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treatment options 

A B S T R A C T 
A variety of new drugs and surgical options are available 
for the treatment of epilepsy. Yet the cornerstone of therapy 
remains the appropriate classification of di f ferent types of 
seizures. This review explores the current knowledge about 
this common neurological problem and presents an outl ine 
for mak ing the diagnosis, control l ing the seizures, and 
preserving quality of life. 

K E Y P O I N T S 
A single seizure should not automatical ly lead to a 
diagnosis of epilepsy. 

Several conditions, such as arrhythmias, narcolepsy, 
and transient ischemic attacks, are commonly mistaken 
for epilepsy. 

Up t o 7 5 % of patients can achieve seizure control w i th 
monotherapy. However, antiepileptic drugs must be chosen 
on the basis of their efficacy against a particular seizure 
type. 

Surgery is an opt ion for medically refractory epilepsy, 
a l though careful pat ient selection is crucial for success. 

N TREATING EPILEPTIC SEIZURES, p h y s i -
cians have more diagnostic and treat-

ment options than ever before. There are a 
variety of new drugs available to treat epilepsy, 
and surgery has been refined to the point that 
it is a reasonable option for the patient with 
refractory seizures. 

With so many options available, it remains 
crucial that epilepsy he properly diagnosed and 
the type of seizure identified, as treatment is 
guided by these determinations. Those clinical 
decisions are based on answering a series of 
questions from the patient's history. 

• D I D THE PATIENT HAVE A SEIZURE? 

Any paroxysmal event that transiently alters 
neurologic function can be mistaken for an 
epileptic seizure. Therefore, the differential 
diagnosis includes the following: 

Cardiac arrhythmias, vasovagal syncope, 
and postural hypotension can produce loss of 
consciousness and result in brief generalized 
clonic movements, if cerebral hypoxia is pro-
longed. 

Narcolepsy may be mistaken for a seizure 
disorder, and cataplexy may mimic atonic 
seizure. 

Parasomnias (sleepwalking, night terror) 
may be difficult to differentiate from nocturnal 
seizures. 

Complicated migraine can mimic focal 
sensory seizures or present as an acute confu-
sional state resembling absence seizure or com-
plex partial status epilepticus. 

Transient ischemic attacks presenting 
with brief, repetitive, stereotyped sensory or 
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C l a s s i f i c a t i o n of epi lept ic seizures 
General ized seizures 

Convulsive 
Tonic-clonic 
Clonic-tonic-donic 
Tonic 
Clonic 
Myoclonic 
Atonic 

Nonconvulsive 
Absence 
Atypical absence 

Partial seizures (focal, local) 
Simple partial seizures (consciousness not impaired) 
Complex partial seizures (consciousness impaired) 
Partial seizures evolving to generalized tonic-clonic seizures 

Unclassified seizures 

motor deficits, amnesia, or aphasia can he hard 
to differentiate from simple partial seizures. 

Transient global amnesia can produce 
sudden confusion and acute loss of memory. 
Cognitive function and language remain 
intact, and these attacks rarely recur. 

Pseudoseizures are suggested by bizarre 
facial grimacing, body posturing, opistho-
tonus, pelvic thrusting, and completely asyn-
chronous thrashing of limbs. They are most 
common in patients with a history of sexual, 
physical, or substance abuse, personality disor-
der, or other psychiatric illness. Patients with 
pseudoseizures can also have a real seizure dis-
order, and videoencephalographic monitoring 
may be required to make the diagnosis. 

Suspect a 
pseudoseizure 
if the signs 
are bizarre 

• W H A T TYPE OF SEIZURE 
D I D THE PATIENT HAVE? 

This question is more than academic, since 
the choice of drug to use, if any, depends on 
the type of seizure. T h e current classification 
system divides seizures into two major types: 
generalized and partial (TABLE 1).1 

G e n e r a l i z e d seizures 
Generalized seizures begin diffusely in the 
brain and involve both cerebral hemispheres 
simultaneously from the onset. They are sub-
divided mainly on the basis of the ictal signs 
and symptoms. 

Generalized tonic-clonic seizures (for-
merly known as grand mal seizures) are com-
mon in both children and adults, and account 
for approximately 2 5 % of seizures encoun-
tered.2 

Usually, the seizure begins with a tonic 
phase: the patient abruptly loses consciousness 
and rigidly extends all four limbs and trunk. 
He or she may cry out, as air is forcefully 
expelled across contracted vocal cords. T h e 
tonic phase usually lasts about 20 seconds, and 
is followed by a clonic phase, with bilaterally 
synchronous muscle jerking. Less often the 
sequence differs, a clonic phase preceding the 
tonic phase (clonic-tonic-clonic seizure); in 
other patients, only a tonic or clonic phase is 
seen. Urinary incontinence is common. The 
entire seizure does not usually last more than 
90 seconds. 

