Epilepsy



Definitions

¢ Seizure: the clinical manifestation of
an abnormal, excessive excitation
and synchronization of a population
of cortical neurons

¢+ Epilepsy: two or more recurrent
seizures unprovoked by systemic or
acute neurologic insults


Presenter
Presentation Notes
A seizure is the manifestation of an abnormal, hypersynchronous discharge of a population of cortical neurons.  This discharge may produce subjective symptoms or objective signs, in which case it is a clinical seizure, or it may be apparent only on an electroencephalogram (EEG), in which case it is an electrographic (or subclinical) seizure. 


Epidemiology of
Seizures and Epilepsy

¢ Seizures
Incidence: 80/100,000 per year

Lifetime incidence: 9%
(1/3 febrile convulsions)

¢ Epilepsy

Incidence: 45/100,000 per year
Point prevalence: 0.5-1%
Cumulative lifetime incidence: 3%


Presenter
Presentation Notes
The incidence of new-onset seizures in the general population is approximately 80 per 100,000 per year; approximately 60% of these patients will have epilepsy, a tendency toward recurrent unprovoked seizures. 
At least two unprovoked seizures are required for the diagnosis of epilepsy. In the past, physicians were reluctant to make this diagnosis even after repeated seizures, because of the adverse consequences including social stigmatization and limitations on driving and employment.  Despite advances in public understanding of the condition, these issues remain active.  The euphemism seizure disorder has been frequently employed to avoid the term epilepsy, and may also be used to refer to situations characterized by recurrent seizures where each is provoked by an identifiable stimulus; for example, febrile convulsions. The current definition of epilepsy is the tendency to have repeated seizures (at least two) as a consequence of a brain disorder, that is, unprovoked by an acute systemic or brain insult.  This definition stresses that the problem is one of brain function, and that the patient has the potential for more seizures.  This definition excludes seizures due to exogenous factors, such as ethanol or sedative drug withdrawal, or to metabolic disorders, such as nonketotic hyperglycemia.  
Estimates of the annual incidence of epilepsy in the general population range from 30 to 57 per 100,000.  These rates vary with age, being high in infants and young children, then decreasing throughout adulthood until approximately age 60, when they again begin to increase.  The overall prevalence of epilepsy is approximately 6 per 1000. 


Etiology of Seizures
and Epilepsy

¢+ Infancy and childhood

Prenatal or birth injury
Inborn error of metabolism

Congenital malformation

¢+ Childhood and adolescence
|diopathic/genetic syndrome
CNS infection

Trauma



Etiology of Seizures
and Epilepsy

¢ Adolescence and young adult

Head trauma

Drug intoxication and withdrawal*

¢ Older adult
Stroke

Brain tumor
Acute metabolic disturbances*
Neurodegenerative

*causes of acute symptomatic seizures, not epilepsy



Pathophysiology

°* neurons undergo prolonged

depolarizations associated with the
rapid firing of repeated action
potentials.

e Seizures may then spread to involve
adjacent areas of the brain or through
established anatomic pathways to other
distant areas.




Classification of Seizures

Seizures ‘

Partial Generalized
Slmple Absence
Partial

Complex :
Partial Myoclonic
Secondarily Atonic
Generalized
Tonic
Tonic-Clonic




Classification of Seizures

Seizures I—

Partial Generalized

Simple Partial

Complex Partial

Secondarily

Generalized
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Presentation Notes
Partial seizures have onset in part of the brain; synonymous terms that are frequently used include localization-related or focal seizures.  Partial seizures are divided into two main types, depending on whether or not consciousness is fully preserved.  During simple partial seizures, consciousness is preserved; the person is alert, can respond to questions or commands, and can remember what occurred during the seizure. During complex partial seizures, consciousness is altered or lost; the ability to pay attention or respond to questions or commands is thus impaired or lost.  Often, there is no memory of what happened during all or part of the complex partial seizure.  The distinction between simple and complex partial seizures is critical, because activities such as driving and operating dangerous machinery must be restricted in patients with uncontrolled complex partial seizures; restrictions for people with only simple partial seizures depend on the specific seizure manifestations (and, for driving, on regulations in a particular state). Partial onset seizures may progress to secondarily generalized seizures which involve both cerebral hemispheres


Classification of Seizures

Seizures

Generalized

Simple Partial

With somatosensoryy
or.special sensory.

SYINRIOMS

With motor signs

With autonomic

symptoms or signs

With psychic or
experiential
e Y TTLNLOJT) S e
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Presentation Notes
The diverse range of simple partial seizures gives rise to diagnostic challenges.  For example, paresthesias (tingling sensations) in the fifth finger spreading to the forearm can result from a seizure, migraine, transient ischemic attack, or ulnar nerve disorder.  Sudden abdominal discomfort may be produced by a gastrointestinal disorder as well as by a seizure arising from brain structures subserving autonomic or visceral function. When occurring in isolation, these symptoms may not be recognized as seizures by the patient or doctor.  

Motor seizures alter muscle activity.  Localized tonic posturing (stiffening) or clonic movements (twitching, jerking) can occur.  Abnormal movements may be restricted to one body part or involve gradual spread to adjacent areas on the same side of the body (Jacksonian seizure) or both sides of the body with loss of consciousness (secondarily generalized seizure).  

Epileptic discharges that occur in the sensory cortex may produce sensory seizures that manifest as hallucinations or illusions, for example; a sensation of something that is not there or distortion of a true sensation. Hallucinations may remain restricted to one area (e.g., paresthesias in a finger) or spread to other areas (e.g., entire upper extremity or entire side in a Jacksonian sensory march).  Hallucinations and illusions can involve any sensory modality, including touch (e.g., pins and needles, electrical sensations), smell or taste (e.g., chemical or metallic sensations, often unpleasant), vision (e.g., flashing lights, complex scene), and hearing (e.g., buzzing, person’s voice).  

