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� Seizures 

� Seizures are time-limited paroxysmal events that 
result from abnormal, involuntary, rhythmic 
neuronal discharges in the brain.

� Epilepsy 

� Epilepsy is a disease characterized by 
spontaneous recurrence of unprovoked seizures.



� An epileptic seizure is a transient occurrence of signs 
and/or symptoms due to abnormal excessive or 
synchronous neuronal activity in the brain. 

� Epilepsy is a disorder of the brain characterized by an 
enduring predisposition to generate epileptic seizures 
and by the neurobiologic, cognitive, psychological, and by the neurobiologic, cognitive, psychological, 
and social consequences of this condition. 

� The definition of epilepsy requires the occurrence of at least one epileptic seizure. 

Robert S. Fisher RS et al. Epileptic Seizures and Epilepsy: 
Definitions Proposed by the International League Against Epilepsy (ILAE) and 
the International Bureau for Epilepsy (IBE). Epilepsia, Vol. 46, No. 4, 2005



� Axis 1: 
• Sudden flexion, cluster

� Axis 2: 
• Generalize, spasme

� Axis 3: � Axis 3: 
• Symptomatic Generalized Epilepsy

• West syndrome / Infantile spasm

� Axis 4: 
• Tuberous sclerosis complex

� Axis 5: 
• WHO ICIDH-2



Pertinent descriptive information of a spell 

• Prodrome

• Loss or alteration of consciousness

• Characteristics of motor movements

• Automatisms• Automatisms

• Tongue laceration, urinary or fecal incontinence

• Duration of event

• Postictal symptoms

� Confusion

� Duration

� Postictal focal neurologic deficits (motor, sensory)

• Stereotypical





Modified ILAE classification of seizures

• Partial Seizures

− Complex partial seizures

− Simple partial seizures

�Motor

� Sensory

� Autonomic

� Psychiatric

− Secondary generalized tonic-clonic seizures− Secondary generalized tonic-clonic seizures

• Generalized Seizures

− Tonic-clonic (primary tonic-clonic)

− Absence

− Myoclonic

− Clonic

− Tonic

− Atonic

− Atypical absence

− Infantile spasm



Secondary Generalized



Distinguishing characteristics of partial and generalized 
seizures 

Partial Seizures Generalized Seizures

Consciousness

Altered in complex 
partial seizure

Normal in simple 
partial seizure

Lost

Focal neurologic symptoms 
Common None

Focal neurologic symptoms 
or signs during or after seizure

Common None

Interictal EEG findings
Normal or focal 
epileptiform

Normal or generalized

Ictal EEG findings
Focal, but may 

become generalized
Generalized



Characteristics that distinguishing absence and complex partial 
seizures 

Variable Absence seizures Complex partial seizures

Patient age Child, rarely adult All ages

Seizure duration Few sec 30–50 sec

Automatism
Uncommon unless 
prolonged seizure

Common

Postictal confusion Absent Present

Seizure frequency Up to 100 per day
Usually weekly to 
monthly





















Differential diagnosis of seizure

• Psychogenic nonepileptic spell (pseudoseizure)

• Syncope

• Migraine

• Transient ischemic attack

• Sleep behaviors and disorders

• Movement disorders

• Pheochromocytoma and carcinoid



Clinical characteristics of pseudo seizure

• Strongly suggestive

− Prolonged duration of event (10–30 min)

− Preservation of consciousness despite whole body jerking

− Bizarre and asynchronous motor movements

− Pelvic thrusting movements

− Not stereotypical

• Strongly against

− Injuries sustained during spells

− Tongue laceration, especially sides of tongue

− Incontinence



Causes of syncope
• Decreased cardiac output

− Cardiac arrhythmia (bradycardia or tachycardia)

− Impaired cardiac outflow (obstruction)

• Decreased cardiac input

− Orthostasis

− Increased thoracic cavity pressure− Increased thoracic cavity pressure

• Hypovolemia

• Metabolic

• Neurologic

• Psychiatric



Distinguishing characteristics of syncope and seizure 

Variable Syncope Seizure

Prodrome Autonomic, prolonged Any, short

Duration of loss of 
consciousness

Brief Varies
consciousness

Brief Varies

Postictal confusion Never Common

Related to posture Common Rare

Urinary incontinence Rare Varies

Injury Rare Common

EEG during event Suppressed activity Seizure activity



Sleep behaviors and disorders mistaken for seizure

• Normal Sleep Behavior

− Hypnic (or hypnagogic) jerks (sleep startles)

− Nightmares

• Non-REM sleep abnormalities

− Confusional arousal

− Sleep walking, talking, or eating

− Night terror

− Periodic limb movements− Periodic limb movements

− Enuresis

• REM sleep abnormalities

− Narcolepsy

− Cataplexy

− Sleep paralysis

− Hypnagogic hallucinations

• REM sleep behavior disorder

• Enuresis













Factors that define epilepsy syndromes

• Seizure type

• Age at onset of seizure

• Family history

• Physical examination

• EEG (ictal and interictal)

