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CURRENT AWARENESS SERVICE

Prevalence and incidence of epilepsy and what it tells us

In recent years, conventional teaching has been that the 
number of people with epilepsy in the UK is around one 
in every 100. This figure originated from 2011, when the 
Joint Epilepsy Council (JEC) published a report on the 
prevalence and incidence of epilepsy [JEC 2011]. 
However, there was some variation across the different 
nations of the UK.

Over the past few years, this figure has been changing. 
Advances in our healthcare, including new surgery 
techniques and better imaging and assessment tools, as 
well as challenges we’ve faced, such as understaffing in 
the NHS, are likely to impact on the prevalence and 
incidence of epilepsy in the UK. There has also been an 
improvement in the accuracy of the diagnosis of epilepsy 
and particularly in children. In part, this latter issue 
reflects the expanding participation of many consultants 
and trainees in paediatrics in the paediatric epilepsy 
training (PET) courses established by the British 
Paediatric Neurology Association (BPNA) almost 20 
years ago in 2004. The International League Against 
Epilepsy (ILAE) and, very recently, the World Health 
Organisation (WHO) have approved and endorsed the 
PET programme. The BPNA defines the PET programme 
as targeting “paediatricians, medical officers and 
emergency department professionals” and says it “aims to 
improve the diagnosis of epileptic and non-epileptic 
events; improve the standard of care; and raise awareness 
of when to liaise with a paediatric neurologist, a 
children’s epilepsy expert”. While there are no data that 
confirm the hypothesis that this has led to a significant 
improvement in the accuracy of diagnosis of epilepsy in 
children, it is highly likely that it has.

In view of the data being over 12 years old, and together 
with recent advances in epilepsy diagnosis, it seems 
appropriate to update the prevalence and incidence of 
epilepsy to reflect where we are in 2023.  

Earlier this year, Wigglesworth et al [2023] published 
their retrospective cohort study of UK primary care data 

in the journal Seizure. Their objective was to provide an 
update on the overall incidence and prevalence of 
epilepsy for the UK and each of its individual nations. The 
study period covered the six years between 1 January 
2013 and 31 December 2018. 

The data were derived from electronic health records of 
14 million patients from primary care practices which 
represents around 20% of the UK population.
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The results found that overall, in the UK, the epilepsy 
prevalence was 9.37 per 1,000 persons per year, or one 
in 107 people, which was a slight reduction compared to 
one in 103 in previous findings from 2011 [JEC, 2011]. 
The incidence rate was 42.68 per 100,000 person years, 
or 79 new cases a day, which was also a reduction from 
the 2011 findings, which estimated an incidence rate of 
51 per 100,000 person years, or 87 new cases per day. 

There were some differences between the different UK 
nations in terms of epilepsy numbers, with the 
prevalence actually appearing to have increased in some 
nations. In England, the prevalence was 9.08 per 1,000, or 
one in 110 (down from one in 105 in 2011), and in 
Scotland, the prevalence was 10.13 in 1,000, or one in 
100 (down from one in 94 in 2011). However, in Wales, 
the prevalence was 11.4 in 1,000, or one in 88 (up from 
one in 94 in 2011); and in Northern Ireland, the 
prevalence was 12.33 in 1,000, or one in 83 (up from 
one in 90 in 2011) [Wigglesworth et al, 2023; JEC, 2011].

As a comparison, the People’s Republic of China, the 
location-specific prevalence in urban and rural areas was 
234 and 317 per 100,000, or 2.34 and 3.17 per 1,000, 
respectively [Gu et al, 2013]. A study from sub-Saharan 
Africa estimated the prevalence to be lower and with a 
wide range depending on the age: (301 per 100,000, or 
3.01 per 1,000, for those aged >60 years; 820, or 8.2 for 
those aged 40-49 and 1150, or 11.5, for those aged 
20-29 years) [Paul et al, 2012]. The high rates in Africa 
are considered to reflect the sequela of infections of the 
central nervous system (CNS) and particularly neuro-
cysticercosis caused by a parasite. The data from China 
and sub-Saharan Africa must be regarded with caution 
because of the accuracy of diagnosis as well as the case-
ascertainment in resource-poor countries.

In the Wigglesworth et al paper [2023], there were also 
differences in the incidence rates across the different 
nations. The incidence in England was 41.41 per 100,000 
person-years, in Scotland it was 47.76 per 100,000 
person years and in Northern Ireland, this was 45.48 per 
100,000 person-years. Wales had the highest epilepsy 
incidence of 54.84 per 100,000 person years. 

The estimated incidence of epilepsy in the Nordic 
countries, as comparison, (primarily Denmark, Finland, 
Iceland, Norway and Sweden) was 30-60 new cases 
occur per 100,000 person-years [Syvertsen et al, 2015] 
which is considerably lower than in the UK. 

The differences between the nations of the UK may 
imply different healthcare provision for people with 
epilepsy across the different UK nations. Following the 
publication of the new figures, Epilepsy Action expressed 
particular concern about the prevalence of epilepsy in 
Northern Ireland, particularly in view of the long-
standing political situation. There is currently no devolved 

government in place in Northern Ireland following 
elections in May 2022 after which the two main political 
parties, Sinn Féin and the Democratic Unionist Party 
(DUP), failed to agree on a new speaker for the 
Northern Ireland assembly. This has meant important 
decisions around health policy have not been made. The 
prevalence has increased compared to 2011, and is the 
highest among the UK nations, and the incidence of 
epilepsy is also higher than that of the UK overall. 

Carla Smyth, Northern Ireland services and project 
manager at Epilepsy Action, commenting on the findings 
of Wigglesworth et al, stated: “These new figures around 
the prevalence of epilepsy in Northern Ireland are hugely 
concerning and highlight a significant difference between 
Northern Ireland and the rest of the UK.

