
EDITOR IN CHIEF
Gregory R. Wise, MD, FACP
Associate Professor of Medicine
Wright State University
Dayton, Ohio;
Vice President, Medical Integration
Kettering Medical Center
Kettering, Ohio

MANAGING EDITOR
Robin Mason

EDITORIAL BOARD
Nancy J.V. Bohannon, MD, FACP
Private Practice
San Francisco, Calif

Gideon Bosker, MD
Special Clinical Projects 
Assistant Clinical Professor
Section of Emergency Services
Yale University School 
of Medicine, New Haven, Conn

Norton J. Greenberger, MD
Professor and Chairman
Department of Internal Medicine
Kansas University Medical Center
Kansas City, Kan

Norman Kaplan, MD
Professor of Internal Medicine
Department of Internal Medicine
University of Texas Southwestern 
Medical School
Dallas, Tex

Dan L. Longo, MD, FACP
Scientific Director
National Institute on Aging
Baltimore, Md

Sylvia A. Moore, PhD, RD, FADA
Professor/Director, Division of
Medical Education & Public
Health, University of Wyoming,
Cheyenne, Wyo; Assistant Dean
for WWAMI in Wyoming,
University of Washington School

of Medicine
John E. Murtagh, MBBS, MD
Professor, Dept. of Community 
Medicine and General Practice
Monash University
East Bentleigh, Australia

David B. Nash, MD, MBA
Director, Health Policy and 
Clinical Outcomes
Thomas Jefferson University 
Hospital, Philadelphia, Pa

Karen J. Nichols, DO, FACOI
Dean
Professor, Internal Medicine
Midwestern University
Chicago College of Osteopathic
Medicine
Downers Grove, Ill

Allen R. Nissenson, MD
Professor of Medicine
Director of Dialysis Program
University of California 

Los Angeles School of Medicine

Kenneth L. Noller, MD
Professor and Chairman
Department of OB/GYN
Tufts University
School of Medicine
Boston, Mass

Robert W. Piepho, PhD, FCP
Dean and Professor
University of Missouri-Kansas 
City School of Pharmacy
Kansas City, Mo

James C. Puffer, MD
Professor and Chief
Division of Family Medicine
University of California, 
Los Angeles School of Medicine

Robert E. Rakel, MD
Department of Family 
and Community Medicine
Baylor College of Medicine

Houston, Tex

W. Mitchell Sams Jr., MD
Professor and Chairman
Department of Dermatology
University of Alabama at 
Birmingham

Joseph E. Scherger, MD, MPH
Associate Dean for Primary Care
Professor and Chair, Department of 
Family Medicine
University of California Irvine

Leonard S. Schultz, MD, FACS
Assistant Clinical Professor
Department of Surgery
University of Minnesota
Abbott-Northwestern Hospital
Minneapolis, Minn

Leon Speroff, MD
Professor of Obstetrics and 
Gynecology, Oregon Health 
Sciences University School of 

Medicine, Portland, Ore

Robert B. Taylor, MD
Professor and Chairman
Department of Family Medicine
Oregon Health Sciences University
School of Medicine
Portland, Ore 

John K. Testerman, MD, PhD
Associate Professor and Chair
Department of Family Medicine
Loma Linda University
Loma Linda, Calif

© 2002 American Health 
Consultants

All rights reserved 

Editor’s Note—A seizure is an abnormal, hypersynchro-
nous discharge of a population of cortical neurons that may
be associated with clinical manifestations corresponding to
the area of the brain involved. 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 subclini-
cal seizure. Epilepsy is a
disorder of the central ner-
vous system in which symp-
toms are 2 or more seizures
greater than 24 hours
apart, not provoked by
another cause. Seizures
may be provoked in otherwise normal individuals due to
various causes. These causes include metabolic distur-
bances, acute head trauma, acute CNS infection, or effects
of illicit or prescription drugs such as cocaine, ampheta-
mines, tricyclic antidepressants, bupropion, and some
antibiotics. Young children may have a provoked seizure
due to a high fever. In fact, febrile seizures are the most
common type of seizure in children. In addition, seizures
may be provoked by withdrawal from chronic alcohol or
benzodiazepine use. Thus, even multiple seizures provoked
only by alcohol intoxication or withdrawal do not constitute
epilepsy. 