Autonomic seizures are common, evoking changes in autonomic activity (e.g., altered heart or breathing rate, sweating) or visceral sensations (e.g., in abdomen or chest)

Psychic seizures affect how we feel, think, and experience things.  Patients may report a “dreamy state,” transitional between waking and unconsciousness.  Psychic seizures can alter language function, perception or memory.  They can also evoke spontaneous emotions (e.g., fear, anxiety, or depression), altered perceptions of time or familiarity (time slowing down or speeding up; deja vu—new experiences appear familiar, jamais vu—familiar things appear foreign), depersonalization (feeling one is not oneself), derealization (the world seems unreal, dream-like), or autoscopy (viewing one’s body from outside).  




Complex Partial Seizures

¢ Impaired
consciousness

¢+ Clinical manifestations
vary with site of origin
and degree of spread

Presence and nature
of aura

Automatisms
Other motor activity

¢+ Duration typically < 2
minutes

Seizures

Partial

Generalized

Complex Partial
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Presentation Notes
Complex partial seizures impair consciousness.  Typically, staring is accompanied by impaired responsiveness, cognitive function, and recall, although some degree of responsiveness may be preserved (e.g., orienting toward a stimulus).  Automatic movements (automatisms) are common and involve the mouth (e.g., lip smacking, chewing, swallowing), upper extremities (e.g., fumbling, picking), vocalization/verbalization (e.g., grunts, repeating a phrase), or complex acts (e.g., shuffling cards).  More dramatic automatisms occasionally occur (e.g., screaming, running, disrobing, pelvic thrusting).  Complex partial seizures usually last from 15 seconds to 3 minutes. After the seizure, postictal confusion is common, usually lasting less than 15 minutes, although other symptoms, such as fatigue, may persist for hours. 


Secondarily Generalized Seizures

¢+ Begins focally, with or
without focal neurological
symptoms

Seizures

¢+ Variable symmetry,
Intensity, and duration of
tonic (stiffening) and clonic
(jerking) phases Partial Generalized

¢+ Typical duration 1-3
minutes

Secondarily

¢+ Postictal confusion, Generalized
somnolence, with or
without transient focal

deficit
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Presentation Notes
Partial seizures can spread to both cerebral hemispheres, becoming generalized seizures.  Patients may recall an aura, and witnesses may first observe a simple partial or complex partial seizure that progresses to a tonic-clonic seizure.  Once a partial seizure secondarily generalizes, it is generally impossible to differentiate from a primarily generalized seizure. The electroencephalogram (EEG), neurologic exam (especially postictally), and neuroimaging tests (CT or MRI) often help distinguish these seizure types. 



Classification of Seizures

Seizures?

Partial Generalized

Absence

Myoclonic

Atonic

Tonic

Tonic-
Clonic
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Presentation Notes
Generalized seizures affect both cerebral hemispheres from the beginning of the seizure. They produce loss of consciousness, either briefly or for a longer period of time, and are sub-categorized into several major types: absence, myoclonic, atonic, tonic, and tonic-clonic.




Typical Absence Seizures

¢+ Brief staring spells (“petit mal”)
with impairment of awareness

3-20 seconds

Sudden onset and sudden
resolution

Often provoked by
hyperventilation

Onset typically between 4
and 14 years of age

Often resolve by 18 years of
age

¢+ Normal development and
intelligence

¢+ EEG: Generalized 3 Hz spike-
wave discharges

Seizures

Partial

Generalized

Absence
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Presentation Notes
Absence (petit mal) seizures are brief episodes, usually lasting 3-20 seconds, of staring with impairment of awareness and responsiveness. There is no warning before the seizure, and immediately afterward the person is alert and attentive.  This lack of a postictal period is a key feature that allows one to distinguish between absence and partial complex seizures. If duration is >10 seconds, there are often accompanying motor phenomena (e.g., eye blinks, brief automatic mouth or hand movements, changes in muscle tone).  These spells usually begin between ages 4 and 14 years, and usually resolve by age 18.  Absence seizures are often provoked by hyperventilation, an effective means of reproducing seizures in the office or during the EEG. The EEG signature of absence epilepsy is the generalized 3 Hz spike-wave discharge. Children with typical absence seizures usually have normal development and intelligence.


Atypical Absence Seizures

L 2

Brief staring spells with variably reduced responsiveness

5-30 seconds
Gradual (seconds) onset and resolution
Generally not provoked by hyperventilation

Onset typically after 6 years of age

L 2

Often in children with global cognitive impairment

<

EEG: Generalized slow spike-wave complexes (<2.5 Hz)

Patients often also have Atonic and Tonic seizures
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Presentation Notes
Atypical absence seizures also occur predominantly in children, usually beginning before 6 years of age.  As opposed to typical absences, atypical absences may begin and end gradually (over seconds), usually last 5-30 seconds, and are not generally provoked by rapid breathing.  The child stares, but the reduction in responsiveness is usually incomplete.  Eye blinking or slight twitching movements of the lips may be seen.  Because atypical absence seizures often occur in children with global cognitive impairment, the seizures may be difficult to distinguish from the child’s usual behavior.  The EEG usually shows generalized slow spike-wave complexes (i.e., <2.5 Hz). Atypical absence seizures usually arise during childhood, but may persist into adulthood. Atonic and tonic seizures often occur in patients with atypical absence seizures. 



Myoclonic Seizures

¢+ Brief, shock-like jerk of a
muscle or group of muscles

¢+ Epileptic myoclonus

Typically bilaterally
synchronous

Impairment of
consciousness difficult to
assess (seizures <1 second)

Clonic seizure — repeated
myoclonic seizures (may
have impaired awareness)

+ Differentiate from benign,
nonepileptic myoclonus (e.g.,
while falling asleep)

+ EEG: Generalized 4-6 Hz
nolyspike-wave discharges

Seizures

Partial

Generalized

Myoclonic
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Presentation Notes
Myoclonic seizures involve a brief, shock-like jerk of a muscle or group of muscles.  Benign myoclonus occurs in healthy people (e.g., while falling asleep).  This is not a myoclonic seizure. Pathologic myoclonus can result from epileptic and nonepileptic causes.  Epileptic myoclonus usually causes bilateral, synchronous jerks most often affecting the neck, shoulders, upper arms, body, and upper legs.  Consciousness does not usually seem to be impaired, although this is difficult to verify given the brief duration of <1 second; if several occur in rhythmic succession, this may be termed a clonic seizure, and may be associated with altered awareness.  EEG during a myoclonic seizure typically shows a polyspike-and-slow-wave discharge.  Myoclonic seizures occur in a variety of epilepsy syndromes. Rarely they may be seen as part of a progressive, degenerative condition (i.e., progressive myoclonic epilepsy).


