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ABSTRACT – The identification of the aetiology of a patient’s epilepsy is instrumen-
tal in the diagnosis, prognostic counselling and management of the epilepsies. 
Indeed, the aetiology can be important for determining the recurrence risk of single 
seizures and so for making a diagnosis of epilepsy. Here, we divide the aetiologies 
into six categories: structural, genetic, infectious, metabolic, immune (all of which 
are part of the International League Against Epilepsy [ILAE] classification system) 
and neurodegenerative (which we have considered separately because of its grow-
ing importance in epilepsy). These are not mutually exclusive categories and many 
aetiologies fall into more than one category. Indeed, genetic factors probably play a 
role, to varying degrees, in the risk of seizures in all people with epilepsy. In each of 
the categories, we discuss what we regard as the most important aetiologies; impor-
tance being determined not only by prevalence but also by clinical significance. 
The introduction contains information suitable for level 1 competency (entry level), 
whilst the subsequent sections contain information aimed at level 2 competency 
(proficiency level) as part of the new ILAE competency-based curriculum. As we 
move towards precision medicine and targeted therapies, so aetiologies will play an 
even greater role in the management of epilepsy.
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Learning objectives [1]

• Describe the major aetiologies for epilepsy (i.e. structural, genetic, infectious, 
metabolic, immune, and neurodegenerative) (L1).

• Describe the common structural aetiologies (e.g. hippocampal sclerosis, tumours, 
malformations, vascular lesions, traumatic brain injury, etc.) (L2).

• Describe the common genetic causes of epilepsy (e.g. monogenic or polygenic 
inheritance, germline or somatic mutations) (L2).

• Describe the common infectious causes of epilepsy, including geographical 
impacts (e.g. bacterial, fungal, viral, parasites) (L2).

• Describe the common metabolic causes of epilepsy (e.g. inborn errors of metab-
olism, glucose transport defects, pyridoxine dependent seizures, mitochondrial 
pathologies) (L2).

• Describe the common immune causes of epilepsy (e.g. Rasmussen encephalitis, 
LGI1 antibodies, NMDA antibodies, etc.) (L2).

• Describe the common neurodegenerative causes of epilepsy (e.g. Alzheimer’s 
disease, Down syndrome, progressive myoclonic epilepsies) (L2).
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Major aetiologies of epilepsy

Any brain has the propensity to have seizures, which 
occur when excitability of an area or areas of the brain 
exceed a certain threshold. The epilepsies are a group 
of heterogenous neurological conditions whereby an 
underlying brain disorder leads to a reduction of the 
intrinsic seizure threshold, so increasing the propen-
sity for spontaneous recurrent seizures.
The clinician’s first diagnostic step is to determine that 
an event is most likely an epileptic seizure and not one 
of a range of possible differential diagnoses including 
dissociative seizures, syncope, parasomnias, movement 
disorders and other non-epileptic events. The iden-
tification of an underlying aetiology is a fundamental 
subsequent step for the diagnosis and management of 
the epilepsies. Indeed, since aetiology influences the 
recurrence risk following a single seizure [2, 3], it can be 
important in making the diagnosis of epilepsy, for which 
a seizure recurrence risk of 60% is an accepted criterion 
[4]. The most recent classification of the epilepsies pro-
vides a new framework at three levels and highlights 
the importance of considering aetiology at each level: 
seizure type, epilepsy type, and epilepsy syndrome 
[5]. Aetiological categories in the International League 
Against Epilepsy (ILAE) classification include structural, 
genetic, infectious, metabolic, immune, and unknown 
[5]. In the ILAE curriculum, there is an additional cate-
gory, neurodegenerative. The aetiologies within neu-
rodegenerative can be placed in other aetiological 
categories, but, because of the growing clinical impor-
tance of neurodegenerative disease, here it is consid-
ered separately [6]. These categories are not mutually 
exclusive; for example, some genetic conditions, such 
as tuberous sclerosis, cause structural lesions, or inborn 
errors of metabolism can often be included in both 
genetic and metabolic aetiological categories. Moreo-
ver, there may be multiple risk factors that contribute to 
the development of epilepsy (e.g. people with a family 
history of epilepsy have a higher chance of developing 
epilepsy following a traumatic brain injury).
The unknown category rather speaks to our lack of 
knowledge, or perhaps lack of suitable diagnostic 
tools, and remains one of the largest categories [7]. 
As science advances and as diagnostic tools become 
more widely available, fewer epilepsies will fall into 
the unknown category, and the aetiological catego-
risation of certain epilepsies will change. Indeed, 
recent advances in high-resolution neuroimaging, 
testing for autoimmune antibodies, and next-genera-
tion sequencing (NGS) have revolutionised our ability 
to identify the aetiology of many epilepsies. There-
fore, every patient with epilepsy, in whom the aetiol-
ogy is unknown, deserves regular review with regard 
to their underlying aetiology.

Although many epidemiological studies investigate 
the prevalence of each of the aetiological categories 
(figure 1), they are often performed in resource-rich 
countries and do not represent the spectrum and 
prevalence of epilepsy aetiologies globally. Time and 
place have a considerable impact on the spectrum 
of aetiologies seen clinically. For example, infectious 
causes, in particular parasitic infections, are com-
moner in resource-poor countries. In some endemic 
communities, neurocysticercosis is the cause of 
approximately a third of all active epilepsy [8]. Over 
time, public health measures reduce the incidence 
of perinatal insults, infectious causes and traumatic 
brain injury, whilst an ageing population results in an 
increase in the frequency of stroke and dementia.
Because aetiology plays a central role in the diagnosis 
and management of people with epilepsy, investiga-
tions into cause should be instigated from the outset; 
for example, neuroimaging, ideally MRI (where availa-
ble) should be undertaken in all people with a first sei-
zure when a structural aetiology is suspected [2]. The 
presence of a structural abnormality together with an 
electro-clinical assessment help to determine prog-
nosis and allow earlier recognition of surgical can-
didates in those who do not respond to appropriate 
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 Figure 1. Aetiologies of epilepsies in a resource-rich 
European region (after Syvertsen  et al. 2015). 
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antiseizure medications  [9]. Equally, identification of 
a genetic cause carries several clinical implications, 
including focusing further investigations, informing 
long-term prognosis, and counselling the patient 
about family risk and prenatal testing options. More-
over, discovering a specific pathogenic gene variant 
as a cause for epilepsy increasingly allows tailoring of 
treatment strategies, and targeting of the underlying 
pathophysiological mechanisms [10]. Infectious aeti-
ologies are the commonest group worldwide and are 
often associated with structural abnormalities. They 
also carry specific treatment implications, including 
surgical treatment [11, 12]. Metabolic causes can refer 
to acquired metabolic or inborn (genetic) metabolic 
causes in which there is a specific metabolic defect 
causing the epilepsy, often there are other clinical 
manifestations, and biochemical changes reflecting 
the specific pathway involved [13]. Early diagnosis and 
treatment are crucial for the prevention of irreversible 
brain damage [14]. Immune causes refer to epilepsy 
directly resulting from autoimmune-mediated central 
nervous system inflammation, causing characteristic 
clinical features in both children and adults [5]. Also, 
conditions in this aetiological category often have 
particular targeted treatments; immunomodulatory 
therapy is often much more successful than conven-
tional antiseizure medications or epilepsy surgery. 
Alzheimer’s disease and other neurodegenerative 
disorders are increasingly recognised causes of epi-
lepsy in adults, and their identification has implica-
tions for clinical management [15]. Finally, there are 
still many patients with epilepsy where the aetiology 
remains unknown. This varies considerably in dif-
ferent regions of the world, depending on access to 
diagnostic resources.
It is also important to note that specific aetiologies 
cause a wide range of additional neurological and 

systemic comorbidities, and can increase the risk of 
premature mortality. Understanding the breadth of 
phenotypic manifestations informs the need for com-
prehensive management strategies [16].

Common structural aetiologies

Any structural lesion affecting the cortex can result 
in seizures and epilepsy. However, seizure semiology 
will depend on lesion location and not on the type 
of lesion. Although neuroimaging can give us an idea 
of the nature of a structural lesion, definite diagnosis 
requires histopathological examination, either from 
resected brain tissue (as part of epilepsy surgery for 
drug-resistant focal epilepsy) or at post-mortem. All 
resected brain tissue should undergo a thorough 
histopathological examination; protocols for neuro-
pathological workup of epilepsy surgery brain tissue 
have been specified by the ILAE Commission on Diag-
nostic Methods [17].
Structural lesions that are commonly resected for the 
treatment of focal epilepsy can be divided into six 
main disease categories (table 1): hippocampal sclero-
sis, brain tumours, malformations of cortical develop-
ment, vascular malformations, glial scarring (including 
stroke and traumatic brain injury) and brain inflamma-
tion [18].
Hippocampal sclerosis characterised by neuronal cell 
loss in anatomically defined sectors of the hippocam-
pal formation [19]. The hippocampus becomes atrophic, 
which is visible as volume loss on MRI T1-weighted 
sequences and hyperintense signal on T2/fluid atten-
uated inversion recovery (FLAIR)-weighted sequences 
[20]. The aetiology of hippocampal sclerosis is likely a 
complex interplay between genetic background/causes 

 Table 1.  Major categories of structural brain lesions associated with human focal epilepsies.