The incidence of new-onset seizures in the general pop-
ulation is about 80 per 100,000 per year. Many patients
will have an underlying cause for the seizures, but others

will have a single seizure and no recurrence. Approxi-
mately 60% of these patients will go on to have epilepsy,
or close to 50 cases per 100,000 per year, making the
prevalence of epilepsy 5-9 cases per 1000 persons
(approaching 1%). Clinical presentation, including histo-

ry, physical exam, and risk
factors, directs the diagnos-
tic workup of patients with a
new onset seizure, as well as
any subsequent therapy. 

Evaluation and 
Treatment of a 
First Seizure

The patient who presents
shortly after a first seizure
should be screened for symp-

toms and signs of an acute medical or neurologic illness.
Table 1a outlines the evaluation of a first seizure. Careful
physical examination and routine blood tests will detect
common provoking factors including infection; abnormal
electrolyte, glucose, calcium, or magnesium values; and
compromised cardiorespiratory, liver, or kidney function.
See Table 1b for a list of lab value abnormalities commonly
associated with provoked seizures. In addition, a careful
medication history will screen for potential prescription
drugs that may provoke seizures. Any suspicion of meningi-
tis or encephalitis mandates lumbar puncture once signs and
symptoms of increased intracranial pressure have been
excluded, but otherwise this procedure is generally not nec-
essary. The use of illicit drugs is an increasingly common
cause of provoked seizures, and blood or urine samples
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should be screened for evidence of substance abuse in almost
all cases of unexplained first seizures in age ranges of adoles-
cence through middle age. 

Many disorders can present with loss or brief alteration
of consciousness. Correct identification of seizures vs
nonepileptic events is of utmost importance. When taking a
careful history, consider possible nonepileptic events such
as syncope, breath holding, panic, cataplexy, transient
ischemic attack, and psychogenic events. Ask about behav-
ior, loss of consciousness, amnesia, abnormal movements or
inability to move, feelings leading up to the event, duration
of the event, and whether confusion was present afterward.
Table 2 lists a brief differential diagnosis, and Table 3 has
some differentiating characteristics between seizure and
syncope, one of the common mimics of seizure.

The EEG is most useful for classifying the seizure type into
partial or generalized. In generalized-onset seizures, the EEG
usually shows a generalized spike-and-wave pattern from the
onset of the seizure or interictally. In partial-onset seizures, the
interictal EEG abnormalities are focal. A normal EEG, howev-
er, does not exclude the diagnosis of epilepsy since the EEG is
only a very brief time sample (20-30 minutes) of the patient’s
brain electrical activity. 

Anatomic imaging is mandatory in most cases of
seizures. Computed tomography (CT) has a role largely con-
fined to emergent assessment of new-onset seizures or
seizures. This is especially true when a serious head injury
with intracranial hemorrhage or other life-threatening disor-
ders are suspected. The presence of new focal deficits, per-
sistent alteration in mental status, recent head trauma, fever,

persistent headache, history of cancer, history of anticoagu-
lation, or suspicion of AIDS all necessitate emergent CT
while the patient is still in the emergency department to
immediately assess for the possibility of a life-threatening
lesion.1 However, MRI is the procedure of choice for
anatomic imaging in patients with seizures. MRI with thin
cuts through the temporal lobe with T1, T2, and FLAIR
sequence is more sensitive than routine brain MRI in detect-
ing abnormalities of the medial temporal structures, from
which many partial-onset seizures originate. 

Whether antiepileptic drug (AED) therapy should be initiat-
ed after a first seizure is the subject of considerable controversy
(see Table 4). It is clear that AEDs reduce the likelihood of
another seizure, but the risk of serious adverse effects from the
AED must be weighed against the benefits. Any patient with a
second unprovoked seizure should be treated because of the
high risk of a third.