Tonic and Atonic Selzures

Tonic seizures

Symmetric, tonic muscle contraction of
extremities with tonic flexion of waist and neck

Duration - 2-20 seconds.

EEG — Sudden attenuation with generalized, low-
voltage fast activity (most common) or
generalized polyspike-wave.

Seizures

Atonic seizures

Sudden loss of postural tone

Partial

Generalized

When severe often results in falls

When milder produces head nods or jaw drops.
Consciousness usually impaired

Duration - usually seconds, rarely more than 1
minute

EEG — sudden diffuse attenuation or generalized
polyspike-wave

Tonic

Atonic
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Presentation Notes
Atonic and tonic seizures, like atypical absence, are most common in people with other neurologic abnormalities in addition to epilepsy.

In contrast to partial motor seizures, tonic seizures are generalized, involving bilateral musculature in a symmetric or nearly symmetric manner.  Tonic seizures are characterized by flexion at the waist and neck, abduction and flexion or extension of the upper extremities, and flexion or extension of the lower extremities.  They typically occur during sleep and last 2-20 seconds. EEG usually shows generalized, low-voltage, fast polyspikes. 

Atonic seizures consist of a sudden loss of postural tone, often resulting in falls, or, when milder, head nods or jaw drops.  Consciousness is usually impaired and significant injury may occur.  Duration is usually several seconds, rarely more than 1 minute.  EEG often shows an electrodecremental response.  

Epileptic drop attacks may occur not just with atonic seizures, but also with myoclonic or tonic seizures if the legs are involved. 


Generalized Tonic-Clonic Seizures

L 2

Associated with loss of
consciousness and post-ictal

confusion/lethargy Seizures
¢+ Duration 30-120 seconds
¢+ Tonic phase
Stiffening and fall
Often associated with ictal cry Partial Generalized

¢+ Clonic Phase

Rhythmic extremity jerking Tonic-

EEG — generalized polyspikes Clonic
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Presentation Notes
Primary generalized tonic-clonic (also called grand mal or convulsive seizures) seizures cause loss of consciousness associated with an initial tonic phase of stiffening, a fall, and often a cry evoked by air forced through contracted vocal cords. Legs are usually extended, and arms may be extended, flexed, or each in succession.  The subsequent clonic phase consists of jerking of the extremities which gradually slows before stopping.  Tonic-clonic seizures usually last 30-120 seconds.  There may be drooling or foaming resulting from lack of swallowing and excessive salivation; biting of the tongue, cheek, or lip, causing bleeding; and bladder or bowel incontinence.  Postictal lethargy and confusion often last minutes to hours, and may be followed by transient agitation.  The EEG shows generalized polyspikes, but these are usually obscured by muscle artifact.  Postictally, there is background suppression and then diffuse slowing. 


Epilepsy Syndromes

Epilepsy Syndrome
Grouping of patients that share similar:
Seizure type(s)

Age of onset
Natural history/Prognosis
EEG patterns
Genetics

Response to treatment


Presenter
Presentation Notes
Epilepsy is an umbrella term, under which many types of diseases and syndromes are included. Some authors distinguish between epilepsies and epileptic syndromes, depending on whether seizures are the only neurologic disorder (an epilepsy) or are one of a group of symptoms (an epileptic syndrome).  Some of the epilepsies (e.g., juvenile myoclonic epilepsy) have well-defined genetics, clinical courses, and responses to medication.  Others (e.g., temporal lobe epilepsy) have natural histories which are highly variable, and which reflect differences in pathology as well as in host response to that pathologic process and to the treatments administered. 



Epilepsy Syndromes

Epilepsy

Partial

Generalized

Idiopathic

Symptomatic

Idiopathic

Symptomatic
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Presentation Notes
The current classification of the epilepsies and epileptic syndromes attempts to separate these disorders according to their putative brain origins, that is, whether they arise in a circumscribed portion of the brain (partial), or appear to begin diffusely in the cortex and its deeper connections (generalized).  The syndrome is idiopathic when the disorder is not associated with other neurologic or neuropsychologic abnormalities; symptomatic indicates that such an abnormality is present and the cause is known.  Cryptogenic refers to syndromes that are presumed to be symptomatic but the cause in a specific patient is unknown.  Many idiopathic epilepsies occur in children and adolescents, and often remit in adolescence or adulthood.  There is evidence that most or all of these syndromes have a genetic basis, and that when this basis becomes known, they will move from the idiopathic to the symptomatic category. 

INTERNATIONAL CLASSIFICATION OF EPILEPSIES AND EPILEPTIC SYNDROMES
1. Localization-Related  (Local, Focal, Partial) Epilepsies and Syndromes
	1.1 	Idiopathic (with age-related onset) 
		Benign childhood epilepsy with centrotemporal spikes (‘rolandic epilepsy’) 
		Childhood epilepsy with occipital paroxysms
	1.2 	Symptomatic 
		Chronic progressive epilepsia partialis continua of childhood (e.g., ‘Rasmussen’s encephalitis’) 
		Frontal lobe epilepsies 
		Occipital lobe epilepsies 
		Parietal lobe epilepsies
		Temporal lobe epilepsies
	1.3 	Cryptogenic
2. Generalized Epilepsies and Syndromes 
	2.1 	Idiopathic (with age-related onset)
		Benign neonatal familial convulsions
		Benign neonatal convulsions
		Benign myoclonic epilepsy in childhood
		Childhood absence epilepsy (pyknolepsy)
		Juvenile absence epilepsy
		Juvenile myoclonic epilepsy
	2.2	Cryptogenic or Symptomatic
		West syndrome
		Lennox-Gastaut syndrome
3. Epilepsies and Syndromes Undetermined Whether Focal or Generalized
4. Special Syndromes


THERAPEUTIC
CONSIDERATIONS

e Goal - no seizures, but | drug side effects (60-80%
patients obtain good seizure control)

 Diagnosis - drug selection (for seizure type)
e Clinical evaluation - drug trial period

e Plasma drug levels - narrow therapeutic
range — monitor

« Compliance difficult - chronic disorder
Withdrawing medication - weeks — months


Presenter
Presentation Notes
The current classification of the epilepsies and epileptic syndromes attempts to separate these disorders according to their putative brain origins, that is, whether they arise in a circumscribed portion of the brain (partial), or appear to begin diffusely in the cortex and its deeper connections (generalized).  The syndrome is idiopathic when the disorder is not associated with other neurologic or neuropsychologic abnormalities; symptomatic indicates that such an abnormality is present and the cause is known.  Cryptogenic refers to syndromes that are presumed to be symptomatic but the cause in a specific patient is unknown.  Many idiopathic epilepsies occur in children and adolescents, and often remit in adolescence or adulthood.  There is evidence that most or all of these syndromes have a genetic basis, and that when this basis becomes known, they will move from the idiopathic to the symptomatic category. 