After the seizure, patients are briefly 
unarousable, lethargic, and confused. With 
recovery, the patient may complain of 
headache, muscle tenderness, a sore bitten 
tongue, or mood changes lasting up to 24 hours. 

Generalized tonic-clonic seizures occur in 
a number of epileptic syndromes, both idio-
pathic and symptomatic (secondary).3 They 
can also occur in isolation or along with other 
central nervous system disorders (eg, stroke, 
intracranial hemorrhage, meningoencephali-
tis, or brain tumor), systemic disturbances 
affecting fluid and electrolyte balance, or 
hepatic or renal failure. T h e prognosis 
depends on the etiology. 

Absence seizures (formerly known as petit 
mal seizures) also begin abruptly. Without warn-
ing, the patient stops what he or she is doing 
and stares, motionless, off into space, experienc-
ing a brief impairment or loss of consciousness. 
In addition, he or she may show mild clonic or 
rhythmic blinking of eyelids, an increase or 
decrease in postural tone, automatisms such as 
lip-smacking, swallowing, or fumbling with 
clothes (especially if absences last longer than 
10 seconds), and autonomic signs such as facial 
pallor, mydriasis, and piloerection. 

Absence seizures usually last less than 10 
seconds, rarely as long as 1 minute. Afterward, 
there is no postictal confusion. Atypical 
absence seizures are usually associated with 
mental retardation and neurological abnor-
malities such as Lennox-Gastaut syndrome. 
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Myoclonic seizures are very brief, sudden 
muscle jerks that can occur bilaterally (syn-
chronously or asynchronously) or unilaterally. 
Total loss of awareness is uncommon, but 
myoclonic seizures may cluster, climaxing in a 
generalized tonic-clonic seizure with loss of 
consciousness. Myoclonic seizures often occur 
while the patient is falling asleep or awaken-
ing. However, many people without epilepsy 
also experience myoclonus while going to 
sleep. The jerks in epileptic myoclonus occur 
concurrently with an ictal electroencephalo-
graphic discharge. 

Atonic seizures. In this type of seizure, 
the patient abruptly loses muscle tone and 
falls to the floor. Alternatively, only the head 
may drop. Consciousness is impaired, but only 
briefly. If a brief myoclonic seizure or tonic 
spasm precedes the atonic seizure, the combi-
nation adds an accelerated force to the fall, 
contributing to a high rate of self-injury. 

Part ia l se izures 
Partial or focal seizures are limited at onset to 
a part of one cerebral hemisphere. The most 
important subdivision is based on conscious-
ness, which is preserved in simple partial 
seizures but impaired in complex partial 
seizures. 

Simple partial seizures occur when ictal 
discharges remain restricted to a circum-
scribed area of the cortex. T h e patient 
remains conscious during the seizure. 
Subjective sensory and psychoillusionary phe-
nomena (auras) occur in about 6 0 % of 
patients with focal seizures. Focal motor 
seizures may remain strictly focal, or they may 
spread to adjacent cortical areas, producing a 
sequential involvement of body parts known 
as a Jacksonian seizure. Versive seizures— 
forceful, sustained deviations of head and 
eyes—occur on the side opposite to the dis-
charge. Somatosensory seizures consist of 
localized numbness, paresthesia, vertigo, and 
auditory and visual hallucinations. 

Complex partial seizures are character-
ized by impaired consciousness, unresponsive-
ness, and automatic behavior, and are often 
followed by postictal confusion. They may 
begin with arrest of ongoing behavioral activ-
ity or a motionless stare,4.5 and they may or 
may not be preceded by a simple partial 

seizure. Most complex partial seizures origi-
nate in the temporal lobe, particularly the 
mesial basal region. Remaining cases arise 
mainly from the frontal lobe, with lesser num-
bers originating in the parietal and occipital 
lobes. Complex partial seizures that arise in 
the frontal lobes tend to be brief, may occur 
several times per day, and begin and end 
abruptly. Patients may remain conscious and 
exhibit complex, bizarre motor manifestations 
such as thrashing of arms, pelvic thrusting, 
pedaling leg movements, and loud vocaliza-
tion, all of which might suggest nonepileptic 
seizures. This type of seizure accounts for 5 0 % 
of seizures in adults. 

• IS THERE A N IDENTIF IABLE CAUSE 
OF THE SEIZURE? 