One of the most important distinctions to make is whether
the seizures are partial or generalized onset. Partial-onset
seizures arise from a focal area of the brain and then spread
to involve other areas. The clinical manifestations depend on
where in the brain the seizure originates and how far it
spreads. For example, a seizure originating in the thumb area
of the primary motor cortex may cause twitching of the
thumb, whereas a seizure originating in the visual cortex may
cause unformed visual hallucinations like swirling colors or
flashing lights. Generalized-onset seizures start in the whole
brain at once without a focal onset. Either seizure type can
eventually involve the entire brain and manifest as a tonic-
clonic (convulsive or previously known as “grand mal”)
seizure, so it is important to take a careful history about how
the seizure started.

Clinical Manifestations of Seizures
A common presentation of seizure to the primary care

physician is the patient with blanking out episodes, staring
spells, or episodes of loss of time. A family member may be
the first to notice something is wrong. The two most com-
mon seizure types producing these symptoms are absence
(“petit mal”) seizures or complex partial seizures. Other
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Table 1a. Evaluation of a First Seizure

• History, physical

• Blood tests: CBC, electrolytes, glucose, Ca, Mg

• Hepatic and renal function

• Lumbar puncture only if meningitis or encephalitis 
suspected and lack of potential for brain herniation 
is assured

• Blood or urine screen for drugs

• Electroencephalogram

• Head CT emergently if indicated but MRI preferred
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patients may present with a history of convulsions, jerks, or
drop attacks (see Table 5).

Classification of Epilepsies
Although the seizures occurring in patients with epilepsy are

not acutely provoked, epilepsy is often related to another neuro-
logical disease or insult. The underlying disease or insult gener-
ally leads to some type of CNS injury that ultimately increases
the risk of seizures emanating from the injured portion of the
cortex. Common examples include stroke, brain tumors, previ-
ous CNS infection, previous CNS trauma, degenerative dis-
eases, and developmental disorders. These disorders are all
associated with an increased risk of epilepsy. In all of these
examples, the type of epilepsy syndrome would be considered
remote symptomatic. More than half of new cases of epilepsy
in elderly patients are related to cerebrovascular disease. On the
other hand, 15-30% of new cases of childhood-onset epilepsy
are associated with cerebral palsy and/or mental retardation. 

Some patients have idiopathic epilepsy syndromes, in which
the constellation of age of onset, family history, seizure type,
EEG, imaging, physical exam, and natural history of disease
fits a particular recognized pattern. These are generally felt to
be genetic in origin, even when the genetics of a particular syn-
drome are not known. Juvenile myoclonic epilepsy would be an
example of an idiopathic generalized epilepsy syndrome, and
benign rolandic epilepsy (ie, benign epilepsy of childhood with
centrotemporal spikes) is an idiopathic partial epilepsy syn-
drome. Both are relatively common and familial, and each
diagnosis carries specific implications about treatment and
prognosis. 

Finally, there are cryptogenic epilepsy syndromes, in which
a remote symptomatic cause cannot be identified and the fea-
tures do not fit any of the many recognized idiopathic epilepsy
syndromes. While idiopathic syndromes are assumed to be
genetic in origin, and remote symptomatic epilepsies have an
identifiable lesion, in cases of cryptogenic epilepsies, no lesion
can be found, though one may be suspected. The number of
cryptogenic cases has been decreasing as the quality of avail-
able testing such as MRI improves. 

Medical Treatment of Epilepsy
For epilepsy, the drug of choice should have the best effi-

cacy and fewest adverse effects. For generalized-onset
seizures, specifc AEDs may be indicated, while others would
be contraindicated, possibly making seizures worse. In con-
trast, several comparison studies have shown minimal differ-
ences in efficacy of the standard AEDs in partial-onset
seizures, the most common seizure type. Thus, differences in
expected adverse effect profile, pharmacokinetic profile, and
expense should help guide AED choice. There is no convinc-

Table 1b. Lab Value Abnormalities Commonly Associated with Provoked Seizures

Lab Parameter Abnormality Typically Provoking Seizures

Sodium < 120 mEq/L

Magnesium < .8 mEq/L

Calcium < 6 mg/dL

Phosphate < 1 mg/dL

Glucose Glucose < 50 or nonketotic hyperglycemia

BUN Renal failure with uremic encephalopathy →→ seizures in 1/4

Liver function tests Moderate to severe hepatic encephalopathy →→ seizures or acute porphyria →→
seizures in 15%