INTERNATIONAL CLASSIFICATION OF EPILEPSIES AND EPILEPTIC SYNDROMES
1. Localization-Related  (Local, Focal, Partial) Epilepsies and Syndromes
	1.1 	Idiopathic (with age-related onset) 
		Benign childhood epilepsy with centrotemporal spikes (‘rolandic epilepsy’) 
		Childhood epilepsy with occipital paroxysms
	1.2 	Symptomatic 
		Chronic progressive epilepsia partialis continua of childhood (e.g., ‘Rasmussen’s encephalitis’) 
		Frontal lobe epilepsies 
		Occipital lobe epilepsies 
		Parietal lobe epilepsies
		Temporal lobe epilepsies
	1.3 	Cryptogenic
2. Generalized Epilepsies and Syndromes 
	2.1 	Idiopathic (with age-related onset)
		Benign neonatal familial convulsions
		Benign neonatal convulsions
		Benign myoclonic epilepsy in childhood
		Childhood absence epilepsy (pyknolepsy)
		Juvenile absence epilepsy
		Juvenile myoclonic epilepsy
	2.2	Cryptogenic or Symptomatic
		West syndrome
		Lennox-Gastaut syndrome
3. Epilepsies and Syndromes Undetermined Whether Focal or Generalized
4. Special Syndromes


Seizure Precipitants

¢+ Metabolic and Electrolyte Imbalance

+ Stimulant/other proconvulsant intoxication
¢+ Sedative or ethanol withdrawal

¢+ Sleep deprivation

+ Antiepileptic medication reduction or inadequate
AED treatment

¢+ Hormonal variations

¢ Stress

¢+ Fever or systemic infection
Concussion and/or closed head injury



Presenter
Presentation Notes
One or more precipitating factors can contribute to the patient’s seizure.  The discovery of a precipitant does not obviate the need to search for intracranial pathology or a genetic predisposition toward seizures, but may lead to a non-epilepsy diagnosis (e.g., alcohol withdrawal seizure), and is very useful in counseling the patient.  Common precipitants include metabolic and electrolyte imbalance (such as low blood glucose, low sodium, low calcium or low magnesium), antiepileptic medication reduction or inadequate AED treatment, hormonal variations, stress, infection, severe sleep deprivation, withdrawal from alcohol or other sedative agents, and administration of drugs with proconvulsant properties, such as central nervous system stimulants including cocaine, anticholinergics (including over-the-counter antihistamines), almost all dopamine blocking agents, newer antipsychotics (particularly clozapine), antidepressants (especially buproprion), immune suppressants such as cyclosporine, and antibiotics such as quinolones or imipenem-cilastatin. 



Seizure Precipitants (cont.)

Metabolic and Electrolyte Imbalance

¢ Low blood glucose

(or high glucose, esp. w/ hyperosmolar state)
¢ Low sodium
¢ Low calcium

¢+ Low magnesium



Seizure Precipitants (cont.)

Stimulants/Other Pro-convulsant Intoxication

¢ |V drug use

¢+ Cocaine

¢+ Ephedrine

¢ Other herbal remedies

Medication reduction



Choosing Antiepileptic Drugs

¢ Seizure type

¢ Epilepsy syndrome

¢ Pharmacokinetic profile

¢+ Interactions/other medical conditions
¢+ Efficacy

¢+ Expected adverse effects

Cost


Presenter
Presentation Notes
Before treatment is instituted, the clinician must decide whether the patient’s seizures are partial or generalized in onset.  The drug of choice should have the best efficacy (ability to stop seizures) and lowest likelihood of adverse effects.  Several comparison studies have shown minimal differences in efficacy of the standard AEDs.  Thus, differences in expected adverse effect profile, and pharmacokinetic profile, as well as expense, should guide AED choice.  Most patients can be optimally managed on a single AED.  One must be sure that a given drug has failed before moving on to an alternative drug or a two-drug combination.  If the patient has persistent seizures but no adverse effects, the dose can be increased as tolerated or until seizure control is obtained.  The “therapeutic range” of serum concentrations is only a guideline—the patient’s clinical state determines the appropriate dose. 


Choosing Antiepileptic Drugs

+ Limited placebo-controlled trials available, particularly
of newer AEDs

+ In practice, several drugs are commonly used for
iIndications other than those for which they are
officially approved/recommended

« Choice of AED for partial epilepsy depends largely on
drug side-effect profile and patient’s
preference/concerns

« Choice of AED for primary generalized epilepsy
depends on predominant seizure type(s) as well as
drug side-effect profile and patient’s

preference/concerns




Choosing Antiepileptic Drugs

Broad-Spectrum Agents Narrow-Spectrum Agents
Valproate Partial onset seizures
Felbamate Phenytoin
Lamotrigine Carbamazepine
Topiramate Oxcarbazepine
Zonisamide Gabapentin
Levetiracetam Pregabalin
Rufinamide* Tiagabine

Lacosamide*

Absence
Ethosuximide

* New AEDs (approved 2008) categorization may change


Presenter
Presentation Notes
Antiepileptic drugs can be roughly classified as broad-spectrum or partial agents. Broad-spectrum agents are useful in the treatment of both primary generalized seizures and partial-onset seizures. Partial agents are used for the treatment of partial-onset seizures but are generally avoided in primary generalized epilepsy as they can potentially exacerbate some seizure types (eg atypical absence seizures). Phenytoin and carbamazepine are sometimes used for primary generalized tonic-clonic seizures. 


