research-based test at the current time. 
The details of the NHS WGS epilepsy panel genes are 
available at the PanelApp website [PanelApp, 2020]. 
Clinicians should consider whether the intellectual 
disability or inborn errors of metabolism panels may also 
be indicated. 

A further consideration is the speed at which genetic 
results are available. As discussed below, a number of 
conditions with specific treatments can present with 
epilepsy. Currently, the turnaround time of NHS WGS 
testing is in the order of months, although more rapid 
testing may be available after local discussion within 
genomic laboratory centres. Rapid trio exome testing (R14) 
is available through the test directory for unwell children in 
hospital after discussion with clinical genetics teams, but 
this does not meet the need of the medically stable infant 

Dr Amy McTague, principal research fellow and 
honorary consultant paediatric neurologist, 
Great Ormond Street Hospital
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with frequent seizures and a potentially treatable epilepsy. 

Although microarray alone had a yield of only 9% in the 
meta-analysis discussed above [Sheidley et al, 2022], it 
remains an important test to undertake in patients with 
epilepsy for several reasons. First, recurrent copy number 
variants (CNVs), such as 15q13.3 deletions, are associated 
with epilepsy in up to 3% of patients [Niestroj et al, 2020]. 
Second, a small CNV may be important when a 
heterozygous variant is identified by WES or WGS in a 
recessive gene. As WGS CNV analysis improves, the use of 
CGH microarrays may be superseded but this is not 
currently available in standard NHS testing. Third and last, it 
is important to remember that in patients with focal 
epilepsies particularly with frontal lobe features, 
behavioural and cognitive impairment or non-convulsive 

status epilepticus, Ring 20 syndrome should be considered 
[Peron et al, 2020]. Currently, this still requires an old-
fashioned karyotype as the diagnosis may be missed by 
standard micro-array.

Why is genetic testing useful?
It is clear that genetic testing in the epilepsies, particularly 
in the severe or early onset epilepsies, has high diagnostic 
yield. But what are the benefits of a genetic diagnosis for a 
patient with epilepsy? Firstly, there are an increasing 
number of aetiology-directed treatments based on a 
molecular diagnosis (Table 1). Metabolic disorders may be 
identified by genetic testing. These include replacement of 
vitamins or co-factors, such as in the Vitamin B6-responsive 
epilepsies or the recently identified uridine-responsive 
epileptic encephalopathy, or provision of alternate 

Table 1. Examples of current treatments for some of the genetic epilepsies.
ASM: anti-seizure medication; LoF: loss of function; GoF: gain of function; SE: status epilepticus

Gene ASMs/specific treatments recommended ASMs to avoid
SCN1A Stiripentol 

Sodium valproate 
Clobazam 
Cannabidiol 
Fenfluramine

Carbamazepine
Lamotrigine 
Phenytoin

SCN2A (GoF) Carbamazepine
Phenytoin
High-dose intravenous phenytoin for SE

−

SCN2A (LoF) − Carbamazepine
Phenytoin

SCN8A (GoF) Carbamazepine
Phenytoin

−

KCNQ2 Carbamazepine 
Phenytoin
Retigabine (Phase III trial)

−

POLG − Sodium valproate

PRRT2 Carbamazepine −

KCNT1 Consider trial of quinidine in early onset seizures with 
cardiology monitoring (seek specialist advice)

−

KCNA2 Trial of 4-aminopyridine for gain of function variants (seek 
specialist advice)

TSC1/TSC2 Vigabatrin for infantile spasms
Everolimus

SLC2A1 Ketogenic diet Phenobarbital

ALDH7A1 Pyridoxine −

PNPO Pyridoxal phosphate −

GAMT/ SLC6A8 Oral creatine supplements −

FOLR1 Folinic acid −

CAD Uridine −

SLC35A2 Galactose supplements (seek specialist advice) −



substrate as in SLC2A1-associated glucose transporter 
deficiency [Myers and Scheffer 2022; Koch et al, 2017]. 