Not all seizures imply epilepsy, although a 
diagnosis of epilepsy requires the presence of 
seizures. Seizures may occur during the course 
of an acute medical or neurological illness and 
may not persist after the underlying disorder 
has resolved. Systemically ill patients with 
isolated seizures have a lower seizure threshold 
and may not require long-term treatment with 
anticonvulsant drugs if the underlying cause 
of the seizures can be corrected. 

Fever 
Febrile seizures occur in 3 % of children 
between the ages of 6 months and 4 years. 
Because febrile seizures are an acute sign of an 
illness, they should not he labelled as epilepsy, 
even if they recur. 

Febrile seizures are categorized as simple 
or complex. Simple febrile seizures are solitary 
events lasting less than 15 minutes and lack-
ing focal signs. Complex febrile seizures have 
a focal onset, are prolonged (> 15 minutes), 
and occur repeatedly within 24 hours. 

The diagnosis is made by excluding other 
causes such as meningitis, metabolic abnor-
malities, or structural brain lesions. Lumbar 
puncture is essential to exclude meningitis, 
since nuchal rigidity and Brudzinski's sign are 
not reliable in young infants. 

About 3 0 % of children with febrile 
seizures have a second attack.8 '9 Recurrences 
are more likely if the first febrile seizure 
occurs before the age of 1 year, if there is a 

Do not label 
febrile 
seizures as 
epilepsy, even 
if they recur 
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Seizures during pregnancy 
K V PPROXIMATELY 3 0 % OF WOMEN w i t h e p i l e p -
E f c J sy have an increase in seizure frequency dur-
ing pregnancy. Poor seizure control may be related 
to increased hepatic and renal clearance of 
antiepileptic drugs, alteration of plasma protein 
binding, increased volume of distribution, malab-
sorption, noncompliance, or hormonal effects. 
Free antiepileptic drug levels should be monitored 
monthly and the dosage adjusted. 

There is no drug of first choice for seizures in 
pregnancy. The risk of major fetal malformations 
such as cardiac and neural tube defects is 4 % to 
6%, which is twice that in children of nonepilep-
tic women. With valproate use, the prevalence of 
neural tube defects is 1% to 2%; with carba-

mazepine it is 0.5%.6>7 Use of polypharmacy car-
ries a 10% risk of major fetal malformation. It is 
best to avoid valproate and carbamazepine in 
women with a family history of neural tube 
defects, but if these drugs are used, ultrasound 
evaluation and amniocentesis at 18 to 19 weeks of 
pregnancy have a 9 5 % accuracy in detecting neur-
al tube defects. 

The risk of neural tube defects may be reduced 
by using folic acid (1 mg/day) before conceiving, 
and by using a single antiepileptic drug in the low-
est effective dose throughout pregnancy. In addi-
tion, oral vitamin K (20 mg/day) during the last 
month of pregnancy can prevent hemorrhagic 
diathesis in the newborn. 

Avoid using 
multiple 
antiepileptic 
drugs in 
pregnant 
women 

family history of febrile seizures, if the seizure 
occurred in the first hour of fever, or if the 
seizure occurred at a temperature < 101 °F. 
T h e incidence of epilepsy increases to about 
1 0 % in children with complex febrile 
seizures, a family history of epilepsy, or who 
were neurodevelopmentally abnormal. 

Although both phenobarbital and val-
proate reduce recurrent seizures, evidence 
does not show that they reduce the risk of 
developing epilepsy later on. Treatment 
should be reserved for children with complex 
febrile seizures who are developmentally 
abnormal or have a strong family history of 
epilepsy. A reasonable alternative is to give 
diazepam rectally during febrile illnesses to 
reduce seizure recurrence.!0 

D r u g - i n d u c e d seizures 
Many medications increase the risk of seizures, 
but the mechanisms are poorly understood. 
Patients with epilepsy, underlying neurologic 
dysfunction, reduced drug elimination, and 
breakdown of the blood-brain barrier are at 
increased risk for drug-induced seizures. 
Antipsychotics, theophylline, tricyclic antide-
pressants, meperidine, cyclosporine, cisplatin, 
and beta-lactam antibiotics can cause seizures 
at therapeutic doses. The convulsant effects of 
lidocaine, aminophylline, isoniazid, and lithi-
um are dose-related. Monoamine oxidase 

inhibitors, alprazolam, and trazodone do not 
cause seizures. Withdrawal of benzodiazepines, 
barbiturates, baclofen, and alcohol is another 
important cause of seizures. 