Antiepileptic Drug

A drug which decreases the frequency and/or
severity of seizures in people with epilepsy

Treats the symptom of seizures, not the
underlying epileptic condition

Goal—maximize quality of life by minimizing
seizures and adverse drug effects

Currently no “anti-epileptogenic” drugs
available



Current Pharmacotherapy

Just under 60% of all people with

epilepsy can become seizure free with
drug therapy

In another 20% the seizures can be
drastically reduced

~ 20% epileptic patients, seizures are
refractory to currently available AEDs



Choosing Antiepileptic Drugs

¢ Seizure type

¢+ Epilepsy syndrome

¢ Pharmacokinetic profile

¢ Interactions/other medical conditions
¢+ Efficacy

¢+ Expected adverse effects

Cost



General Facts About AEDS

Good oral absorption and bioavailability

Most metabolized in liver but some excreted
unchanged in kidneys

Classic AEDs generally have more severe
CNS sedation than newer drugs (except
ethosuximide)

Because of overlapping mechanisms of
action, best drug can be chosen based on
minimizing side effects in addition to efficacy

Add-on therapy is used when a single drug
does not completely control seizures




Classification of AEDs

Classical Newer
, Lamotrigine
ANETROT _ Felbamate
Phenobarbital Topiramate
Primidone Gabapentin
Carbamazepine Tiagabine
Vigabatrin

Ethosuximide

. Oxycarbazepine
Valproate (valproic acid) | evetiracetam
Trimethadione (not currently Fosphenytoin

In use)

In general, the newer AEDs have less CNS sedating effects than the classical AEDs



History of Antiepileptic
Drug Therapy In the U.S.

¢ 1857 - Bromides

¢ 1912 - Phenobarbital
¢ 1937 - Phenytoin
¢ 1954 - Primidone
1960 - Ethosuximide



History of Antiepileptic
Drug Therapy In the U.S.

¢ 1974 - Carbamazepine

¢ 1975 — Clonazepam (benzodiazapine)
¢+ 1978 - Valproate

¢ 1993 - Felbamate, Gabapentin

¢ 1995 - Lamotrigine

¢ 1997 - Topiramate, Tiagabine

¢ 1999 - Levetiracetam

2000 - Oxcarbazepine, Zonisamide
Vigabatrin—not approved in US



Cellular Mechanisms of
Selzure Generation

¢+ Excitation (too much)

lonic—Iinward Na*, Ca*™ currents

Neurotransmitter—glutamate,
aspartate

¢ Inhibition (too little)

lonic—Iinward CI-, outward K*
currents



Basic Mechanisms Underlying
Seizures and Epilepsy

Excitatory Inputs
to DG

——

Feed-Forward
Inhibition

_|_
Inhibitory

Feedback
Inhibition

Interneuron _+\/

+

to

v+

Granule
Cell

Axons

CA3

¢ Feedback and
feed-forward
Inhibition, illustrated
via cartoon and
schematic of
simplified
hippocampal circuit

Babb TL, Brown WJ. Pathological Findings in Epilepsy. In: Engel J. Jv. Ed.
Surgical Treatment of the Epilepsies. New York: Raven Press 1987: 511-540.




Neuronal (Intrinsic) Factors
Modifying Neuronal Excitability

¢ lon channel type, number, and
distribution

¢+ Biochemical modification of receptors

¢ Activation of second-messenger
systems

¢+ Modulation of gene expression
(e.qg., for receptor proteins)




Extra-Neuronal (Extrinsic) Factors
Modifying Neuronal Excitability

¢+ Changes in extracellular ion
concentration

¢ Remodeling of synapse location or
configuration by afferent input

¢ Modulation of transmitter metabolism
or uptake by glial cells




Mechanisms of Generating
Hyperexcitable Networks

¢+ Excitatory axonal “sprouting”
¢ Loss of inhibitory neurons

¢+ Loss of excitatory neurons “driving”
Inhibitory neurons



Hippocampal Circuitry and Seizures

Perforant path input




Targets for AEDs

Increase inhibitory neurotransmitter
system—GABA

Decrease excitatory neurotransmitter
system—glutamate

Block voltage-gated inward positive
currents—Nat* or Cat+

Increase outward positive current—K+

Many AEDs pleiotropic—act via
multiple mechanisms




Epilepsy—Glutamate

he brain’s major excitatory neurotransmitter

wo groups of glutamate receptors

lonotropic—fast synaptic transmission
NMDA, AMPA, kainate
Gated Ca** and Gated Na+ channels
Metabotropic—slow synaptic transmission
Quisgualate

Regulation of second messengers (CAMP and
Inositol)

Modulation of synaptic activity

Modulation of glutamate receptors



Epilepsy—Glutamate

Diagram of the
various glutamate
receptor subtypes
and locations

From Takumi et al, 1998




Glutamate Receptors as AED
Targets

NMDA receptor sites as targets

Ketamine, phencyclidine, dizocilpine block
channel and have anticonvulsant
properties but also dissociative and/or
hallucinogenic properties; open channel
blockers.

Felbamate antagonizes strychnine-
Insensitive glycine site on NMDA complex

AMPA receptor sites as targets

Topiramate antagonizes AMPA site



Epilepsy—GABA

Major inhibitory neurotransmitter in the
NS

Two types of receptors

GABA ,—post-synaptic, specific
recognition sites, linked to CI
channel

GABA; —presynaptic autoreceptors,
mediated by K* currents



GABAA Receptor

= Schematic lllustration of a GABA , Receptor, with Its Binding Sites
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AEDs That Act Primarily on
GABA

enzodiazepines (diazapam, clonazapam)

2 Increase frequency of GABA-mediated chloride
channel openings

Barbiturates (phenobarbital, primidone)

Prolong GABA-mediated chloride channel
openings

Some blockade of voltage-dependent sodium
channels



AEDs That Act Primarily on
GABA

Gabapentin
2 May modulate amino acid transport into brain
2 May interfere with GABA re-uptake
qgabine
Interferes with GABA re-uptake
Igabatrin (not currently available in US)

elevates GABA levels by irreversibly inhibiting
Its main catabolic enzyme, GABA-
transaminase




