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ABSTRACT

Introduction: Autism, like other neurodevelopmental disorders (NDDs), has a strong association with
epilepsy. There are known common genetic pathways in both autism and epilepsy. There are also
specific genetic syndromes associated with both complex epilepsy and the autism phenotype.

Areas covered: This review explores the evidence for common genetic etiologies and pathophysiolo-
gical pathways in relation to both epilepsy and autism. Autism with comorbid epilepsy are associated
with a high prevalence of medical and psychiatric comorbidities. This paper discusses how this
influences assessment, treatment, and outcomes. The evidence for the treatment of specific seizure
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types in the context of NDDs is also examined alongside clinical commentary.

Expert opinion: Despite the strong association, there is a limited evidence base to support the efficacy
and tolerability of anti-seizure medications specifically in autism, with no Level 1 evidence or National
Guidance available. Autism and epilepsy should be approached under a NDD model with cautious
introduction and titration of anti-seizure medication. Alongside this, there is evidence to support
a move toward precision medicine in specific genetic syndromes such as Tuberous Sclerosis Complex
and other genetic seizure disorders. The first-line treatments that should be considered for focal

seizures include carbamazepine, lamotrigine, and levetiracetam.

1. Introduction

Epilepsy, in particular, the genetic epilepsies and epileptic
encephalopathies have a strong positive association with the
family of neurodevelopmental disorders (NDDs) including aut-
ism and intellectual disability (ID) [1]. The evidence suggests
a common etiology, and that epilepsy in the context of NDDs
should be considered as part of a complex conundrum and
not approached as a discrete condition [2]. This review will
explore the NDD approach to pharmacological therapy for
people with epilepsy and autism and , examine the emerging
evidence base for precision medicine, where treatment can be
targeted based upon an individual's genomic variation. The
main focus of this review will be a clinical guide to successful
treatment using a neurodevelopmental approach.

1.1. Epilepsy

A seizure is a transient presentation of neurological symptoms
resulting from abnormal or excessive neuronal activity. The
origin of the neuronal activity will influence the semiology of
a seizure and may include sensory, motor, emotional, or beha-
vioral changes [3]. A seizure may be provoked by a broad
range of physiological insults including fever, sleep depriva-
tion, hypoglycemia, hypernatremia, hypocalcemia, toxic sub-
stances. However, a provoked seizure in context does not

meet the clinical criteria for a diagnosis of epilepsy. Epilepsy
is conceptually a disorder where the brain has a predisposition
to further seizure activity. The practical definition of epilepsy
defined by the International League Against Epilepsy (ILAE)
Task Force includes the clinical situations in which there is
a high probability of seizure recurrence after just one unpro-
voked or reflex seizure (>60%) [4].

The ILAE classification system of the epilepsies is designed
to help clarify communication between clinicians and improve
diagnostic accuracy for research questions. The multilevel sys-
tem considers seizure type, followed by epilepsy type, and
finally epilepsy syndrome [5]. Seizure type is categorized by
nature of onset-focal, generalized, or unknown. Within each
category a seizure should be described based upon the semi-
ological features considering motor manifestations (tonic,
tonic-clonic, atonic, myoclonic, other), non-motor manifesta-
tions (e.g. sensory), and impact upon a person’s awareness
during an event.

1.2. Autism

Autism is diagnostically classified under the umbrella of
NDDs. An NDD is a condition that emerges during childhood
with deficits in a number of core domains including lan-
guage development, cognition, reciprocal social skills, and
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Article highlights

« There is a strong correlation between epilepsy and all the neurode-
velopmental disorders (NDDs).

o Epilepsy and autism have known common genetic etiologies and
pathophysiological pathways.

« There is no Level 1 evidence supporting the efficacy and/or toler-
ability of commonly prescribed anti-seizure medications specifically
for autistic.

o The best evidence available can be used to define first- and second-
line anti-seizure medication choices for focal and absence seizures,
the most common presentations in autism.

o There is increasing evidence of a move toward precision medicine
with specific treatment available for genetic syndromes associated
with both autism and epilepsy.

o Epilepsy and autism should be approached as a complex neurodeve-
lopmental model, and not as discrete conditions.

o The approach to treatment should be personalized based upon
seizure type, epilepsy syndrome, genetic variant, physical and psy-
chiatric comorbidities, and risk level.

o Future research should focus on pragmatic study designs considering
the risk factors that influence seizure outcomes and neuropsychiatric
comorbidities.

This box summarizes key points contained in the article.

motor function. With improvements in service provision,
autism is now commonly diagnosed before the age of
3 years but can be diagnosed at any age including in adults
where the symptoms were missed during their development
due to lower recognition levels. Autism is a conceptual diag-
nosis based upon social constructs of a constellation of
symptoms, informed by subjective experiences and objective
behavioral observations. As a result, the assessment process
is usually performed by specialist services and can be
a complex. There are numerous validated diagnostic assess-
ment tools including observational models, each of which
requires specific training to implement.

