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The main focus of this atlas is to give an overview of epilepsy 
to clinicians and trainees in the field of neurology and 
general medicine. The text covers various types of epilepsies 
including their clinical presentations, investigations, and 
management strategies. Numerous figures accompany the 
text to help give a more visual guidance in the learning 
process. In addition, there are extracts from EEG tracings 
that are meant to serve as examples of typical EEG features 
in the various forms of epilepsies that are discussed. Several 
clinical cases are also discussed to help guide the reader in 
gaining a better understanding of the various clinical and 
EEG manifestations of epilepsy.

This atlas is not meant to be an exhaustive review of 
epilepsy but rather serve as an introduction to the main 
‘themes’ associated with the management of epilepsy. The 
book begins with introduction into the general issues that 

are important to the overall understanding of epilepsy such 
as epidemiology, frequently used terms, seizure types, risk 
factors, physical examination and aetiologies. Subsequent 
chapters are divided according to the various types of epilepsy 
based on localization – generalized, frontal, temporal. Each 
of these chapters has a similar format: an introduction is 
followed by a review of anatomy, seizure semiology, EEG 
features, neuroimaging and aetiologies. Each chapter then 
ends with case studies that help give a clinical meaning 
to the information provided. The last chapter discusses 
management strategies both in terms of broad concepts as 
well as relating to specific forms of epilepsy.

Dileep R Nair, MD
Rebecca O’Dwyer, MD

December 2009
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Chapter 1

An Introduction to 
Epilepsy

Introduction

Epilepsy is one of the most common neurological disorders. 
The need to accurately evaluate and treat seizures is within the 
realm of many physicians, including neurologists, internists, 
family doctors, paediatricians, geriatricians, emergency room 
physicians and obstetricians just to name a few. Seizures 
can present as a symptom in outpatient clinics as well as in 
hospitalized patients. Epilepsy affects a broad age group, has 
a diverse spectrum of aetiologies, and has a variable response 
to treatment. As one can imagine, making a diagnosis of 
epilepsy poses several challenges. The diagnosis is made with 
the highest degree of confidence when seizures are recorded 
during a video-electroencephalography (EEG) evaluation. 
For most patients who present with a history of seizures, 
results from video-EEG testing is usually not available and 
so the diagnosis is made using other available information. A 
careful and comprehensive history often enables an accurate 
diagnosis of epilepsy or may suggest the need for further 
testing, as well as helping to guide treatment decisions. The 
historical information comes from both the patient as well as 
from observers who have seen a patient’s seizures. Whereas 
many additional tests such as neuroimaging and EEG may 
well be indicated in the evaluation of epilepsy, the importance 
of history cannot be overemphasized. Throughout this 
chapter and subsequent chapters in this atlas, various aspects 
of epilepsy will be highlighted. The intent of this atlas is for 
physicians to use it as a resource for a quick and easy guide 
for the assessment and diagnosis of various forms of epilepsy. 
There are some brief references in regards to the treatment of 
epilepsy, but this is not the main intent of this atlas.

Epidemiology

Every year 20 people in 100 000 will have had a seizure. 
For the majority, it will be their first and only seizure. A 
diagnosis of epilepsy can only be made when there has 
been at least two unprovoked seizures or recurring seizures 
with more than a 24-hour interval between each seizure. 
Epilepsy is a disease that knows no geographical, racial or 
social borders. The disorder affects the sexes equally with 
an approximate prevalence of 7.1 per 1000 people. The 
annual incidence has been reported to be 48 per 100 000 
people with a higher incidence noted in developing 
countries, possibly due to poorer nutrition, hygiene and 
perinatal care, as well as an increased risk of cerebral 
infection.

The incidence of epilepsy peaks in infancy as well as in 
individuals over 60 years of age. Approximately 1% of the 
US population meets the diagnostic criteria for epilepsy 
but the actual prevalence may be significantly higher. 
Within 5 years of onset of seizures, 50–60% of patients 
will have entered a long period of remission. Up to 30% of 
patients will develop medically refractory epilepsy, despite 
multiple anticonvulsant medication trials. The standardized 
mortality rate associated with epilepsy is increased two to 
three times, with the excess mortality often directly linked 
to seizures. Compared with the general population, patients 
with epilepsy are more likely to be involved in accidents 
and suicides. Patients with epilepsy are also at greater risk 
of sudden unexpected death; it is estimated that there 
is one death per 250 people with severe and refractory 
epilepsy.

1
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2 An Introduction to Epilepsy

Useful definitions

• Epileptic seizure: a clinical manifestation that results from 
abnormal and excessive electrical discharges in a set of 
neurons within the brain. This may manifest as sudden 
or transitory alterations of consciousness, motor, sensory, 
autonomic or psychic events, which can be perceived by 
the patient or an observer.

• Epilepsy: a condition characterized by recurrent (two 
or more) epileptic seizures. Seizures occurring within a 
24-hour period are considered as a single event.

• Epileptic syndrome: a further classification of the epilepsy 
that gives some information regarding the brain location 
from which the epilepsy arises. For example, if the 
epilepsy arises from the frontal lobes then the epilepsy 
syndrome is said to be frontal lobe epilepsy. If the epilepsy 
appears to have a generalized or widespread onset it may 
characterized as generalized epilepsy.

• Seizure semiology: the symptomatology occurring directly 
before, during and directly after a seizure.

• Status epilepticus: a single epileptic seizure of longer than 
30 minutes or a cluster of epileptic seizures lasting for 
30 minutes or longer during which the patient has not 
regained their baseline level of functioning.

• Non-epileptic events: episodic events that are not related to 
epileptic abnormal/excessive discharges. Aetiologies for 
non-epileptic events include (a) disturbances in the brain 
function (vertigo, dizziness, syncope, sleep and movement 
disorders, transient global amnesia, migraine and enuresis), 
and (b) pseudoseizures (non-epileptic sudden behavioural 
episodes presumed to be of psychogenic origin.

• Ictal: the period of time during an epileptic seizure.
• Interictal: the periods of time in between epileptic seizures.

Age frequency

The majority of people with newly diagnosed epilepsy are 
paediatric patients younger than age 2 or adults older than 
65 years of age (1.1). Approximately 25% of new cases of 
epilepsy occur in women and men over the age of 60. There 
are no significant differences seen between the sexes.