Drug screen Presence of amphetamines, cocaine, heroin, phencyclidine
Elevated TCA levels

EtOH level 12-24 h following binge →→ seizures or first 48 h of EtOH withdrawal →→ seizures

O2 Asphyxia, respiratory failure, cardiac arrest, CO poisoning, arrhythmias, and sleep 
apnea →→ acute hypoxia →→ seizures
Chronic stable hypoxia rarely causes seizures.

Thyroid function tests Myxedema coma →→ seizures in 20-25% or Thyrotoxicosis →→ seizures in 10%

Table 2. Is It a Seizure? Differential Diagnosis

• Syncope or cardiac arrhythmia

• Panic attack (rare loss of consciousness)

• Transient ischemic attack

• Narcolepsy with cataplexy

• Psychogenic

• Breath holding spells (children)
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ing clinical evidence that AED choice (for monotherapy or
combinations) should be based upon mechanism of action.
Many patients can be optimally managed on a single AED. It
is essential to ensure that a drug has failed before moving on
to an alternative drug or a 2-drug combination. A drug has
failed when it has been given at doses high enough to produce
persistent side effects and seizures are still not controlled.
Most epileptologists consider seizure freedom good control.
A patient who continues to have seizures is not “well con-
trolled.” Most neurologists will try 2-3 drugs as monotherapy
before resorting to a drug combination.2

AEDs are divided between “standard” and “new” drugs.
Between 1978 and 1993, no new drugs were approved by the
FDA. Phenytoin, the most commonly used AED in the United
States has been used to treat epilepsy since the 1930s. Starting
in 1993, 8 new AEDs, a new stimulator device, and a new for-
mulation of intravenous phenytoin have come on to the mar-
ket. None of these new medications has characteristics that
make it likely to completely replace the use of the standard
medications, but they offer modest improvement in efficacy,
important improvements in adverse effects, and more options
for individual patients (see Table 6). 

Treatment of Generalized-Onset Epilepsy
In patients with generalized-onset epilepsy, the choice of

drug depends on the specific epileptic syndrome being treat-
ed. Valproate is the drug of choice in patients who have

myoclonus, photosensitive epilepsy, or absence with general-
ized tonic-clonic seizures. In children with only absence
seizures (petit mal of childhood) and no generalized tonic-
clonic seizures, ethosuximide and valproate are equally
effective. Some clinicians consider ethosuximide to be safer
in children because of the rare but severe hepatotoxicity that
may occur with valproate. In a retrospective review, the risk
of valproate-induced hepatotoxicity was maximal in children
younger than 2 years, especially those treated with multiple
AEDs or who had congenital metabolic disorders. Thus,
avoiding valproate use in these subgroups may reduce the
risk of hepatotoxicity. In patients with generalized-onset
tonic-clonic seizures, phenytoin and valproate were equally
effective and safe in a randomized comparison trial. Patients
with Lennox-Gastaut syndrome, a particularly severe epilep-
tic syndrome associated with multiple seizure types, usually
a high seizure frequency and some degree of cognitive
impairment, showed significant seizure reductions when
treated with felbamate, lamotrigine, or topiramate in random-
ized trials. There is preliminary information that lamotrigine
and topiramate are effective in various generalized epilepsy
syndromes. Clonazepam and phenobarbital can also be use-
ful, but both tend to have substantial sedative adverse effects.
Clonazepam, a benzodiazepine, tends to have a duration of
maximal effect of less than 6 months. 