• Neurologic imaging studies



Benign occipital epilepsy of 
childhood

Benign myoclonic epilepsy in 
infancy

Benign neonatal convulsions 

(with or without family history)

Benign Rolandic epilepsy 
(benign            
childhood epilepsy with    
centrotemporal spikes)

Idiopathic
Generalized 

(by disease)

Localization-related 

(by location)

Classification of common epilepsy syndromes 

Some reflex epilepsies

Epilepsy with generalized 
tonic- clonic seizures on 
awakening

Primary reading epilepsy Juvenile myoclonic epilepsy

Autosomal dominant nocturnal 
frontal lobe epilepsy Juvenile absence epilepsy

Childhood absence epilepsy

childhood



Amino aciduria

Metabolic abnormalities

Cortical abnormalities dysplasias

Rasmussen encephalitis

Occipital lobe

Parietal lobe

Early infantile epileptic with suppression-
burst (Ohtahara syndrome)

Frontal lobe

Early myoclonic encephalopathyTemporal lobe

Symptomatic
Generalized 

(by disease)

Localization-related 

(by location)

Lennox-Gastaut syndrome

West syndrome

Progressive encephalopathies of 
childhood

Mitochondrial disease

Organic aciduria

Amino aciduria

Most reflex epilepsies

Rasmussen encephalitis



Temporal Lobe

Frontal Lobe

CAE

JME

West Syndrome

LGS





Characteristics of common epilepsy syndromes 

Syndrome
Age at 
onset

Seizure 
type

EEG
Physical 

Examination
Neuroimagin
g studies

Natural 
history

West
6–24 
mo

Infantile 
spasms

Hypsarrhythmia
Static 

encephalopat
hy

Variable

Often 
evolves to 
Lennox-
Gastaut
syndrome

Lennox-Gastaut
2 y–
adult

Tonic, 
atonic, 
atypical 
ABS

Generalized 
slow spike and 
wave (<3 cps)

Static 
encephalopat

hy
Variable

Persists, 
difficult to 
control

Benign Rolandic SPS 
Centrotemporal

spikes, Resolves by 
Benign Rolandic

Epilepsy of 
childhood

5–10 y
SPS 

(motor), 
CPS

spikes, 
especially 
during sleep

Normal Normal
Resolves by 
age 14 y

Childhood 
absence 
epilepsy

4–10 y
ABS, 
GTC

Generalized 
spike and wave 

(3 cps)
Normal Normal

Resolves by 
age 14 y in 
70% of 
patients

Juvenile 
myoclonic
epilepsy

12–18 y
MYO, 
GTC

Generalized 
multiple spike 
and wave (4.5 

cps)

Normal Normal
Persists, but 
usually well-
controlled

Temporal lobe 
epilepsy

10–30 y
CPS, 2°
gen

Temporal spikes Normal
Mesial 

temporal 
sclerosis

Persists



Utility of EEG 

• EEG should be obtained in all patients with definite or
suspected
seizures

• Epileptiform discharges on EEG support diagnosis of epilepsy in
appropriate clinical setting

• Epileptiform discharges are not pathognomic for epilepsy;
0.5%–
2% of patients without epilepsy can have these discharges

• A normal EEG does not exclude diagnosis of epilepsy

• When epilepsy is suspected, sleep-derived EEG is useful if
routine EEG is normal



< 3 Hz 

Slow Spike and Slow Wave

LGS

1 s

3 Hz = 3 CPS 

Spike and Slow Wave

Absences

> 3 Hz 

Fast Spike and Slow Wave

JME





Common causes of provoked seizures

• Metabolic abnormalities

− Hypoglycemia and hyperglycemia

− Hyponatremia

− Hypocalcemia

• Acute neurological insult• Acute neurological insult

− Infection (meningitis, encephalitis)

− Stroke (ischemic, hemorrhagic)

− Head trauma

• Illicit drug intoxication and withdrawal

• Prescribed medication that lowers seizure 
threshold

• Theophylline

• Tricyclic antidepressent

• High fever 



Structural brain diseases that predispose to 
epilepsy
• Congenital

− Heterotopias

− Cortical dysplasia

• Infectious

− Meningitis− Meningitis

− Encephalitis

− Abscess

• Trauma

• Tumor

• Vascular

− Vascular malformation

− Stroke

− Subarachnoid hemorrhage







Conventional New Unconventional

Carbamazepine (Tegretol) Felbamate (Felbatol) Adrenocorticotropic 
hormon (ACTH)

Clonazepam (Klonopin) Gabapentin (Neurontin) Acetazolamide (Diamox)