“This situation is further exacerbated by the fact that 
waiting times for neurology appointments in Northern 
Ireland are the highest in the UK. We have heard from 
some people who have been told they face a wait of 
over four years for an appointment.

“We urgently need all political parties in Northern 
Ireland to get back round the table, break the current 
stalemate, restore power-sharing and work together to 
address the vast problems facing people with 
neurological conditions like epilepsy.”

There are very limited paediatric-specific data. An 
interesting population-based study from Scotland of 390 
children recruited over a three year period examined the 
prevalence and incidence of early-onset (beginning before 
three years of age) epilepsy [Symonds et al, 2021]. The 
adjusted incidence of epilepsies presenting in the first 
three years of life was 239 per 100,000 live births. There 
was a socio-economic gradient to incidence, with a 
significantly higher incidence in the most deprived quintile 
(301 per 100,000 live births) compared with the least 
deprived quintile (182 per 100,000 live births). However, 
the relationship between deprivation and incidence was 
only observed in the group without an identified aetiology 
which the authors suggested reflected the fact that 
populations that live in higher areas of deprivation have a 
larger number of risk factors for epilepsy [Symonds et al, 
2021]. Intuitively, this seems a paradox. This is because 
early-onset health-related stressful events such as pre-
term and/or light for gestational age births, severe febrile 
illnesses including meningitis and sepsis and non-accidental 
injury (including traumatic brain injuries) are more likely 
to be seen in socially-deprived areas and therefore 
disadvantaged children. The authors recognised this 
unusual finding and said this requires further research.

When it came to the different age groups, the researchers 
found that there is a flattening of the well-recognised 
U-shaped age-related incidence curve (which indicates 
peak incidences in early childhood and older age) and 



especially at the younger age range [Wigglesworth et al, 
2023]. They couldn’t account for the reasons of this 
flattening, but suggested: “It could be linked to improved 
guidance for clinicians, better obstetric care, more 
effective treatment of febrile seizures and more accurate 
differential diagnosis in the younger age groups.”

However, the study did suggest a link between social 
deprivation and epilepsy, with the prevalence and 
incidence of epilepsy a third higher in poorer areas of the 
UK compared to wealthier areas. They found that the 
incidence and prevalence in England and Wales increased 
“from the lowest to the highest indices of multiple 
deprivation (IMD) deciles, with an over 40% increase”.

A correlation between level of deprivation and epilepsy 
levels has been seen before, with Public Health England 
(PHE) figures from 2001-2014 showing a near three-fold 
higher risk of epilepsy-related deaths in people living in 
poorer areas of England compared to wealthier [PHE, 
2018]. The report stated: “It is well documented, but not 
as yet well explained, that epilepsy prevalence varies with 
social deprivation; it is not clear whether this inequality 
in mortality is the consequence of prevalence of poor 
care, or both.” 

Looking at different regions in England, Wigglesworth et al 
[2023] also found that the highest epilepsy prevalence and 
incidence corresponded to the area that a recent 
Association of British Neurologists (ABN) survey found 
had the lowest number of consultant neurologists – the 
Northern Region (primarily the North East). In contrast, 
the lowest prevalence was found to be in London, the 
area which the ABN survey identified as having the highest 
number of consultant neurologists. However, these data 
must be regarded with some caution because it is the 
number of neurologists per head (e.g. per 1,000 or per 
10,000) of population rather than the absolute number of 
neurologists that is the more important figure. It is 
possible that the number of neurologists per head of the 
adult population is higher (and therefore ‘better’) in the 
much lower populated Northern Region than in London.

The researchers in Seizure [2023] emphasised that their 
study was not designed to investigate the factors or 
reasons for this apparent correlation between the 
prevalence and incidence of epilepsy and deprivation. They 
said that long-term and prospective cohort data would be 
required to understand if the incidence and prevalence of 
epilepsy changed over time (i.e. increased) with an 
increase in those defined as being socially-deprived. 

Keeping a clear eye on the changes in prevalence and 
incidence of epilepsy across the country can give us some 
indication of where care needs to be improved 
institutionally. Care must begin with the establishment of a 
correct diagnosis of epilepsy, before then considering the 
standard of care in terms of investigation and treatment 

and specifically holistic treatment which must include the 
provision of epilepsy specialist nurses. The recently-
published data also provide us with an idea of the possible 
gaps in care that exist in pockets around the country that 
result not only in a higher rates of incidence and 
prevalence but also a potentially higher risk and rate of 
epilepsy-related mortality. These gaps in care are not 
unique to the UK and will be global but greatest in the 
developing countries. However, addressing and trying to 
resolve these gaps is important, irrespective of the 
country. Finally, one must also never lose sight of the ideal 
in disease management, which is to continue to strive to 
prevent the development of epilepsy in the first place. 

Kami Kountcheva 
Richard Appleton 
Co-Editors
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Forthcoming courses and conferences

The following are details of forthcoming conferences and 
coourses in epilepsy and general paediatric neurology.

June 2023 
20-24 
15th European Paediatric Neurology Society Congress 
(EPNS) 
Prague, Czech Republic 
epns-congress.com

September 2023 
2-6 
35th International Epilepsy Congress 
Dublin, Ireland 
bit.ly/3S5ANDj

October 2023 
2-4 
ILAE British Branch Annual Scientific Meeting Gateshead 
Gateshead, UK 
ilaebritishconference.org.uk

March 2024 
3-8 
4th International Training Course on Neuropsychology in 
Epilepsy 
Lyon, France 
bit.ly/3VvHu2Z

May 2024 
5-8 
Seventeenth Eilat Conference on New Antiepileptic Drugs 
and Devices (EILAT XVII) 
Madrid, Spain 
bit.ly/3fdKAbT

September 2024 
7-11 
15th European Epilepsy Congress 
Rome, Italy 
ilae.org/congresses/15th-european-epilepsy-congress

Madrid 

Prague 

http://epns-congress.com
http://bit.ly/3S5ANDj
http://ilaebritishconference.org.uk
http://bit.ly/3VvHu2Z 
http://bit.ly/3fdKAbT
http://ilae.org/congresses/15th-european-epilepsy-congress
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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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An update on the clinical phenotype and 
management of Dravet syndrome

Dr Yoshua Collins-Sawaragi, paediatric neurology grid trainee, Birmingham Women’s and Children’s NHS 
Foundation Trust.
Dr Amitav Parida, consultant paediatric neurologist, Birmingham Women’s and Children’s NHS 
Foundation Trust.