The working diagnostic criteria for autism have broadened
over time, but the core features of impaired communication,
inhibited social interaction, and restrictive repetitive behaviors
remain consistent. The Diagnostic and Statistical Manual of
Mental Disorders fifth edition (DSM5) apply a spectrum
approach to diagnosis and those previously meeting the cri-
teria for Asperger’s or pervasive developmental disorder — not
otherwise specified, fulfilling the criteria for autism spectrum
disorder [6].

1.3. Epidemiology

A systematic review and meta-analysis of international studies
found the point prevalence of active epilepsy overall was
6.38 per 1,000 persons (95% confidence interval [95% CI:
5.57-7.30] [7]. The Center for Disease Control and Prevention
(CDC) in the United States (US) reports the prevalence of
autism as being 1 in 54 children by 2016 [8]. However, the
reason for this remains under scrutiny due to methodological
challenges including a lack of consistency in case ascertain-
ment. A systematic review of the co-occurrence of epilepsy
and autism identified 74 studies (283,549 cases) and found the
median period prevalence of epilepsy in people with autism

was 121 per 1000. The median point prevalence of autism in
people in epilepsy was 90 per 1000 [9].

Seizures may also present before a diagnosis of autism
particularly in association with genetic epilepsy syndromes.
The presence of seizures in early life (less than 1 year) parti-
cularly infantile spams significantly increases the likelihood of
a future autism diagnosis [10]. A systematic review and meta-
analysis investigating the prevalence and risk factors for aut-
ism in epilepsy identified a pooled prevalence of 63 per 1000
[11]. Studies included with a majority ID population (>50%)
were almost five times more likely to be diagnosed with
autism compared to those studies with a minority ID popula-
tion. A population-based study investigating the incidence of
epilepsy found 23.6 cases per 1000 person years (95% ClI: 21.3,
26.2) in adults with autism with ID, 7.7 cases per 1000 person
years (95% CI: 6.6, 8.9) in adults with autism without intellec-
tual disability, and 15.9 incident cases per 1000 person years
(95% ClI: 15.2, 16.7) in adults with ID alone. This finding is
supported by results from a pooled data analysis (n = 2112)
finding the point prevalence of epilepsy in ASD with comorbid
ID as 214 per 1000, compared to 80 per 1000 in those with
autism without ID [12].

1.4. Electroencephalogram changes and seizure types

In a retrospective cohort review, 33 of 130 people with autism
developed seizures in adolescence [13]. Over two-thirds of
those who developed seizures had epileptiform changes on
electroencephalogram (EEG) before the first clinical seizure.
The most common seizure type observed in the group were
focal seizures with impaired awareness. The onset of epilepsy
in people with autism has two distinct peaks, in early child-
hood and in adolescence [14].

There is a growing body of evidence showing that subcli-
nical EEG changes are more common in seizure-free people
with autism compared to seizure-free controls without autism
[15]. Epileptiform EEG changes are more common than non-
epileptiform abnormalities in autism and are more common in
association with intellectual impairment and behavioral chal-
lenges. These epileptiform changes include a wide range of
generalized and focal or multifocal discharges in different
regions of the brain. However, discharges in the temporal
region (right/left/bilateral) are the most commonly observed
[1,16]. These findings postulate a theory of pathogenesis in
autism etiology, which at present remains unproven, although
there is some evidence that treatment before seizure onset
can improve a range of behavioral symptoms [16]. This is an
evolving evidence base requiring clearer robust data before
any firm recommendations can be made for clinical
application.

1.5. Common genetic pathways

There is a high rate of de novo mutations and copy number
variants (CNVs) associated with developmental disabilities
including autism, epilepsy, and ID. There is developing under-
standing of the impact upon phenotype of the genomic
region affected and the subsequent functional change, how-
ever this remains a highly heterogeneous population. For



example, many of the known developmental and epileptic
encephalopathies (Table 1) have a wide phenotypic spectrum.
This arises from dozens of known de novo mutations (duplica-
tions, deletions, rearrangements) associated with gene disor-
ders, which all inform the spectrum of clinical presentations
[17]. The single-gene disorders and CNVs with a high fre-
guency of co-occurring autism and epilepsy demonstrate com-
mon biological pathways from gene transcription to synaptic
function [18,19]. A retrospective review of children with autism
and epilepsy (n = 88) identified pathogenic or likely patho-
genic variants in over half of the sample. The most common
gene mutations identified were SCN1A (14.9%) and MECP2
(10.6%) [20].

In the future, we will identify more candidate genes strength-
ening the possibility of a shared genetic etiology and neuro-
pathological processes for specific epilepsy syndromes and
autism. By grouping specific genetic mutations with similar func-
tional effects known to impact upon epilepsy (ion transmem-
brane transport) and autism (synaptic signaling), it has been
possible to identify common genes associated with both profiles.
Peng et al. extrapolated 205 known genes associated with both
epilepsy and autism. These findings can be used to identify new
candidate genes for epilepsy and autism [21]. Studies in mouse
models indicate syndromes characterized by both epilepsy and
autism likely have multiple genomic variations that influence the
excitatory and inhibitory balance at synapses during the neuro-
developmental period [22]. This suggests that as our understand-
ing of these neurodevelopmental phenotypes improves, we will
be in a position to tailor therapeutic intervention [23].
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2. Complexity
2.1. Comorbidities