Clorazepate (Tranxene) Lamotrigine (Lamictal) Amantadine (Symmetrel)

Ethosuximide (Zarontin) Levetiracetam (Keppra) Bromides

Phenobarbital Oxcarbazepine 
(Trileptal)

Clomiphene (Clomid)
(Trileptal)

Phenytoin (Dilantin) Tiagabine (Gabitril) Ethotoin (Peganone)

Primidone (Mysoline) Topiramate (Topamax) Mephenytoin (Mesantoin)

Valproic acid (Depakote) Zonisamide (Zonegran) Mephobarbital (Mebaral)

Methsuximide (Celontin)

Trimethadione (Tridione)



Drugs of choice by seizure type

Seizure type Drug of choice Alternative

Infantile spasms ACTH Valproate

Absence Ethosuximide, valproate
Lamotrigine, topiramate, 
zonisamide

Atypical absence / 
atonic

Valproate
Lamotrigine, topiramate, 
zonisamideatonic

Valproate
zonisamide

Myoclonic Valproate
Lamotrigine, clonazepam, 
clorazepate

GTC/tonic/clonic
Carbamazepine, Phenytoin, 
valproate

New AEDs probably 
useful

Partial onset (all types 
including secondarily 
generalized)

All conventional AEDs 
except ethosuximide

All new AEDs (most are 
approved only as add-
on)



Drugs of choice by epilepsy syndrome

Epilepsy syndrome First choice Alternative

Atonic, tonic, atypical 
absence in Lennox-Gastaut 
syndrome

Valproate
Lamotrigine, 
Felbamate, 
Topiramate

Absence in childhood 
absence and juvenile 
absence epilepsy

Ethosuximide
Valproate, 
Lamotrigine

absence epilepsy

Benign Rolandic epilepsy
Carbamazepine, 

Phenytoin

All conventional 
(except ethosuximide) 
and most new AEDs

Myoclonic in juvenile 
myoclonic epilepsy

Valproate Lamotrigine

Generalized tonic-clonic in 
JME

Valproate
Phenytoin, 
Lamotrigine



� Idiopathic Generalized Epilepsy

� Symptomatic Generalized Epilepsy

� Idiopathic Focal Epilepsy

Valproic Acid

� Symptomatic Focal Epilepsy 
� Carbamazepin



Pharmacokinetics and common side effects of antiepileptic drugs

Drug
Metabolized 
by liver*

Liver 
enzyme-
inducer

†

Half-life 
(hr)

% 
Protein 
Bound

Comments
Common or serious side 

effects‡

Carbamazepine Yes Yes 12-17 76

Level decreases for 
3 wk after starting 
CBZ, by inducing its 
own metabolism; 
not affected by CRI 

or HD

Transient leukopenia, 
hyponatremia from 
SIADH; rare aplastic 
anemia and hepatitis

Ethosuximide Yes No 30-60 0
Usually well 

Nausea, anorexia, 
headache; blood Ethosuximide Yes No 30-60 0

Usually well 
tolerated

headache; blood 
dyscrasias

Felbamate Very little No 20-23 25

Only for refractory 
severe epilepsy in 
which benefit is 
greater than risk; 
use consent form

Insomnia, weight loss, 
agitation common Risk 
for aplastic anemia and 
hepatitis; surveillance 
laboratory tests q2–4 wk 

for 3 mo

Gabapentin No No 5-7 <3

Approximately 60% 
removed at HD, t 
1/2 51 hr, with HD 3 
times per week; 

dose, 300 mg post-
HD

Side effects less 
common; not associated 
with end-organ toxicity



Drug
Metabolized 
by liver*

Liver 
enzymei
nducer

Half-
life 
(hr)

% Protein 
Bound

Comments
Common or serious side 

effects‡

Lamotrigine No No 25 55

20% eliminated with each 
HD; t 1/2 is 60 hr with 
valproate, 12 hr with 
EIAED, 25 hr with both

Rash in 1:1000 overall, (?) 
about in children, especially 
with rapid titration and with 

VPA; headache

Levetiracetam No No 7 <10
Dose reduced in CRI and 
severe hepatic disease

Few idiosyncratic side effects 
known

Oxcarbazepine No Mixed 9-11 67

Converted to MHD active 
metabolite; Dose is 1/2 for 
creatinine clearance <30 
mL/min; probably not 

Side effects less frequent 
than with CBZ; hyponatremia 
common; no autoinductionmL/min; probably not 

affected by liver disease
common; no autoinduction

Phenobarbital Yes Yes 80-100 45

Least expensive AED; no 
adjustment needed for 
cirrhosis or mild CRI, but 
bolus after HD and surveil 
blood concentration