Seizure types

The classification of epilepsies is a controversial subject. 
There are many classification systems including the 

International League Against Epilepsy (ILEA) classification 
(described further on pp. 11–13). Currently the 
classification is undergoing some revision. In obtaining an 
historical account of the seizure it is important to obtain 
the description from both the patients and observers. 
The patient’s account will allow a description of various 
aura and symptoms prior to the loss of awareness or 
consciousness if they occur. The observer’s description will 
give information during periods where the patient has no 
memory of the seizure. The descriptions are grouped under 
major headings based on various classification systems. The 
seizure classification described below includes terms being 
used currently in the ILAE classification as well as terms 
being used in the semiological classification (which has been 
advocated by some epilepsy centres around the world). The 
designation ‘ILAE’ for the ILAE classification or ‘SE’ for the 
semiological classification will denote terms specific to each 
classification system. One of the main disadvantages of the 
ILAE is that it is based not only on historical information 
but makes assumptions regarding the associated underlying 
epilepsy producing the seizure type, including on EEG data 
that may not be available (see below).

Aura
Auras occur at the beginning of a seizure and are only 
appreciated by the patient and are subjective symptoms. They 
usually are very brief and can occur in isolation. They are not 
detectable to the observer. Some examples of auras include: 
somatosensory auras (including tingling or alteration in 
sensation in a somatotopic distribution of the body); visual or 
auditory auras (can consist of hallucinations and illusions); 
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 An Introduction to Epilepsy 3

autonomic auras (can manifest with symptoms of tachycardia 
or goose bumps); abdominal auras (typically described as a 
rising sensation from the abdomen to the thorax or throat 
along with complaints of nausea); psychic auras (are complex 
and described as experiential symptoms of ‘déjà vu’, fear, 
or ‘jamais vu’). The patient may exhibit some behavioural 
response during their aura, such as a fearful expression, 
which is simply a reaction to either the symptom of the aura 
or knowing that they are about to experience a seizure.

Dialeptic seizure (SE)
This term is used when there is an alteration of either 
consciousness or awareness as the major clinical manifestation 
of the seizure. Typically, the patient has no recollection of 
the seizure and their other associated motor manifestations. 
An absence seizure (ILAE) not only has an alteration of 
consciousness but also requires that whatever electroclinical 
information is available suggests that the seizure arose from 
generalized epilepsy.

Motor seizure (SE)
This terminology is used for seizures that have some 
significant motor component.

Simple motor seizures (SE) are those that comprise 
involuntary movements that bear no resemblance to 
physiological or natural movements. These movements 
can be elicited through stimulation of the primary motor 
cortex (Brodmann’s area 4 and 6) or the supplementary 
sensorimotor area (Brodmann’s area 6). At the beginning of 
these seizures consciousness may be preserved; however, it 
may be lost as the seizure develops.

In complex motor seizures (SE) they comprise complex 
movements that appear physiological, such as bicycling or 
moving about. However, these movements are inadequate or 
inappropriate for the patient’s setting. During these seizures 
awareness is usually, although not always, altered.

Clonic seizures (SE and ILAE—although a prefix 
term ‘generalized’ is typically used in the ILAE 
classification)
These seizures consist of periodic, repetitive, short contrac-
tions of various muscle groups. Often these movements are 
found in the distal extremities, face or tongue. Epileptic dis-
charges from the primary motor region (area 4) or the premo-
tor region (area 6) lead to these movements. In the semiologi-
cal classification clonic seizures may involve the entire body, 
when it is called generalized, or may be more limited, such as 

involving only the left arm, in which case it would be termed 
left arm clonic seizure. This also holds true for tonic seizures.

Tonic seizure (SE and ILAE—although a prefix 
term ‘generalized’ is typically used in the ILAE 
classification)
These seizures comprise a persistent contraction of one or 
more muscle groups, which lead to tonic posturing. They 
most often appear in the proximal musculature and have a 
preference for the contralateral side to the epileptic focus. 
Epileptic stimulation of the supplementary sensorimotor 
region (medial area 6) leads to these movements.

Generalized tonic–clonic seizure (SE and ILAE)
This seizure type describes what has become known in the 
vernacular as ‘grand-mal seizure’. It denotes a generalized 
seizure with semiology combining a generalized clonic 
seizure with a generalized tonic seizure.

Generalized atonic seizure (SE and ILAE)
This seizure type also denotes a seizure in which all motor 
tone is lost and the patient drops to the floor. Patients with 
these seizures are more prone to serious head injuries.

Myoclonic seizures (SE and ILAE—although a 
prefix term ‘generalized’ is typically used in the 
ILAE classification)
These seizures comprise of isolated, quick twitches, which 
can be generalized or focal in nature.

Versive seizures (SE)
These seizures consist of a forced unnatural turning of the 
heads and or eyes in one direction. The movement may be 
a smooth tonic contraction or be clonic. The deviation of 
the head and/or eyes may sometimes be followed by turning 
the trunk in the same direction. The important feature of 
this seizure type is that the movement leads to an unnatural, 
tonic posturing, which helps differentiate it from other non-
versive head movements.

Complex partial seizure (ILAE)
A seizure in which consciousness is impaired, and 
electroclinical information suggests that the seizure arises 
from a focal epilepsy.

Hypomotor seizure or behavioural arrests
Patients during these seizures demonstrate reduced motor 
activity, although certain complex motor actions are still 
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4 An Introduction to Epilepsy

possible such as sitting upright or a blank stare. However, 
consciousness cannot be tested in this group of patients either 
because of mental disability or because of their young age.

Automotor seizures or complex partial seizures
Automatisms are involuntary, organized movements, such 
as mictition, swallowing or nose rubbing. In the setting of 
these seizures the automatisms appear inappropriate to the 
patient’s setting.

Hypermotor seizures or complex partial seizures
These seizures are characterized by a series of complex 
motor movements in the proximal extremities that appear 
fervid and sometimes even violent or bizarre. Automatisms 
are not observed in these seizures.

Risk factors

Complex febrile seizures
These seizures last more than 15 minutes with a predom-
inantly unilateral symptomatology that recur within a single 
infection. They are usually associated with a rapid increase in 
temperature due to a viral illness. Approximately one-third of 
all febrile seizures are complex, usually occurring very early 
in the infection and may be the first clinical manifestation. 
They can, however, have a genetic basis and genetic studies 
have shown an autosomal dominant inheritance pattern 
of the SCN1A gene in families with generalized epilepsy 
and febrile seizures. Two to 10% of children with a history 
of febrile seizures will develop epilepsy later in life, in 
comparison with 0.5% of children with no history. It should 
be noted, however, that the risk for development of epilepsy 
is greater in children with a pre-existing neurodevelopmental 
dysfunction and the febrile seizure may be the first clue to 
their predisposition to epilepsy.

