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THE SCHOOL OF PHARMACY:  University of London

Epilepsy:  Understanding convulsive disorders

Epilepsy:  Terminology, seizure classification, causes and treatment
Introduction and definitions
Epilepsy (from the Greek word epilepsia, meaning to take hold of or to seize), the so called  “ sacred” or “divine” disease [people thought that seizure attacks were due to possession by demons], or  “falling sickness” has been observed and recorded in humans for more than 3000 years (early Egyptian, Chinese and Indian writings). Famous people that are thought to have suffered from epilepsy include Julius Caesar and Vincent Van Gogh.
 Epilepsy is a common and often quite devastating chronic neurological condition that currently affects about 0.5-1% of the general population.  More than 40 distinct forms of epileptic disorder (epileptic syndromes) have so far been identified, each characterized by sudden (unprovoked) abnormal high frequency seizure discharges arising in the cerebral cortex, which may then spread to other brain areas, resulting in abnormal motor movements, sensory perceptions, altered behaviour or emotions, or transient loss of consciousness, depending on the area of the cortex which is initially affected and the degree and manner of propagation of the epileptic electrical discharge in the brain.
This of course, leaves the individual at serious risk of bodily harm, and can also seriously interfere with education and employment prospects, (significant social stigma attached) or even lead to premature death (from accidents, status epilepticus [see below], sudden unexpected death in epilepsy (SUDEP), or even suicide).  
When such unprovoked seizures occur again and again (by definition - 2 seizures, 24 hours apart), the patient is said to have epilepsy, which can be a lifelong condition, although some epilepsy syndromes are only seen during particular early stages of childhood. The risk of a person experiencing at least one seizure in their lifetime is ~9%; the risk of developing active epilepsy is ~3-5%.
Current antiepileptic therapies offer some symptomatic relief, in that seizure onset can be inhibited, but effective long-term prophylaxis or cures are not available.  Also, despite the many types of antiepileptic drugs presently in use, as many as 30% of epilepsy sufferers still cannot be effectively controlled by current therapies; there is therefore an ongoing need to develop more potent and selective antiepileptic agents:  the latter aspect is of particular importance since antiepileptic therapy understandably needs to be long-term, therefore development of unwanted side-effects and consequent lack of patient compliance may present a major problem.   However, the use of new antiepileptics may result in a significant increase in costs, without substantial benefits.
In the search for more novel and effective compounds, convenient in vivo and in vitro models of convulsive and non-convulsive epilepsy have been developed, in which the activity of established and novel drugs can be evaluated; the nature and usefulness of these animal models will be discussed in a forthcoming lecture.

Epileptic seizure classification

A seizure (ictus) refers to a sudden explosive hypersynchronous electrical over-activity of populations of cortical neurones; when these occur in a periodic and unpredictable manner, the term epileptic seizure is applied.  A seizure is believed to arise when there is an imbalance between excitatory and inhibitory influences within the cortical network, in favour of net excitation. When a seizure is evoked in a normal brain by external treatments such as electroshock (electroconvulsive therapy - ECT: used as a therapy for severe depression), or by administration of chemical convulsants, then the term non-epileptic seizure is applied. The term convulsion (or fit) then applies to the resultant tonic-clonic (contract-relax) effects of a seizure.

Epileptic seizures are very diverse, but have in the past, been classified into three basic types, according to how much of the body is affected:-

Partial-onset (focal) seizures:- develop focally at a particular cortical site, and involve a convulsion of only apart of the body.

Grand Mal seizures:  A Grand Mal or Tonic-Clonic seizure is an example of a generalized-onset seizure that involves both hemispheres of the brain simultaneously, and consequently leads to a ‘whole body’ convulsion and loss of consciousness.

Absence (Petit Mal) seizures:- are another example of a generalized-onset seizure (although less dramatic, and non-convulsive) and are seen mainly in children and adolescents, where the subject becomes transiently unresponsive (staring, day-dreaming).

Seizures caused by fever in children or that can occur during pregnancy or after chronic alcohol or drug withdrawal, are not regarded as true epilepsy.

Clearly, the above classification is a gross oversimplification.  A more modern formal International classification of epileptic seizures into so-called partial-onset (focal) and generalized-onset seizure types is now used [International League Against Epilepsy (ILAE) 1981]. 