Category Number (%) Age at onset Disease duration Age at surgery

HS 2,144 (36.3) 11.4 22.7 34.1

Tumour 1,680 (28.4) 15.4 11.5 26.8

Malformation 1,238 (20.9) 6.0 12.1 18.3

Vascular 369 (6.2) 23.1 12.7 35.9

Scar 344 (5.8) 9.7 14.9 25.3

Encephalitis 138 (2.3) 13.2 7.7 20.7

Total 5,913 11.7 15.9 27.8

HS: hippocampal sclerosis; brain tumours according to World Health Organisation (WHO) classification 2016; malformations of cortical development; 
vascular malformations include cavernoma and meningoangiomatosis in Sturge-Weber syndrome, but not ischaemic strokes or hypertensive 
haemorrhages; glial or glio-mesodermal scars include traumatic brain injury and pre-/peri- or postnatal stroke, excluding postsurgical scaring; 
encephalitis includes Rasmussen’s, limbic or other focal infection; age at onset, duration of epilepsy and age at surgery in years. Data retrieved from the 
German Neuropathology Reference Centre for Epilepsy Surgery at the University Hospital Erlangen, Germany.
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and environmental insults, including prolonged febrile 
seizures, traumatic brain injury, and infective causes 
[21]. The ILAE Commission on Diagnostic Methods has 
proposed a histopathological classification scheme, 
acknowledging that hippocampal sclerosis is a heter-
ogeneous disorder with distinct patterns of neuronal 
cell loss that likely result from different aetiologies [19].
A frequent cause of focal-onset seizures are brain 
tumours, accounting for 10% to 15% of all adult-onset 
and 0.2% to 6% of all child-onset epilepsies [22, 23]. 
The broad spectrum of brain tumours were classified 
by the World Health Organisation (WHO) into four 
grades (Grade I=benign and IV=malignant), but this 
has recently been amended, incorporating molecular 
parameters in addition to histology to define different 
tumour entities [24]. Brain tumours with a glioneuronal 
composition are of particular interest in epilepsy, as 
they often present with seizures in childhood, are usu-
ally of low malignancy (Grade I), and occur mostly in 
the temporal lobe. Typical examples are ganglioglioma 
and dysembryoplastic neuroepithelial tumours.
Most malformations of cortical development present 
with drug-resistant seizures in early childhood. Focal 
cortical dysplasia (FCD) is the commonest epilepsy-as-
sociated brain malformation and occurs most often in 
the frontal lobe. It is classified by the ILAE Commission 
on Diagnostic Methods into three subtypes: type I with 
cortical dyslamination, type II with cortical dyslamina-
tion and dysmorphic neurons (without or with balloon 
cells) and type III associated with another principal 
lesion [25]. Malformations of cortical development are 
divided into those that result from: abnormalities of 
neuronal proliferation/apoptosis (such as microceph-
aly, type II FCD, cortical tubers in patients with tuber-
ous sclerosis complex and hypothalamic hamartomas); 
abnormal neuronal migration (such as lissencephaly, 
grey matter heterotopia, double cortex and cobble-
stone cortex); and abnormal post-migration cortical 
development (such as polymicrogyria and schizen-
cephaly) [26]. Recent advances in molecular-genetic 
studies have resulted in specific gene alterations being 
assigned to many of these malformations (see section 
on genetic aetiologies below).
Vascular malformations associated with seizures 
include cortically-located cavernous haemangiomas 
(cavernoma) and arteriovenous malformations. The 
vast majority of such lesions are not associated with 
epilepsy [27], and secondary phenomena, such as 
intracranial haemorrhage and/or haemosiderin dep-
osition, in surrounding cortex are necessary to gener-
ate seizures. Seizure onset is, therefore, usually later 
compared to other disease categories (table 1). Sturge-
Weber syndrome is also associated with seizures; the 
meningeal angiomatosis can result in chronic hypoxae-
mia and transient hypoxaemic insults to the underlying 
neocortex [28].

Glial scarring is another common disease category in 
focal epilepsies and results from an exogenous brain 
insult, often traumatic brain injury (usually presenting 
as glio-mesodermal scar). In patients with early-on-
set focal onset epilepsy, ischaemic or haemorrhagic 
stroke are the most common causes for glial scar-
ring (e.g. encephalomalacia after perinatal injury). 
The epileptogenic mechanisms of gliosis are not yet 
fully understood. Molecular alterations of astrocytic 
ion channel composition or increased adenosine 
kinase production may play a role [29]. Interestingly, 
glial scars resulting from neurosurgical interventions 
rarely produce a seizure disorder.
Although less common in surgical series, stroke is 
among the commonest causes of epilepsy in adults 
[30, 31]. Acute symptomatic seizures occurring 
≤seven days after stroke are defined as early, whilst 
late seizures (>seven days after stroke) are consid-
ered unprovoked [32]. According to the most recent 
ILAE practical clinical definition, epilepsy can be 
diagnosed after a single late post-stroke seizure due 
to the high (>60%) risk of recurrence within the next 
10 years [4]. The main risk factors for post-stroke 
epilepsy following ischaemic stroke include cortical 
involvement, haemorrhage, and early seizures [33], 
and these variables are included in a validated clinical 
tool to predict late seizures/epilepsy after ischaemic 
stroke (the SeLECT score) [34]. Antiseizure treatment 
is recommended when post-stroke epilepsy is diag-
nosed [35], and should be chosen according to the 
individual patient’s profile, whilst there is no evi-
dence supporting the administration of antiseizure 
medications as primary prevention [36]. Even in the 
absence of a definite stroke, cerebrovascular disease 
such as leukoaraiosis is a risk factor for the devel-
opment of epilepsy though the mechanisms are less 
clear [33].
Less common overall, but a preventable cause of 
acquired epilepsies is traumatic brain injury. Acute 
symptomatic seizures occurring ≤seven days after 
traumatic brain injury are defined as early, while sei-
zures manifesting after seven days post-injury are 
defined as late. The severity of brain injury is the lead-
ing risk factor for post-traumatic epilepsy develop-
ment [37]. There is also evidence that location of the 
trauma, i.e. temporal lobe, and early post-traumatic 
seizures are predictive factors of post-traumatic epi-
lepsy. No effective prophylaxis for epilepsy after trau-
matic brain injury is available [38].

Genetic causes of epilepsy

With the revolution in next-generation sequenc-
ing (NGS), many genes have been identified that 
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contribute to the aetiology of epilepsy. Genetic 
variants contributing to epilepsy aetiology can be 
common or rare, defined by whether they are present 
in ≥1% or <1% of the population, respectively. There 
is an inverse relationship between the frequency of a 
genetic risk factor in the population and its effect size 
in causing disease [39].
The first genetic aetiologies identified were in famil-
ial monogenic diseases, where pathogenic variants 
were located in the protein coding sequence causing 
amino acid substitutions (such as a missense variant) 
or protein truncation (such as nonsense, frameshift, 
deletion, or splicing variants). Showing that the path-
ogenic variant has an effect on the function of the 
encoded protein which can directly impact brain 
activity or development supports a causal role for 
the variant. Many genes implicated in monogenic 
epilepsies follow autosomal dominant inheritance, 
although more rarely, some follow autosomal reces-
sive or X-linked inheritance. Monogenic causative 
pathogenic variants are usually rare or unique variants 
(i.e., rare or absent in healthy populations) and have 
been identified in a large number of epilepsy genes. 
In the monogenic epilepsies, phenotype-genotype 
correlation can be challenging. Even with conditions 
in which there is a clearly defined genotype-pheno-
type correlation, such as the association of Dravet 
syndrome with SCN1A mutations, understanding 
the inter-relationship remains complex. For instance, 
several other genes have been implicated in causing 
Dravet syndrome [40]. Conversely, there are a broad 
range of epilepsies associated with SCN1A mutations, 
including mild disorders such as genetic epilepsy with 
febrile seizures plus [41], and developmental and epi-
leptic encephalopathies (DEEs) which are more severe 
than Dravet syndrome [42-44].
Many DEEs have a monogenic cause, with the patho-
genic variant most frequently arising de novo in the 
patient (i.e., mutations that arise spontaneously dur-
ing cell division) [45]. Most patients have de novo 
dominant mutations, though X-linked and autosomal 
recessive causes also exist. Identification of the path-
ogenic variant is critical as a number are potentially 
treatable, and identifying the underlying disorder can 
help direct pharmacotherapy or the need for surgical 
evaluation [46]. The nature of the pathogenic variant 
and the genetic background influence phenotypic 
expression. To date, about 50% of patients with DEEs 
have a cause identified. This may carry crucial repro-
ductive implications for parents and siblings.
Only a minority of epilepsies overall has a monogenic 
aetiology. Common epilepsies, such as the genetic 
generalized epilepsies and focal epilepsies, follow 
complex inheritance. This means they have a poly-
genic basis, where multiple gene variants contribute 
to the disorder, with or without an effect from envi-

ronmental factors. Each variant may have a weak effect 
size, but when combined their interaction results in 
epilepsy. Little is understood how these variants com-
bine to reduce seizure threshold and contribute to 
the pathogenesis of epilepsy.
In the search for common variants causing common 
epilepsies, the most comprehensive genome-wide 
association mega-analysis of epilepsies compared more 
than 15,000 patients with 29,000 controls and identified 
16 genome-wide significant loci [47]. These loci, how-
ever, do not provide a mechanistic understanding but 
merely identify genomic regions associated with dis-
ease. The alternative approach is to look for rare var-
iants causing epilepsy. A whole-exome sequencing 
study of 9,000 individuals with epilepsy identified an 
excess of ultra-rare, deleterious variants in patients, 
compared with controls [48]. It showed a convergence 
of the genes implicated in both the common epilepsies 
and the DEEs, particularly highlighting a ubiquitous role 
for GABAergic inhibition.
Genetic variants are classified into five different cate-
gories: benign, likely benign, variant of unknown sig-
nificance (VUS), likely pathogenic, and pathogenic, 
according to the American College of Medical Genet-
ics (ACMG) guidelines [49]. This classification is based 
on variant type (whether it was previously reported 
in individuals with disease), segregation in families, 
de novo occurrence, prevalence in controls, results 
of functional studies, predicted effect on the protein, 
location in functional domains, and conservation 
across species.
An increasingly important issue in the genetics of the 
epilepsies is the role of somatic mosaicism. Genetic 
variants are usually germline and present in every cell 
in the body. If an individual has a germline pathogenic 
variant, then the variant may be transmitted to their 
progeny. Mosaicism arises when an individual has 
two populations of cells; one wild-type (or normal) 
and one pathogenic. The pathogenic variant may be 
confined to one tissue (somatic mutation), where it is 
unlikely to be transmitted to the patient’s offspring, 
unless the patient has gonadal mosaicism. In the 
DEEs, where most patients have de novo mutations, 
8% of patients have a parent with mosaicism [50]. If 
the percentage mosaicism is low (<13%) in parental 
blood-derived or salivary DNA, the parent is typically 
unaffected, whereas, with a higher percentage of 
mosaicism, the parent may be mildly affected with, for 
example, febrile seizures. The issue of mosaicism is 
crucial as it significantly increases the recurrence risk 
for the family of having a second child with a DEE.
Somatic mosaicism also underlies many malforma-
tions of cortical development [51]. Specifically, single 
germline or somatic activating mutations of mamma-
lian target of rapamycin (mTOR) pathway genes are a 
major cause of focal epilepsies, with and without brain 