Dravet syndrome (DS) is a developmental and epileptic 
encephalopathy (DEE) associated with pathogenic variants 
of the SCN1A gene in nearly all cases. DS is associated with 
lifelong drug resistant seizures, early developmental 
impairment/intellectual disability, pervasive 
neurodevelopment disorders, and sleep impairment and gait 
difficulties. Importantly, DS is associated with an almost 
2-fold increase in sudden unexpected death in epilepsy 
(SUDEP) patients compared to the other drug resistant 
epilepsies persisting into adulthood [Cooper et al, 2016]. 

A recent prospective study showed SCN1A-related 
epilepsy is the second most common monogenic epilepsy 
in children under three years of age [Symonds et al, 2019]. 
An incidence of DS in 6.5/100,000 live births was observed 
in a recent prospective cohort study across Scotland 
[Symonds et al, 2021].

DS presents in the first year of life in an infant with initially 
normal development usually with prolonged, febrile and 
afebrile seizures which can be focal hemiclonic seizures on 
alternating sides and generalised tonic-clonic seizures 
[Zuberi et al, 2022]. 

DS is a clinical diagnosis but in the era of whole exome and 
genome sequencing, and next generation genetic panels, one 
would expect to confirm a pathogenic variant of SCN1A 
resulting in haploinsufficiency of the NaV1.1 alpha-1 subunit 
of the sodium channel in almost all cases [Harkin et al, 2007]. 

SCN1A pathogenic variants may also be related to other 
phenotypes, particularly generalised epilepsy with febrile 
seizures plus (GEFS+) linked with recurrent febrile and 
afebrile seizures in childhood, associated with a family 
history of febrile seizures. The phenotypic spectrum of 
GEFS+ is broad and the label of DS may be considered 
appropriate on the more severe end of it in individuals 
with SCN1A pathogenic variants [Scheffer et al, 2009]. 

In the era of precision medicine, DS can be considered the 
prototypical monogenic epilepsy. DS has probably been 
studied more than any other monogenic epilepsy. Several 
DS-specific precision treatments have been developed that 
have been shown to improve seizure outcome. 

In addition, there are several common anti-seizure 
medications (ASMs) that worsen seizures in DS that must 
be avoided. Therefore, it is fundamental that all 

paediatricians with an interest or expertise in epilepsy and 
all neurodevelopmental and neurodisability paediatricians 
have a good working knowledge about DS. 

Early phenotypic recognition, genetic diagnosis and 
initiation of precision treatment strategies are fundamental 
to improve outcome and reduce the risk of SUDEP. In the 
UK, early referral of DS children to a tertiary paediatric 
neurology centre with access to these therapies is crucial.  

Holistic and integrated care of children with DS involving a 
multi or inter disciplinary team of paediatricians or 
paediatric neurologists, therapists, educationalists, nurses 
and child psychiatrists or psychologists is important to 
optimise the intellectual and psychosocial potential of 
every child with DS. Clearly, this may be difficult depending 
on the child’s postcode and available resources.

We will review the clinical phenotype of DS, and the 
diagnostic approach, management of co-morbidities, and 
epilepsy treatment strategies. We summarise the many 
recently-published guidelines and studies and suggest a 
practical approach to management. 

Clinical features
Seizures
Seizure onset is usually between 3-9 months of age with a 
median age of six months [Zuberi et al, 2022]. In a study 
from Australia, a tonic-clonic seizure was the initial seizure 
in 52% of children, while focal hemiclonic seizures were 
seen in 35% [Li et al, 2021]. Prolonged seizures (seizures 
over five minutes) and status epilepticus are usually seen 
at the onset (age ranges 5-8.5 months and 5-11 months 
respectively), as shown in a recent systematic literature 
review [Sullivan et al, 2022]. 

Febrile seizures at onset were seen in 55% of children [Li et 
al, 2021] which indicates that febrile seizures may be part of 
the syndrome [Dravet, 2011]. The common triggers for 
seizures are viral or bacterial infections resulting in fever, 
post immunisation fever, hot baths, a hot environment, 
flashing lights and over-excitation [Wirrell et al, 2017]. More 
specifically, the history of an early and prolonged hemiclonic 
seizure following a routine childhood immunisation in 
infancy is highly suggestive of DS. 

Absence and myoclonic seizures develop between the 
age of 1-2 years [Sullivan et al, 2022] with other seizure 
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types also then occurring between 1-5 years of age. 
These include focal impaired awareness seizures, atonic 
seizures and non-convulsive status epilepticus [Zuberi et 
al, 2022]. In half of children and at an average age of 
seven years, tonic and tonic-clonic seizures start to 
occur during sleep and in clusters, and often persist into 
adulthood [Sullivan et al, 2022; Zuberi et al, 2022]. The 
prolonged and clusters of seizures tend to lessen with 
increasing age [Sullivan et al, 2022].

It is important to note that although the onset of DS has 
been reported between the age ranges of one and 20 
months, the ILAE guidelines highlight those children that 
present at the extremes of this range (1-2 months or 
15-20 months) and recommend that an alternative 
diagnosis should be considered, including metabolic 
(mitochondrial), structural or other genetic epilepsies/
disorders (such as PCDH19 or glut-1 deficiency) [Dravet, 
2011; Zuberi et al, 2022].