A systematic review and meta-analysis explored the preva-
lence of co-occurring neurological disorders in autism. Aside
from epilepsy, people with autism were significantly more
likely to have macrocephaly, hydrocephalus, cerebral palsy,
migraine, and neurological congenital abnormalities [24].
A large population study (n = 6649) in Scotland based on
census data including 6649 people with autism over the age
of 25 years found high levels of comorbid medical and
psychiatric conditions with significantly higher risk than in
controls without autism [25]. These findings are consistent
with a United States population-based study including 1507
people with autism [26]. Insight into the prevalence of
multiple morbidities in autism emphasizes the complexity
of assessment and treatment in this population, often
impacted by diagnostic overshadowing. For example, the
point prevalence of any physical disability in people with
autism has been observed at 29.4%, odds ratio of 94.5 (95%
Cl: 89.4-100.0) compared to controls without autism. The
point prevalence of any mental illness has been observed at
33.0%, odds ratio 8.6 (95% CI: 8.2-9.0) compared to con-
trols [25].

2.2. Assessment

The first stage in management is to know when to start
treatment, which first requires a clear rational and accurate

Table 1. Genomic variants associated with autism phenotype and epilepsy [18,19,36-45,64,65,68—72].

Syndrome Functional effect Clinical picture
FMR1 —Fragile FMR protein is a major regulator of RNAs involved in synaptic 90% Autistic traits (50% meeting diagnostic criteria)
X syndrome plasticity. Associated with focal seizures in childhood (Benign Rolandic

FOXG1-related

seizure diencephalon.
disorders

TSC1/2- The functional effect of the TSC mutations is over activation of
Tuberous mammalian target of rapamycin (mTOR) protein complex
sclerosis
complex

MECP2associated MeCP2 is a transcriptional repressor, MeCP2 loss results in an
with Rett imbalance of neuronal excitation and inhibition
syndrome

PCDH19-related
seizure transmission, migration and morphological maturation of
disorders hippocampal neurons

CDKL-5-related
seizure
disorders growth, and synapse functioning.

SCN2A-related

seizure channels
disorders
SCN1A-related Alpha 1 subunit of the sodium channel
seizure
disorders

Encodes for one of the most common voltage-gated sodium

Epilepsy)

FOXGL1 is a transcription factor that regulates the development of the Stereotypies and deficient in reciprocal social interaction.

87% have epilepsy, particular association with infantile spasms

Associated with early onset polymorphic treatment-resistant epilepsy,
autism, and other developmental disabilities.

Epilepsy 60-80% varying by genotype and phenotype.
Autistic traits including phenotypic hand stereotypies but good
socialization.

PCDH19 likely plays a role in GABA-A receptor function impacting on Epilepsy presents in early years with febrile and afebrile seizures.

Control tends to improve through adolescence. Seizures are
characteristically focal, occurring in clusters, and associated with
fever.

High rates of psychiatric comorbidity including autistic traits, 1 in 5
diagnosed with autism

Loss of the protein serine-threonine kinase (STK9) which is involved Primary symptoms include early onset polymorphic treatment-
in proliferation, neuronal migration, neuronal formation, neuronal

resistant epilepsy.
Traits include hand stereotypies, and deficits in social interaction
and eye contact

Associated with autism and ID both with and without epilepsy.
Associated with a range of clinical epilepsy syndromes.

Strong association with Dravet syndrome (DS).
Non-epilepsy phenotypes associated with autism. Over 60% adults
with DS diagnosed with autism.
DS presents with infant onset febrile hemiclonic or generalized
tonic-clonic seizures, half of cases progressing to status epilepticus,
with varying lateralization. Followed by development of treatment-
resistant multiple seizure types. An independent SUDEP risk factor.
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diagnosis. Unfortunately, due to the complexity of the clinical
picture, misdiagnosis is hot uncommon [27]. The presence of
an ID, its severity, and the degree of communication impair-
ment will influence the accuracy of assessment by limiting the
understanding of subjective experiences. As discussed people
with autism have high rates of comorbid psychiatric illness,
behavioral challenges, and repetitive stereotyped movements.
The most common paroxysmal events in autistic children are
staring events that are often mistaken for seizure activity [28].
Neuropsychological testing has consistently found in 25-35%
of cases, there is no EEG correlation with repetitive move-
ments that had previously been diagnosed as epileptic sei-
zures [28,29].

Generalized onset, bilateral tonic clonic motor seizures are
stereotyped and readily recognizable. However, more com-
monly observed in autism is focal seizures with impaired
awareness. These events may be difficult to identify if there
is minimal motor involvement. Where there is motor involve-
ment, it can be difficult to distinguish between epileptic
events and non-epileptic stereotyped movements or tics. The
presentation of a focal seizure in association with neurodeve-
lopmental disorders can be complex and difficult to distin-
guish from behavioral changes, particularly with adolescent
onset where focal seizures may be associated with pre-ictal or
post-ictal aggression or complex motor movements. The fun-
damental principle is therefore to have a high level of suspi-
cion for seizure activity based upon the epidemiologic
population data indicating the significantly higher prevalence
rates. In such scenarios it is important to pursue specialist
assessment, diagnosis, and subsequently treatment as would
be done if considering an alternative diagnosis such as mental
illness.