Epileptic Disord, Vol. 23, No. 1, February 2021

S. Balestrini, et al. 

6 •

malformations [52]. These include hemimegalencephaly, 
tuberous sclerosis complex and FCD [53]. Considera-
ble attention has been paid to FCD IIA and IIB, where 
germline pathogenic variants can combine with a somatic 
‘second hit’ to result in the epileptogenic lesion [54].
In addition to single gene variants, epilepsy can also 
be caused by chromosomal imbalances, such as dele-
tions or duplications larger than a kilobase (copy 
number variants, CNV), and chromosomal rearrange-
ments. These often cause complex syndromes with 
epilepsy, dysmorphic features and additional features 
depending on the size of the CNV and the gene or 
genes involved in the CNV. Chromosomal microarray 
analysis and whole-genome sequencing can detect 
CNVs. Karyotyping is still required for diagnosis of 
rare forms of epilepsy, such as ring chromosome 20 
syndrome [55].
Identification of a genetic aetiology in epilepsy guides 
management.  The concept of precision medicine 
implies that the treatment is tailored to reversing the 
functional alteration caused by the genetic muta-
tion: for example, the use of the ketogenic diet in 
GLUT1-deficiency syndrome to provide an alternative 
fuel source to the brain; avoidance of sodium channel 
blockers in Dravet syndrome due to SCN1A-loss-of-
function pathogenic variants; use of sodium chan-
nel blockers in SCN8A gain-of-function epilepsies; 
use of mTOR pathway inhibitors (e.g., everolimus) in 
tuberous sclerosis complex-associated epilepsy [10]. 
Genetic variations can also affect treatment response 
through pharmacokinetic and pharmacodynamic 
mechanisms (i.e., polymorphisms in genes encod-
ing drug metabolizing enzymes such as CYP2C9 and 
CYP2C19 genes) or through the association between 
certain human leukocyte antigen (HLA) alleles and 
increased risk of idiosyncratic adverse drug reactions 
(e.g., HLA-B*15:02-associated Stevens-Johnson syn-
drome induced by treatment with carbamazepine in 
Han Chinese and other South Asian ethnic groups) 
[56]. There is also growing evidence that genetic vari-
ation/diagnosis could be helpful in guiding the selec-
tion of suitable candidates for invasive intracranial 
monitoring and resective surgery [57, 58]. Recurrence 
risk is important for reproductive counselling, and 
varies according to the inheritance pattern and pres-
ence of mosaicism. Furthermore, a higher risk of sud-
den unexpected death in epilepsy (SUDEP) is present 
in some genetic epilepsies, for example, sudden death 
can be associated with sodium channelopathies [59].

Infectious causes of seizures and epilepsy

Severe systemic infections, even if they do not directly 
affect the brain, can predispose to seizures though 
pyrexia, the release of cytokines, metabolic dysfunc-
tion, and triggering of autoimmunity [11]. Here we 
will focus on cerebral infections. Cerebral infections 
caused by bacteria, viruses, fungi and parasites are 
among the commonest causes of seizures and epi-
lepsy worldwide and are particularly prevalent in 
developing countries. They can cause seizures via sev-
eral different mechanisms including the direct effects 
of infection and damage to brain tissue, the produc-
tion of toxins by the organism, and the induction of 
inflammation. Importantly, seizures are an independ-
ent risk factor for mortality in patients with cerebral 

Case 1

A 32-year-old man had his first seizure, which was 
quite prolonged, at the age of four and a half months 
following a febrile illness. There was evidence of 

developmental regression from around the age of 
nine months. Since that time, he continued to have 
fairly frequent seizures, refractory to antiseizure 
medications. Over time, he experienced multiple 
type of seizures, including atypical absences, myo-
clonic, tonic, generalised tonic-clonic and focal-
onset with impaired awareness seizures (the latter 
with mesial temporal lobe semiology). He suffers 
from severe intellectual disability. On examination, 
there is evidence of crouch gait. Video telemetry 
EEG recording at age 21 years showed diffuse slow 
activity with widespread and multifocal sharp waves 
seen during wakefulness and sleep. A total of five 
tonic-clonic seizures were recorded, all of which 
occurred from sleep. The ictal EEG showed possi-
ble left temporal onset. Brain MRI showed left hip-
pocampal sclerosis.
Genetic testing at age 23 identified a likely patho-
genic mutation in the SCN1A gene, predicted to 
result in aberrant splicing. This case demonstrates 
a dual aetiology for his epilepsy. He has a specific 
disease-causing genetic variant in SCN1A associ-
ated with typical features of Dravet syndrome (i.e., 
epilepsy onset with prolonged seizures before the 
age of one year, prolonged febrile seizures, devel-
opmental regression after seizure onset, and epi-
leptic encephalopathy with multiple seizure types). 
He also has a structural abnormality (i.e., left hip-
pocampal sclerosis), in keeping with some of the 
electroclinical findings, suggesting left mesial tem-
poral lobe onset for his focal-onset seizures.
Identifying both aetiologies was crucial in his case 
for management, as the genetic diagnosis led to 
more rational treatment (i.e., withdrawal of sodium 
channel blockers), and surgical treatment, despite 
being commonly considered for temporal lobe epi-
lepsy, was ruled out due to the genetic abnormality 
and related widespread neurological impairment.
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infections. For example, the risk of death in bacterial 
meningitis was ~18-fold higher in those with associ-
ated seizures [60]. Therefore, infectious causes of 
seizures constitute medical emergencies in many cir-
cumstances and prompt treatment should be directed 
both at the infectious agent and at the seizures.
In Sub-Saharan Africa, infections are the cause of epi-
lepsy in up to 26% of patients [61]. The commonest 
associations in adults with convulsive epilepsy are 
malaria or fever (OR = 2.28), Toxocara Canis (OR = 
1.74), Toxoplasma Gondii (OR = 1.39), Onchocerca vol-
vulus (OR = 2.23), and Taenia Solium (OR = 7.03) [62]. 
Among parasitic brain infections associated with epi-
lepsy, neurocysticercosis is the most common world-
wide, and, in endemic areas, up to 30% of patients 
with seizures in the community have neurocysticer-
cosis [63].
Acute seizures are common in all types of viral enceph-
alitis and the risk of epilepsy depends on the type of 
virus and the occurrence of early seizures. The com-
monest identified cause of sporadic viral encephalitis 
is herpes simplex virus (HSV) type 1; other important 
causes include HSV type 2, cytomegalovirus, varicella 
zoster, and enteroviruses. Endemic encephalitis is 
often the result of arthropod-borne viruses, which 
show specific regional distributions, and include Jap-
anese B encephalitis, West Nile virus, and Nipah virus 
[64].
Nearly one million people develop bacterial meningi-
tis worldwide annually, often caused by Haemophilus 
Influenzae, Streptococcus Pneumoniae and Meningo-
coccus. Bacterial meningitis is much more common in 
developing countries and carries a high risk of neu-
rological sequelae. In developing countries, Tuber-
culous meningitis (often associated with HIV) is an 
important cause of seizures and epilepsy, which occur 
in up to 15% of patients [61]. This contrasts with about 
3% of people with HIV who have new-onset seizures, 
mostly related to toxic or metabolic causes [65].
In a classic epidemiological study of encephalitis and 
bacterial meningitis in the United States [66], analys-
ing 8,767 person-years, acute symptomatic seizures 
occurred in 44% of patients with encephalitis and 
19% of those with bacterial meningitis. Seizures were 
focal in 74% of patients and bilateral tonic-clonic or 
unknown onset in the remainder. The overall risk 

ratio (RR) for developing epilepsy as compared to 
those without a central nervous system infection was 
6.9, and this was higher in the first four years after 
infection (RR=10.8) than after four years (RR= 4 to 5). 
The risk of epilepsy was much higher in patients with 
encephalitis (RR=16.2) than meningitis (RR=4.2), and 
the presence of acute seizures was a strong predictor 
of developing epilepsy (table 2).
Infectious causes of epilepsy have important impli-
cations for treatment because of complex drug inter-
actions. For example, enzyme-inducing antiseizure 
medications can reduce serum levels of antiretroviral 
and anti-helminthic drugs, and rifampicin and mer-
openem decrease serum levels of some antiseizure 
medications. Prevention and treatment of infection 
aetiologies may also reduce the risk of seizure recur-
rence and development of epilepsy. There is some 
evidence from treatment trials of neurocysticercosis 
that treatment with anthelminthic drugs significantly 
reduces the burden of seizures [67].

 Table 2. Risk of epilepsy associated with central nervous system infections. The risk is higher with encephalitis 
and in the with presence of acute seizures.