Head trauma
Injuries of this type can be divided into open and closed 
head trauma. Post-traumatic epilepsy occurs much more 
frequently with open head trauma, and the risk is greatest 
if damage occurs in large areas or involves frontal and 
temporal lobes, with 50–60% of patients experiencing their 
first (late) within the first 12 months after injury. Dural 
breach, encephalomalacia, intracranial haematoma and long 
post-traumatic amnesia have all been found to increase the 
risk of developing epilepsy.

Closed head trauma can also increase the risk for 
developing epilepsy; however, mild injury is not associated 
with any increased risk. One to 4% of patients with moderate 
injury, defined as head injury complicated by skull fracture 
or more than 30 minutes of post-traumatic amnesia, will 
develop epilepsy. As many as 10–15% of patients with severe 
head trauma—head injury with post-traumatic amnesia 
longer than 24 hours, cerebral contusion or intracranial 
haematoma—will develop epilepsy.

Family history
It is important to identify other family members who 
have been diagnosed with epilepsy because an increased 
prevalence has been established in affected families, which 
is consistent with both common environmental exposures as 
well as polygenic or multifactorial genetics. Cohort studies 
have shown there to be a two- to threefold increased risk 
of developing epilepsy in siblings and children of epileptics. 
The genetics of epilepsy will be discussed later.

Developmental delay
There has been an association between epilepsy and 
developmental delay, and careful history taking might hint 
towards an epileptic aetiology. In a paediatric study develop-
mental delay or mental retardation was present in 37% of 
patients. Many of the aetiologies, such as cortical dysplasia, 
associated with paediatric epilepsy are also associated with 
cognitive impairment of varying degrees.

Some enzyme deficiency diseases may also lead to a 
developmental delay and be associated with epilepsy. These 
diseases often have a genetic basis and the exact mutation is 
known, which results in a protein dysfunction or deficiency, 
thus stunting cognitive development. Examples include 
Gaucher disease, Niemann–Pick disease type C, various 
lysosomal and peroxisomal disorders, porphyria, pyridoxone 
deficiency and Wilson disease.

Central nervous system infections
See Table 1.1.

Cerebrovascular disease
See Table 1.2.

Central nervous system tumours
See Table 1.3.

Seizure precipitants
See Table 1.4.
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 An Introduction to Epilepsy 5

Comorbidities
Epilepsy is associated with several comorbidities that impair 
patient health and the proper management of a patient with 
epilepsy includes treating these as well as gaining control 
over seizures. Approximately 5% of all annual visits to the 
emergency department are related to injuries as a result of 
seizures, such as head trauma, burns, falls and lacerations. 
Most other common comorbidities fall under three broad 
headings: psychiatric, cognitive impairment and endocrine 
dysfunction. There is a much higher rate among epileptics in 
comparison with the general population of anxiety disorders 
(19–66%) and depression (20–57%). These disorders 
probably have several aetiologies and are related to the 
disease pathology itself, the sedative effects of antiepileptic 
drugs (AEDs), as well as the psychosocial stigma appointed 

to seizures. Cognitive impairment has already been dealt 
with under ‘Developmental delay’. Female patients 
with epilepsy are more likely to experience reproductive 
endocrine dysfunction than are female patients without 
epilepsy. Ovulatory dysfunction and hyperandrogenism in 
the absence of thyroid or adrenal disease usually takes the 
form of polycystic syndrome and is a common comorbidity 
among female patients. Other reproductive difficulties may 
arise from treatment with certain AEDs, which can reduce 
sexual drive and have teratogenic properties on the fetus. 
Epileptics are more likely to suffer from insulin resistance, 
diabetes mellitus type 2, hypertension, dyslipidaemia and 
cardiovascular disease; the exact pathophysiology has not 
been determined but probably involves neuroendocrine 
effects of seizures and/or AEDs.

Table 1.1 The most common central nervous system infections and their most common infectious agent, 
which are associated with an increased risk for epilepsy. Chronic epilepsy is seven times more prevalent 
among people following meningitis or encephalitis than the general population

Disease Common infective agents

Meningitis Streptococcus pneumoniae
Neisseria meningitides
Haemophilus influenzae Type b

Encephalitis Viral: herpes simplex type 1, 2 and 6;* cytomegalovirus;* Epstein–Barr virus; varicella;* 
measles,* mumps, rubella;* arboviruses; HIV; enterovirus; JC virus*
Bacterial: (uncommon) Borrelia burgdorferi; Brucella spp.; Mycobacterium tuberculosis;* 
Mycoplasma pneumoniae;* Rickettsia rickettsii; Treponema pallidum; Protozoal*: (uncommon) 
Amoebic meningoencephalitis;* toxoplasmosis
Fungal*: (uncommon) Cryptococcus neoformans;* coccidoidomycosis; blastomycosis; 
histoplasmosis; asperigillus; Candida

Cerebral malaria Plasmodium falciparum

Pyogenic 
cerebral abscess

Streptococci spp.
Bacteroides
Gram-negative bacilli
Clostridia spp.
Actinomyces*
Nocardia*

Neurocysticerosis Taenia solium

Tuberculoma Mycobacterium tuberculosis*

*Infective agents more commonly found among immunocompromised patients.
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6 An Introduction to Epilepsy

Table 1.2 Brief overview of clinically important vascular malformations, which may be considered risk factors 
for epilepsy. Other diseases causing cerebrovascular lesions must not be forgotten, such as rheumatic heart 
disease, endocarditis, mitral valve prolapse or after post-carotid endarterectomy. There is also an association 
between arterial hypertension, eclampsia, hypertensive encephalopathy and malignant hypertension

Cerebrovascular disease Increased risk for epilepsy

Haemorrhage
 Within first week
 Subarachnoid
 Overall

30%
20–34%
5–10%

Infarction
 Within 12 months
 Within 5 years

6%
11%

Occult degenerative cerebrovascular disease 5–10%

Arteriovenous malformations
 Age: 10–19 years
 20–29 years
 30–60 years

44%
31%
6%

Cavernous haemangioma 40–70%

Venous malformations NS

Vasculitides, e.g. systemic lupus erythematosus* 25%

NS, not significant.
*Epilepsy has also been associated with Behçet disease, Sjörgen syndrome, mixed-connective tissue disease and Henoch–
Schönlein purpura among other vasculitides that affect the central nervous system.