Na+ Channels as AED Targets

Neurons fire at high frequencies during
seizures

Action potential generation is
dependent on Na+ channels

Use-dependent or time-dependent Na+
channel blockers reduce high
frequency firing without affecting
physiological firing




AEDs That Act Primarily on Na+
Channels

Pheénhytoin, Carbamazepine

2 Block voltage-dependent sodium channels at high firing
frequencies—use dependent

arbazepine

Blocks voltage-dependent sodium channels at high
firing frequencies

Also effects K+ channels
onisamide

Blocks voltage-dependent sodium channels and T-type
calcium channels



Ca?* Channels as Targets

Absence seizures are caused by
oscillations between thalamus and
cortex that are generated in thalamus
by T-type (transient) Ca2* currents

Ethosuximide is a specific blocker of T-
type currents and is highly effective in
treating absence seizures




What about K+ channels?

channels have important inhibitory contro
oMer neuronal firing in CNS—repolarize
mbrane to end action potentials

n channel agonists would decrease
Merexcitability in brain

™ So far, the only AED with known actions on K+
channels is valproate

% Retiagabine is a novel AED in clinical trials
that acts on a specific type of voltage-
dependent K+ channel




Pleiotropic AEDs

amate

2 Blocks voltage-dependent sodium channels at high firing
frequencies

2 May modulate NMDA receptor via strychnine-insensitive
glycine receptor

amotrigine

Blocks voltage-dependent sodium channels at high firing
frequencies

May interfere with pathologic glutamate release

Inhibit Ca++ channels?




Pleiotropic AEDs

ramalte

| Blocks voltage-dependent sodium channels at high firing
frequencies

) Increases frequency at which GABA opens Cl- channels
(different site than benzodiazepines)

Antagonizes glutamate action at AMPA/kainate receptor
subtype?

alproate
May enhance GABA transmission in specific circuits
Blocks voltage-dependent sodium channels

May also augment K+ channels

-type Caz2+ currents?




The Cytochrome P-450
ISozyme System

e enzymes most involved with drug
etabolism

zymes have broad substrate specificity,
d individual drugs may be substrates
or several enzymes

The principle enzymes involved with AED
metabolism include CYP2C9, CYP2C19,
CYP3A



Enzyme Inducers/Inhibitors: General
Considerations

¢ Inducers: Increase clearance and

ocrease steady-state concentrations of
her drugs

Inhibitors: Decrease clearance and
Increase steady-state concentrations of
other drugs



The Cytochrome P-450
Enzyme System

ducers Inhibitors

henobarbital valproate

drimidone topiramate (CYP2C19)

phenytoin oxcarbazepine
(CYP2C19)
carbamazepine felbamate (CYP2C19)

felbamate (CYP3A) (increase phenytoin,
oiramate (CYP3A) phenobarbital)



AEDs and Drug Interactions

¢ Although many AEDs can cause pharmacokinetic
INt€ractions, several newer agents appear to be less
pe@blematic.

Ds that do not appear to be either inducers or
bitors of the CYP system include:

Gabapentin
Lamotrigine
Tiagabine
Levetiracetam
Zonisamide




Classic AEDs




Phenytoin

First line drug for partial seizures
Inhibits Na+ channels—use dependent

Prodrug fosphenytoin for IM or IV administration.
Highly bound to plasma proteins.

Half-life: 22-36 hours

Adverse effects: CNS sedation (drowsiness, ataxia,
confusion, insomnia, nystagmus, etc.), gum
hyperplasia, hirsutism

Interactions: carbamazapine, phenobarbital will
decrease plasma levels; alcohol, diazapam,
methylphenidate will increase. Valproate can
displace from plasma proteins. Stimulates
cytochrome P-450, so can increase metabolism of
some drugs.




Carbamazapine

irst line drug for partial seizures
hibits Na+ channels—use dependent
alf-life: 6-12 hours

A dverse effects: CNS sedation. Agranulocytosis and
plastic anemia in elderly patients, rare but very
serious adverse. A mild, transient leukopenia
(decrease in white cell count) occurs in about 10% of
patients, but usually disappears in first 4 months of
treatment. Can exacerbate some generalized seizures.

Drug interactions: Stimulates the metabolism of other
drugs by inducing microsomal enzymes, stimulates
Its own metabolism. This may require an increase in
gase of this and other drugs patient is taking.




Phenobarbital

| Partial seizures, effective in neonates

8 Second-line drug in adults due to more severe CNS
sedation

i Allosteric modulator of GABA, receptor (increase
open time)

Absorption: rapid

Half-life: 53-118 hours (long)

Adverse effects: CNS sedation but may produce
excitement in some patients. Skin rashes if allergic.
Tolerance and physical dependence possible.

nteractions: severe CNS depression when combinec




Primidone

artial seizures
echanims—same as phenobarbital

mA Dbsorption: Individual variability in rates. Not highly
ound to plasma proteins.

Metabolism: Converted to phenobarbital and
phenylethyl malonamide, 40% excreted unchanged.

Half-life: variable, 5-15 hours. PB ~100, PEMA 16 hours
Adverse effects: CNS sedative

Drug interactions: enhances CNS depressants, drug
metabolism, phenytoin increases conversion to PB




Benzodiazapines (Diazapam and
clonazapam)

Status epilepticus (1V)

Allosteric modulator of GABA, receptors—increases
requency

s \bsorption: Rapid onset. Diazapam—rectal
formulation for treatment of SE

Half-life: 20-40 hours (long)

Adverse effects: CNS sedative, tolerance,
dependence. Paradoxical hyperexcitability in children

Drug interactions: can enhance the action of other
CNS depressants



Valproate (Valproic Acid)

' Partial seizures, first-line drug for generalized seizures.

" Enhances GABA transmission, blocks Na+ channels,
activates K+ channels

Absorption: 90% bound to plasma proteins
Half-life: 6-16 hours

Adverse effects: CNS depressant (esp. w/
phenobarbital), anorexia, nausea, vomiting, hair loss,
weight gain, elevation of liver enzymes. Hepatoxicity Is
rare but severe, greatest risk <2 Yrs. May cause birth
defects.