Clinical feature Risk ratio 20-year risk of epilepsy 

Encephalitis with acute seizures 22.5 22%

Bacterial meningitis with acute seizures 11.5 13%

Encephalitis without acute seizures 9.5 10%

Case 2

A 31-year-old female engineer working in Africa devel-
oped a flu-like illness with myalgia and fever. She was 
prescribed anti-malarial medications. Seven days 
later, she developed bilateral tonic-clonic seizures 
which progressed to convulsive status epilepticus. 
Therapy with phenobarbital, valproate, phenytoin 
and levetiracetam were ineffective. She was trans-
ferred to a tertiary care centre. She was intubated and 
put in a therapeutic coma. MRI revealed a high signal 
in both mesial temporal regions. Serum was positive 
for herpes simplex virus-2, which is an uncommon 
cause of encephalitis in adults as herpes simplex 
virus-1 is more common. Extensive testing for other 
infectious and autoimmune causes was negative. She 
was treated with antivirals and broad-spectrum anti-
biotics. EEG demonstrated multifocal discharges and 
seizures. Eventually, she emerged from status epilep-
ticus after two weeks. One year later, she remains with 
drug-resistant, multifocal epilepsy with frequent focal 
impaired awareness and focal to bilateral tonic-clonic 
seizures, as well as cognitive decline and depression.
This case illustrates a number of important lessons. 
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Metabolic causes of epilepsy

Metabolic causes of seizures and epilepsy can be 
either acquired or genetic (inborn). The acquired meta-
bolic causes of seizures can occur through the failure 
of an organ (e.g. liver, kidney or pancreas), nutritional 
deficiencies, autoimmune causes (e.g. type I diabetes 
mellitus, autoimmune cerebral folate deficiency) or 
exogenous drugs and toxins [68]. Many of these result 
in acute seizures (often with an acute encephalopa-
thy) rather than epilepsy unless they cause permanent 
damage to the brain which may occur, for example, 
with hypoglycaemia or hyperammonaemia. Of the 
exogenous toxins, alcohol is amongst the commonest 
causes of seizures in young adults [30]. Although usu-
ally associated with acute seizures (especially related 
to alcohol withdrawal), alcohol is also associated with 
the development of epilepsy in a dose-dependent 
manner [69]; the mechanisms underlying this associ-
ation are unclear but may not be directly related to 
alcohol consumption but rather comorbidities such 
as traumatic brain injury and cerebrovascular disease 
[69].
Inborn errors of metabolism are a rare cause of epi-
lepsy, but conversely, epilepsy and seizures com-
monly occur in inborn errors of metabolism (there 
are over 200 genetic metabolic disorders associated 
with epilepsy) [70]. Although rare, their importance 
lies in the fact that the epilepsy often responds poorly 
to antiseizure medication but well to correction of 
the metabolic deficit. The inborn errors of metabo-
lism could be considered a genetic cause of epilepsy, 
however, it is not the defective protein that causes the 
epilepsy but rather the consequent metabolic abnor-
mality. Broadly, the seizures can result from failure of 
brain metabolism, vitamin/co-factor deficiency, accu-
mulation of toxins, accumulation of abnormal storage 
material, disruption of neurotransmitter systems, or 
associated malformations of cortical development 
[13, 14, 71].
Inborn errors of metabolism can present at any age but 
predominantly present in early childhood. There are 

certain features which should raise suspicion includ-
ing unexplained neonatal seizures, early myoclonic 
encephalopathy, recurrent episodes of encephalop-
athy, developmental delay, progressive neurological 
deterioration, seizures related to food intake/fasting, 
recurrent episodes of vomiting, organomegaly, dys-
morphic features, ophthalmological abnormalities, 
progressive myoclonic epilepsy, family history of simi-
lar illnesses (and also family history of neonatal death) 
and parental consanguinity [14, 70].
Here, we will discuss a few of the seizure-related 
inborn errors of metabolism that are important to rec-
ognize because of their treatment implications. Pyri-
doxine-dependent epilepsy should be considered in 
two situations: drug-resistant seizures within the first 
few days of life, or, less commonly, intractable seizures 
presenting before the age of three years [72], espe-
cially if associated with episodes of status epilepticus. 
The main cause is a mutation in the antiquitin gene 
(ALDH7A1), which encodes alpha-aminoadipic semial-
dehyde dehydrogenase – a key enzyme in the lysine 
catabolic pathway. Mutations in this enzyme result in 
the build-up of two metabolites – alpha-aminoadipic 
semialdehyde and piperideine-6-carboxylate. The lat-
ter of these binds to and reduces the levels of pyridoxal 
5-phosphate (an enzyme cofactor essential for normal 
metabolism of neurotransmitters). Supplementation 
with pyridoxine increases the production of pyridoxal 
5-phosphate and so redresses this deficit. A lysine-
restricted diet, the aim of which is to restrict formation 
of potentially toxic intermediate metabolites, has been 
recently proposed as an adjunctive treatment. Some 
patients with the early life form do not fully respond 
to pyridoxine, in which case addition of folinic acid 
may be necessary. Low levels of pyridoxal 5-phosphate 
can also result from pyridoxine 5-phosphate oxidase 
(PNPO) deficiency, an enzyme necessary for the for-
mation of pyridoxal 5´ phosphate from pyridoxine [70]. 
These patients require supplementation with pyri-
doxal 5´ phosphate.
In the first few months of life, epileptic infantile 
spasms, especially in association with ataxia, alopecia 
and dermatitis, can result from biotinidase or holocar-
boxylase synthase deficiency, both of which respond 
to supplementation with biotin [70].
Later in infancy and early childhood, mutations in 
SLC2A1, the gene encoding the glucose transporter, 
GLUT1, can result in seizures, a movement disorder 
(in particular paroxysmal exercise-induced dyskine-
sia) and learning difficulty. The spectrum of seizure 
disorders caused by SLC2A1 mutations is broad, 
depending upon the severity of the deficit [73]; this 
ranges from an early epileptic encephalopathy to 
myoclonic-astatic seizures, to early-onset idiopathic 
(genetic) generalised epilepsies (IGEs). Indeed, muta-
tions in SLC2A1 are associated with about 1% of all 

Infective causes can be difficult to diagnose, and 
there must be a low threshold for considering treat-
able infectious causes of epilepsy. Although sei-
zures were treated early, the presumed infectious 
aetiology was not treated for almost one week. This 
delay was probably associated with more extensive 
damage, a worse neurological outcome, and a more 
severe epilepsy.
The aetiology of the epilepsy here is infectious but 
the epilepsy is due to the consequent damage and 
so the aetiology is also structural.
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IGEs; these are often resistant to antiseizure medica-
tion. GLUT1 facilitates the transport of glucose into 
the central nervous system and glia and deficiencies 
result in low cerebral levels of glucose. Treatment is 
aimed at providing an alternative energy source for 
the brain such as ketones from the ketogenic diet.
Urea cycle deficits can result in the accumulation of 
ammonia and have a variable clinical presentation 
depending upon the severity of the deficit [74]. The 
commonest, ornithine transcarbamylase deficiency, 
is X-linked, resulting in an early, potentially fatal, met-
abolic encephalopathy in males but a much milder 
phenotype in females. The seizures and encephalopa-
thy (often along with nausea and vomiting) are precip-
itated by high protein loads or hypercatabolic states, 
which occur, for example, with infections. Treatment 
is dietary and drugs are aimed at reducing circulating 
ammonia.
Lastly, mitochondrial disorders are commonly associ-
ated with seizures and epilepsy as part of the pheno-
type [70]. These are often multisystem disorders. Typical 
presentations are mitochondrial encephalomyopathy, 
lactic acidosis, and stroke-like episodes (MELAS) and 
myoclonic epilepsy with ragged red fibres (MERRF) 
syndromes. Mutations in the mitochondrial DNA 
polymerase gamma gene (POLG1) are typically associ-
ated with Alpers syndrome, characterised by psycho-
motor regression, seizures and liver disease, but can 
also be associated with other phenotypes. Status epi-
lepticus in these conditions can often be associated 
with cognitive and neurological deterioration. Impor-
tantly, use of sodium valproate in these conditions can 
lead to fatal hepatotoxicity [75].

Immune causes of epilepsy

The immune system is divided into a non-specific 
immune response, termed innate immunity, and a 
pathogen-specific immune response, termed adap-
tive immunity. There is increasing evidence that 
innate immunity through the release of certain 
cytokines, such as interleukin-1β, tumour necrosis 
factor-α, and transforming growth factor-β, can play 
an important role in the development and mainte-
nance of epilepsy in a large range of pathologies [76], 
including hippocampal sclerosis and FCD. Targeting 
these cytokines could thus have an anti-epileptogenic 
effect.
A critical component of adaptive immunity is the 
recognition of self (immune tolerance) and differen-
tiation of self from foreign material. Adaptive immu-
nity relies on a specific response to foreign proteins 
through either a directed cellular attack (by T-cells) 
or production of specific antibodies (by B-cells). 

The safeguards in this system to maintain immune tol-
erance can fail, resulting in autoimmunity [77]. Autoim-
mune disease (mostly type 1 diabetes, Graves’ disease 
or rheumatoid arthritis) occurs in about 3-5% of the 
population but it is relatively rare in the brain, prob-
ably because of immune privilege (i.e. the immune 
system has limited access to the brain). Seizures have 
long been recognized to be associated with certain 
autoimmune diseases, such as systemic lupus erythe-
matosus, sarcoidosis, coeliac disease, Behcet’s, and 
Hashimoto’s encephalopathy [78]. The mechanisms 
of many of these associations are not clear and range 
from vasculitis to metabolic derangement. Autoim-
mune-associated seizures have also been described 
in paraneoplastic syndromes.
There are, however, an increasing number of autoan-
tibodies specifically associated with seizures [79]. 
The autoantibodies are directed either against cell 
surface or intracellular antigens; the pathogenesis 
of these two groups is very different. These antibod-
ies have varying association with tumours. For exam-
ple, ovarian cancer is associated with NMDA receptor 
antibodies, small cell lung cancer is associated with 
AMPA receptor and GABA(B) receptor antibodies 
and Hodgkin lymphoma is associated with mGluR5 
antibodies. The features of autoimmune encephalitis 
with surface-directed antibodies are detailed in table 3.
These autoantibody-related seizures respond well to 
immunotherapy such as steroids, plasma exchange 
and intravenous immunoglobulins. These antibodies 
either cause disease by directly affecting the target 
proteins and/or by fixing complement and mediat-
ing an inflammatory reaction. These autoantibody-
mediated syndromes result in seizures but rarely 
result in epilepsy, as the seizures usually resolve once 
the antibodies have been successfully treated. The 
exceptions are GABA(A)R and LGI1 antibodies which 
can result in chronic epilepsy.
This contrasts with seizures associated with antibod-
ies directed against intracellular antigens such as the 
paraneoplastic antibodies (anti-Hu, Ma, CRMP2 and 
amphiphysin antibodies) and anti-GAD65 antibodies. 
The pathophysiology associated with these involves 
cytotoxic T cells which respond poorly to immuno-
suppression [80]. Epilepsy commonly follows seizures 
associated with these antibodies.
Autoantibodies detailed above can also be associated 
with new-onset refractory status epilepticus (NORSE), 
but often the cause cannot be identified (possibly 
due to, as yet, unidentified autoantibodies or possibly 
even infectious agents) [81]. The prognosis of NORSE 
is often poor and there is a high incidence of chronic 
epilepsy in those who survive. In children, there is a 
particularly virulent form of NORSE termed febrile 
infection-related epilepsy syndrome (FIRES), the aeti-
ologies of which are still unclear.
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Autoantibodies can also be found in people with 
chronic epilepsy without an obvious acute or suba-
cute syndrome [82]. The pathogenic significance of 
these antibodies is unclear and may relate to neuronal 
damage and the exposure of antigens to the immune 
system or to antiseizure treatment.
The other prominent cause of an immune epilepsy is 
Rasmussen’s encephalitis [83]. Rasmussen’s encepha-
litis is a unilateral inflammation of the cortex, resulting 
in refractory epilepsy and progressive neurological 
deterioration, usually characterised by a progressive 
hemiparesis and cognitive decline. Histopathology 
during active disease demonstrates discrete T lym-
phocytic nodules with microglia and perivascular cuff-
ing, and neuronal death. The T cells are cytotoxic T 
cells that are CD8 positive, indicating adaptive immu-
nity, and release granzyme B. This points to cytotoxic 
T cell-mediated pathology in response either to a 
neuronal pathogen or as an autoimmune response. 
Autoantibodies have also been described in Rasmus-
sen’s encephalitis, although it is unlikely that these 
are pathogenic but rather have occurred because 
of neuronal tissue destruction. The course of the 
condition depends upon age; children usually have an 
aggressive form of the disease with rapid neurolog-
ical deterioration, whilst adults tend to have a more 
indolent form. The treatment has conventionally been 
immunosuppression usually with steroids, plasma 
exchange and/or intravenous immunoglobulin. Ther-
apies that target T cell function have also been pro-
posed, including tacrolimus and natalizumab.