Table 1.3 Brief overview of clinically important central nervous system (CNS) tumours, which are associated 
with epilepsy. Six per cent of all newly diagnosed cases of epilepsy are a result of a CNS neoplasm. This 
diagnosis is greatest in adults with approximately 25% of all new focal cases linked to a tumour. Seizures are 
seen in approximately 50% of all patients with brain tumour. Metastases from other primary tumours are also a 
source of epileptic foci and should also be considered

CNS tumour Percentage of patients with epilepsy

Glioma
 Oligodendrogliomas
 Astrocytomas
 Glioblastomas

92%
70%
37%

Ganglioma 80–90%

Dysembryoplastic neuroepithelial tumour Up to 100%

Hamartoma

Hypothalamic hamartoma Up to 100%

Meningioma 20–50%
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 An Introduction to Epilepsy 7

Differential diagnosis

The following is a list of the clinically most important 
differential diagnoses for epilepsy and should always be 
considered and ruled out:

• sleep disorders, e.g. narcolepsy, parasomnias
• transient ischaemic attack
• transient global amnesia
• migraine
• syncope
• vasovagal syndrome
• hypoglycaemia
• neoplasm with/without metastases
• neuroleptic malignant syndrome
• thyrotoxicosis
• attention deficit hyperactivity disorder
• conversion disorder
• narcotic overdose.

Physical examination

Usually the physical examination is benign, the important 
exception being when a structural cerebral lesion is involved. 
Therefore, care should be taken to detect any lateralizing 
signs, such as a positive Babinski sign, hyperreflexia or 

weakness, all of which may allude to an underlying structural 
lesion in the brain.

The physical examination may also help identify a possible 
aetiology. Often patients with neurocutaneous syndromes 
will appear in an epilepsy clinic and through the physical 
examination many of the required criteria for diagnosis may 
be easily identified.

Tuberous sclerosis
Tuberous sclerosis (TSC) is inherited in an autosomal fashion 
and usually caused by mutations in the TSC1 or TSC2 
genes, both tumour suppressor genes (Table 1.5, Table 1.6). 
While this condition falls within the neurocutaneous 
syndromes, it is also a form of cortical dysplasia and the 
tubers appear histologically very similar to focal cortical 
dysplasia. Epilepsy is the presenting symptom in over 80% 
of all patients, either presenting in the neonatal period as 
West or Lennox–Gastaut syndromes, or later as adult onset 
partial or generalized epilepsy.

Neurofibromatosis type 1
Neurofibromatosis type 1 is inherited dominantly with 
practically complete penetrance, although half of the 
presented cases are due to spontaneous mutations. The 
incidence of epilepsy in these patients is 5–10%, taking 
various forms and presenting at any age.

Table 1.4 Common precipitants for epileptic seizures. It is important to 
review common precipitants for seizures while taking a history; some 
patients only have seizures under certain circumstances. These precipitants 
may also lead to non-epileptic seizures, such as syncopal seizures

Common precipitants Less common precipitants

Sleep deprivation and fatigue
Alcohol and alcohol withdrawal
Photic stimulation
Hyperventilation
Menstrual cycle
Emotional disturbance
Stress
Sleep–wake cycle
Hypoglycaemia
Metabolic disturbances
Toxins and drugs
Fever or ill health

Hormonal changes
Dietary changes
Fasting
Pain
Allergies
Startle
Sexual intercourse
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Sturge–Weber syndrome
The collection of symptoms that define the Sturge–Weber 
syndrome consist of unilateral or bilateral port-wine naevus, 
epilepsy, hemiparesis, mental impairment and ocular signs. 
Often epilepsy is the first symptom and at least 70% of 
patients develop epilepsy by their fourth birthday.

Many diseases associated with dysmorphisms are also 
associated with epilepsy and it is important to correctly 

identify these patients and the underlying pathology for 
effective treatment.

Epilepsy is present in up to 12% of all patients with 
Down syndrome. Other disorders of chromosome structure 
that are associated with epilepsy and dysmorphisms include 
fragile X syndrome and Ring chromosome 20.

Patients with anomalies in cortical development, often 
present with dysmorphisms and epilepsy. Apart from 
imaging, karyotyping and further genetic testing should 
be performed. Other such diseases include lissencephaly, 
anencephaly, agyria, agenesis of the corpus callosum and 
periventricular nodular heterotopia.

Aetiology

Many of the aforementioned risk factors may also be seen 
as aetiologies for epilepsy. With the advancement of modern 
molecular biology and neuroimaging, it is now becoming 
possible to identify new aetiologies of epilepsy.

Genetic
The genetics of epilepsy can be divided into four broad 
groups according to inheritance and phenotype (see Tables 
1.7–1.9); the lists are by no means complete but try to report 
the most important advances in this field.

Table 1.5 Necessary criteria to be fulfilled for diagnosis

Major features Minor features

Facial angiofibromas or forehead plaque
Non-traumatic ungula or periungual fibromas
Hypomelanotic macules (3≥)
Shagreen patch (connective tissue naevus)
Multiple retinal nodular hamartomas
Cortical tuber
Subependymal nodule
Subependymal giant cell astrocytoma
Cardiac rhabdomyoma, single or multiple
Renal angiomyolipoma
Lymphangiomyolipoma

Bone cysts
Multiple pits in dental enamel 
Hamartomas rectal polyps
Gingival fibromas
Cerebral white matter radial migration lines
Retinal achromic patch
Non-renal hamartoma
‘Confetti’ skin lesions
Multiple renal cysts

Definite TSC: Two major features or one major feature plus two minor features.
Probable TSC: One major feature plus one minor feature.
Possible TSC: One major feature or two or more minor features.

Table 1.6 Criteria required for diagnosis

Two or more of the following are required:

• ≥6 café au lait macules; diameter >5 mm in 
prepubertal individuals

• diameter >15 mm in postpubertal individuals 
• ≥2 neurofibromas of any type or one plexiform 

neurofibroma
• Freckling in axillary or inguinal areas 
• Optic glioma
• ≥2 Lisch nodules 
• Bone lesions, e.g. thinning of long bone cortex, 

sphenoid dysplasia, pseudarthrosis
• First-degree relative diagnosed with neurofibromatosis 1
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The first group comprises of genetic disorders in which 
epilepsy is part of the pathological phenotype; they are 
extremely rare and usually present to a paediatric neurologist 
for diagnosis. Many of these disorders have been briefly 
mentioned in the ‘Risk factors’ section under ‘Developmental 
delay’ and in the ‘Physical examination’ section.