Approach to investigation
All children with suspected DS should have an EEG, MRI 
brain scan and genetic testing, not just to confirm the 
diagnosis of DS, but to exclude alternative diagnoses 
including a structural, genetic or metabolic epilepsy.  

In DS, the MRI brain scan initially is usually normal but 
cerebellar atrophy may develop over time. Hippocampal 
sclerosis has occasionally been reported. Some children with 
DS may show evidence of cerebral and cerebellar atrophy 
over time on subsequent MRI scans [Guerrini et al, 2011].

The interictal EEG in children with DS is typically normal 
prior to two years of age. After two years, background 
slowing tends to be seen with inter-ictal focal, multifocal 
and generalised discharges (spikes or sharp waves). A 
photo-paroxysmal discharge is seen in at least 15% of 
children [Specchio et al, 2012]. 

It is recommended that there should be confirmation of a 
suspected diagnosis by DNA analysis. How this is 
undertaken will depend on the available policy in your area. 
Options include sequencing of the single SCN1A gene, a 
next generation bespoke epilepsy panel or whole genome 
or exome sequencing. A chromosomal microarray should 
also be undertaken to identify any rearrangements on 
chromosome 2q encompassing SCN1A and a number of 
contiguous genes, such as SCN2A, SCN3A, SCN7A and 
SCN9A. A chromosomal rearrangement might be missed 
on Sanger or genomic sequencing [Marini et al, 2011]. 

In England, the two currently available options for SCN1A 
genetic testing are through routine trio whole genome 
sequencing (applying the R59 epilepsy of childhood onset 
gene panel) or rapid trio whole genome sequencing (R14) 
(see england.nhs.uk/genomics/nhs-genomic-med-service/). 

Routine whole genome sequencing involves sequencing the 
genome of the child and both parents followed by an initial 

targeted analysis of over 300 curated genes associated with 
epilepsy. If no pathogenic variant is identified, this is 
followed by a ‘limited gene agnostic analysis’ of genetic 
variants of interest by bioinformatic software based on 
correlation with phenotypic data. The rapid R14 whole 
genome provides a ‘gene agnostic’ analysis with a two-week 
turnaround time (exeterlaboratory.com/genomics/exome-
sequencing-services/). 

In requesting genetic testing for DS, it is important to 
highlight specifically that a variant of SCN1A is being 
looked for. In addition, when performing trio testing 
(involving samples of the child and parents) it is important 
to take a detailed family history to clarify whether 
parents might also be affected by an SCN1A-related 
epilepsy or other condition. Most cases of DS occur de 
novo but it is important to ask if parents had child-onset 
febrile/afebrile seizures, features of hemiplegic migraine, 
autism or intellectual disability. SCN1A pathogenic 
variants might be missed using gene agnostic technologies 
if the variant has been inherited from a parent. It is 
important to obtain an accurate family history to ensure 
that an incomplete penetrance (when a proportion of 
people with a genetic variant do not develop features of 
the condition) filter or panel-based analysis is used to 
avoid the variant being missed.

If a genetic variant is identified in a parent, then genetic 
counselling should be sought early as there is a 50% chance 
of passing on the variant in affected individuals. The SCN1A 
gene can show variable expressivity with a more severe DS 
phenotype seen in offspring of parents with a milder febrile 
seizure phenotype [Marini et al, 2011]. Preimplantation 
genetic diagnosis might be available if further pregnancies 
are being considered [Sermon et al, 2004].

A recent consensus guideline has highlighted that all 
children under 12 months with prolonged febrile seizures 
lasting more than 30 minutes should have genetic testing 
for SCN1A [Wirral et al, 2022]. We would recommend 
that a rapid genetic diagnosis for possible DS should be 
sought in all infants that present with recurrent febrile/
afebrile status epilepticus in infancy and in all infants with 
drug-resistant early-onset seizures and with no obvious 
abnormality on neuroimaging. The genetic finding of a 
pathogenic SCN1A variant may allow precision treatment 
options as outlined later. 

Other genes associated with DS like phenotypes include 
SCN2A, SCN8A, SCN9A, SCN1B, PCDH19, GABRA1, 
GABRG2, STXBP1, HCN1, CHD2 and KCNA2 [Steel et al, 
2017]. In around 20-30% of cases children with a DS-like 
phenotype a pathogenic variant may not be identified 
[Marini et al, 2011].  

Approach to treatment of seizures
There are currently a number of treatment options 
available to treat children with DS and novel ones are likely 
to be identified in the future. Consequently, it is advisable 

Dr Yoshua Collins-Sawaragi, paediatric neurology grid 
trainee and Dr Amitav Parida, consultant paediatric 
neurologist. Birmingham Women’s and Children’s NHS 
Foundation Trust.
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to adopt a rational and systematic approach. Seizures are 
typically drug resistant, with minimal chance of long-term 
seizure freedom. Acceptable (to parents and the doctor) 
seizure control may be achieved early or late in any 
systematic approach. Not all patients will need all the 
treatment options. The choice of treatment might be 
influenced by specific factors, including adverse side effects, 
medication tolerability and the ability to comply with 
routine monitoring (blood tests and echocardiograms). 

Although various trial data are presented, it must be 
stated that there is a skew towards recent pharmaceutical 
industry sponsored randomised control studies. Data for 
older, well-established ASMs are derived predominantly 
from retrospective studies with a lack of head-to-head 
comparison between and within newer and older 
generations ASMs. Consequently, the sequential approach 
to the use of ASMs is primarily based on expert 
consensus guidelines. 

In England, cannabidiol (Epidyolex) and fenfluramine 
(Zogenix, Fintepla) are expensive medications that can 
only be prescribed by paediatric neurologists with funding 
obtaining through the NHS Blueteq system. 