Common neurodegenerative causes 
of epilepsy

Epilepsy commonly occurs in people with neuro-
degenerative disease. However, it is not always clear 
whether this association is coincidental, the result of 
the underlying neurodegenerative pathophysiological 
process, or simply secondary to neuronal death lead-
ing to disruption of networks. Epidemiological studies 
have shown an increased risk of epilepsy in Alzheim-
er’s disease [84] and Parkinson’s disease [85]. Neverthe-
less, the ILAE classification of epilepsy does not specify 
neurodegeneration as a separate aetiological category, 
preferring instead to classify the epilepsy under dif-
ferent aetiological categories. However, since the 
underlying pathophysiologies of the majority of neu-
rodegenerative diseases are unclear, we have included 
neurodegenerative disease as a separate aetiological 
category. With improved diagnostic tools and neuro-
biological understanding, our ability to classify the 
aetiology of epilepsy in individual patients with neuro-
degenerative disease will hopefully improve.
The most common neurodegenerative disorders are 
the dementias, the most common of which is Alzheim-
er’s disease. Alzheimer’s disease is typically character-
ised initially by impaired episodic memory, followed 
by difficulties in other cognitive domains. Rare early-
onset familial Alzheimer’s disease has been asso-
ciated with a number of gene mutations [86], whilst 
the aetiology of sporadic Alzheimer’s disease (98% 
of all Alzheimer’s disease) is unknown. Determining 

 Table 3. Clinical features of autoimmune encephalitis with surface-directed antibodies.

Antigen Age range Other clinical characteristics

NMDAR 2m-85y Psychiatric symptoms, dyskinesias, characteristic EEG (delta brush)

AMPAR 23y-81y Limbic encephalitis

LGI1 31y-84y Limbic encephalitis, faciobrachial seizures, hyponatraemia

CASPR2 25y-77y Limbic encephalitis, Morvan syndrome

GABA(A)R 2.5m-88y Cortical and subcortical high signal on FLAIR

GABA(B)R 16y-77y Limbic encephalitis

Dopamine 2R 1.6y-15y Psychiatric symptoms, Parkinsonism, increased T2 signal in basal ganglia

DPPX 13y-76y Confusion, diarrhoea, hyperekplexia

GlyR 1y-75y Stiff man syndrome, progressive encephalomyelitis with rigidity and myoclonus

Neurexin-3α 23y-57y Confusion

mGluR5 6y-75y Psychiatric symptoms, confusion

M: months; y: years; NMDAR: N-methyl-D-aspartate receptor; AMPAR: α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; LGI1: leucine-
rich glioma-inactivated 1; CASPR2: contactin-associated protein 2; GABA(A)R: gamma aminobutyric acid A receptor; GABA(B)R: gamma aminobutyric 
acid B receptor; Dopamine 2R: dopamine 2 receptor; DPPX: dipeptidyl-peptidase-like protein 6; GlyR: glycine receptor; mGluR5: metabotropic glutamate 
receptor type 5.
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whether there is an association of Alzheimer’s disease 
with epilepsy has been confounded by the high inci-
dence of epilepsy in the elderly and the shared asso-
ciation with other conditions such as cerebrovascular 
disease or traumatic brain injury. However, a large 
epidemiological study has demonstrated that demen-
tia, in general, and Alzheimer’s disease, in particular, 
increases the risk of epilepsy approximately four-fold, 
independent of age and comorbidities such as stroke 
or trauma [87].
Some cases of epilepsy in dementia behave like epi-
lepsies with a structural aetiology. In these patients, 
there is a temporal association between dementia 
onset and subsequent epilepsy, and seizures can be 
semiologically related to areas of regional atrophy. In 
most cases, however, the epilepsy cannot be attrib-
uted to a clear structural abnormality visible on neu-
roimaging [5].
The mechanisms underlying epilepsy associated with 
Alzheimer’s disease may relate to both cell loss and 
also increases in network excitability; this hyperexcit-
ability can lead to compensatory increases in inhibi-
tion that impact upon cognition [88]. Epilepsy is more 
common in certain forms of Alzheimer’s disease, such 
as a particular familial form of familial Alzheimer’s 
disease resulting from a mutation in presenilin 2 [89]. 
In general, early-onset Alzheimer’s disease, which is 
more likely genetic, carries a much higher risk of epi-
lepsy than late-onset Alzheimer’s disease [6]. Recent 
evidence indicates that disruption to amyloid and 
tau signalling pathways, similar to those that occur in 
Alzheimer’s disease, may contribute to the cognitive 
impairment in drug-resistant temporal lobe epilepsy, 
suggesting a two-way interaction between epilepsy 
and Alzheimer’s disease [90].
An example of a neurodegenerative disorder associ-
ated with a genetic condition that results in epilepsy 
is seen in people with Down’s syndrome. Down’s syn-
drome is caused by trisomy 21, and epilepsy is seen 
in approximately 10% of affected individuals. In chil-
dren, the most common epilepsy is West syndrome, 
characterized by infantile spasms [91]. In later adult-
hood, people with Down’s syndrome often develop 
Alzheimer’s disease. The risk of epilepsy increases 
substantially at the age when the onset of dementia 
is common, and cognitive decline and seizures are 
strongly associated [92]. A distinct syndrome, late-onset
 myoclonic epilepsy in Down syndrome (LOMEDS), 
can occur with tonic-clonic and myoclonic seizures 
and progressive cognitive and functional decline [93].
Myoclonic seizures also occur in the progressive myo-
clonus epilepsies; a group of clinically and genetically 
heterogeneous, inherited neurodegenerative disor-
ders, characterised by myoclonus, epilepsy and pro-
gressive neurologic deterioration [94]. Myoclonus 
onset is typically in late adolescence to adulthood 

Key points

• Epilepsy aetiological categories include struc-
tural, genetic, infectious, metabolic, immune, 
neurodegenerative and unknown.

• Epilepsy aetiological categories are not mutually 
exclusive.

• Identification of epilepsy aetiology may have 
relevant implications for clinical management, 
treatment, and prognostic information.

• The main categories of structural aetiology include: 
hippocampal sclerosis, brain tumours, malforma-

[95]. The disease mechanisms vary, and aetiologically, 
the epilepsy may be metabolic and/or genetic in most 
cases. The most well-known example is the autoso-
mal recessive Baltic myoclonic epilepsy (also known 
as Unverricht-Lundborg disease/EPM1), in which cys-
tatin B-mutations (CSTB) are thought to cause hyper-
excitability and disrupted cortical network function. 
Myoclonic seizures are a very early feature followed by 
generalized tonic-clonic seizures that may become less 
prominent with time. The degree of cognitive impair-
ment and psychiatric comorbidities varies. Other 
examples among the many progressive myoclonus epi-
lepsies include sialidosis (lysosomal storage disorders) 
and myoclonic epilepsy with ragged red fibres (MERRF). 
With increasing knowledge of different progressive 
myoclonic epilepsies, treatments are emerging that tar-
get either the genetic or metabolic mechanisms.

Conclusion

The present ILAE classification of epilepsy categorizes 
the epilepsies on a number of different levels including
seizure types, epilepsy types, and epilepsy syndromes 
with aetiology as a central component of each [5]. This 
classification paper stresses the importance of deter-
mining the aetiology, as it can play a critical role in 
decisions about the treatment of the epilepsy and the 
management of the patient. Rapid advances over the 
last 30 years, especially in genetics and neuroimaging, 
have had a considerable impact on our understanding 
of the pathophysiology and aetiology of the epilep-
sies. Undoubtedly, as technology advances, our abil-
ity to identify causal aetiologies will improve and we 
will no doubt refine our aetiological categories. We 
will surely find that many of the assumptions that we 
have made are incorrect but in the words of Francis 
Bacon, “truth emerges more readily from error than 
from confusion’’. 
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Supplementary data.
Summary didactic slides are available at www.epilepticdisor-
ders.com website.

Acknowledgements and disclosures.
Part of this work was undertaken at UCLH/UCL which receives 
a proportion of funding from the Department of Health’s NIHR 
Biomedical Research Centres funding scheme. SB was support-
ed by the Muir Maxwell Trust and Epilepsy Society.
AA, SB, IB, JZ & IES have no disclosures relevant to the content 
of the present work. 
SW’s institution received unrestricted educational grants from 
UCB Pharma, Sunovion and Eisai. 
MCW has received speaker’s honoraria and/or consultancy fees 
from Eisai, GW Pharmaceuticals, Marinus, and UCB Pharma out-
side of the submitted work.

References

1. Blümcke I, Arzimanoglou A, Beniczky S, Wiebe S. 
Roadmap for a competency-based educational curriculum 
in epileptology: report of the Epilepsy Education Task Force 
of the International League Against Epilepsy. Epileptic Dis-
ord 2019; 21(2): 129-40.