Treatment of Partial-Onset Epilepsy
In partial-onset seizures with secondary generalization, car-

bamazepine, phenytoin, valproate, phenobarbital, and primi-
done can be effective. In partial seizures without generaliza-
tion, phenytoin and carbamazepine may be slightly more effec-
tive than phenobarbital or primidone. These conclusions are
based on direct randomized comparison studies of these med-
ications.3,4 The place of the new AEDs in epilepsy treatment is
still evolving. All 8 drugs and the new device (felbamate,
gabapentin, lamotrigine, topiramate, tiagabine, levetiracetam,
oxcarbazepine, zonisamide, and the
vagus nerve stimulator) have been

Table 3. Seizure vs. Syncope

Seizure

Common features

• tonic and clonic movements

• 1-2 minutes

• postictal confusion

Strongly suggest seizures

• tongue biting

• postictal focal signs

Syncope

Common features

• sweating and pallor

• brief (5-15 seconds)

• may have stiffening or brief clonic

• little confusion on awakening

Strongly suggest syncope

• precipitated by pain

• attacks only when sitting or standing

Table 4. Do You Treat One Seizure?

One randomized, controlled trial, 24 months

• untreated—50% recurrence

• treated—25% recurrence

Recurrence risk increases with:

• abnormal EEG

• family history

• earlier neurologic injury

• presence of neurologic lesion

Clinician must take into account adverse effects of 
medication vs psychological, vocational, social, and 
physical consequences of further seizures.

Continued on page 215
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Table 5. Clinical Manifestations of Seizures

Absense Seizures (“petit mal”) (A generalized-onset seizure)
• no aura or warning
• motionless with blank stare
• eyelid fluttering or other automatisms in longer seizures
• short duration (usually less than 10 seconds)
• little or no postictal confusion
• often precipitated by hyperventilation
• EEG photosensitivity in 18% of childhood absence epilepsy
• EEG: generalized 3 Hz spike-wave 

Typical Temporal Lobe Complex Partial Seizure (a partial-onset seizure)
• Aura of autonomic, psychic, epigastric, or olfactory sensation sometimes occurs
• Arrest of movement is common
• Oroalimentary, gestural, mimetic, ambulatory, or verbal automatisms
• Usually 60-90 seconds
• Postictal language disturbance when seizures originate in dominant hemisphere
• Often confusion with gradual recovery
• Amnesia for event

Typical Simple Partial Seizure
• No impairment of consciousness
• Lasts 60-90 seconds
• No amnesia for event
• Symptoms depend on area of the brain involved
• temporal: autonomic, psychic, epigastric, or olfactory sensation
• frontal: focal motor twitching
• parietal: focal sensory symptoms
• occipital: visual hallucinations (usually unformed)

Typical Tonic-Clonic Seizure (may be generalized or partial onset)
• Loss of consciousness
• Widespread tonic muscle contraction, upward eye deviation, “epileptic cry” with forced expiration of air, 

tongue biting, incontinence
• Followed by clonic phase with rhythmic jerking of all extremities
• Duration 1-2 minutes
• Postictal confusion with gradual return to consciousness longer than 5 minutes—1 hour
• Amnesia for seizure as well as most of postictal period

Typical Myoclonic Seizure (a generalized-onset seizure)
• Sudden, involuntary, brief shock-like muscle contraction arising from the CNS
• May involve any and all limbs and/or face/mouth, symmetrically or asymetrically
• Single or repetitive
• Duration: fleeting (each one < 1 second)
• No clear loss of consciousness, amnesia, or postictal confusion
• EEG: generalized spike-wave with each jerk
• May appear clinically similar to spinal cord myoclonus or to hypnic jerks of sleep

Typical “Drop” Seizures (generalized-onset tonic or atonic seizure)
• Tonic: tonic widespread contraction of muscles lasting 10-15 seconds→→ drop
• Atonic: loss of muscle tone lasting 1-2 sec →→ drop of head, trunk, or whole body
• Brief loss of consciousness
• No or minimal postical confusion
• Often lead to repeated injury due to falls; patients may require helmets
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proven superior to placebo as
adjunctive treatment in patients

with medication-resistant partial seizures. Few direct compar-
isons among the new drugs or among the new and older drugs
have been performed. However, in a series of studies in
Europe, lamotrigine was shown to be equally effective and bet-
ter tolerated than the first-line drugs carbamazepine and pheny-
toin in new onset seizures.5-7 In a head-to-head study, topira-
mate was equal to carbamazepine and valproate. On the other
hand, in monotherapy trials, gabapentin has not been particular-
ly promising. The best way to choose among these drugs is
using adverse effect profile and pharmacokinetics. For exam-
ple, gabapentin and levetiracetam have no liver metabolism and
almost no drug interactions; lamotrigine is associated with little
sedation; felbamate is rarely used because of an association
with aplastic anemia (~1/4500, 30% mortality) and hepatic fail-
ure (~1/22,000, 50% mortality).8 We must await further com-
parison studies to identify the drug or drugs that are clearly
superior overall. Table 7 summarizes the important characteris-
tics of AEDs.