First line - Sodium valproate
Sodium valproate is the first-line medication for DS as 
recommended by the National Institute for Health and 
Care Excellence (NICE) [NICE, 2022] and an international 
consensus opinion [Wirrell et al, 2022]. Although this is 
consistent with routine clinical practice, there is no 
randomised controlled trial data on the optimum first line 
ASM for DS [NICE, 2022]. In one retrospective study, 
sodium valproate monotherapy had a 48.4% responder rate 
(defined as over 50% seizure frequency reduction) [Dressler 
et al, 2015]. It has been suggested that sodium valproate 
may no longer be the first-line ASM in view of the fact that 
sodium valproate monotherapy is rarely sufficient to control 
seizures. This may potentially change in the future.

The adverse side effects of valproate are well-recognised. 
The most common are increased appetite and weight gain, 
behavioural difficulties (overactivity) and tremor (in high 
dose). Less common side-effects are encephalopathy, 
thrombocytopaenia, pancreatitis and hepatoxicity. 
[Arzimanoglou et al, 2018]. The hepatotoxicity may be fatal 
but is almost confined to those children with an early-
onset (<3 years) and refractory epilepsy and with an 
underlying mitochondrial cytopathy.  

Finally, there is the risk of teratogenicity and early speech 
impairment and autism in the children born to mothers 
who took the drug during pregnancy. Although it is unlikely 
that girls with DS will ever have children, there is the need 
to consider the valproate pregnancy prevention 
programme and the recent announcement from the 
Medicines and Healthcare products Regulatory Agency 
(MHRA). This is likely to indicate that two independent 

specialists will be required to agree that sodium valproate 
is the most appropriate ASM for any patient before it can 
be prescribed. 

Add-on therapy: stiripentol and clobazam
Stiripentol with clobazam is the add-on suggested in the 
NICE guideline [NICE, 2022], similar to the recent 
international consensus guideline [Wirrell et al, 2022] 
placing it as ‘step 2’. NICE guidelines state there should be 
is flexibility in adding stiripentol and clobazam one at a 
time to ensure positive effects of one drug are not missed 
and side effects are minimised. However, it could be 
argued that both should be added simultaneously to 
sodium valproate, although this will increase the risk and 
occurrence of adverse side-effects [NICE, 2022].

In the initial randomised controlled trial, Chiron et al 
demonstrated that 71% (15/21) of patients had seizure 
reduction by at least 50% compared to placebo when 
stiripentol was added to clobazam and valproate. A 
Cochrane review of two trials is also supportive of add-on 
stripentol therapy [Brigo et al, 2017]. Post-marketing 
surveillance data is also emerging. Two-year surveillance 
data from Japan showed a response rate of 43% (110/257) 
for convulsive seizures (36.5% if set at 75% responsive), 
55% (58/105) for focal impaired awareness seizures (50.5% 
if 75% responsive) and 62% (56/90) for generalised 
myoclonic or atypical absence seizures (56.7% if 75% 
responsive) [Yamada et al, 2021].  

Stiripentol increases the plasma concentrations of 
clobazam. Therefore, dose adjustments of clobazam should 
be considered as stiripentol is started and increased 
[Nickels and Wirrell, 2017]. 

Common adverse side effects of clobazam include fatigue, 
drowsiness, aggression, hyperkinesia, ataxia, 
hypersalivation and, bronchorrhoea. Less common side-
effects include muscle weakness, psychosis and 
thrombocytopenia [Arzimanoglou et al, 2018]. Side effects 
for stiripentol can include decreased appetite (which can 
be severe), weight loss, somnolence, ataxia, hypotonia, 
dystonia, tremor, dysarthria and agitation [Strzelczyk and 
Schubert-Bast, 2022].

Second line – option 1: fenfluramine add on
NICE recommend fenfluramine for children over two 
years of age with seizures that are not controlled after 
two or more ASMs [NICE, 2022]. International consensus 
guidelines place fenfluramine alongside stiripentol and 
clobazam on ‘step 2’ [Wirrell et al, 2022]. However, there 
is stipulation in the NICE guidelines that for ongoing 
prescriptions of the drug, at least a 30% reduction in 
seizure frequency is required compared to the six-month 
period prior to starting treatment [NICE, 2022].

In a randomised double-blind placebo controlled trial, 
fenfluramine reduced mean monthly convulsive seizure 



frequency by 62.3% at 0.7mg/kg/day and 32.3% at 0.2mg/
kg/day when used as an add on to either sodium valproate, 
clobazam, topiramate or levetiracetam [Lagae et al, 2019]. 
Importantly, the trial protocol stipulated that the recent 
use of siripentol or CBD was an exclusion criteria. When 
fenfluramine 0.4mg/kg/day was added to a regimen 
containing stiripentol with either valproate and/or 
clobazam in a separate multi-national phase 3 randomised 
controlled trial (RCT), mean monthly frequency of 
convulsive seizures wasreduced by 54% compared to 
placebo [Nabbout et al, 2020]. Meta-analysis data indicated 
that the mean convulsive seizure frequency was reduced 
by 45.3% with fenfluramine [Sharawat et al, 2021].

Longer-term data are now appearing for the use of 
adjunctive use of fenfluramine. Specchio et al followed up 
patients in Italy for a median of nine months, and found a 
77.4% median reduction in convulsive seizures with 53% of 
patients showing a greater than 75% seizure reduction 
[2020]. More long-term data are still required [Gogou and 
Cross, 2021]. Some emerging data suggest that 
fenfluramine may improve cognitive functioning 
independent of seizure control [Bishop et al, 2023] and be 
linked with a reduction in the rates of sudden unexpected 
death in epilepsy (SUDEP) [Cross et al, 2021].

Adverse side-effects reported in trials included decreased 
appetite, weight loss, vomiting, diarrhoea, low blood sugar, 
fatigue, falls and fever. There were no reports of pulmonary 
hypertension or pulmonary valve regurgitation [Lagae et al, 
2019; Nabbout et al, 2020], which had been reported in 
adults in whom the drug was used as an appetite-
suppressant many decades ago. 