2. King MA, Newton MR, Jackson GD, Fitt GJ, Mitchell LA, 
Silvapulle MJ, et al. Epileptology of the first-seizure pres-
entation: a clinical, electroencephalographic, and magnetic 
resonance imaging study of 300 consecutive patients. Lancet 
199; 352(9133): 1007-11. 

3. Kim LG, Johnson TL, Marson AG, Chadwick DW. Predic-
tion of risk of seizure recurrence after a single seizure and 
early epilepsy: further results from the MESS trial. Lancet 
Neurol 200; 5(4): 317-22. 

4. Fisher RS, Acevedo C, Arzimanoglou A, Bogacz A, Cross 
JH, Elger CE, et al. ILAE official report: a practical clinical defi-
nition of epilepsy. Epilepsia 2014; 55(4): 475-82. 

5. Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French 
J, Guilhoto L, et al. ILAE Classification of the Epilepsies Posi-
tion Paper of the ILAE Commission for Classification and Ter-
minology. Epilepsia 2017; 58(4): 512-21. 

6. Zelano J, Brigo F, Garcia-Patek S. Increased risk of epi-
lepsy in patients registered in the Swedish Dementia Regis-
try. Eur J Neurol 2020; 27(1): 129-35. 

7. Syvertsen M, Nakken KO, Edland A, Hansen G, Hellum 
MK, Koht J. Prevalence and etiology of epilepsy in a Norwe-
gian county: a population based study. Epilepsia 2015; 56(5): 
699-706. 

8. Rajshekhar V, Raghava MV, Prabhakaran V, Oommen A, 
Muliyil J. Active epilepsy as an index of burden of neuro-
cysticercosis in Vellore district, India. Neurology 2006; 67(12): 
2135-9. 

9. Kwan P, Arzimanoglou A, Berg AT, Brodie MJ, Allen 
Hauser W, Mathern G, et al. Definition of drug resistant epi-
lepsy: consensus proposal by the ad hoc Task Force of the 
ILAE Commission on Therapeutic Strategies. Epilepsia 2010; 
51(6): 1069-77. 

10.  Balestrini S, Sisodiya SM. Personalized treatment in the 
epilepsies: challenges and opportunities. Exp Rev Prec Med 
Drug Dev 2018; 3(4): 237-47. 

11. Vezzani A, Fujinami RS, White HS, Preux P-M, Blümcke I, 
Sander JW, et al. Infections, inflammation and epilepsy. Acta 
Neuropathol 2016; 131(2): 211-34. 

12. Ramantani G, Holthausen H. Epilepsy after cerebral infec-
tion: review of the literature and the potential for surgery. 
Epileptic Disord 2017; 19(2): 117-36. 

13. Campistol J, Plecko B. Treatable newborn and infant sei-
zures due to inborn errors of metabolism. Epileptic Disord 
2015; 17(3): 229-42. 

14. Dulac O, Plecko B, Gataullina S, Wolf NI. Occasional sei-
zures, epilepsy, and inborn errors of metabolism. Lancet 
Neurol 2014; 13(7): 727-39. 

15. Vossel KA, Tartaglia MC, Nygaard HB, Zeman AZ, Miller 
BL. Epileptic activity in Alzheimer’s disease: causes and clini-
cal relevance. Lancet Neurol 2017; 16(4): 311-22. 

16. Keezer MR, Sisodiya SM, Sander JW. Comorbidities of 
epilepsy: current concepts and future perspectives. Lancet 
Neurol 2016; 15(1): 106-15. 

tions of cortical development, vascular malforma-
tions, glial scarring and brain inflammation.

• The majority of epilepsies have a polygenic 
contribution, with multiple gene mutations, 
each with a weak effect size. Therefore, genetic 
testing often fails to reveal clear genetic causes 
for common polygenic epilepsies.

• Infectious causes of seizures often constitute med-
ical emergencies and prompt treatment should be 
directed both at the infectious agent and at the 
seizures; seizures are an independent risk factor 
for mortality in patients with cerebral infections.

• Inborn errors of metabolism are commonly 
associated with seizures and epilepsy, espe-
cially in neonates and young children and often 
the epilepsy responds well to the correction of 
the metabolic deficit, rather than to antiseizure 
medication.

• Whilst seizures in the context of autoimmune 
encephalitis associated with surface-directed 
antibodies respond well to immunotherapy 
and do not tend to result in chronic epilepsy, 
seizures associated with antibodies directed 
against intracellular antibodies respond poorly 
to immunosuppression and commonly progress 
to chronic epilepsy.

• In patients with neurodegenerative disorders, 
structural, genetic, metabolic, and/or other aeti-
ological factors may contribute to the patho-
physiology of epilepsy.

doi: 10.1684/epd.2019.1039. 2019-04-01. PubMed PMID: 30892268
doi: 10.1016/s0140-6736(98)03543-0. 1998-09-01. PubMed PMID: 9759742
doi: 10.1016/s1474-4422(06)70383-0. 2006-04-01. PubMed PMID: 16545748
doi: 10.1111/epi.12550. 2014-04-14. PubMed PMID: 24730690
doi: 10.1212/01.wnl.0000249113.11824.64. 2006-12-01. PubMed PMID: 17190933
doi: 10.1111/j.1528-1167.2009.02397.x. 2009-11-03. PubMed PMID: 19889013
doi: 10.1016/s1474-4422(15)00225-2. 2015-11-06. PubMed PMID: 26549780


Epileptic Disord, Vol. 23, No. 1, February 2021

The aetiologies of epilepsy

• 13

17. Blümcke I, Aronica E, Miyata H, Sarnat HB, Thom M, Roess-
ler K, et al. International recommendation for a comprehen-
sive neuropathologic workup of epilepsy surgery brain tissue: 
A consensus Task Force report from the ILAE Commission on 
Diagnostic Methods. Epilepsia 2016; 57(3): 348-58. 

18. Blumcke I, Spreafico R, Haaker G, Coras R, Kobow K, 
Bien CG, et al. Histopathological Findings in Brain Tis-
sue Obtained during Epilepsy Surgery. N Engl J Med 2017; 
377(17): 1648-56. 

19. Blümcke I, Thom M, Aronica E, Armstrong DD, Barto-
lomei F, Bernasconi A, et al. International consensus classifi-
cation of hippocampal sclerosis in temporal lobe epilepsy: a 
Task Force report from the ILAE Commission on Diagnostic 
Methods. Epilepsia 2013; 54(7): 1315-29. 

20. Bernasconi A, Cendes F, Theodore WH, Gill RS, Koepp MJ, 
Hogan RE, et al. Recommendations for the use of structural 
magnetic resonance imaging in the care of patients with epi-
lepsy: A consensus report from the International League Against 
Epilepsy Neuroimaging Task Force. Epilepsia 2019; 60(6): 1054-68. 

21. Walker MC. Hippocampal sclerosis: causes and preven-
tion. Semin Neurol 2015; 35(3): 193-200. 

22. van Breemen MSM, Wilms EB, Vecht CJ. Epilepsy in 
patients with brain tumours: epidemiology, mechanisms, 
and management. Lancet Neurol 2007; 6(5): 421-30. 

23. Blümcke I, Aronica E, Becker A, Capper D, Coras R, 
Honavar M, et al. Low-grade epilepsy-associated neuroepi-
thelial tumours - the 2016 WHO classification. Nat Rev Neurol
2016; 12(12): 732-40. 

24. Louis DN, Perry A, Reifenberger G, von Deimling A, Fig-
arella-Branger D, Cavenee WK, et al. The 2016 World Health 
Organization Classification of Tumors of the Central Nervous 
System: a summary. Acta Neuropathol 2016; 131(6): 803-20. 

25. Blümcke I, Thom M, Aronica E, Armstrong DD, Vinters 
HV, Palmini A, et al. The clinicopathologic spectrum of focal 
cortical dysplasias: a consensus classification proposed by 
an ad hoc Task Force of the ILAE Diagnostic Methods Com-
mission. Epilepsia 2011; 52(1): 158-74. 

26. Guerrini R, Dobyns WB. Malformations of cortical devel-
opment: clinical features and genetic causes. Lancet Neurol 
2014; 13(7): 710-26. 

27. Josephson CB, Leach J-P, Duncan R, Roberts RC, Counsell 
CE, Al-Shahi Salman R. Seizure risk from cavernous or arte-
riovenous malformations. Neurology 2011; 76(18): 1548-54. 

28. Thomas-Sohl KA, Vaslow DF, Maria BL. Sturge-Weber syn-
drome: a review. Pediatric Neurology 2004; 30(5): 303-10. 

29. Steinhäuser C, Grunnet M, Carmignoto G. Crucial role 
of astrocytes in temporal lobe epilepsy. Neuroscience 2016; 
323: 157-69. 

30. Sander JW, Hart YM, Johnson AL, Shorvon SD. National Gen-
eral Practice Study of Epilepsy: newly diagnosed epileptic sei-
zures in a general population. Lancet 1990; 336(8726): 1267-71. 

31. Hauser WA, Annegers JF, Kurland LT. Incidence of epi-
lepsy and unprovoked seizures in Rochester, Minnesota: 
1935-1984. Epilepsia 1993; 34(3): 453-68. 

32. Beghi E, Carpio A, Forsgren L, Hesdorffer DC, Malmgren 
K, Sander JW, et al. Recommendation for a definition of 
acute symptomatic seizure. Epilepsia 2010; 51(4): 671-5. 

33. Ferlazzo E, Gasparini S, Beghi E, Sueri C, Russo E, Leo A, 
et al. Epilepsy in cerebrovascular diseases: Review of exper-
imental and clinical data with meta-analysis of risk factors. 
Epilepsia 2016; 57(8): 1205-14. 

34. Galovic M, Döhler N, Erdélyi-Canavese B, Felbecker A, 
Siebel P, Conrad J, et al. Prediction of late seizures after 
ischaemic stroke with a novel prognostic model (the SeLECT 
score): a multivariable prediction model development and 
validation study. Lancet Neurol 2018; 17(2): 143-52. 

35. Holtkamp M, Beghi E, Benninger F, Kälviäinen R, Rocamora 
R, Christensen H, et al. European Stroke Organisation guide-
lines for the management of post-stroke seizures and epi-
lepsy. Eur Stroke J 2017; 2(2): 103-15. 