The assessment must be informed by a reliable collateral
witness, and the use of home video recordings has real clinical
utility. Any video recording will require appropriate consent or
a multi-disciplinary best interest decision before proceeding.
The video should only be attempted when safe to do so and it
is most useful to attempt to capture the entire event including
the beginning (including pre-ictal/aura phase) the event or
ictal phase itself, and the post-ictal recovery period.
Following the first event, it is appropriate to consider neuro-
physiological testing (EEG) and brain imaging (MRI) to rule out
any structural abnormality [30]. The gold standard investiga-
tion is video telemetry (preferably overnight), but this is not
readily available outside of specialist centers. As we have
discussed, the use of standard EEG may not always be helpful
as even a finding of epileptiform activity is not specific to
epilepsy when associated with autism. In addition, such inves-
tigations require a reasonable degree of co-operation, and in-
depth consideration may be required to enhance the chances
of success.

Considering the complexity, people with autism in general
but especially those with intellectual disability and neuropsy-
chiatric comorbidities would perhaps benefit most from
detailed assessment and thorough investigation. However, it
is these complexities that also make routine investigation
a significant challenge to the person, clinicians, and services.
Those who are most vulnerable, with the highest level of
need, face the biggest challenges in accessing appropriate

services. People with epilepsy and developmental disabilities
receive fragmented care provision with far longer waits for
investigation such as MRI, which in most cases may require
a general anaesthetic [31].

2.3. Treatment choice

The evidence base for pharmacological treatment currently
available consists of observational studies with limited partici-
pants making any inferences limited [32]. Many larger investi-
gations will inherently include a population of people with
autism, but they are not usually defined. Investigations with
treatment-resistant populations in particular will include
a high proportion of people with ID and autism with a range
of epilepsy syndromes. Data from high quality, appropriately
powered randomized, double-blind, placebo-controlled trials
should be extrapolated to help inform decision-making, but it
is important to recognize that generalizability must be con-
sidered with caution.

There is no robust evidence to support a clear positive
outcome with the treatment of epileptiform EEG changes in
autism, even when associated with regression. There may be
tangential benefits from anti-seizure medication with
a positive neuropsychiatric profile such as the impact upon
affective lability, aggression, and other behavioral challenges
[33]. The autistic phenotype can be present in a number of
epileptic encephalopathies, and draws particular comparison
with Laundau—Kleffner syndrome. Therefore, the key to treat-
ment success is accurate diagnosis, and identifying the specific
epilepsy syndrome will provide valuable information into the
most appropriate treatment choice. The ILAE classification of
seizure’s and seizure syndromes provides the framework to
epilepsy management including anti-seizure drug choice [5].

The evidence base for the initial treatment of seizures,
including focal seizures in childhood is detailed in the updated
ILAE evidence review for anti-seizure medicines as initial
monotherapy and the Cochrane Review and network meta-
analysis of anti-seizure drug monotherapy (Table 2) [34,35]. It
should be noted that this evidence applies to the treatment of
the described seizure type for any individual and is not autism
specific. Having an understating of the most appropriate anti-
seizure drugs to consider by seizure type should inform treat-
ment choice. However, as we have discussed, autistic people
are a complex and heterogeneous population. Clinical
response may not necessarily align with the evidence base
for treatment of focal seizures arising from a different etiology.

Table 2. Treatment choice based on evidence and clinical opinion [34,35,46].
Focal seizure’s in children

Absence seizures

First line First line
Carbamazepine, lamotrigine, levetiracetam Ethosuximide,
Second line valproate®
Topiramate, oxcarbazepine, valproate® Second line
Third line Lamotrigine
Zonisamide, clobazam

Others

Phenytoin, phenobarbital — good efficacy/poor

tolerability

3Except in women or girls of childbearing age.



For a more detailed discussion on the approach to treatment
in epilepsy, consider the Expert Opinion section of this review.

Epileptic encephalopathies in association with the autism
phenotype are a more robustly researched area and treatment
should be aligned to epilepsy syndrome. There is an evidence
base to support treatment pathways and ASM classification
choice when clinical epilepsy syndromes are identified. First-
line, adjunctive treatment options, and ASMs to avoid for
some of the epileptic encephalopathies do have a limited
evidence base, but with limited success and high levels of
treatment resistance.

e Lennox-Gastaut Syndrome (LGS): Sodium Valproate
may be considered 1% line treatment, with Lamotrigine,
clobazam, corticosteroids, and Levetiracetam as adjunc-
tive ASMs.

e Continuous Spikes and Wave during Sleep (CSWS):
Corticosteroids and clobazam may be considered first
line with sodium valproate, ethosuximide, and sulthiame
as adjunctive.

e Landau—Kleffner Syndrome (LKS): Corticosteroids may
be considered first line, with valproate, clobazam, and
sulthiame as adjunctive [30,47,48].