Hippocampal sclerosis
Hippocampal sclerosis (1.2) is the centre of a heated debate 
as to whether it is the cause of or the result of seizures. Some 
studies have suggested a strong link between febrile seizures, 
temporal lobe epilepsy and hippocampal sclerosis in certain 
families.

Table 1.7 Epileptic syndromes due to single gene mutations coding for various ion channels

Epilepsy syndrome Inheritance Gene Gene product Seizure type Febrile seizure

Benign familial 
neonatal 
convulsions

AD KCNQ2
KCNQ3

Potassium channel Clonic Yes

Autosomal dominant 
nocturnal frontal 
lobe epilepsy

AD CHRNA4
CHRNB2

Neuronal nicotinic 
acetylcholine receptor 
subunit

Spasms –

Dravet syndrome De novo 
mutations

SCN1A Sodium channel 
subunit

Tonic–clonic
Unilateral clonic

–

Generalized 
epilepsy with febrile 
seizures plus

AD SCN1A
SCN1B
SCN2A
GABRG2

Sodium channel 
subunit
GABAA receptor subunit

Tonic–clonic
Myoclonic
Atypic abscence

Yes

AD, autosomal dominant inheritance.

Table 1.8 Epilepsies with complex, probably polygenic inheritance, it should be noted 
that these syndromes are seen predominantly in the paediatric population

Idiopathic generalized 
epilepsy

Benign neonatal convulsions
Benign myoclonus of infancy
Myoclonic–astatic epilepsy
Epilepsy with myoclonic absences
Childhood absence epilepsy
Juvenile absence epilepsy
Juvenile myoclonic epilepsy
Epilepsy with grand mal seizures on awakening
Absence epilepsy with peri-oral myoclonia

Benign partial epilepsy Benign partial epilepsy with centro-temporal spikes
Childhood epilepsy with occipital paroxysms
Early onset benign occipital epilepsy
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Focal cortical dysplasia
Using T2-weighted and FLAIR (fluid attenuated inversion 
recovery) magnetic resonance imaging (MRI) scans 
(1.3A,B) focal cortical dysplasia can be seen in a 19-year-old 
female patient in the left frontal lobe. This is an important 
lesion to identify due to its potential surgical treatment. With 
the improvement of imaging technology, once cryptogenic 
epilepsies are now being identified as focal cortical dysplasias. 
This term encompasses many distinct histological groups, 
probably due to its occurrence at different embryological 
stages. It may occur in any part of the cortex and varies greatly 
in size. Epilepsy is the predominant symptom, it may be the 
basis for neonatal epilepsy in the form of West syndrome or 
Lennox–Gestaut syndrome; however, it usually presents in 
childhood or adulthood. It is usually a comparably drug-
resistant epilepsy; however, with a favourable location and 
good, focal neuroimaging, it may be surgically resected.

Benign partial epilepsies of childhood
The benign partial epilepsies of childhood have been thought 
to have a polygenic inheritance and as the name suggests have 
an excellent prognosis. Benign partial epilepsy with centro-

temporal spikes (BECTS; also known as rolandic epilepsy) 
is the most common idiopathic epilepsy syndrome, probably 
accounting for up to 15% of all epilepsies. This is only an 
estimate as only approximately 10% of all children with EEG 
changes actually have seizures. It stems from an age-related 
hyperexcitability of the neurons in the rolandic area and as 
the cortex matures seizures become less frequent. The peak 
age of onset is 5–8 years with most seizures occurring at 
night. Seizures are characterized by spasm and clonic jerking 
of one side of the face and throat, followed sometimes by 
secondary tonic–clonic generalization. The seizures are 
infrequent and usually there is a remission by age 12 without 
any neurological sequelae. Childhood epilepsy with occipital 
paroxysms also has an excellent prognosis with full remission 
in most cases. The mean age of onset is 6 years of age and 
the seizures tend to have prominent visual symptomatology, 
followed by post-ictal headaches with nausea and vomiting. 
The visual semiology includes hemianopia and amaurosis, 
eye deviation and visual hallucinations, which may be 
followed by secondary generalization. Occipital spike–wave 
complexes are seen on EEG after eye closure and may be 
suppressed by eye opening. Early onset benign occipital 

Table 1.9 The most common causes of progressive myoclonic epilepsy (PME), a specific phenotype caused 
by a wide variety of genetic mutations. It is important not to confuse PME with progressive myoclonic 
encephalopathy or ataxias, where antiepileptic drugs have no benefit

Cause of PME Location of 
mutation

Mutated/deficient protein Age of onset 
(years)

Baltic myoclonus (Unverricht–Lundborg disease) EPM1 Cystatin B protein 6–15

Dentato-rubro-pallido-luysian atrophy DRPLA Uncertain ª30

Lafora body disease EPM2A
EPM2B

Laforin 12–17

Mitochondrial disease (MERFF, MELAS) Mitochondrial 
DNA

Mitochondrial respiratory chain <2

Neuronal ceroid-lipofuscinosis CLN2,3,5,6&8
PPT1

Palmitoyl protein thioesterase <2

Sialidosis 6p21.3 a-N-acetly neuraminadase <2

MERFF, mitochondrial epilepsy with ragged red fibres; MELAS, mitochondrial myopathy, encephalopathy, lactic acidosis and  
stroke-like episodes.
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 An Introduction to Epilepsy 11

epilepsy is another epilepsy related to the maturation of 
the cortex. The age of onset ranges from 1 to 14 years, and 
as cortical maturation progresses the epileptic focus may 
wander from the occipital region via the centro-temporal 
region to the parasaggital frontal region. Seizures take 
a similar form to those seen in childhood epilepsy with 
occipital paroxysms; however, they tend to evolve into clonic 
hemiconvulsions and have more prominent prolonged 
autonomic symptoms. Seizures can last for many hours and 
are subsequently classified as episodes of status epilepticus. 
Seizures are also very infrequent and tend to be nocturnal. 
Interictal EEG shows large occipital spikes similar to those 
seen in BECTS and may be suppressed by eye opening. 