T r a u m a 
Seizures can occur immediately (within 
hours), early (< 1 week), or late (> 1 week) 
after trauma to the head. Immediate and early 
seizures result from acute reaction of the brain 
to trauma. Late seizures are more likely after 
missile wounds that penetrate the dura, 
depressed skull fractures, cerebral hematomas, 
injury in a central-parietal location, prolonged 
post-traumatic amnesia, fixed neurological 
deficits, and early seizures.11'12 Patients with 
early seizures and severe head trauma should 
receive anticonvulsant treatment. In the 
absence of overt seizures, the anticonvulsant 
should be discontinued after 4 weeks, as avail-
able data indicate that antiepileptic drugs do 
not prevent late epilepsy. 

• W H A T EVALUATION IS NECESSARY? 

A careful history is the single most important 
part of the diagnostic evaluation, and should 
include the birth history, developmental mile-
stones, past history of febrile seizures, C N S infec-
tions, head trauma, alcohol and substance abuse, 
and family history of epilepsy. In addition: 
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Status epilepticus: A medical emergency 
I N STATUS EPILEPTICUS (SE), seizures recur 

K i S repeatedly, and cerebral function does not 
recover fully between seizures. Another definition: 
more-or-less continuous clinical or electrical 
seizure activity lasting more than 30 minutes, 
whether or not consciousness is impaired. More 
than 5 0 % ot patients who develop SE have no 
history of epilepsy, and 10% of patients who devel-
op epilepsy present with SE. 

Complications of SE include death, fractures, 
myoglobinuxia with renal shutdown, cardiotoxici-
ty, pulmonary edema, and fixed neurologic deficits 
or epilepsy. 

Classi f icat ion of s ta tus e p i l e p t i c u s 
S E is classified as: 

Generalized convulsive SE (tonic-clonic, 
tonic, clonic, myoclonic, subtle). Generalized 
tonic-clonic SE is a major medical and neurologic 
emergency that produces a high rate of mortality. 
It may manifest as either overt generalized tonic-
clonic seizures or subtle generalized convulsive SE, 
in which the patient is in a profound stupor or 
coma, exhibits repetitive rhythmic subtle motor 
convulsive activity, and shows bilateral ictal activ-
ity on the EEG. 

Nonconvulsive SE (absence, complex partial). 
Patients with nonconvulsive SE are described as 
being in a "fugue" state with various degrees of 
impaired consciousness and automatic behavior. 
Nonconvulsive SE may be difficult to distinguish 
from intoxication, encephalopathy, or a psychiatric 
disturbance and presents a diagnostic challenge. 

Simple partial SE (motor [epilepsia partialis 
continua], sensory, aphasic). 

Causes o f status e p i l e p t i c u s 
Noncompliance with anticonvulsant medication is 
an important cause of SE in epileptic patients. In 
patients without epilepsy, the causes of SE include 
alcohol withdrawal, acute intracerebral events 
such as stroke and intracerebral hemorrhage, cen-

tral nervous system infections, neoplasms, drug 
intoxication, anoxic encephalopathy, and acute 
metabolic derangements. Abuse of cocaine, phen-
cyclidine, or amphetamine can also provoke SE. 

T r e a t m e n t of s ta tus e p i l e p t i c u s 
SE is a medical emergency that requires manage-
ment in an intensive care unit with close monitor-
ing. Time is critical, as the morbidity and mortali-
ty rates increase with duration of seizure activity. 
Treatment consists of stabilizing vital physiologic 
functions, administering 100 mg of thiamine fol-
lowed by 50 mL of 5 0 % glucose if hypoglycemia is 
suspected, and starting intravenous antiepileptic 
medications. Status epilepticus may result from 
alcohol withdrawal, and thiamine prevents the 
development of Wernicke's encephalopathy. 

Diazepam, lorazepam, fosphenytoin, and 
phénobarbital are all effective in managing gen-
eralized convulsive SE. Treiman1 3 found that 
lorazepam was effective in 7 8 % of cases in 
which it was used as the first drug, compared 
with 4 9 % of cases treated initially with pheny-
toin. Therefore, we recommend starting with 
lorazepam, in a dose of 0.1 mg/kg at 2 
mg/minute to a total dose of 8 mg. 

If lorazepam fails to stop the SE, then fos-
phenytoin should be given in a loading dose of 20 
mg/kg. If SE persists, the initial dose may be fol-
lowed by additional doses of 10 mg/kg. Because 
hypotension frequently occurs in elderly, severely 
ill patients with prolonged SE, it may be necessary 
to slow the rate of infusion or consider dopamine 
or other pressor agents. 

If SE still persists, an endotracheal tube should 
be inserted for respiratory support and phénobarbi-
tal (20 mg/kg) started at a rate of 50 to 100 
mg/minute. In refractory SE, pentobarbital coma 
may be required. SE appears to be more difficult to 
control the longer it persists, and also with certain 
underlying conditions such as anoxia, cerebrovas-
cular accident, or tumor. 