Some seizures that are not easily put into a single class are considered as unclassifiable:
EPILEPTIC SEIZURES
I - PARTIAL-ONSET
· ~60% of all epilepsies

· Develop focally at a discrete cortical site – epileptic focus-caused by trauma, brain infection, tumor, stroke damage, developmental malformation

Simple partial - lasting a few seconds-minutes – no loss of consciousness; 
manifestation - depends on region of cortex activated -  motor, sensory, autonomic, psychic symptoms -scalp EEG normal.
Complex partial - lasting 60-90s- behavioural arrest, staring - impairment of consciousness; may originate from temporal lobe (affecting visual/auditory and speech perception, personality, memory, fear/panic) or frontal lobe (affecting motor function and emotional control); manifestation - lip smacking, chewing, hand wringing, fumbling (automatisms), mumbling - post seizure confusion.
Partial (simple or complex), with secondary Tonic-Clonic generalization – often preceded by a warning ‘aura’ indicative of the part of the brain where the seizure focus is located – a subjective sensation (fear, déjà vu)– a sound, smell, taste or visual disturbance – can be useful to allow person to prepare for the seizure (e.g. lie down) and therefore avoid injury.
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        Lobes of the brain
II - GENERALIZED-ONSET
· ~40% of all epilepsies

· Involve both cerebral hemispheres from the outset 

· Consciousness impaired

Absence (typical and atypical) –brief episodes of impaired consciousness -involves reciprocal firing of thalamus and cortex

Tonic – sudden extension of arms/legs -sustained contractions of muscles throughout body– rigid extensor spasm)
Clonic – continuous rhythmic jerking; repetitive eye closures
Myoclonic – brief muscle jerks – immediate recovery 

Tonic-Clonic – periodic tonic limb extensions [tonic] followed by clonic jerks -  no aura

Atonic – ‘drop’ attacks  (+ other neurologic abnormalities)
Unclassifiable - (mixture of several seizure types that do not fit the above categories)



Status epilepticus: - a life-threatening medical emergency - when a patient remains in tonic-clonic for >5 mins (≥30 mins by definition), or when onset of additional seizures occurs following recovery from previous seizure (of any type) – in an endless cycle, without regaining consciousness.

Sustained seizures of this type (+ lack of normal respiratory movements) can lead to possible brain trauma – brain O2 deprivation – excitotoxicity – possible brain damage - Status epilepticus is a fairly rare occurrence, except in a very few patients whose epilepsy has proved difficult to control. It is usually precipitated by insufficient or sudden withdrawal of anticonvulsant medication, dieting/fasting or alcohol consumption while on medication, developing anticonvulsant resistance, stroke, traumatic injury to the brain, tumours, brain infection, fever, or other metabolic disturbances.  It seems that during SE, the mechanisms that normally operate to terminate a seizure fail, for some unknown reasons.
Status epilepticus is usually convulsive, but sometimes it can be non-convulsive:

Complex partial status epilepticus, and absence status epilepticus are rare forms of sustained non-convulsive seizures seen in some patients. These will also need medical intervention, although the urgency is not as great. 
After a seizure has ended, the patient will enter the post-ictal quiet phase (re-setting period)– allows body to return to normal.  If patient enters seizure phase a few times, this is termed a cluster seizure.

The type of epileptic seizure determines the therapeutic choice of antiepileptic drug; generally, drugs that are effective in absence seizures might not necessarily be as effective in other types of epilepsy: e.g. valproate for generalized seizures; ethosuximide for absence seizures [see below].

Diagnosis
The clinical diagnosis of epilepsy is difficult, but is normally based on taking an accurate patient medical history, coupled with a scalp recording of electrical brain activity – electroencephalograpy (EEG), which measures (between pairs of surface electrodes), the mass firing of many thousands of underlying cortical neurones. The EEG applied to epilepsy patients can thus reveal large amplitude abrupt rapid electrical bursts that correspond to single seizure event (ictus) as well as intermediate (interictal) activity, characteristic of a hyperexcitable cortical network.
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EEG traces of generalized epilepsy

Nowadays, diagnosis can also be supported by whole brain imaging methods such as FDG-PET (Positron Emission tomography) – indicates brain metabolic ‘hot spots’, and SPECT (Single Positron Emission Computed Tomography) – indicates regional cerebral blood flow.

Many patients can still be misdiagnosed, because of difficulties in recognizing some early epilepsy symptoms (unusual tastes/smells). 
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Brain scan using FDG-PET
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Brain scan using SPECT-in temporal lobe epilepsy patient
Causes of Epilepsy

The epilepsies can generally be further broadly classified into those that arise from a known or suspected CNS disorder [Symptomatic] and can occur at any time of life, and those which have no underlying cause apart from a hereditary predisposition or a genetic-neurochemical or ion channel defect [Idiopathic].