These EEG changes may perseverate after the cessation of 
seizures. Over time the epilepsy usually remits without any 
neurological or developmental sequelae.

Classification of epilepsy

International League Against Epilepsy seizure 
classification
The ILAE has proposed a classification system that is based 
simultaneously on clinical semiology and EEG findings 
(Table 1.10). Seizures are divided into two broad categories: 
generalized and partial.
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1.2 A schematical representation of the pathophysiology of hippocampal sclerosis. Hippocampal sclerosis is the most common 
surgically resected lesion in epilepsy. Usually input to the hippocampus comes from the entorhinal cortex via the perforant path to the 
dentate gyrus. Dentate gyrus cells project to the CA3 sector, as the first part of the output pathway of the hippocampus. In hippocampal 
sclerosis there are many morphological changes in the dentate granule cell layer. For example, newly sprouted mossy fibres from 
dentate granule cells synapse directly with other dentate granule cells, creating a recurrent excitatory circuit, while also sprouting on 
inhibitory interneurons. Excitatory interneurons, which usually activate inhibitory interneurons, may be selectively vulnerable to brain 
insults. This continuing neurogenesis of new dentate granule cells allows their integration into aberrant circuits.
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12 An Introduction to Epilepsy

• Generalized seizures arise from larger cortical areas in 
both hemispheres and are always accompanied by loss 
of consciousness. These are then further subdivided into 
seven subcategories that describe the clinical semiology 
observed during a seizure.

• Partial seizures arise from small specific (focal) areas of 
cortex in one hemisphere and are further divided into simple 
partial seizures (occur without alteration of consciousness) 
and complex partial seizures (are accompanied by an 
alteration in consciousness). Simple partial seizures may 
spread to become complex partial seizures, which in turn 
can spread to become secondarily generalized seizures.

Semiological seizure classification
The ILAE classification described above is often 
cumbersome for non-epileptologists, including neurologists, 
to use accurately and effectively. This classification also 
assumes that there is a direct correlation between seizure 
semiology and EEG seizure patterns; however, it has been 
shown through detailed analysis that this assumption 
is often incorrect. A semiological approach to seizure 
classification provides many advantages, allowing the exact 
clinical picture to be presented in a more succinct and 

precise fashion (Table 1.11). The aim of this classification 
is to use known seizure semiology as a guide to the location 
of the sympatogenic zone, in order to avoid the confusion 
between epilepsy and seizure. Many epileptic syndromes 
may be associated with the same types of seizure; however, 
for appropriate treatment, the physician is required to define 
the epilepsy syndrome.

The seizure semiology classification (SSC) uses ‘classic’ 
terminology where possible, making it accessible to neurologists 
and epileptologists alike. However, new terms have been 
introduced, such as ‘automotor’, ‘hypermotor’, ‘hypomotor’, 
and ‘dialeptic’. These terms are used to reduce confusion 
where it arises with previously defined electro-clinical terms 
(‘absence’, ‘complex-focal’) or where the ILAE classification 
fails to specifically define certain seizure types (‘hypermotor’).

In the SSC, each seizure type is considered a component, 
allowing different evolutions to be expressed by linking 
various components together. Thus creating limitless 
possible sequences and not limited to a few predefined 
seizure evolutions as proposed by the ILAE. This flexible 
consideration of seizure evolution permits scientific studies 
to be performed on common evolutions and their significance 
in different epilepsy syndromes.

1.3 T2-weighted and fluid attenuated inversion recovery magnetic resonance imaging scans of a 19-year-old patient with focal 
cortical dysplasia in the left inferior frontal lobe. The patient developed antiepileptic drug-resistant seizures 2 years previously, the 
aura comprised of a déjà vu feeling followed by staring and repetitive swallowing, tongue movements and lip smacking, without hand 
automatisms.

(A) (B)
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When taking a history it often proves difficult to report 
seizure symptoms with precision and accuracy. The SSC, 
by following a hierarchical progression, optimizes known 
semiological information and allows seizure classification of 
different degrees of precision. For example, if the patient 
had an epileptic seizure, it is classified as ‘epileptic seizure’. 
If the seizure is characterized by motor manifestations, it 
is classified as ‘motor seizure’. If the movements were 
‘simple’ and predominantly in the right arm, however, no 
further description can be assigned to them; the seizure is 
then classified as ‘right arm simple motor seizure’. However, 
if the movements are of a clonic type, the seizure is then 
classified as ‘right arm clonic seizure’.

Further diagnostic studies

Laboratory screening
It is important to consider the patient’s clinical picture and 
possible differential diagnoses, when deciding which values to 

Table 1.10 1981 International League Against 
Epilepsy (ILAE) Classification of Seizure Type

I Partial (focal, local) seizures
A Simple partial seizures
1 With motor signs
2 With somatosensory or special sensory symptoms
3 With autonomic symptoms or signs
4 With psychic symptoms
B Complex partial seizures
1 Simple partial onset followed by impairment of 
consciousness
2 With impairment of consciousness at onset
C Partial seizures evolving to secondarily generalized 
seizures (tonic–clonic, tonic or clonic)
1 Simple partial seizures evolving to generalized 
seizures
2 Complex partial seizures evolving to generalized 
seizures 
3 Simple partial seizures evolving to complex partial 
seizures evolving to generalized seizures
II Generalized seizures (convulsive and non-
convulsive)
A Absence seizures
1 Absence seizures
2 Atypical absence seizures
B Myoclonic seizures
C Clonic seizures
D Tonic seizures
E Tonic–clonic seizures
F Atonic seizures (astatic seizures)
III Unclassified epileptic seizures

Table 1.11 Seizure semiological 
classifications of epileptic seizures

Epileptic seizure
Aura
 Somatosensory aura*
 Auditory aura*
 Olfactory aura
 Abdominal aura
 Visual aura*
 Gustatory aura
 Autonomic aura*
 Psychic aura

Autonomic seizure*
Dialeptic seizure†
 Typical dialeptic seizure†
Motor seizure*
 Simple motor seizure*
  Myoclonic seizure*
  Epileptic spasm*
  Tonic–clonic seizure
  Tonic seizure*
  Clonic seizure*
  Versive seizure*
 Complex motor seizure†
  Hypermotor seizure†
  Automotor seizure†
  Gelastic seizure
Special seizure
 Atonic seizure*
 Hypomotor seizure†
 Negative myoclonic seizures*
 Astatic seizures
 Akinetic seizure*
 Aphasic seizure†
Paroxysmal event

*Left/right/axial/generalized/bilateral asymmetric.
†Left hemisphere/right hemisphere.
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evaluate. A basic screen should include complete blood count, 
glucose, calcium, magnesium, thyroid-stimulating hormone, 
haematology studies, renal function tests and toxicology 
screen. If taken directly after a seizure, a metabolic acidosis 
and leucocytosis might be detected. Prolactin levels may 
rise shortly after a generalized tonic-clonic seizure and some 
partial seizures; however, even when compared with a baseline 
value taken 6 hours later, a prolactin level will not be able to 
distinguish an epileptic seizure from syncope.