A physical and neurological examina-
tion may help uncover a localized cerebral 
pathology. 

A metabolic and toxic screen should be 

obtained to exclude systemic disease and sub-
stance abuse. 

Holter monitoring may be necessary in 
patients with a history of cardiac arrhythmias. 
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T A B L E 2 
Choice of ant iepi lept ic drugs 

SEIZURE TYPE FIRST CHOICE SECOND CHOICE 

Primary generalized seizures 
Tonic-donic Carbamazepine 

Phenytoin 
Valproate 

Lamotrigine 
Phénobarbital 
Primidone 

Tonic, clonic, atonic Valproate Lamotrigine 
Phénobarbital 

Absence Ethosuximide 
Valproate 

Lamotrigine 

Myoclonic Clonazepam 
Valproate 

Lamotrigine 
Phénobarbital 

Partial seizures 
(all types) 

Carbamazepine 
Phenytoin 
Valproate 

Gabapentin 
Lamotrigine 
Phénobarbital 
Primidone 

Lumbar puncture is mandatory in acute 
cases if meningitis or encephalitis is suspected. 

Electroencephalography ( E E C ) is 
essential for establishing the diagnosis, clas-
sifying seizures, identifying epileptic syn-
dromes, and making therapeutic decisions. 
T h e sensitivity of a single EEG recording for 
identifying epileptiform abnormalities is 
about 50%, increasing to 9 0 % with the 
third recording. 

Magnetic resonance imaging ( M R I ) 
should be done in all patients who have symp-
tomatic partial or symptomatic generalized 
epilepsy. MRI can readily reveal cortical dyspla-
sia, hippocampal sclerosis, cavernous malfor-
mations, gliomas, and gangliogliomas, which 
may be missed on computed tomography. 

Functional neuroimaging with positron-
emission tomography and single-photon emis-
sion computed tomography are useful only for 
presurgical evaluation. 

• IS D R U G THERAPY NEEDED? 

Whether to prescribe an antiepileptic drug 
after a first seizure is controversial. Overall, 
the risk of recurrence after a first unprovoked 
seizure is 14% within 1 year and 3 4 % within 5 
years.14 The risk is much higher if the seizure 
is focal in onset or if MRI shows a lesion, EEG 

The choice of 
drug depends 
on the type 
of seizure 

demonstrates epileptiform activity, or the 
patient has focal neurological deficits. Drug 
treatment causes adverse effects in approxi-
mately 3 0 % in the first few months. 

A large multicenter study from Italy 
demonstrated that ant iepi leptic drugs 
reduced the risk of relapse after the first 
unprovoked generalized tonic-clonic seizure. 
No information is available whether early 
treatment reduces the severity of epilepsy or 
increases the chances of prolonged remis-
sion. Patients are at low risk of further 
seizures if they have a normal EEG, normal 
physical findings, normal brain imaging, no 
history of cerebral injury, and no family his-
tory of epilepsy. The decision to treat should 
be made only in consultation with the 
patient after weighing the unique circum-
stances posed by [hat individual. 

• STARTING A N ANTIEPILEPTIC D R U G 

A complete blood count (including a differen-
tial white cell count and platelet count), 
serum chemistry and liver function tests 
should be performed at baseline and 6 to 8 
weeks after antiepileptic drug therapy has 
been started. However, a routine schedule of 
laboratory monitoring will not detect or pre-
vent severe idiosyncratic reactions. T h e 
patient should be familiar with short-term and 
long-term adverse effects, especially the early 
warning signs of idiosyncratic reactions, such 
as dermatologic reactions and aplastic anemia. 
Repeat laboratory monitoring is indicated if 
symptoms of adverse effects develop. 

Antiepileptic drugs are selected on the 
basis of their efficacy against a particular 
seizure type (TABLE 2), potential side effects, 
ease of administration, safety, and cost. 
Overall, up to 75% of patients can achieve 
seizure control taking one drug alone. 

The agent should be started at a low dose 
and gradually increased until adequate control 
is achieved or intolerable adverse effects 
occur. Dosage changes (TABLE 3) generally 
should not be made until the effects of the 
drug have been observed at steady-state con-
centrations (five drug half-lives). Dosage 
intervals should be equal to the half-life to 
minimize fluctuations between peak and 
trough blood concentrations. Blood levels are 
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Start with a 
low dose and 
increase it 
slowly 

n H i n 
Ant iepi lept ic d r u g s — p h a r m a c o k i n e t i c s and dosage 

MEDICATION HALF-LIFE 
(HOURS) 

METABOLISM PROTEIN BINDING 
(%) 

ADULT DOSE 
(MG/DAY) 

PEDIATRIC DOSE 
(MG/KG/DAY) 