Sedation, paradoxical 
hyperactivity in children, 

possible learning difficulties, 
depression

Phenytoin Yes Yes 22 90

Metabolism saturable, so 
at high doses a small 

increase in dose causes a 
large increase in blood 
level; no dose adjustment 
predictable in uremia, but 

monitor free levels

Gum hyperplasia, hirsutism, 
coarse features; cerebellar

ataxia, peripheral 
neuropathy; folate
deficiency; rare 

hypersensitivity hepatitis



Drug
Metabolized 
by liver*

Liver 
enzyme-
inducer

Half-
life 
(hr)

% 
Protein 
Bound

Comments
Common or serious side 

effects‡

Primidone Yes Yes 8-15 20
Metabolized to 
phenobarbital

Less sedating than 
phenobarbital in some 

patients; macrocytic anemia

Tiagabine Yes No 7-9 96

t 1/2 only 4–7 hr with EIAED; 
not affected by CRI or HD; t 
1/2 prolonged 60% with liver 

disease

Not associated with end-
organ toxicity; May 

precipitate nonconvulsive 
status in patients with 
generalized epilepsy

Topiramate No No 21 13–17

HD increases clearance by 
4-6 times; clearance 

decreased approximately 

Cognitive impairment 
common above 400 mg/d; 
rare kidney stones (1%); rare decreased approximately 

25% with liver disease
rare kidney stones (1%); rare 

glaucoma

Valproic acid Yes No 9-16 70–90

Use with folate for women of 
child-bearing age; t 1/2 17-
18 hr with cirrhosis; no dose 
adjustment with HD; t 1/2 
increased by 20%, but 20% 

removed by dialysis

Tremor, weight, gain, 
alopecia, 

thrombocytopenia, benign 
elevation of LFT common; 
rare fatal hepatitis and 

pancreatitis; risk for neural 
tube defects

Zonisamide Yes No 63 40

t 1/2 30 hr with EIAED; 
decrease dose by 35% if 
creatinine clearance <20 

mL/min

Kidney stones (1%); impaired 
sweating in children; rare 
rash and blood dyscrasias



Titration guidelines for common antiepileptic drugs 

Drug Adult Child

Generic 
(Tradename)

Initial dose 
(mg)

Increment 
(mg)

Target (mg)
Initial dose 
(mg/kg)

Target (mg/kg)
Dosing 
schedule

Carbamazepin
e (Tegretol)

200 bid 200 q wk 600-1800 10
10-35 (age < 6 

y)

tid-qid, bid 
(extended 
release 

formulation)

Ethosuximide
(Zarontin)

250 qd 250 q 3-7 d 750

Felbamate
(Felbatol)

600-1200 qd
600-1200 
q 1-2 wk

2400-3600 15 15-40 qd-bid

15 15-45 Tid

Gabapentin
(Neurontin)

300 qd 300 q 3-7 d 1200-3600

Lamotrigine
(Lamictal)

6.25-12.5 qd 
to qod 
based on 
other AEDs

12.5-25 
q 2 wk

100 with VPA 
400 (alone) 
600 with EI

10 25-50 Tid

Lamotrigine
(Lamictal

0.15-0.5
0.5-5 with VPA 5 
(alone) 5-15 

with EI
Bid

Levetiracetam
(Keppra)

500 qd 500 q wk 2000-4000 20 40-100 bid



Generic 
(Tradename)

Initial dose 
(mg)

Increment 
(mg)

Target (mg)
Initial dose 
(mg/kg)

Target 
(mg/kg)

Dosing 
schedule

Oxcarbazepin
e (Trileptal)

300 qd 300 q wk 900-2400 8-10 30-46 bid

Phenobarbital 30-60 qd 30 q 1-2 wk 60-120 3 3-6 qd-bid

Phenytoin 
sodium 
(Dilantin)

200 qd 100 q 5-7 d 200-300 4 4-8 qd-bid

Primidone 
(Mysoline)

125-250 qd 250 q 1-2 wk 500-750 10 10-25 tid

Tiagabine 
(Gabitril)

4 qd 4-8 q wk 16-32 0.1 0.4 without EI bid
(Gabitril)

4 qd 4-8 q wk 16-32 0.1 0.4 without EI bid

Topiramate 
(Topamax)

25 qd 25 q 1-1 wk 200-400 3 5-9 bid

Valproic acid 
(Depakote)

250 qd 250 q 3-7 d 750-3000 15 15-45

tid-qid, bid 
(extended 
release 

formulation)

Zonisamide 
(Zonegran)

100 qd 100 q 2 wk 200-400 4 4-12 bid



Retail price comparison of common antiepileptic drugs* 

Brand name Cost

Phenobarbital $4

Dilantin $23

Tegretol $40

Depakote $81

Mysoline $109

Felbatol $118Felbatol $118

Zonegran $129

Lamictal $157

Keppra $200

Trileptal $200

Gabitril $230

Topamax $298

Neurontin $360

*  Retail price for a month