Lumbar puncture
If the clinical picture is suggestive of an infectious aetiology 
or the patient has a history of cancer known to metastasize to 
the meninges, then after exclusion of increased intracranial 
pressure, a lumbar puncture should be performed and the 
appropriate cytology done.

Electroencephalography
EEG studies are an essential part of the epilepsy evaluation. 
A negative EEG study does not necessarily rule out epilepsy 
and many EEG findings are non-specific. Patients with 
migraines, encephalopathies and taking certain medications 
may also display abnormal EEG patterns. Usually, patients 
are asked to come to elective EEG studies sleep deprived, 
and may be subjected to periodic photic stimulation or 
asked to hyperventilate in order to provoke seizures.

Neuroimaging
For the identification of epileptic lesions, MRI is preferred 
over computed tomography (CT). A CT scan, however, is 
useful to exclude a mass lesion or haemorrhage. MRI scans 
should include proton density weighted, T1-weighted and 
T2-weighted images in axial, coronal and saggital planes 
(5 mm slices) (1.0 Telsa). If the MRI is normal, additional 
testing with high-resolution (1–3 mm slices) MRI with 
inversion recovery, 3D-fast low angle shot images, FLAIR 
9and magnetization prepared rapid attenuated gradient 
echo could be performed (1.5 Telsa). Further imaging 
studies can be undertaken in selected patients, including 
interictal [18F] fluoro-2-deoxy-d-glucose positron emission 
tomography and ictal 99mTc-ethyl-cysteinate-dimer single 
photon emission CT following established protocols.

Treatment

The primary goals of treatment for epilepsy should include 
control of seizures—ideally achieving freedom from 

seizures—as well as minimizing the occurrence of adverse 
events, including those arising from drug–drug interactions, 
and improving the patient’s quality of life. Comorbidities and 
psychosocial challenges can also affect the clinical course of 
epilepsy and need to be considered in tailoring treatment 
strategies to the needs of the individual patient.

Medical treatment
Pharmacotherapy is a key component of epilepsy manage-
ment. Over the last 10 years, a variety of AEDs have been 
introduced, making it possible to tailor treatments to an 
individual patient’s needs.

1.4 depicts the place of action of the newer AEDs at the 
synapse. They tend to work at voltage-gated ion channels, 
where they can enhance inhibitory neurotransmitters or 
reduce excitatory neurotransmission.

Antiepileptic drug indications
See Table 1.12.

Treatment strategies
Experts agree that monotherapy as the first-line treatment 
for epilepsy is to be recommended. In the event of failure 
of the first monotherapy, an alternative monotherapy is 
recommended as the second-line treatment. Should a second-
line monotherapy fail, the experts are divided between the 
strategy of trying a third monotherapy and initiation of 
polytherapy with two AEDs (1.5).

If a second drug is added, the dose of the first drug may 
need to be adjusted because of drug–drug interactions. 
Should the patient become seizure free on polytherapy, the 
dose of the initial drug may be reduced in order to reduce 
the risk of side effects.

In tailoring antiepileptic treatment to the individual 
patient, factors such as seizure and epilepsy type, side 
effect profile, patient profile, ease of use of the antiepileptic 
medication and cost should be considered, with the aim of 
achieving the best balance among efficacy, tolerability and 
safety. Epilepsy is a chronic disease and patients may take 
antiepileptic medication for many years. Therefore, long-
term as well as short-term efficacy and tolerability should 
be considered.

Side effects
Ideally, a seizure medication should prevent seizures 
without causing any side effects. The clinician should treat 
the patient with epilepsy with the appropriate medication 
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or combination of medications that provides optimum 
control of seizures with an acceptable level of side effects. 
Some of the prominent safety and tolerability issues to 
be considered in selecting an AED include: the potential 
for idiosyncratic reactions such as serious rash, hepatic 
toxicity and anaemia; neurological toxicity as manifested by 
symptoms such as drowsiness, dizziness, ataxia and tremor; 
long-term safety and tolerability as reflected in the potential 
for causing neuropathy, cosmetic effects and effects on bone; 
teratogenicity; and reproductive endocrine effects.

Surgical treatment
Before we discuss the concepts of epileptic surgery, first 
let us define some important regions in the epileptic brain, 
which will prove vital to understanding the concepts behind 
surgical treatment (1.6).

Subdivisions of epileptogenicity
The symptomatogenic zone is defined as the area of cortex, 
which, when activated by an epileptiform discharge, produces 
ictal symptoms. For this area of cortex to produce symptoms, 
the stimulus must have the appropriate frequency and be of 
sufficient duration and intensity. If the stimulus does not 
fulfil all these criteria, this zone will not elicit a response.

The epileptogenic zone is the area of cortex that is 
indispensable for the generation of epileptic seizures. The 
seizure onset zone is the area of cortex that actually generates 
clinical seizures. If the epileptogenic zone is smaller than the 
seizure onset zone, partial resection of the seizure onset zone 
may render the patient seizure free, as the remaining seizure 
onset zone is incapable of generating a seizure. However, if 
the epileptogenic zone is larger than the seizure onset zone, 
total resection of the seizure onset zone will not lead to 
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1.4 A schematic representation of the mode of action of common new antiepileptic drugs. 1. Calcium channel blockade: Felbamate, 
Lamotrigine, Topiramate, Zonisamide. 2. Sodium channel blockade: Felbamate, Lamotrigine, Oxcarbazepine, Topiramate, Zonisamide. 
3. Antagonism of glutamate: Felbamate, Topiramate. 4. Potentiation of GABA activity: Tiagabine, Topiramate.
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Table 1.12 The most common antiepileptic drugs (AEDs) and their indication