However, we are now increasingly identifying genetic etiology
in association with epileptic encephalopathies and develop-
mental and epilepsy encephalopathies; therefore, more speci-
fic targeted treatment choices can be made. The ASM of
choice can be narrowed by the mechanism of action when
we understand the functional impact of the genetic variant.
This will lead to the development of novel treatment options
tailored to protein change, e.g. the impact on the function of
certain voltage gated sodium channels in Dravet syndrome.
Furthermore, the future of treatment is likely to shift toward
adopting a gene therapy approach [49].

2.3.1. Commonly prescribed anti-seizure medicines

A systematic review of randomized, double-blind, placebo-
controlled evidence suggest that valproate (VPA) containing
medicines may have a beneficial impact upon neuropsychia-
tric symptoms associated with autism including irritability,
aggression, and repetitive behaviors [32]. However, this
improvement is not always observed and this is likely related
to inherent weaknesses in study design including low number
of participants. The most likely contributor is the heterogene-
ity of the autism population, which will influence response to
psychotropic medication. VPA is associated with a range of
potential side effects from weight gain to encephalopathy.
However, in general it is well tolerated and efficacious for
a wide range of seizure types and epilepsy syndromes. VPA
should be avoided for women or girls of childbearing age
because of its teratogenicity [50]. There is evidence from
observational studies that lamotrigine may improve cognition
and neuropsychiatric symptoms of autism. However, this
change is likely related to the anti-seizure effect even if there
is no tangible seizure reduction. In a randomized, double-
blind, placebo control setting, any impact upon behavioral
symptoms was equivocal [51]. Like valproate, lamotrigine has
mood-stabilizing properties, and the limited data suggest that
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the impact upon cognitive and behavioral domains is neutral
at worst.

2.3.2. Cannabidiol (CBD) — lack of evidence to support
efficacy

The evidence base for specialist prescriptions including the
range of cannabinoids has not yet developed to the threshold
of demand. There is reasonable evidence to support the use of
cannabidiol (CBD)-based medicines (Epidiolex) in the treat-
ment of refractory epilepsy in Lennox-Gastaut syndrome and
Dravet syndrome. There is also evidence to support considera-
tion of adjunctive use in other genetic epileptic encephalopa-
thies such as CDKL5 deficiency disorder, Doose syndrome, and
TSC from open-label observational studies and post -hoc ana-
lysis of phase 3 trials [52,53]. There is also now emerging
evidence for positive long-term safety outcomes in Lennox—
Gastaut and Dravet syndromes [54,55].

However, there is still limited evidence to support the use
of CBD or other cannabinoids for autism and associated neu-
ropsychiatric symptoms. A recent scoping review suggests
that there are observational data from small cohorts demon-
strating a positive impact upon a number of behavioral
domains including repetitive behaviors, aggression, sleep dis-
turbance, cognition, and mood dysregulation [56,57]. The use
of medicinal cannabis was also associated with a reduction in
other concomitant psychotropic prescriptions. However, the
level of adverse events observed was significant. At present,
there is a lack of high quality, long-term, well-powered inves-
tigations to evaluate benefit and any potential impact upon
neurodevelopment.

2.3.3. Drug profile

When considering which anti-seizure medication to choose,
the adverse effect profile of the drug should be considered
against the patient profile (Table 3) [73]. Some of the anti-
seizure medications discussed have a negative cognitive pro-
file (phenobarbital, phenytoin, valproate, carbamazepine {ther-
apeutic windows}, topiramate, zonisamide). Whereas there is
some evidence to support the positive role of lamotrigine and
levetiracetam on cognitive function [73]. The positive mood-
stabilizing effect of some anti-seizure medications (valproate,
lamotrigine, and carbamazepine) supports their utility for the
treatment of major mood disorders such as recurrent

Table 3. Neuropsychiatric profile of commonly prescribed anti-seizure medica-
tions based upon clinical opinion.

Drugs to be used with caution if there are cognitive Phenobarbital
concerns Phenytoin
Topiramate
Zonisamide

Phenobarbital
Phenytoin
Topiramate
Zonisamide
Levetiracetam
Perampanel
Gabapentin

Valproate
Lamotrigine
Carbamazepine

Drugs to be used with caution if there are
psychiatric/behavioral concerns

Drugs with the potential for positive mood-
stabilizing properties

Based on information from [58].
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depressive disorder and bipolar disorder, as well as other
neuropsychiatric presentations. Conversely, other anti-seizure
medications have a recognized negative behavioral profile
(phenytoin, phenobarbital, zonisamide, levetiracetam, peram-
panel) which should be considered where these symptoms are
prominent or there is comorbid or history of mental illness or
significant distress behavior [73]. Other anti-seizure medica-
tion options have little to no evidence for guidance and these
considerations need to be observed in this context. For exam-
ple, contradictory effects can be observed when comparing
one observational study to another, such as the positive neu-
ropsychiatric impact of perampanel observed in a Japanese
cohort of people with autism with refractory epilepsy as com-
pared to studies in the UK or Europe [58-61].

As stipulated, the drug profile should be considered in
context of the patient profile including the current pharmaco-
logical load (particularly anticholinergic burden as people
age). Increased caution is advised when multiple anti-seizure
medications are prescribed, particularly if they have a similar
neuropsychiatric profile as the clinical effect may be more
than cumulative.