Phenytoin 24* Hepatic 85-90 200-500 4-7 

Carbamazepine 12+ Hepatic 60-70 600-1,600 5-20 

Valproate 10 Hepatic 70-90 1,000-3,000 10-15 

Phénobarbital 96 Hepatic 45-50 90-180 2 - 6 

Primidone* 12 Hepatic < 3 0 300-1,500 10-20 

Ethosuximide 36 Hepatic < 10 750-1,500 15-40 

Fosphenytoin 8-17 min Hepatic 85-90 See below§ See below§ 

Gabapent in 6 - 8 Renal Negligible 900-4,800 10-30 

Lamotrigine 24" Hepatic 55 200-700 5-15 

Topiramate 18-24 Renal < 1 5 200-800 1-9H 

Vigabatr in 5-7 Renal Negligible 2,000-4,000 50-150 

Tiagabine 7 Hepatic 95 32 0.25-1.511 

"Phenytoin has nonlinear kinetics 
+Carbamazepine induces its own metabolism 
»Primidone's primary metabolites, phénobarbital and phenylethylmalonamide, are pharmacologically 

active; values given are for the parent compound 
^Loading dose in status epilepticus: 1 5 - 2 0 mg/kg intravenously at 150 mg/minute in adults or 2 - 3 mg/kg/minute in 

children weighing < 50 kg; maintenance dose: 4 - 7 mg/kg intramuscularly or intravenously at 150 mg/minute in 
adults or 2 - 3 mg/kg/minute in children < 50 kg twice daily 

"Lamotrigine's half-life is affected by other antiepileptic drugs 
UNot FDA-approved in children 

useful in achieving optimal therapy, but they 
should never be the goal of treatment. Some 
patients tolerate drug levels 5 0 % higher than 
the therapeutic limit, while others experience 
adverse reactions at subtherapeutic levels. 
Polypharmacy should be used only if 
monotherapy with first-choice drugs fails. 

• S T A N D A R D ANTIEPILEPTIC D R U G S 

P h e n y t o i n 
Pharmacokinetics. Phenytoin exhibits 

nonlinear kinetics at therapeutically useful 
serum concentrations, ie, a small change in 
dosage can result in a large change in serum 
concentration. Therefore, this drug requires 
cautious titration, using dose increments of 30 
mg to avoid toxic effects. 

Interactions. Phenytoin is a potent 

enzyme-inducer and may decrease the effec-
tiveness of oral anticoagulants, certain antibi-
otics (doxycycline, rifampicin), oral contra-
ceptives, cyclosporine, corticosteroids, theo-
phylline, and antiarrhythmic agents (disopy-
ramide, mexiletine, quinidine). 

Adverse effects. Skin eruptions occur in 
8 % of patients, and mild gingival hyperplasia 
and hirsutism occur in 2 0 % to 5 0 % of patients 
receiving phenytoin long-term. Rare but seri-
ous idiosyncratic reactions include hepatitis, 
bone marrow depression, Stevens-Johnson 
syndrome, lymphadenopathy, and connective 
tissue disorders. 

C a r b a m a z e p i n e 
Pharmacokinetics. Carbamazepine induces 

its own metabolism, and its clearance can dou-
ble or triple within the first 12 weeks of therapy. 
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Therefore, the starting dose should be low, the 
dosage should be gradually increased, and dos-
ing should be frequent (three or four times 
daily). T h e principal metabolite is a 10,11 
epoxide that has both anticonvulsant and 
toxic effects. 

Interactions. When valproate is given 
with carbamazepine, the epoxide metabolite 
accumulates, producing neurotoxic effects, 
even if carbarnazepine's plasma concentration 
is in the normal range. Carbamazepine 
increases the hepatic clearance and decreases 
the effectiveness of oral anticoagulants, theo-
phylline, haloperidol, and oral contraceptives. 

Adverse effects. Transient leukopenia 
occurs in 1 0 % of patients. Carbamazepine has 
an antidiuretic hormone-like effect that may 
be troublesome in elderly cardiac patients. 
Less common but more serious idiosyncratic 
side effects are Stevens-Johnson syndrome, 
exfoliative dermatitis, erythema multiforme, 
agranulocytosis, and aplastic anemia. Less 
serious dose-related side effects include 
drowsiness, dizziness, diplopia, ataxia, nausea, 
and vomiting. 

V a l p r o a t e 
Pharmacokinetics. Valproate is highly 

protein-bound, but its binding is concentra-
tion-dependent and nonlinear. The free frac-
tion increases (as do side effects) at plasma 
concentrations greater than 75 |lg/mL because 
the protein binding sites are saturated. The 
free fraction is also higher in elderly patients, 
because they have reduced hepatic clearance 
and lower albumin concentrations. The half-
life of valproate is 10 hours but is reduced in 
patients taking multiple antiepileptic drugs. 