Indication/AED: CBZ KLN ETX GBP LTG LVT OXC PHB PHT PGB PRM TGB TPM VPA VGB ZNM

Partial seizures

 simple yes yes no yes yes yes yes yes yes yes yes (yes) yes yes yes yes

 complex yes yes no yes yes yes yes yes yes yes yes (yes) yes yes yes yes

  evolve to 2° 

GTC 

yes yes no yes yes yes yes yes yes yes yes (yes) yes yes yes yes

Generalized 

seizures

 absence no no yes no yes no no no no no no no no yes no no

 myoclonic no yes no (yes) no (yes) no yes no no yes no no yes no (yes)

 tonic–clonic yes (yes) no yes yes no yes yes yes no yes no yes yes yes yes

 atonic (yes) (yes) no (yes) (yes) no (yes) (yes) (yes) no (yes) no (yes) yes (yes) (yes)

CBZ, Carbamazepine; ETX, Ethosuximide; GBP, Gabapentin; KLN, Clonazepam; LTG, Lamotrigine; LVT, Levetiracetam; OXC, Oxcarbazepine; 
PGB, Pregabalin; PHB, Phenobarbital; PHT, Phenytoin; PRM, Primidone; TGB, Tiagabine; TPM, Topiramate; VGB, Vigabatrin; VPA, Valproate; ZNM, 
Zonisamide. (yes) denotes that the drug may be used under restricted circumstances; however, further reading of the literature is required.

1.5 Approximately one-third of patients with epilepsy will develop refractory or pharmacoresistant epilepsy. These patients pose a 
particular challenge to physicians and usually further diagnostic tools and more invasive treatment strategies are required. None the 
less almost half of untreated patients will go into remission with their first antiepileptic drug.

Seizure-free with 1st drug
Seizure-free with 2nd drug
Seizure-free with 3rd or multiple drugs
Pharmacoresistant epilepsy

Kwan P, Brodie MJ. N Engl J MED. 2000; 342: 314–319.

47%

13%
4%

36%
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seizure freedom. A seizure onset zone of a higher threshold 
within the epileptogenic zone may replace the resected zone 
and become clinically evident.

It is important to note that there is frequently no overlap 
between the symptomatogenic and epileptogenic zones. 
With the aid of EEG and neuroimaging, it is known that 
the epileptogenic discharge is generated in the epileptogenic 
zone and then spreads to the syptomatogenic zone, usually 
some distance from the epileptogenic zone.

The irritative zone is the region of cortex that generates 
interictal epileptiform discharges on EEG or magnetic 
encephalography.

The ictal onset zone is the region of cortex where clinical 
seizures are recorded to originate.

The ictal symptomatogenic zone is the region of cortex 
that generates the initial seizure symptomatology.

The region of cortex that remains abnormal during the 
inter-ictal period is known as the functional deficit zone. 
Neurological examination, neuropsychological testing, 
functional imaging or non-epileptiform EEG abnormalities 
may be used to identify the func tional deficit zone.

Concepts of surgery
The aim of resective surgery is to remove the epileptogenic 
zone with preservation of eloquent cortex and thereby 
rendering the patient seizure free. Resective epilepsy surgery 

has proved to be a highly successful approach to treating 
patients with refractory epilepsy, rendering up to 70% 
seizure free in some situations. However, it should be noted 
that these patients have to be appropriately selected to ensure 
good surgical outcome (1.7).

It is important to assess these risks pre-operatively, in which 
neuropsychological testing plays a vital part. The Wada test 
is sometimes used to assess language and memory function 
in each hemisphere independently. The most common 
complication after a temporal lobectomy is impaired cognitive 
function. Generally there is a decrement in verbal IQ after left 
temporal lobe resection, although small increases in verbal 
and performance IQ has been noted after right temporal 
lobe resections. Other important complications are visual 
field deficits, usually found in the superior quadrant, after 
temporal lobectomy. In approximately 6% other neurological 
deficits may be seen, such as aphasia, cranial nerve palsy and 
hemiparesis, although they are permanent in only 50% of 
patients.

Vagus nerve stimulator
Patients who have refractory epilepsy and are not candidates 
for surgery may benefit from a vagus nerve stimulator (1.9). 
It was developed on the basis that intermittent stimulation 
of the vagus nerve can suppress seizures in experimental 
animals.

Subdivisions of epileptogenicity

Epileptogenic lesion
• i.e. mesial temporal sclerosis

Irritative zone
• area of  interictal epileptiform activity

Ictal-onset zone
• area of  detected ictal onset

Epileptogenic zone
• area when removed with surgery
  results in seizure-free state

1.6 A schematical representation of the different subdivisions of epileptogenicity.
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The stimulator is approximately 5 cm in diameter, it is 
surgically implanted subcutaneously on the lateral chest wall 
and connected to stimulating electrodes attached to the left 
vagus nerve in the neck by a wire tunnelled under the skin.

The stimulator certainly exerts some antiepileptic effect; 
however, as to how effective it is, remains debatable. This 

is probably due to the large number of possible variations 
in stimulation parameters, which make it difficult to study 
its effects systematically. It has been suggested that the 
antiepileptic effects may only be seen a few months after 
the initiation of treatment. It should also be considered that 
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Spiral anchoring
tether

1cm

Tiedown

Tiedown area

NCP generator

1.8 A subdural electrode grid. This consists of a flexible sheet of 
Silastic or Teflon with small electrodes (diameter 2–4 mm) made 
out of stainless steel, platinum, nichrome or silver embedded in 
it spaced 10 mm apart. These grids come in various sizes and 
shapes and can be cut to fit varying areas of cortex. Despite 
being only 1.5 mm thick, a craniotomy is required for placement.

MRI

Exam
History

EEG

Nuclear imaging

Concordance

1.7 Concordant findings among the various diagnostic tools 
are vital to successful resective surgery. Successful resective 
surgery requires an accurate localization of the epileptogenic 
zone, a theoretical zone that despite modern technology 
cannot be measured directly. Therefore, it is necessary to 
utilize as many diagnostic tools as possible and infer from their 
concordant findings the localization of the epileptogenic zone 
(1.8). Resective surgery in patients with discordant findings will 
probably lead to persistent seizures following surgery.

1.9 The vagus nerve stimulator.
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after stimulator placement, the patient is prohibited from 
any CT, MRI or any other electromagnetic imaging studies, 
which might prevent them from possibly advantageous 
imaging studies in the future.
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