36. Zelano J, Holtkamp M, Agarwal N, Lattanzi S, Trinka E, 
Brigo F. How to diagnose and treat post-stroke seizures and 
epilepsy. Epileptic Disord 2020; 22(3): 252-63. 

37. Christensen J, Pedersen MG, Pedersen CB, Sidenius P, 
Olsen J, Vestergaard M. Long-term risk of epilepsy after 
traumatic brain injury in children and young adults: a pop-
ulation-based cohort study. Lancet 2009; 373(9669): 1105-10. 

38. Tubi MA, Lutkenhoff E, Blanco MB, McArthur D, 
Villablanca P, Ellingson B, et al. Early seizures and temporal 
lobe trauma predict post-traumatic epilepsy: A longitudinal 
study. Neurobiol Dis 2019; 123: 115-21. 

39. Burton PR, Tobin MD, Hopper JL. Key concepts in genetic 
epidemiology. Lancet 2005; 366(9489): 941-51. 

40. Carvill GL, Weckhuysen S, McMahon JM, Hartmann C, 
Moller RS, Hjalgrim H, et al. GABRA1 and STXBP1: novel genetic 
causes of Dravet syndrome. Neurology 2014; 82(14): 1245-53.

41. Zhang Y-H, Burgess R, Malone JP, Glubb GC, Helbig KL, 
Vadlamudi L, et al. Genetic epilepsy with febrile seizures 
plus: Refining the spectrum. Neurology 2017; 89(12): 1210-9. 

42. Harkin LA, McMahon JM, Iona X, Dibbens L, Pelekanos 
JT, Zuberi SM, et al. The spectrum of SCN1A-related infantile 
epileptic encephalopathies. Brain 2007; 130(3): 843-52. 

43. Marini C, Scheffer IE, Nabbout R, Suls A, De Jonghe P, Zara F, 
et al. The genetics of Dravet syndrome. Epilepsia 2011; 52(2): 24-9. 

44. Sadleir LG, Mountier EI, Gill D, Davis S, Joshi C, DeVile C, 
et al. Not all SCN1A epileptic encephalopathies are Dravet 
syndrome: Early profound Thr226Met phenotype. Neurol-
ogy 2017; 89(10): 1035-42. 

45. McTague A, Howell KB, Cross JH, Kurian MA, Scheffer IE. 
The genetic landscape of the epileptic encephalopathies of 
infancy and childhood. Lancet Neurol 2016; 15(3): 304-16. 

46. Balestrini S, Sisodiya SM. Treatment of Epileptic Encepha-
lopathies. Curr Pharm Des 2017; 23(37): 5667-90. 

47. Abou-Khalil B, Auce P, Avbersek A, Bahlo M, Balding DJ, 
Bast T, et al. Genome-wide mega-analysis identifies 16 loci 
and highlights diverse biological mechanisms in the com-
mon epilepsies. Nat Commun 2018; 9(1): 5269. 

doi: 10.1111/epi.13319. 2016-02-03. PubMed PMID: 26839983
doi: 10.1111/epi.12220. 2013-05-20. PubMed PMID: 23692496
doi: 10.1111/epi.15612. 2019-05-28. PubMed PMID: 31135062
doi: 10.1016/s1474-4422(07)70103-5. 2007-05-01. PubMed PMID: 17434097
doi: 10.1038/nrneurol.2016.173. 2016-11-18. PubMed PMID: 27857123
doi: 10.1007/s00401-016-1545-1. 2016-05-09. PubMed PMID: 27157931
doi: 10.1111/j.1528-1167.2010.02777.x. 2010-11-10. PubMed PMID: 21219302; PubMed Central PMCID: PMC3058866
doi: 10.1016/j.pediatrneurol.2003.12.015. 2004-05-01. PubMed PMID: 15165630;
doi: 10.1016/0140-6736(90)92959-l. 1990-11-01. PubMed PMID: 1978113
doi: 10.1111/j.1528-1157.1993.tb02586.x. 1993-05-01. PubMed PMID: 8504780
doi: 10.1111/j.1528-1167.2009.02285.x. 2009-09-03. PubMed PMID: 19732133
doi: 10.1016/s1474-4422(17)30404-0. 2018-02-01. PubMed PMID: 29413315
doi: 10.1016/s0140-6736(09)60214-2. 2009-02-21. PubMed PMID: 19233461
doi: 10.1212/wnl.0000000000000291. 2014-03-12. PubMed PMID: 24623842; PubMed Central PMCID: PMC4001207
doi: 10.1212/wnl.0000000000004384. 2017-08-25. PubMed PMID: 28842445
doi: 10.1093/brain/awm002. 2007-03-01. PubMed PMID: 17347258
doi: 10.1016/s1474-4422(15)00250-1. 2015-11-17. PubMed PMID: 26597089
doi: 10.1038/s41467-018-07524-z. 2018-12-10. PubMed PMID: 30531953; PubMed Central PMCID: PMC6288131


Epileptic Disord, Vol. 23, No. 1, February 2021

S. Balestrini, et al. 

14 •

48. Feng Y-CA, Howrigan DP, Abbott LE, Tashman K, Cerrato F, 
Singh T, et al. Ultra-Rare Genetic Variation in the Epilepsies: 
A Whole-Exome Sequencing Study of 17,606 Individuals. 
American J Hum Genet 2019; 105(2): 267-82. 

49. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster 
J, et al. Standards and guidelines for the interpretation of 
sequence variants: a joint consensus recommendation of 
the American College of Medical Genetics and Genomics 
and the Association for Molecular Pathology. Genet Med 
2015; 17(5): 405-24. 

50. Myers CT, Hollingsworth G, Muir AM, Schneider AL, 
Thuesmunn Z, Knupp A, et al. Parental Mosaicism in ‘De 
Novo’ Epileptic Encephalopathies. N Engl J Med 2018; 
378(17): 1646-8. 

51. Jamuar SS, Lam A-TN, Kircher M, D’Gama AM, Wang J, 
Barry BJ, et al. Somatic mutations in cerebral cortical malfor-
mations. N Engl J Med 2014; 371(8): 733-43. 

52. Scheffer IE, Heron SE, Regan BM, Mandelstam S, Cromp-
ton DE, Hodgson BL, et al. Mutations in mammalian target of 
rapamycin regulator DEPDC5 cause focal epilepsy with brain 
malformations. Ann Neurol 2014; 75(5): 782-7. 

53. Møller RS, Weckhuysen S, Chipaux M, Marsan E, Taly 
V, Bebin EM, et al. Germline and somatic mutations in the 
MTOR gene in focal cortical dysplasia and epilepsy. Neurol 
Genet 2016; 2(6):e118. 

54. Lee WS, Stephenson SEM, Howell KB, Pope K, Gillies G, 
Wray A, et al. Second-hit DEPDC5 mutation is limited to 
dysmorphic neurons in cortical dysplasia type IIA. Ann Clin 
Transl Neurol 2019; 6(7): 1338-44. 

55. Daber RD, Conlin LK, Leonard LD, Canevini MP, Vignoli A, 
Hosain S, et al. Ring chromosome 20. Eur J Med Genet 2012; 
55(5): 381-7. 

56. Balestrini S, Sisodiya SM. Pharmacogenomics in epilepsy. 
Neurosci Lett 2018; 667: 27-39. 

57. Stevelink R, Sanders MWCB, Tuinman MP, Brilstra EH, 
Koeleman BPC, Jansen FE, et al. Epilepsy surgery for patients 
with genetic refractory epilepsy: a systematic review. Epilep-
tic Disord 2018; 20(2): 99-115. 

58. Sanders MWCB, Lemmens CMC, Jansen FE, Brilstra EH, 
Koeleman BPC, Braun KPJ, et al. Implications of genetic 
diagnostics in epilepsy surgery candidates: A single-center 
cohort study. Epilepsia Open 2019; 4(4): 609-17. 

59. Matthews E, Balestrini S, Sisodiya SM, Hanna MG. Muscle 
and brain sodium channelopathies: genetic causes, clinical 
phenotypes, and management approaches. Lancet Child 
Adolesc Health 2020; 4(7): 536-47.

60. Hussein AS, Shafran SD. Acute bacterial meningitis in adults. 
a 12-year review. Medicine (Baltimore) 2000; 79(6): 360-8. 

61. Preux P-M, Druet-Cabanac M. Epidemiology and aetiology of 
epilepsy in sub-Saharan Africa. Lancet Neurol 2005; 4(1): 21-31. 

62. Ngugi AK, Bottomley C, Kleinschmidt I, Wagner RG, 
Kakooza-Mwesige A, Ae-Ngibise K, et al. Prevalence of active 
convulsive epilepsy in sub-Saharan Africa and associated 
risk factors: cross-sectional and case-control studies. Lancet 
Neurol 2013; 12(3): 253-63. 

63. Garcia HH, Modi M. Helminthic parasites and seizures. 
Epilepsia 2008; 49(s6): 25-32. 

64. Michael BD, Solomon T. Seizures and encephalitis: Clin-
ical features, management, and potential pathophysiologic 
mechanisms. Epilepsia 2012; 53(s4): 63-71. 

65. Pascual-Sedano B, Iranzo A, Martí-Fàbregas J, Domingo P, 
Escartin A, Fuster M, et al. Prospective study of new-onset sei-
zures in patients with human immunodeficiency virus infec-
tion: etiologic and clinical aspects. Arch Neurol 1999; 56(5): 
609-12. 

66. Annegers JF, Hauser WA, Beghi E, Nicolosi A, Kurland LT. 
The risk of unprovoked seizures after encephalitis and men-
ingitis. Neurology 1988; 38(9): 1407-10. 

67. Carpio A, Chang M, Zhang H, Romo ML, Jaramillo A, Hauser 
WA, et al. Exploring the complex associations over time among 
albendazole treatment, cyst evolution, and seizure outcomes 
in neurocysticercosis. Epilepsia 2019; 60(9): 1820-8. 

68. Angel MJ, Young GB. Metabolic encephalopathies. Neu-
rol Clin 2011; 29(4): 837-82. 

69. Samokhvalov AV, Irving H, Mohapatra S, Rehm J. Alcohol 
consumption, unprovoked seizures, and epilepsy: A system-
atic review and meta-analysis. Epilepsia 2010; 51(7): 1177-84. 