Drug interactions: May potentiate CNS depressants,
displaces phenytoin from plasma proteins, inhibits

etabolism of phenobarbital, phenytoin, carbamazepine
PA50 Inhihito




Ethosuximide

Absence selzures

Blocks T-type Ca++ currents in thalamus
Half-life: long—40 hours

Adverse effects: gastric distress—pain,
nausea, vomiting. Less CNS effects that
other AEDs, transient fatigue, dizziness,
headache

Drug interactions: administration with
valproate results in inhibition of its
metabolism




NEéwer Drugs




Oxcarbazepine

Approved for add-on therapy, monotherapy in
paltial seizures that are refractory to other AEDs

ABtIvVity-dependent blockade of Na+ channels,
y also augment K+ channels

o Half-life: 1-2 hours, but converted to 10-
hydroxycarbazepine 8-12 hours

™ Adverse effects: similar to carbamazepine (CNS
sedative) but may be less toxic.

Drug interactions: less induction of liver
enzymes, but can stimulate CYP3A and inhibit
42C19




Gabapentin

Add-on therapy for partial seizures, evidence
that it is also effective as monotherapy in
newly diagnosed epilepsies (partial)

May interfere with GABA uptake

Absorption: Non-linear. Saturable (amino acid
transport system), no protein binding.

Metabolism: none, eliminated by renal
excretion

Half-life: 5-9 hours, administered 2-3 times
daily

Adverse effects: less CNS sedative effects
than classic AEDs




Lamotrigine

2 Add-on therapy, monotherapy for refractory partial
seizures. Also effective in Lennox Gastaut
Syndrome and newly diagnhosed epilepsy. Effective
against generalized seizures.

Use-dependent inhibition of Na+ channels,
glutamate release, may inhibit Ca++ channels

Half-life—24 hours

Adverse effects: less CNS sedative effects than
classic AEDs, dermatitis potentially life-threatening
In 1-2% of pediatric patients.

Drug interactions: levels increased by valproate,




Felbamate

Third-line drug for refractory partial
selzures

Frequency-dependent inhibition of Na+
channels, modulation of NMDA
receptor

Adverse effects: aplastic anemia and
severe hepatitis restricts its use (black
D0X)

Drug interactions: increases plasma
ohenytoin and valproate, decreases
carbamazapine. Stimulates CYP3A and




|_evetiracetam

 Add-on therapy for partial seizures

% Binds to synaptic vesicle protein SV2A, may
regulate neurotransmitter release

= Half-life: 6-8 hours (short)
Adverse effects: CNS depresssion
Drug interactions: minimal




Tiagabine

Add-on therapy for partial seizures
Interferes with GABA reuptake
Half-life: 5-8 hours (short)
Adverse effects: CNS sedative
Drug interactions: minimal




Zonisamide

Add-on therapy for partial and
generalized seizures

Blocks Na+ channels and T-type Ca++
channels

Half-life: 1-3 days (long)
Adverse effects: CNS sedative
Drug interactions: minimal




Topimerate

| Add-on for refractory partial or generalized seizures.
Effective as monotherapy for partial or generalized
seizures, Lennox-Gastaut syndrome.

Use-dependent blockade of Na+ channels, increases
frequency of GABA, channel openings, may
Interfere with glutamate binding to AMPA/KA
receptor

Half-life: 20-30 hours (long)
Adverse effects: CNS sedative

Drug interactions: Stimulates CYP3A and inhibits

CYP2C19, can lessen effectiveness of birth control
i







Treatment of Epilepsy

rst consideration is efficacy in stopping
Bjzures

maBecause many AEDs have overlapping,
elotropic actions, the most appropriate
drug can often be chosen to reduce side
effects. Newer drugs tend to have less
CNS depressant effects.

Potential of long-term side effects,
pharmokinetics, and cost are other
onsiderations




Partial Onset Seizures

With secondary generalization

First-line drugs are carbamazepine and
phenytoin (equally effective)

Valproate, phenobarbital, and primidone
are also usually effective

Without generalization

Phenytoin and carbamazepine may be
slightly more effective

Phenytoin and carbamazepine can be



Partial Onset Seizures—New
Drugs

Adjunctive (add-on) therapy where
monotherapy does not completely stop
seizures—newer drugs felbamate,
gabapentin, lamotrigine, levetiracetam,
oxcarbazepine, tiagabine, topiramate,
and zonisamide

Lamotrigine, oxcarbazepine, felbamate
approved for monotherapy where

phenytoin and carbamazepine have
failed.




Generalized Onset Selzures

Tonic-clonic, myoclonic, and absence
seizures—first line drug is usually
valproate

Phenytoin and carbamazepine are
effective on tonic-clonic seizures but
not other types of generalized seizures

Valproate and ethoxysuximide are
equally effective in children with
absence seizures, but only valproate

protects against the tonic-clonic
- irs DINEUT]E 0l=AVA=110]10
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Generalized Onset Seilzures

Jllc
beuseful against generalized seizures, but

m@y have greater sedative effects than other
A S

erance develops to clonazepam, so that it
may lose its effectiveness after ~6 months

M Carbamazepine may exacerbate absence and
myoclonic, underscoring the importance of
appropriate seizure classification

Lamotrigine, topiramate, and zonisamide are
attgctive against tonic-clonic, absence, and




Generalized Onset Seilzures

Jllc
beuseful against generalized seizures, but

m@y have greater sedative effects than other
A S

erance develops to clonazepam, so that it
may lose its effectiveness after ~6 months

M Carbamazepine may exacerbate absence and
myoclonic, underscoring the importance of
appropriate seizure classification

Lamotrigine, topiramate, and zonisamide are
attgctive against tonic-clonic, absence, and




Status Epilepticus

ore than 30 minutes of continuous
2jzure activity

O Or more sequential seizures spanning
IS period without full recovery between
seizures

Medical emergency



Status Epilepticus

Treatment

Diazepam, lorazapam |V (fast, short acting)

Followed by phenytoin, fosphenytoin, or
phenobarbital (longer acting) when control

IS established



Alternative Uses for AEDs

Gabapentin, carbamazepine—

neuropathic pain

Lamotrogine, carbamazepine—bipolar

disorder

Leviteracitam, valproate, topirimate,

P P B



Drugs Used According to Type of Seizure and Epileptic Syndrome

Second Line or Add-on Drug (Those tried
when first-line drugs fail)

Note: some of these agents are used as
second-line agents but have not yet
been FDA approved.