An echocardiogram must be undertaken in all patients 
prior to the introduction of the drug use of fenfluramine 
to exclude any features of pulmonary regurgitation. The 
trial protocol also recommended that echocardiograms 
should be repeated every six months for the first two 
years of treatment and then annually whilst the patients 
remained on fenfluramine. This policy is now 
recommended as part of routine clinical practice (ema.
europa.eu/en/documents/product-information/fintepla-
epar-product-information_en.pdf).

Fenfluramine does interact with stiripentol and must be 
prescribed at a lower dose if the patient is already 
taking stiripentol.  

Second line – option 2: Cannabidiol (with clobazam)
There is only one cannabis-based medicine (cannabidiol 
[CBD], Epidyolex) licensed by the MHRA for use in 
children aged two years and above with DS. NICE have 
also stipulated that it should only be used if the child is 
already being treated with clobazam. NICE have stipulated 
that it should only be prescribed if two other ASMs have 
been unsuccessful in achieving reasonable seizure control 
in children with DS [NICE, 2019]. International consensus 

guidelines would currently place cannabidiol as ‘step 3’ of 
the therapeutic algorithm [Wirrell et al, 2022]. NICE 
guidance again stipulates that ongoing prescriptions can 
only be issued if the child has shown an at least 30% 
reduction in seizure frequency compared to the six 
months prior to starting treatment [NICE, 2019].

In RCTs, CBD in a dose of 20mg/kg/day reduced the median 
frequency of convulsive seizures per month by 22.8% 
compared to placebo [Devinsky et al, 2017] when used in 
conjunction with, on average, three standard ASMs (including 
clobazam, sodium valproate, stiripentol, levetiracetam or  
topiramate) and/or the ketogenic diet. Vagus nerve 
stimulation (VNS) was also one of the three included 
therapies. The GWPCARE2 study demonstrated that CBD 
reduced convulsive seizure frequency from baseline by 
48.7% in the 10mg/kg/day dose and by 45.7% in the 20mg/
kg/day dose when compared to placebo [Miller et al, 2020].

Interim longer-term data from these studies have shown 
that the median reduction in seizures at 144-156 weeks 
since starting CBD varies from 45 to 74% for convulsive 
seizures and 49% to 84% for all seizure types [Scheffer 
et al, 2021].

Common adverse side effects of CBD include decreased 
appetite, diarrhoea, impaired liver function tests, fatigue, 
somnolence or insomnia, rash and fever [Strzelczyk and 
Schubert-Bast, 2022]. There is a clear interaction between 
CBD and clobazam and their combined use increases the 
risk and incidence of somnolence, fatigue and impaired liver 
function; fortunately the latter is rarely clinically manifest.

Before treatment with CBD is initiated, liver function tests 
including AST and ALT should be checked. LFTs and AST 
should be re-checked at one month and three months, and 
then six monthly after starting CBD. There is also an 
increased risk of hepatotoxicity in CBD being 
co-prescribed with sodium valproate although its 
frequency is unknown. Thrombocytopaenia has been 
described in a third of patients receiving both medications 
concurrently [McNamara et al, 2020]. In our practice in 
Birmingham, we recommend the withdrawal of sodium 
valproate first before the introduction of CBD.  

Further options
Step 3 – option 1: Ketogenic diet
The ketogenic diet is recommended when three or four 
ASMs have been used with unacceptable seizure control 
or significant adverse side-effects, or both [NICE, 2022]. 
This is ‘step 4’ in the recently-published international 
Dravet syndrome guidelines [Wirrell et al, 2022]. This 
approach is also consistent with international guidance on 
the use of the ketogenic diet in the management of the 
epilepsies [Kossoff et al, 2018]. A meta-analysis of seven 
studies that assessed the use of the ketogenic diet showed 
a greater than 50% seizure reduction in 63% of children 
with DS at three months, 60% at six months and 47% at 
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12 months [Wang et al, 2020]. Avoidant and restrictive 
food intake behaviours are seen in a significant proportion 
of children with DS, often with a significant worsening in 
their autism. Consequently, it is very likely that the diet 
will not be a realistic or feasible therapeutic option in 
many children. 

Step 3 – option 2: Levetiracetam 
The international Dravet syndrome guidelines place the 
use of levetiracetam lower than in the recent NICE 
guidelines and as ‘step 5’ [Wirrell et al, 2022]. Evidence on 
the use of levetiracetam in DS is limited. The study by 
Striano et al found that the addition of levetiracetam 
significantly reduced the median number of seizures per 
week from baseline for tonic-clonic seizures (from three 
to one), myoclonic (from 21 to three) and focal seizures 
(from 7.5 to three) after 18 weeks of treatment [2007]. A 
later study showed a responder rate of 30% (defined as a 
reduction in absolute seizure frequency), after three 
months of treatment [Dressler et al, 2015]. The most 
common adverse side-effects are behavioural changes 
(typically irritability or anger), nervousness and transient 
somnolence [Arzimanoglou et al, 2018].

Step 3 – option 3: Topiramate
Although topiramate was previously considered a first-line 
treatment alongside sodium valproate [NICE, 2012], 
topiramate has been placed much further down in the 
recent (2022) NICE and international guidelines [Wirrell et 
al, 2022]. Both guidance place topiramate alongside the 
ketogenic diet as ‘step 4’. There are very limited trial data 
and most studies have been small. One small study showed 
a responder rate (seizure reduction by >50%) of 35% 
(7/20 patients) three months [Dressler et al, 2015]. In 
another study, after six months of treatment, data from 10 
patients showed that one was seizure free, and six of the 
10 showed a 75% reduction in seizures [Takahashi et al, 
2010]. In 18 patients (six adults) with refractory seizures, 
72% showed a >50% seizure reduction and 50% showedat 
leats a 75% seizure reduction[Nieto-Barrera et al, 2000].