70. Rahman S, Footitt EJ, Varadkar S, Clayton PT. Inborn errors 
of metabolism causing epilepsy. Dev Med Child Neurol 2013; 
55(1): 23-36. 

71. Wolf NI, Bast T, Surtees R. Epilepsy in inborn errors of 
metabolism. Epileptic Disord 2005; 7(2): 67-81. 

72. Stockler S, Plecko B, Gospe SM, Coulter-Mackie M, Con-
nolly M, van Karnebeek C, et al. Pyridoxine dependent epi-
lepsy and antiquitin deficiency: Clinical and molecular char-
acteristics and recommendations for diagnosis, treatment 
and follow-up. Mol Genet Metab 2011; 104(1): 48-60. 

73. Gras D, Roze E, Caillet S, Méneret A, Doummar D, 
Billette de Villemeur T, et al. GLUT1 deficiency syndrome: an 
update. Rev Neurol (Paris). 170(2): 91-9. 

74. Häberle J, Burlina A, Chakrapani A, Dixon M, Karall D, 
Lindner M, et al. Suggested guidelines for the diagnosis and 
management of urea cycle disorders: First revision. J Inherit 
Metab Dis 2019; 42(6): 1192-230. 

75. Milone M, Massie R. Polymerase gamma 1 mutations: 
clinical correlations. Neurologist 2010; 16(2): 84-91. 

76. Vezzani A, Friedman A. Brain inflammation as a biomarker 
in epilepsy. Biomark Med 2011; 5(5): 607-14. 

77. Wang L, Wang F-S, Gershwin ME. Human autoimmune dis-
eases: a comprehensive update. J Int Med 2015; 278(4): 369-95. 

78. Devinsky O, Schein A, Najjar S. Epilepsy associated with sys-
temic autoimmune disorders. Epilepsy Curr 2013; 13(2): 62-8. 

79. Geis C, Planagumà J, Carreño M, Graus F, Dalmau J. Autoim-
mune seizures and epilepsy. J Clin Invest 2019; 129(3): 926-40. 

80. Serafini A, Lukas RV, VanHaerents S, Warnke P, Tao JX, Rose 
S, et al. Paraneoplastic epilepsy. Epilepsy Behav 2016; 61: 51-8. 

doi: 10.1016/j.ajhg.2019.05.020. 2019-07-18. PubMed PMID: 31327507; PubMed Central PMCID: PMC6698801
doi: 10.1038/gim.2015.30. 2015-03-05. PubMed PMID: 25741868; PubMed Central PMCID: PMC4544753
doi: 10.1002/ana.24126. 2014-04-14. PubMed PMID: 24585383
doi: 10.1002/acn3.50815. 2019-06-17. PubMed PMID: 31353856; PubMed Central PMCID: PMC6649645
doi: 10.1016/s1474-4422(04)00963-9. 2005-01-01. PubMed PMID: 15620854
doi: 10.1016/s1474-4422(13)70003-6. 2013-01-31. PubMed PMID: 23375964; PubMed Central PMCID: PMC3581814
doi: 10.1111/j.1528-1167.2012.03615.x. 2012-09-01. PubMed PMID: 22946723
doi: 10.1001/archneur.56.5.609. 1999-05-01. PubMed PMID: 10328257
doi: 10.1212/wnl.38.9.1407. 1988-09-01. PubMed PMID: 3412588
doi: 10.1111/epi.16302. 2019-07-29. PubMed PMID: 31355931; PubMed Central PMCID: PMC6751555
doi: 10.1111/j.1528-1167.2009.02426.x. 2010-01-13. PubMed PMID: 20074233
doi: 10.1016/j.ymgme.2011.05.014. 2011-05-24. PubMed PMID: 21704546
doi: 10.1016/j.neurol.2013.09.005. 2013-11-20. PubMed PMID: 24269118


Epileptic Disord, Vol. 23, No. 1, February 2021

The aetiologies of epilepsy

• 15

81. Gaspard N, Hirsch LJ, Sculier C, Loddenkemper T, van 
Baalen A, Lancrenon J, et al. New-onset refractory status 
epilepticus (NORSE) and febrile infection-related epilepsy 
syndrome (FIRES): State of the art and perspectives. Epilep-
sia 2018; 59(4): 745-52. 

82. Brenner T, Sills GJ, Hart Y, Howell S, Waters P, Brodie MJ, et al. 
Prevalence of neurologic autoantibodies in cohorts of patients 
with new and established epilepsy. Epilepsia 2013; 54(6): 1028-35. 

83. Varadkar S, Bien CG, Kruse CA, Jensen FE, Bauer J, Pardo CA, 
et al. Rasmussen’s encephalitis: clinical features, pathobiology, 
and treatment advances. Lancet Neurol 2014; 13(2): 195-205. 

84. Friedman D, Honig LS, Scarmeas N. Seizures and epilepsy 
in Alzheimer’s disease. CNS Neurosci Ther 2012; 18(4): 285-94. 

85. Gruntz K, Bloechliger M, Becker C, Jick SS, Fuhr P, Meier 
CR, et al. Parkinson disease and the risk of epileptic seizures. 
Ann Neurol 2018; 83(2): 363-74.

86. Guerreiro R, Hardy J. Genetics of Alzheimer’s disease. 
Neurotherapeutics 2014; 11(4): 732-7. 

87. Hesdorffer DC, Hauser WA, Annegers JF, Kokmen E, 
Rocca WA. Dementia and adult-onset unprovoked seizures. 
Neurology 1996; 46(3): 727-30. 

88. Palop JJ, Chin J, Roberson ED, Wang J, Thwin MT, Bien-Ly 
N, et al. Aberrant Excitatory Neuronal Activity and Compensa-
tory Remodeling of Inhibitory Hippocampal Circuits in Mouse 
Models of Alzheimer’s Disease. Neuron 2007; 55(5): 697-711. 

89. Jayadev S, Leverenz JB, Steinbart E, Stahl J, Klunk W, Yu 
C-E, et al. Alzheimer’s disease phenotypes and genotypes 
associated with mutations in presenilin 2. Brain 2010; 133(4): 
1143-54. 

90. Gourmaud S, Shou H, Irwin DJ, Sansalone K, Jacobs LM, 
Lucas TH, et al. Alzheimer-like amyloid and tau alterations 
associated with cognitive deficit in temporal lobe epilepsy. 
Brain 2020; 143(1): 191-209. 

91. Sanmaneechai O, Sogawa Y, Silver W, Ballaban-Gil K, Moshé 
SL, Shinnar S. Treatment outcomes of West syndrome in infants 
with Down syndrome. Pediatr Neurol 2013; 48(1): 42-7. 

92. McCarron M, McCallion P, Reilly E, Mulryan N. A prospec-
tive 14-year longitudinal follow-up of dementia in persons 
with Down syndrome. J Intellect Disabil Res 2014; 58(1): 
61-70. 

93. Möller JC, Hamer HM, Oertel WH, Rosenow F. Late-onset 
myoclonic epilepsy in Down’s syndrome (LOMEDS). Seizure 
2002; 11(A): 303-5. 

94. Orsini A, Valetto A, Bertini V, Esposito M, Carli N, Minassian 
BA, et al. The best evidence for progressive myoclonic epilepsy: 
A pathway to precision therapy. Seizure 2019; 71: 247-57. 

95. Franceschetti S, Michelucci R, Canafoglia L, Striano P, 
Gambardella A, Magaudda A, et al. Progressive myoclonic 
epilepsies: definitive and still undetermined causes. Neurol-
ogy 2014; 82(5): 405-11.  

TEST YOURSELF

(1) What are the main aetiological categories of epilepsy in the ILAE epilepsy classification?
A. Structural, genetic, infectious, metabolic, immune, neurodegenerative and unknown
B. Structural, genetic, infectious, metabolic, immune, and unknown
C. Structural, genetic, infectious, metabolic, immune, neurodegenerative
D. Structural, genetic and metabolic

(2) What is the most likely aetiology of epilepsy in tuberous sclerosis?
A. Genetic
B. Structural
C. Metabolic
D. Genetic and structural

(3) When should the aetiological diagnosis of a patient with epilepsy be regularly re-assessed?
A. Always
B. If the aetiology is genetic
C. If there is a double aetiology
D. Only if the aetiology is unknown

(4) Why is it important to identify the aetiology of epilepsy?
A. For treatment implications
B. For clinical management
C. For prognosis
D. All the above
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(5) What are the most common categories of structural aetiology underlying focal epilepsies?
A. Hippocampal sclerosis, brain tumours, tuberous sclerosis, meningitis
B. Hippocampal sclerosis, brain tumours, malformations of cortical development, vascular malforma-

tions, glial scarring and brain inflammation
C. Hippocampal sclerosis, brain tumours, malformations of cortical development, vascular malforma-

tions, glial scarring and bacterial meningitis
D. Hippocampal sclerosis and inborn errors of metabolism

(6) What are the epilepsy syndromes most likely caused by monogenic conditions?
A. Hippocampal sclerosis
B. Idiopathic (genetic) generalised epilepsies
C. Developmental and epileptic encephalopathy
D. Down’s syndrome

(7) In case of infectious aetiology of seizures and/or epilepsy, treatment should be directed at?
A. The infectious agent
B. Seizures
C. Immune system modulation
D. Both infectious agent and seizures

(8) Give examples of metabolic epilepsies that respond to the correction of the underlying metabolic defect?
A. Dravet syndrome and pyridoxine-dependent epilepsy
B. Pyridoxine-dependent epilepsy and GLUT1- deficiency syndrome
C. GLUT1- deficiency syndrome and Down’s syndrome
D. Dravet syndrome and Down’s syndrome

(9) Which of these epilepsies/seizures often have an autoimmune cause?
A. Rasmussen’s encephalitis
B. Faciobrachial seizures
C. New-onset refractory status epilepticus
D. All the above

(10) What is the aetiology of late-onset epilepsy in Down’s syndrome?
A. Genetic
B. Metabolic
C. Unknown
D. Genetic and neurodegenerative

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the 
website, www.epilepticdisorders.com, under the section “The EpiCentre’’.
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