Interactions. Valproate increases the con-
centration of carbamazepine epoxide by 
blocking epoxide hydrolase, and also signifi-
cantly decreases lamotrigine clearance. 

Adverse effects include gastrointestinal 
distress, tremor, weight gain, alopecia, pancre-
atitis, and fatal hepatotoxicity. 

P h e n o b a r b i t a l 
Phenobarbital is the oldest anticonvulsant 
commonly used and is safe, effective, and 
inexpensive. However, it is a second-choice 
medication, owing to its sedative, cognitive, 
and behavioral side effects. 

Interactions. Phenobarbital induces 
hepatic enzymes and decreases the effective-
ness of oral anticoagulants, oral contracep-
tives, theophylline, antibiotics (doxycycline, 
griseofulvin), lipophilic beta-blockers, tri-
cyclic antidepressants, and phenothiazines. 

P r i m i d o n e 
Pharmacokinetics. Primidone is metabo-

lized to phenobarbital and phenylethylmalon-
amide, and all three molecules have indepen-
dent anticonvulsant activity. Approximately 
25 .1% of the primidone dose is converted to 
phenobarbital. This allows for anticonvulsant 
activity at lower levels of phenobarbital. 

Interactions. Phenytoin and carba-
mazepine induce the conversion of primidone 
to phenobarbital to such an extent that one 
might as well prescribe phenobarbital. On the 
other hand, valproate, acetazolamide, and iso-
niazid inhibit the conversion of primidone to 
phenobarbital. 

Adverse effects. Primidone's long-term 
side effects are similar to those of phenobar-
bital. 

E t h o s u x i m i d e 
Ethosuximide is the drug of choice for absence 
seizures. It is not effective in the treatment of 
generalized tonic-clonic seizures that may 
accompany absence seizures, and valproate is 
preferred in such cases. Ethosuximide acts by 
reducing the low threshold calcium currents 
in thalamic neurons. 

Pharmacokinetics. Ethosuximide is well 
absorbed orally, and the peak plasma concen-
tration occurs in 1 to 4 hours. It has negligi-
ble plasma protein binding, has a half-life of 
36 hours, and is eliminated primarily by 
hepatic metabolism; 1 0 % to 2 0 % of a dose is 
excreted unchanged in the urine. 

Interactions. Ethosuximide does not sig-
nificantly alter the plasma concentration of 
other antiepileptic drugs. 

Adverse effects include nausea, vomiting, 
drowsiness, dizziness, ataxia, and psychosis. 

• NEWER ANTIEPILEPTIC D R U G S 

F o s p h e n y t o i n 
Fosphenytoin is a water-soluble prodrug with 
a pH of 8.6 to 9. In comparison, intravenous 
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phenytoin has a pH of 12 in a vehicle of 
propylene glycol and ethanol. Fosphenytoin is 
metabolized completely and rapidly to pheny-
toin in approximately 15 minutes and can be 
infused 3 times more rapidly than intravenous 
phenytoin with the same pharmacological 
effects. It is significantly better tolerated at the 
infusion site and is recommended for acute 
treatment of status epilepticus. 

G a b a p e n t i n 
Gabapentin is an analog of gamma-aminobu-
tyric acid ( G A B A ) , an inhibitory neurotrans-
mitter. However, although gabapentin crosses 
the blood-brain barrier, it does not bind to the 
G A B A receptor. It is FDA-approved for use in 
adults as an add-on therapy for partial and sec-
ondary generalized seizures. 

Pharmacokinetics. Gabapentin's absorp-
tion is dose-dependent, not dose-proportion-
al—the fraction absorbed decreases as higher 
doses are given.15 It has an almost ideal phar-
macokinetic profile for an antiepileptic drug: 
it is not metabolized, does not bind to plasma 
proteins, and does not appear to possess 
enzyme-inducing or inhibiting properties. 
Eighty percent is excreted in the urine and 
2 0 % in the feces. 

Interactions. Gabapentin does not inter-
act significantly with other antiepileptic drugs 
or with oral contraceptives. 

Adverse effects. Somnolence, dizziness, 
and ataxia are the most common side effects. 

Dosage. The initial dose in adults is 900 
mg/day in three divided doses. Doses of 3,600 
mg/day have been well tolerated in adults. 

L a m o t r i g i n e 
Lamotrigine appears to be effective in partial 
and generalized seizures.16'1'' Reports have also 
described its efficacy in Lennox-Gastaut syn-
drome. 