2.3.3.1. Drug Interactions. We know that people with aut-
ism with epilepsy have more physical and psychiatric comor-
bidities. This leads to higher rates of polypharmacy increasing
the risk of drug-to-drug interactions and a higher drug bur-
den. There are drug-to-drug interactions between many of the
ASM when used in combination. A useful example is the
common synergistic paring of valproate and lamotrigine,
when used in combination serum lamotrigine levels increase
significantly. Before prescribing, it is important to consider the
impact upon other existing medications. Many of the older
and some newer ASMs are hepatic enzyme inducers. Enzyme
inducing ASM like the potent carbamazepine, phenytoin,
topiramate, rufinamide, and many more will reduce the effec-
tiveness of the combined Oral Contraceptive Pill (OCP) for
example [62].

2.3.3.2. Drug and galenic formulation. In general, there is
no or limited research in the understanding of how autism
influences response to maximum tolerable doses, impact dose
selection and potential drug hazards. There is a lack of safety
markers specific to this population.

Another essential but often overlooked consideration is the
formulation of the medicine prescribed. It is not unusual for

Table 4. Targeting treatment more effectively.

Level of
intervention

1. The person

Quality of life-wishes and needs comorbidities-NDDs,
physical and psychiatric conditions
Concomitantly prescribed medicines
Risk mitigation-injury, hospitalization, SUDEP

2. The epilepsy Evidence base and clinical guidelines for treatment of
syndrome clinical epilepsy condition

3. The seizure type Evidence base and clinical guidelines for treatment by
seizure type

Genetic testing identifies genomic variation of
significance

Treatment choice based upon current understating of
the impact of the genetic variant identified.

4. The genetic
variant

5. The functional
impact

people with autism to have particular sensory needs that will
impact what medicines they can tolerate (including taste,
texture, size, look, smell). Understanding a person’s needs in
this area may indicate the requirement of a particular formula-
tion (tablet, oral solution, granules). If this is not considered
there is a risk of non-concordance with pharmacological treat-
ment. Furthermore, people with NDDs have higher rates of
swallowing problems [63]. This again may lead to the require-
ment of particular formulations and even the administration
via gastronomy tube. All of these factors should be considered
closely when making prescribing choices including possible
long-term outcomes. It is sensible to avoid switching between
formulations and manufacturing brands without necessity.
The Medicines and Healthcare products Regulatory Agency
(MHRA) categorizes ASM based on the likely effect changing
ASM formulation and/or branding will have upon bioavailabil-
ity. For any ASM to be effective, it relies on good concordance
and this is influenced by a range of factors that should be
considered at every review and prescribing decision [62].

2.4. Progress toward precision therapy

We are moving away from symptom-based pharmacological
treatments and toward medicines specifically targeted at
genetic disorders. At present, this precision-based medicine
approach is a specialist intervention for those who do not
readily respond to conventional ASM. However, as the evi-
dence base improves and further tailored treatment options
are developed, this will likely become the mainstay of treat-
ment for genetic epilepsies before progression to gene ther-
apy is achieved.

2.4.1. Tuberous sclerosis complex

Tuberous sclerosis complex (TSC) is an autosomal dominant
disorder caused by mutations in the TSC1 and TSC2 genes. TSC
affects multiple systems and is associated with the early onset
of polymorphic seizures that are more often than not treat-
ment resistant. Early onset seizures is also associated with
autism and developmental disabilities [64]. The functional
effect of the TSC mutations is over activation of mammalian
target of rapamycin (mTOR) protein complex [65]. A phase 3,
randomized, double-blind, placebo-controlled study has

Table 5. A neurodevelopmental approach to epilepsy care.
Core principles of a neurodevelopmental approach

Person-centered

Heterogeneous population
Consider wider social and environmental factors
Working with other health-care professionals and communicating
effectively
Quality of life factors

Collaborative working

Treatment choice should be guided by the evidence and specialist advice
The person and their family or care team should be central to any decision-
making process
Reasonable adjustments to service provision may be required
Accessible information to help facilitate discussion

Treatment tailored to profile

Treatment based upon etiology, epilepsy syndrome, and seizure type guided
by ILAE definitions.
Consideration of comorbidities, polypharmacy, and an individualized risk
profile




Individualised risk assessment
Reduce; Injury, hospitalisation, SUDEP
Supervision (during seizures)
Awareness training and rescue plans
Follow national guidance

Seizure freedom

Reducing GTC seizures

Stopping nocturnal GTC seizures
<3 GTC per year

Focus on impact of seizures

Figure 1. Key clincial standards for the four domains of epilepsy care.

demonstrated the efficacy and tolerability of adjunctive use of
an mTOR Inhibitor (Everolimus) for treatment-resistant focal-
onset seizures in TSC [66,67].