The most common side effects include loss of appetite, 
weight loss, slurred speech, decreased concentration, 
word-finding difficulties and renal calculi [Arzimanoglou 
et al, 2018].

Step 4 - Potassium bromide
It is of interest that bromides, the most ancient of ASMs, 
are on ‘step 5’ of the international guideline on Dravet 
syndrome [Wirrell et al, 2022]. Potassium bromide is a 
drug that is more commonly used in Germany (second 
most common before CBD and fenfluramine became 
licensed [Schubert-Bast et al, 2019]) and in Japan but 
evidence for the efficacy of potassium bromide is very 
limited. It is very rarely used in the UK for any epilepsy, in 
part because of its potential serious toxicity. 

Dressler et al in a very small series showed a 78% (7/9) 
responder rate (seizure frequency reduction by > 50%) at 
three months [2015]. Oguni et al reported that showed 36% 

(8/22 of patients) had 75% seizure reduction and 41% (9/22) 
had 50% seizure reduction after three months of treatment 
[1994]. Lotte et al reported a responder rate (a seizure 
reduction of >50%) of 81% (26/32 patients) and 47% (15/32 
patients after one year of treatment. [2012]. Adverse side-
effects are common and include loss of appetite, fatigue, 
sedation, cognitive slowing, tremor, ataxia, gastritis, acne and 
bromism [Strzelczyk and Schubert-Bast, 2022].

Vagus nerve stimulation (VNS)
Resective epilepsy surgery is very unlikely to represent a 
feasible option in the management of children with DS. 
Consequently, a palliative surgical procedure, specifically 
VNS, can be an additional therapeutic option as 
recommended by NICE [NICE, 2022]. VNS is on ‘step 5’ of 
the international guidelines on Dravet syndrome [Wirrell et 
al, 2022]. A meta-analysis of 15 studies involving 92 patients 
with DS suggested that 41% of patients showed at least a 
50% reduction in total seizures [Hajtovic et al, 2022]. 

Personalised seizure plan for status epilepticus 
Personalised seizure plans should have an emphasis on 
reducing triggers, such as management of fevers with anti-
pyretics or the use of specialised filtered glasses where a 
reproducible photoparoxysmal response is demonstrated 
within a specific range. Routine childhood vaccinations are 
encouraged and not contraindicated. 

Personalised seizure plans should also be in place because 
prolonged seizures, including status epilepticus (SE) are 
common in DS. The first benzodiazepine dose may be 
given earlier in the plan at three minutes rather than the 
usual five minutes for this reason [Wirrell et al, 2017]. It’s 
advised for a second benzodiazepine dose to be given in 
hospital or by paramedics. The third step is with 
intravenous levetiracetam as recommended in the new 
Advanced Paediatric Life Support (APLS) guidelines in the 
UK [Bacon et al, 2023].  Phenytoin is a sodium channel-
blocker and is contraindicated as an ASM in the long-term 
management of children with DS. It is also generally 
avoided in clinical practice in management of status 
epilepticus. A study of 99 patients with DS from Japan 
showed that intravenous phenytoin was less effective in 
terminating episodes of ongoing CSE (15-21% success) 
than intravenous barbiturates (75-100% success) or 
intravenous IV benzodiazepines (54-69% success) [Tanabe 
et al, 2008]. This would suggest that intravenous 
phenobarbital should be considered as the preferred first-
line ASM in the treatment of benzodiazepine-resistant CSE 
in patients with DS.

If a child with DS is not receiving maintenance sodium 
valproate, then intravenous sodium valproate can be used 
within any personalised management plan for status 
epilepticus. In refractory CSE,  intravenous midazolam 
infusions and thiopentone might be required [Tanabe et 
al, 2008].

It is recommended that the management of CSE be 
‘aggressive’ to prevent or at least minimise the possibility 
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of an hypoxic injury, fatal cerebral oedema, hippocampal 
sclerosis and the development of the rare hemiconvulsion-
hemiplegia epilepsy (HHE) syndrome. These are all 
recognised complications of CSE in DS [Myers et al, 2017; 
Sakakibara et al, 2009]. 

Drugs to avoid
Sodium channel blockers should be avoided in DS as they 
can worsen seizures and also cognitive outcomes too. 
Example drugs to avoid as listed in the NICE guidelines 
include phenytoin, carbamazepine, oxcarbazepine, 
lacosamide, lamotrigine, gabapentin, pregabalin, vigabatrin 
and tiagabine [NICE, 2022].

Management of co-morbidities 
Development, learning and behaviour
A child’s development at seizure onset and in the first year 
of life is commonly reported to be normal. However, 
development typically slows or may subsequently regress 
leading to developmental impairment. After prolonged 
febrile status epilepticus, regression of skills has been 
reported [Wirrell et al, 2022]. A small proportion of 
children with DS may already show delayed development 
prior to seizure onset [Li et al, 2021].

Gross and fine motor skills
The average age of independent ambulation is typically 
delayed at 16 to 18 months. Ataxia may also become 
apparent by four to five years of age [Scheffer and 
Nabbout, 2019]. Some children may never achieve 
independent ambulation.

A crouched gait may develop from 12 years of age onwards. 
Pyramidal tract dysfunction manifest by slight spasticity 
[Rodda et al, 2012] and Parkinsonian features (without 
tremor) may be seen in early adulthood [Wirrell et al, 2022]; 
both may lead to a deterioration in an individual’s gait 
[Selvarajah et al, 2022]. Fine motor development is also 
delayed [Verheyen et al, 2019] and particularly involving 
hand-eye coordination [Dravet and Guerrini, 2011].

Speech and language
Delayed speech and language is an almost universal feature 
in DS. Many of the more severely affected children never 
learn to speak and remain non-verbal [Wirrell et al, 2022]. 