Understanding the impact of pathogenic variants on ion 
channel genes has led to a number of tailored or precision 
therapies. Sodium channel blockers can lead to seizure 
freedom in gain of function SCN2A and SCN8A related 
epilepsies [Wolff et al, 2017; Johannesen et al, 2021] and 
are also useful in KCNQ2 and PRRT2 related epilepsies 
[Zimmern, Minassian, and Korff 2022], but should be 
avoided in SCN1A-Dravet syndrome. Retigabine is a 
selective potassium channel opener which may represent a 
precision therapy for loss of function KCNQ2 variants 
[Millichap et al, 2016]. Retigabine was previously 
withdrawn from use due to side effects including skin 
discolouration but further analogues are being developed 
and a trial of retigabine for KCNQ2-related epilepsies is 
ongoing. Gabapentin is also a potent potassium channel 
opener and has been reported to be associated with 
significant clinical and EEG improvement in a single patient 
with KCNQ2-related epilepsy [Soldovieri et al, 2020]. For 
gain of function variants in the potassium channel encoded 
by KCNA2, 4-aminopyridine has been used to treat a small 
number of patients [Hedrich et al, 2021]. Beyond the 
channelopathies, pathway-directed therapies include the 
mTOR inhibitor Everolimus which is licensed for the 
treatment of tuberous sclerosis related focal seizures 
[French et al, 2016], but could have potentially have a role 
for other mTOR hyperactivation epilepsies such as DEPD5 
and NPRL2 and NPRL3. 

Gene-specific therapies are emerging for the epilepsies 
[Turner et al, 2021], with the hope that these may result in 
improvements for not only seizures but developmental 
outcomes and co-morbidities.  These include RNA-
targeting therapies such as antisense oligonucleotide 
therapies and AAV-delivered gene therapies. The ongoing 
Admiral study in Dravet syndrome uses an antisense (a 
short synthetic oligonucleotide) to exclude a ‘poison exon’ 
from an SCN1A transcript that would not ordinarily lead to 
functional protein, this increasing the amount of SCN1A 
protein available [Wengert et al, 2022]. 

One of the most frequent questions asked by parents is 
what the future will hold for their child; this often includes 
their child’s epilepsy, learning and behaviour. As we continue 
to collect valuable natural history data for the genetic 
epilepsies in ongoing and future studies [Palmer, Howell, 
and Scheffer 2021], we will be better able to answer this 
question. However, having a specific genetic diagnosis is a 
really important first start to the process. But what role 
does aetiology play in the outcome of children with 
epilepsy? In a recent population-based study of children 
that presented with epilepsy under three years of age, 
multivariate analysis showed that a known aetiology (which 
was genetic in 30% of patients) was the strongest 
determinant of both epilepsy and developmental (and 
learning) outcomes [Symonds et al, 2021].

Receiving a diagnosis of epilepsy is a difficult and stressful 
time for parents with much uncertainty. One of the 
benefits of an aetiological diagnosis can be to limit further 
investigations but also to provide ‘closure’ and an 
explanation to parents, who may blame themselves or 
other factors for their child’s symptoms [Jeffrey et al, 
2021]. In addition, having a ‘label’ can allow parents to 
access networks of support. Diagnoses that include 
multi-system or later onset features may also require 
further investigations or disease surveillance. Finally, a 
definitive diagnosis also allows accurate genetic 
counselling and pre-conceptual counselling. This highlights 
the vital importance of close working with colleagues in 
clinical genetics. 

Conclusion
Genetic testing should now be considered a first-line test 
for patients presenting with epilepsy, particularly in the first 
three years of life or in association with intellectual 
disability, or both. This should be undertaken alongside 
other investigations which include MRI that is of a high 
enough resolution to detect cortical malformations, and 
metabolic testing which should focus on the identification 
of treatable disorders and as early as possible. Broad 
genetic testing does not replace the need for accurate 
epilepsy phenotyping; in fact, it is ever more important to 
add the clinical and EEG features of the epilepsies to better 
understand and interpret any new genetic variants. As we 
continue to unravel the complex genetic architecture of 
the epilepsies, we will need to work closely with clinical 
genetics, genomic laboratory centres and the wider care 
team to interpret increasing numbers of genetic variants 
and to deliver on the promise of precision medicine for 
our patients.  
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