2.4.2. SCN2A-related disorders

The severe pathological end of the SCN2A phenotype spec-
trum is associated with encephalopathy and a range of dis-
tinct epilepsy syndromes [68]. SCN2A mutations have also
been associated with the etiology of autism and ID without
epilepsy [69]. The SCN2A gene encodes for one of the most
common voltage-gated sodium channels and variances in the
functional impact may account for the phenotypic diversity.
A heterogeneous phenotype exists even when the genotype is
similar. Therefore, there are other influencing factors to con-
sider and the limited treatment data available underpins the
necessity for greater understanding of the mutation type and
the natural history. For example, treatment outcomes for early
infantile epilepsy with onset before 3 months are positive with
sodium channel blockers (particularly phenytoin). However,
with later childhood onset epilepsy, the response to sodium
channel blockers is poor, aligned to the observations in Dravet
syndrome [68,70].

2.4.3. Protocadherin 19 (PCDH19)-related disorders

The onset of PCDH19-related epilepsy is usually in the first few
years of life (age <3 years) presenting with febrile and afebrile
seizures of a generalized and/or focal onset. The seizures are
treatment resistant in the early years, but control tends to
improve through adolescence. Seizures are characteristically
focal, occurring in clusters, and associated with fever between
the ages of 2 and 10 years. PCDH19 is also associated with
cognitive and behavioral changes including psychiatric disor-
ders and autism [71]. At present, no one anti-seizure drug
demonstrates good efficacy in PCDH19 and most people
require a polytherapy regime. On a cellular level, PCDH19
likely plays a role in GABA-A receptor function [72].
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Balance
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of Life

1.Safety

Ganaxolone is a molecule trialed in a number of severe seizure
disorders and plays a role in GABA-A modulation. There is
some positive evidence that this may be a useful treatment
adjunct for at least a part of the PCDH19 spectrum. However,
a role as a precision treatment encompassing the disorder’s
neuropsychiatric symptoms remains unproven [71].

3. Conclusion

The treatment of epilepsy specifically in autism is under
researched. The approach to management should be person-
centered considering epilepsy-related factors and wider indi-
vidual factors. Specific epilepsy syndromes should be
approached in accordance with the evidence base and guide-
lines for that syndrome or by seizure type. Where genetic
etiology is identified, there may be specific targeted treat-
ments available. For people with autism with ID, there are
clinical guidelines for anti-seizure medication prescribing avail-
able based on current evidence and expert clinical opinion
[73,74]. People with neurodevelopmental disorders may be
more susceptible to the adverse effects of anti-seizure medi-
cation and have greater difficulty communicating these symp-
toms. It is also important to consider the impact of treatment
on comorbid conditions, particularly neuropsychiatric symp-
toms and psychiatric illness. Some anti-seizure medication will
improve neuropsychiatric symptoms; however, for some peo-
ple, certain anti-seizure medications may worsen symptoms
including psychosis. In addition the treatment of comorbid
psychiatric conditions with psychotropic medication including
dopamine antagonists may lower seizure threshold. However,
treatment of psychiatric illness should not be withheld,
a holistic approach is required. Epilepsy in association with
developmental disabilities should be considered as part of
a complex neurodevelopmental model as opposed to discrete
conditions [73,74].
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Treatment choice has historically been largely based upon
clinical assessment of seizure type and seizure syndrome
(Levels 2 and 3) and this is has led to how people are categor-
ized for research and therefore where the evidence base exists
that ultimately informs clinical guidelines (Table 4). For exam-
ple, targeting treatment toward an epileptic encephalopathy
such as Lennox-Gastaut syndrome is based upon meeting the
diagnostic criteria, or following national guidance on the treat-
ment of focal seizures. As we have discussed, this evidence is
not specific to people with autism with epilepsy and so must
be interpreted cautiously. The evidence base should not be
ignored; however, we are now starting to progress toward
treatments targeting the functional changes caused by
genetic variants of significance (Levels 4 and 5). In this move
toward more precise medicine, we must continue to go
further to personalize medicine and ensure all interventions
ultimately consider the person on an individual basis (Level 1).
All efforts should be made to support people with autism to
make choices regarding their treatment.

4. Expert opinion

There is very limited Level 1 evidence to support the efficacy
of any anti-seizure medications specifically in autism. There are
no high-quality randomized, double-blind, placebo-controlled
trails investigating the efficacy and safety of anti-seizure med-
ication for epilepsy in autism. The approach to treatment
should be guided by the evidence base following a robust
diagnosis of seizure type and seizure syndrome. The evidence
base for treatment by seizure type outlined by the ILAE is
informative and should be used as a guide for clinicians.
However, we advocate a move toward individualized treat-
ment plans in taking the early steps toward personalized
medicine. Identification of a genetic etiology will inform treat-
ment choice. For example, those conditions outlined in the
move toward precision medicine, where particular therapies
are targeted at the functional effect and resulting phenotype
caused by the genotypic variant.

Clinicians should consider epilepsy in association with aut-
ism under a wider neurodevelopmental disorder model
including ID and other developmental disabilities.
A neurodevelopmental approach to assessment and treatment
will improve outcomes and can be guided by a still limited,
but more substantial evidence base (Table 5) [62].