Cognition 
In a cohort of 152 DS patients above the age of three 
years, intellectual disability was mild in 17%, moderate in 
30%, and severe or profound in 51% [Brunklaus et al, 
2012]. Intellectual disability was reported in 95% in a large 
adolescent and adult group [Lagae, 2021]. Education in 
special schooling is nearly always required. Only a very 
small minority will be able to be educated within 
mainstream schooling and always with additional support.  

Behaviour 
Aggression, anger, dangerous behaviour and impulsivity 
are commonly reported by parents when children are 

aged three to 12 years. From adolescence, ritualised 
behaviour, compulsive and repetitive habits are reported 
[Postma et al, 2023]. The prevalence of features of autism 
spectrum disorder differed between physicians and 
caregivers when questioned through a Delphi survey. The 
international guidelines on Dravet syndrome emphasise 
that children should be formally assessed for ASD 
[Wirrell et al, 2022]. 

Sleep 
Sleep impairment is a major concern for the parents (and 
siblings) of children with DS; some families describe this 
as being more important than frequent seizures.  
Approximately 75% of parents report nocturnal 
awakening which clearly has knock-on consequences 
during the day with increased seizures and difficult 
behaviour [Licheni et al, 2018; Van Nuland et al, 2021]. 
Sleep impairment will also adversely affect concentration 
and therefore learning. More recently, and perhaps not 
surprisingly, a Delphi study suggested that this is perhaps a 
bigger issue, with 90% of caregivers and 100% of 
physicians indicating nocturnal waking, insomnia, snoring 
and day-time sleepiness were significant issues [Wirrell et 
al, 2022]. The DREAMS study, a double-blind crossover 
randomised placebo-controlled trial with melatonin, did 
not show statistically significant differences in total sleep 
in 13 patients but caregivers reported clear differences 
[Myers et al, 2018]. This has translated into the potential 
use of melatonin and other drugs such as clonidine in 
guidelines on the management of children and young 
people with DS [Wirrell et al, 2022]. 

Dysautonomia 
In a survey of the parents of 65 children with DS, 
dysautonomia was commonly reported. This included 
cardiac symptoms (bradycardia, tachycardia, arrhythmia) in 
14%, respiratory problems (such as tachypnoea, 
bradypnoea, apnoea) in 23%, temperature regulation issues 
(cold hands and feet, flushing) in 55%, diaphoresis in 54%, 
constipation in 28% and other symptoms (pupillary 
changes, sialorrhoea) in 40% [Berg et al, 2021]. The 
recently-published international guidelines offered no 
specific treatment for symptoms of dysautonomia. [Wirrell 
et al, 2022].

Feeding difficulties 
A caregiver survey undertaken in the UK found that that 
92% of DS patients had a ‘feeding issue’ at a median age of 
three years [Clayton et al, 2023]. These included poor 
appetite and problems with chewing which often led to 
food-refusal and consequent weight loss [Dravet and 
Guerrini, 2011]. A possible contributing factor to these 
issues is the adverse side-effects of the ASMs which are 
commonly gastrointestinal, as described earlier. Dietician 
input is important and a feeding gastrostomy should be 
considered as and when appropriate [Clayton et al, 2023]. 
A feeding gastrostomy may also facilitate the 
administration of the ketogenic diet and specifically the 
medium chain triglyceride (MCT) type. 
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Sudden unexpected death in epilepsy (SUDEP)
It is clear that children with epilepsy, and particularly 
those aged less than five years of age, have an increased 
risk of dying and specifically from epilepsy, including 
SUDEP. In a recently-published Swedish study of 55 
children with DS, seven had died, three from SUDEP, one 
from an anoxic brain injury and three from pneumonia. 
The mean age at death was 4.7 years (range, 3.3-11 
years) [Bjurulf et al, 2022). These findings are consistent 
with other studies showing a mortality rate of 3.7–17%, 
a SUDEP rate of 2.3–10% and a median age at death of 
4.0–7.0 years [Cooper et al, 2016; Sakauchi et al, 2011; 
Skluzacek et al, 2011]. To date there have been no 
reports that have demonstrated a clear association 
between poor seizure control and SUDEP in individuals 
with DS; this should be an area of active clinical audit 
and research. Mortality and SUDEP in DS is an 
important but clearly sensitive and potentially very 
emotional issue that should be discussed openly and 
compassionately with families.  

Conclusions and future perspectives
DS is one of the most common and important 
developmental and epileptic encephalopathies. Despite 
recent genetic and very recent pharmacological advances, 
the ultimate goals of long-term seizure freedom, normal 
intellectual development and life expectancy can still not be 
realistically achieved in DS patients – at least in their lifetime. 

One new ASM being investigated in clinical trials is 
sotilcestat (NCT05163314), a selective inhibitor of 
cholesterol 24-hydroxylase [Hahn et al, 2022].

STK-001, an antisense oligonucleotide, was shown to 
restore Nav1.1 to normal levels. It led to reduction in 
mortality and seizures in a Dravet syndrome mouse model 
[Han et al, 2020]. It is currently undergoing human trials. 
Genome editing using CRISPR might provide opportunities 
to enhance NaV1.1 expression [Higurashi et al, 2022].

This article has outlined the current holistic treatment of 
children with DS based on recent evidence. Most of which 
is robust. It will be important to assess the long-term 
impacts of recently-licenced treatments such as CBD and 
fenfluramine on seizure control and cognitive and 
behavioural impairments. It is yet to be seen whether the 
now frequently quoted genetically-determined precision 
management of the epilepsies, including DS, comes to 
fruition. This is not at all straightforward. In the meantime 
it is important to ensure an early diagnosis of DS to allow 
appropriate treatment and also to recruit children (and 
adults) into RCTs of new therapies. Families are 
undoubtedly enthusiastic for their children to participate 
in these trials. 

Other sources of information
Epilepsy Action (epilepsy.org.uk) and Dravet Syndrome UK 
(dravet.org.uk) are reliable sources of information that can 
be utilised to signpost parents to. 
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