Symptomatic (provoked) – from acute head injuries; trauma; excessive alcohol/drug toxicity; CNS infections (meningitis, viral encephalitis); brain tumours, cerebrovascular disease (stroke); neurodegenerative diseases, or more long-standing systemic, metabolic or toxic insults; 

Other symptomatic causes and triggers of epileptic seizures are many-fold, and may also depend on the age of the patient: e.g.
· Neonatal seizures – due to a birth complication (hypoxia/cranial trauma); congenital malformations

· Childhood febrile convulsions – due to due to increase in body temperature in children (2-5 yrs), following infection, congenital malformations, metabolic disturbances

Idiopathic (unknown cause) –  presumed genetic – e.g. Na+, K+ or Ca2+ channel mutations; GABAA or acetylcholine nicotinic receptor subunit mutations .

So-called Cryptogenic epilepsies are assumed to arise from an underlying CNS disorder, but the nature of this disorder is unknown (hidden causes).

About 70% of cases where no definite cause is found are classed as Idiopathic or Cryptogenic: Hereditary factors can be important (epilepsy can be genetically inherited), but generally, genetics play a limited role.

Drugs that can induce seizures

It is important to be aware of the fact that many drugs can precipitate seizures in susceptible individuals; in particular, certain antibiotics (penicillin), antidepressants, (general decrease in seizure threshold), caffeine, certain general anaesthetics (enflurane) and excessive alcohol or drug (cocaine) abuse/withdrawal.

It should also be recognized that the majority of patients who develop seizures do not necessarily progress to develop chronic epilepsy, and of those that do, the majority can be adequately managed with a single antiepileptic drug therapy; most can therefore manage to live a normal and productive life.

Treatment of Epilepsy
Epilepsy is currently treated with a range of available anticonvulsant medications, the aim being to achieve a long-term seizure-free status, with minimal adverse side effects.  Monotherapy is preferred due to the decreased incidence of side effects and risk of drug interactions – also cheaper!  Polytherapy is considered when a patient’s seizures cannot be adequately controlled by a single drug.  In some cases, implantation of a vagal nerve stimulator (in upper left side of chest), or special ketogenic diets can be useful,   

In some patients, surgical excision of an identified seizure focus can be curative.
Choice of anticonvulsant therapy will depend on seizure type and the specific epileptic syndrome being treated; an epileptic syndrome is a group of signs and symptoms that share a common pathogenesis, age of onset, EEG characteristics, response to treatment and prognosis; [for further detailed description of different epilepsy syndromes see http://en.wikipedia.org/wiki/Epilepsy]. Currently used anticonvulsants can be divided into several main groups depending on their main site of effect – however, some drugs have multiple mechanisms of action:-
1. Blockers of repetitive activation of Na+ channels - Phenytoin, carbamazepine, oxcarbazepine
2. Enhancers of GABAA neurotransmission - Phenobarbital, benzodiazepines

3. Glutamate receptor blockers - Topiramate, lamotrigine, [felbamate]
4. T-type Ca2+ channel blockers - Ethosuximide, valproate, zonisamide
5. N- and L-type Ca2+ channel blockers - Lamotrigine, topiramate, zonisamide, valproate

6. h-type (slow inward rectifier) current modulators - Gabapentin, lamotrigine
7. Blockers of unique binding sites – Gabapentin (Ca2+ channel α2δ subunit – 1 and 2), levetiracetam (synaptic vesicle protein 2A [SV2A])
8. Carbonic anhydrase inhibitors - Topiramate, zonisamide
Recommended treatments for specific seizure types

Partial onset – Carbamazepine (first line) or Lamotrigine, oxcarbazepine, phenytoin, topiramate  (+ levetiracetam, tiagabine, gabapentin or pregabalin)

Absence – Ethosuximide
Tonic or atonic – broad –spectrum drugs –Valproate, lamotrigine, topiramate

Myoclonic – Valproate, lamotrigine, topiramate,  (Levetiracetam as adjunctive therapy)

Generalized onset tonic-clonic – Valproate (first line), phenytoin, lamotrigine, topiramate, (levetiracetam as adjunctive therapy)

Status epilepticus – Lorazepam, diazepam, midazolam, phenytoin, valproate, phenobarbital 

Special treatment considerations have to be made for neonates, children, elderly patients, pregnant women, and patients with renal or hepatic insufficiency.
Surgery for Epilepsy
Surgery as a mode of treatment can be considered for a small minority (~1%) of epilepsy patients who cannot be controlled satisfactorily with available medication, and who have an identifiable single epilepsy focus in a part of the brain where removal would not significantly influence brain function.  In such patients, removal (resection) of the focal area can be curative.

Patients with temporal lobe epilepsy are good candidates for surgery. Also children, because of their faster recovery time and fewer adverse after-effects.
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