People with autism are a heterogeneous group. The out-
come of treatment will depend upon individual characteristics.
The approach to prescribing should be person-centered and
tailored to the individual profile of the person including etiol-
ogy of epilepsy, genetic syndrome, EEG changes, seizure type,
comorbid medical conditions, comorbid psychiatric condi-
tions, concomitant medications (including those which lower
the seizure threshold or interact with anti-seizure medicines),
and individual risk factors. The individual and their family or
caregivers should be fully involved in the decision-making
process. This may require reasonable adjustments such as
increased clinic time and the use of accessible information to
facilitate collaborative working.

The first standard of epilepsy treatment should be to
reduce risk and help keep the individual safe (Figure 1).

Risk should be assessed individually for each risk factor in
the context of a person’s lifestyle and environment.
Reducing seizure burden through treatment with anti-
seizure medication will help reduce risk of injury, hospitali-
zation, and sudden unexpected death in epilepsy (SUDEP)
[75]. The goal of treatment should be seizure freedom. If
this is not possible then reducing seizure frequency is the
next best option, with a focus on generalized, bilateral,
tonic-clonic motor seizures. Using tools such as the SUDEP
and Seizure safety Checklist could help mitigate exacerba-
tions of seizures across a lifetime [76,77]. Treatment should
be targeted at accurately diagnosed seizure type and epi-
lepsy syndrome in accordance with the ILAE guidelines.
However, there must be a balance between seizure control
and the impact of treatment on quality of life, such as
adverse effects of anti-seizure medications. Prescribing new
anti-seizure medications or changing between anti-seizure
medications should be approached cautiously. It is advised
to make one change at a time so that it is easier to attribute
the effect of change. Dosing should be started at low sub-
therapeutic doses and titration should be slow to maximize
the likelihood of achieving the optimal therapeutic win-
dow [73].

4.1. Neuropsychiatric and behavioral changes

The management of seizures and the management of neurop-
sychiatric behavioral changes may be viewed as antagonistic
on the surface. The pharmacological treatment options for
each may in theory exacerbate the other. It is therefore funda-
mental that the ‘right hand is aware of what the left hand is
doing.’ This is of specific importance in this complex popula-
tion and expert holistic oversight is required. This is achieved
through coordinated specialist care with open communication
between services. The Step Together report is a blue print
toward achieving holistic service provision for people with
epilepsy and associated neurodevelopmental disorders includ-
ing autism [78].

Behavioral disorders are multifactorial, and therefore any-
one prescribed medication with the potential to impact upon
behavior (anti-seizure medications) ideally requires a detailed
neuropsychiatric profile and functional analysis of behavior
before considering pharmacological intervention. People
with autism and epilepsy should have access to psychological
assessment and therapy as appropriate. Collaborative working
with a specialist community team including a Psychiatrist is
essential to ensuring a holistic approach. Treatment of comor-
bid psychiatric iliness should not be avoided for fear of impact
upon seizure control (e.g. SSRI, neuroleptics) [79]. The
approach to treatment is no different to guidelines for treat-
ment of the psychiatric illness in the general population.
Approach to diagnosis should be done with rigor in accor-
dance with an appropriate diagnostic classification system
such as the DSM 5. Where there is a level of complexity this
should be led by an appropriately skilled psychiatrist and
multidisciplinary team. In further complex situations including
neuropsychiatric disturbances related to seizure activity (pre-
ictal, ictal, post ictal), treatment approach may focus upon
seizure control. This again should be done collaboratively



with good communication between the specialists involved.
Prescribing psychotropic medication for behavior should
never be a first-line consideration outside of emergencies
where risk outweighs any negative effects. Where there are
complex behaviors that pose challenges to people and ser-
vices, a specialist psychiatric and psychology service should be
involved to monitor effects closely. There may be a role for
non-pharmacological intervention including specific psycholo-
gical therapies such as cognitive-behavioral therapy (CBT). If
an accurate diagnosis proves elusive, any psychotropic medi-
cation should be targeted at specific symptoms, reviewed
regularly, and only used for as short a duration as possible
[62,80,81].

4.2. The future

Rapid advances in our understanding of genomic variants
associated with autism, epilepsy and other NDDs have identi-
fied syndromes where there can be due consideration of
a precision medicine approach. However, despite the progress,
any clinical application is still in its infancy. The heterogeneous
autism population identified through the broad diagnostic
criteria makes generic treatment recommendations challen-
ging. Recruiting people with autism with epilepsy into clinical
trials is complex, and we are often reliant upon later subgroup
analysis. Therefore, progress from the development of a new
pharmacological therapy to its clinical use in people with
autism is prolonged and often far later than for those without
autism or NDDs. In an ideal scenario, robust clinical interven-
tion trails would be established with populations clearly
defined by genetic profile and symptomatology. However, in
reality, given constraints the focus for clinical trial designs in
this population should be pragmatic observational methodol-
ogies that are applicable to real-word practice. Five years from
now, it is far more likely that treatment will be targeted based
on genetic profiles and the functional impact of genomic
variation than based upon a combination of symptoms ful-
filling certain neurodevelopmental diagnostic criteria.
However, this does not change the core principles of the
approach to treatment considering epilepsy in association
with autism under the umbrella of NDDs.
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