Pharmacokinetics. Lamotrigine has linear 
kinetics, is relatively nonsedating, and does 
not alter the kinetics of other drugs. It is 
approximately 5 5 % bound to plasma proteins 
and has a half-life of 24 to 36 hours. 

Interactions. Lamotrigine is eliminated 
more rapidly in patients taking hepatic 
enzyme-inducing antiepileptic drugs. In con-
trast, valproic acid inhibits its metabolism and 
increases its half-life to 72 hours. 

Adverse effects. Dizziness, diplopia, atax-
ia, and somnolence are the most common 
adverse effects. Skin rash occurs in about 5 % 
of adult patients; rarely the rash may be 
severe. 

Dosage. For patients taking hepatic 
enzyme-inducing antiepileptic drugs, treat-
ment with lamotrigine is started at a dose of 50 
mg once daily for 2 weeks. The dose can then 
be increased to 50 mg twice a day for 2 more 
weeks, followed by increments of 100 mg/day 
every week, up to a maintenance dose of 300 
to 500 mg/day in two divided doses. For 
patients also taking valproate, the starting 
dose of lamotrigine should be 25 mg every 
other day for 2 weeks, then 25 mg/day for the 
next 2 weeks. Thereafter the dose can be 
increased by 25 to 50 mg every 1 to 2 weeks up 
to a maintenance dose of 100 to 150 mg per 
day on a twice-daily schedule. 

T o p i r a m a t e 
Topiramate is indicated for refractory partial 
and secondary generalized seizures. In several 
multicenter, double-blind, placebo-controlled 
trials in the United States, adding topiramate 
to the regimen reduced the number of seizures 
by at least 50% in up to 5 0 % of patients with 
refractory seizures.18 

Pharmacokinetics. Topiramate is rapidly 
absorbed, has linear pharmacokinetics, is not 
significantly metabolized, and is predomi-
nantly excreted by the kidneys. Protein bind-
ing is low, and there are no known differ-
ences in effects according to gender, race, or 
age. 

Adverse effects. T h e most common 
adverse effects are psychomotor slowing, con-
centration difficulty, speech and language 
problems, somnolence, dizziness, and ataxia. 
Renal stones occur in 1 .5% of patients, and 
paresthesia occurs occasionally. 

V i g a b a t r i n 
Vigabatrin irreversibly binds to G A B A 
transaminase (the enzyme that breaks down 
G A B A ) , thereby increasing brain concentra-
tions of G A B A . It has demonstrated effective-
ness against partial and secondarily general-
ized seizures and infantile spasms. 

Pharmacokinetics. Although vigabatrin's 
plasma half-life is only 5 to 7 hours, this is 
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clinically irrelevant in view of its mechanism 
of action. Excretion is primarily renal. 

Adverse effects. T h e main adverse effects 
reported in add-on trials were somnolence, 
fatigue, irritability, depression, and psychosis. 

Dosage. In adults, start at 500 mg twice 
daily and increase by 500-mg increments 
every week according to the patient's clinical 
progress, to a total daily dose of 2 to 4 g. 

T i a g a b i n e 
Tiagabine increases brain levels of G A B A by 
blocking G A B A reuptake. It may be effective 
in intractable complex partial seizures.19 

Pharmacokinetics. Tiagabine is 9 5 % 
bound to plasma proteins, has a short half-life 
of 7 hours, and is metabolized in the liver. 

Adverse effects include ataxia, dizziness, 
tremor, and cognitive changes. 

Dosage. Doses have ranged from 8 to 56 
mg/day, and preliminary reports suggest a dose-
dependent effect, with 2 5 % of patients achiev-
ing a 5 0 % reduction in seizure frequency. 

• EPILEPSY SURGERY 

Surgery is considered for patients whose 
seizures are refractory despite optimal medical 
therapy with standard and newer antiepileptic 
agents for an appropriate time. Careful patient 
selection is crucial for successful surgery. 
Before surgery is contemplated, the diagnosis 
of epilepsy must be ascertained, the epileptic 
syndrome must be defined and the epilepto-
genic focus must be precisely localized and 
resectable without causing significant func-
tional impairment that is worse than the 
intractable seizures.20 

T h e most common and effective type of 
focal excisional surgery is temporal lobecto-
my. Frontal and other extratemporal resec-
tions are most effective with structural 
lesions. T h e outcome is less favorable with 
nonlesional extratemporal resections. Corpus 
callosotomy is a palliative surgery for 
intractable atonic and secondarily general-
ized tonic clonic seizures. Functional hemi-
spherectomy is beneficial in patients with 
seizures arising from a hemisphere with 
severe contralateral hemiparesis and visual 
impairment, as in Sturge-Weber syndrome 
and hemimeganencephaly. • 
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