First Line Drug (Generally, the first
drug tried)

Type of Seizure and
Epileptic
Syndrome

Primary Generalized Seizures

Valproic acid (or divalproex sodium), Others
under investigation include clonazepam

Ethosuximide in children and adults,
valproic acid (divalproex sodium

Absence (petit mal)
seizures

may be better tolerated).

Note: Carbamazepine and phenytoin
are contradicted. Others under
investigation include
levetiracetam.

and lamotrigine.

Myoclonic seizures

Valproic acid (or divalproex sodium)
Note: Carbamazepine and phenytoin
can actually aggravate these

seizures.
Others under investigation include
levetiracetam.

Acetazolamide, clonazepam,

Others under investigation include
zonisamide, lamotrigine, topiramate,
primidone (for juvenile myoclonic
epilepsies).

Tonic-clonic (grand
mal) seizures

Valproic acid (or divalproex sodium),
carbamazepine, phenytoin.

Phenobarbital, primidone Topiramate
(including in children two and over)

Other under investigation include
lamotrigine

Infantile spasms
(West's
syndrome)

Corticotropin, vigabatrin. Zonisamide

and tiagabine under investigation.

Clonazepam, valproic acid (or divalproex
sodium),

| ennox-Gastatit

Valoroic acid (or divaloroex sodium).

Carbamazebine clonazenam (absence




Drugs Used According to Type of Seizure and Epileptic Syndrome

Type of Seizure and
Epileptic
Syndrome

First Line Drug (Generally, the
first drug tried)

Second Line or Add-on Drug (Those tried when

first-line drugs fail)
Note: some of these agents are used as second-line agents but
have not yet been FDA approved.

Partial Seizures

Partial seizures,
secondarily
generalized tonic-
clonic seizures,
and partial
epileptic
syndromes

Carbamazepine in children and
adults, phenytoin. A 2002
analysis of evidence
comparing carbamazepine
and phenytoin found no
significant differences
between the two. Newer
drugs, including gabapentin
and lamotrigine, are
showing promise as first
line agents but not vyet
approved for this.

Add-on drugs approved for adults include
gabapentin, lamotrigine,  zonisamide,
tiagabine, topiramate levetiracetam, and
oxcarbazepine Felbamate is approved only
as monotherapy in adults. They appear to
be similar in effectiveness, and to date
none has shown clear superiority over
others. Some, such as lamotrigine, may
have fewer adverse effects than others.

Topiramate is approved for children over two
and oxcarbazepine for those over four.
Gabapentin and tiagabine approved for
children over 12 and are being studied for
younger children. (A French study found no
additional benefits for gabapentin in this
younger group.) Other add-ons are also
being studied for children.

Older add-on agents sometimes used include
valproate, phenobarbital, primidone.

Original data from a table in Patients with Refractory Seizures, The New England Journal of Medicine, Vol. 340, No. 20, May 20,
1999. By permission of the author Orrin Devinsky, MD. Updated data from American Epilepsy Society and various studies.




Drugs of Choice for Specific Seizure Types

Seizure Type First-Line Drugs Second-Line Drugs Others Alternatives
Simple or Complex Partial Carbamazepine Gabapentin Phenobarbital
Phenytoin Valproic Acid Primidone
Lamotrigine Tiagabine
Topiramate

Clonazepam

Felbamate

Primary or Secondarily
Generalized Tonic-Clonic

Carbamazepine

Gabapentin*

Topiramate*

Valproic Acid Lamotrigine* Tiagabine?*
Phenytoin Phenobarbital Clonazepam
Primidone Felbamate*
Absence Ethosuximide Lamotrigine*
Valproic Acid Clonazepam
AT Valproic Acid Lamotrigine* Felbamate*

Atonic, Myoclonic

Clonazepam

Ethosuximide

Ketogenic Diet




Charesteristics of Antiepileptic Drug

Mechanism of

Pharmacokinetic

Usual Serum

Dose-Related

Drug Action Dose Parameters Concentration Range  Adverse Effects
Carbamazepine Modulate sodium  loading dose: Half-life: 4-12 meg/mlL Diplopia, drowsiness,
channels Not recommended due 10-25 hours with (17-51 umol/L) nausea, sedation

Enhance GABA
activity

Clonazepam

hModulate calcium
channels

Ethosuximide

Felbamate Inhibit glutamate

activity

to excessive dose-
related toxicity
Maintenance dose:
Titrate dosage to target
over 3—4 weeks
Adults: 10-20 mg/kg per
day as a divided dose
Children: 20-20 mg/kg per
day as a divided dose

loading dose:
Not recommended due to
increased adverse effects
Maintenance dase:
Initiate at 0.5 mg one
to three times daily,
titrate dose to effectiveness
usually 3-5 mg daily
in 2 to 3 divided doses

loading dose:

Mot recommended due to
increased adverse effects

Maintenance dose:

Initiate at 250 mg twice
daily and titrate to
500-1000 mg twice daily

loading dose:

Mot recommended due to
increased adverse effects

Maintenance dase:
1200-3600 mg/day in
314 divided doses

chronic dosing
Apparent volume
of distribution:
0.8-1.9 Likg
Frotein binding:
67-81%
Frimary elimination
route:
Hepatic
Half-life:
30-40 hours
Apparent volume of
distribution:
3.2 Likg
Frotein binding:
47-80%
Frimary elimination
route:
Hepatic
Half-life: 60 hours
60 hours
Apparent volume of
distribution:
0.6-0.7 Likg
Frotein binding:
None
Frimary elimination
route:
Hepatic
Half-fife:
Monotherapy: 20 hours
Concurrent enzyme
inducers: 11-16 hours
Apparent volume of
distribution:

Not established

40-100 mcg/mL
(283-708 pmol/L)

Not established

Ataxia, memory
impairment,
sedation, slowed
thinking

Ataxia, sedation

Anxiety,
insomnia,
nausea
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