Some of the AEDs have “broad spectrum” efficacy. This
implies that they work for either partial-onset or generalized-
onset seizures. Valproate, topiramate, lamotrigine, and possibly
levetiracetam and zonisamide have broad-spectrum efficacy
(see Table 8). 

Practical Pharmacology of AEDs
Three important pharmacological considerations in using

AEDs are: (1) phenytoin exhibits saturation (nonlinear) kinet-
ics; (2) AED combinations can cause induction or inhibition of
hepatic metabolism or changes in protein binding, so monother-
apy is desirable whenever possible; and (3) serum concentra-
tions of AEDs should be used as general guidelines in deter-
mining dose.

Phenytoin (Dilantin) exhibits nonlinear kinetics because the

metabolic enzymes saturate at commonly used doses. This
means that small changes in dose can produce large changes in
serum concentration; these changes get even larger as serum
concentrations increase. Accurate clinical rules to use are: (a) if
the initial serum concentration is below 7 and the dose needs to
be increased, increase the daily dose by 100 mg; (b) if the
serum concentration is between 7 and 12 and the dose needs to
be increased, increase the daily dose by 50 mg; (c) if the serum
concentration is above 12 and the dose needs to be increased,
increase the daily dose by 30 mg.9

AED monotherapy can simplify treatment, reduce adverse
effects, and often improve seizure control. Several studies have
shown that many patients with seizures, even patients whose
seizures are not well controlled, may have equal or fewer
seizures and fewer adverse effects by using high doses of a sin-
gle AED rather than drug combinations. When seeing patients
on multiple AEDs, attempt to withdraw sedative ones first (bar-
biturates and benzodiazepines). When trying to reach
monotherapy, withdrawal of concomitant AEDs should be done
slowly, usually over several months. Some patients truly bene-
fit from AED combinations, but there are no reliable studies
showing which combinations are most effective. 

AEDs that are highly bound to serum proteins (phenytoin
and valproate) may be displaced from binding sites by other
medications that are also highly protein bound (eg, aspirin,
warfarin, phenothiazines). In these cases, the serum concentra-
tion may not accurately reflect the unbound proportion of drug.
Unbound (“free”) serum concentrations should be obtained in
patients taking phenytoin or valproate who have altered protein
binding, such as those on other drugs that are highly protein
bound, or patients with significant renal or hepatic disease,
AIDS, or hypoalbuminemia from any cause. 

Most AEDs are metabolized by hepatic enzymes and may
either induce or inhibit hepatic metabolism of other drugs. The
exceptions are the new AEDs gabapentin and levetiracetam,
which have no measurable hepatic metabolism. Induction of
hepatic enzymes by AEDs such as carbamazepine, phenytoin,
and phenobarbital may cause increased metabolism and
decreased serum concentrations of other drugs (including oral
contraceptives). Valproate tends to be a metabolic inhibitor and
increases serum concentrations of other hepatically metabolized
drugs. Conversely, other nonantiepileptic drugs (eg, ery-
thromycin, a potent metabolic inhibitor) may inhibit the metab-
olism of carbamazepine, leading to an increase in side effects.
Similar effects may occur with other macrolides or with
propoxyphene. Monitoring serum concentrations of AEDs is
particularly important when using drug combinations (see
Table 9).

Antiepileptic serum concentrations that are likely to pro-
vide seizure control without significant toxicity have been
derived from small studies and from clinical experience.
Although not a substitute for the individual patient’s clinical
response, which is still the basis for assessment of AED per-
formance, the range of recommended concentrations may be a
useful guide when AED therapy is initiated or when therapy is
adjusted in response to breakthrough seizures or toxicity—
especially when using the standard AEDs. Several studies
have shown, however, that many patients can experience
excellent seizure control without adverse effects with serum

Table 6. Medical Treatment of Epilepsy

Traditional Drugs for Seizures

Phenobarbital 1909

Phenytoin 1938

Primidone 1952

Carbamazepine 1972

Valproate 1978

Newer Drugs for Seizures (since 1993)

Felbamate 1993

Gabapentin 1994

Lamotrigine 1994

Topiramate 1996

Tiagabine 1997

Levetiracetam 1999

Zonisamide 2000

Oxcarbazepine 2000

Continued from page 213
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concentrations above or below the “therapeutic range.”
“Therapeutic ranges” for the new antiepileptic drugs are
probably even less reliable than for the standard drugs. Clini-
cians should not rigidly adhere to a therapeutic range for
AEDs but rather use serum concentrations to “benchmark”

the level at which a patient has good seizure control and min-
imal side effects, thus achieving the goal of balancing AED
antiseizure efficacy and toxicity.

Pharmacokinetic factors should also be considered when
interpreting AED serum concentrations. A drug’s half-life in

Table 7a. Summary of Commonly Used AEDs
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serum is the time required for the drug’s serum concentration
to drop to one half its original value. Most drugs need 5 half-
lives to reach steady state. Drugs with long half-lives, such as
phenytoin and phenobarbital, may require 3-4 weeks to reach
steady state. Thus, serum concentrations drawn before that
time interval after drug initiation or a dose change may not
accurately reflect steady state. Conversely, the serum concen-

trations of drugs with short half-lives may be significantly
affected by the time interval between the last dose and the
serum sample.

Starting and Stopping AEDs
Before starting a new AED, the expected adverse effect

profile should be discussed with the patient along with some

Table 7b. AED Toxicity
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realistic expectations of efficacy (fewer than 50% of adults
with partial-onset seizures will remain seizure-free for more
than 12 months). 

AEDs can eventually be withdrawn successfully in more
than 60% of patients who remain seizure-free for 2-4 years.10

The longer the patient remains free of seizures on medica-
tion, the lower the risk of recurrence if medication is
stopped; the risk is never zero. Most drugs are withdrawn
over 2-6 months. The underlying epileptic syndrome influ-
ences the prognosis for remaining seizure-free after AED
withdrawal. Alcohol consumption can make seizures more

likely, but medications should not be stopped and started
based on alcohol intake. 

Seizures in Children
Because efficacy data in childhood epilepsy are limited,

antiepileptic selection for children relies on comparative
efficacy studies in adults. Fortunately, the efficacy of most
agents in children parallels the adult experience. Efficacy is
not the only consideration, however, because adverse effects
and toxicity are of paramount importance in pediatrics and
often are the major determinant of drug selection. Pharmaco-
kinetics, especially rate of elimination, may differ from
adults and also vary greatly depending on the age of the
child. The FDA is now encouraging pharmaceutical compa-
nies to include some information on kinetics in children in
product labeling, even when the drug is not approved in
children, because it is likely the drug will be used in
younger patients. 

Seizures in the Elderly
It is surprising to many clinicians that beyond childhood,

the incidence of epilepsy is highest in the elderly. Older
patients may have seizure manifestations that are somewhat
atypical, like confusional or aphasic spells, so a careful histo-
ry and an EEG are important. When treating an older patient
with AEDs, it is best to choose drugs with the lowest likeli-
hood of interacting with the older patient’s other medica-
tions. Usually this means choosing AEDs with low protein
binding and little or no hepatic metabolism. Older patients
often need lower doses and slower titration than younger
patients because they have slower hepatic metabolism and
are more sensitive to adverse effects. In the elderly, AED
dosing should be “low and slow.” 

Medication-Resistant Epilepsy
Most patients with epilepsy can have seizures completely

controlled with minimal or no adverse effects. About 15-37%
of patients will fail many AEDs. In one study, failure of 2
AEDs was highly predictive of resistance to all medical treat-
ment.11 Patients whose seizures cannot be controlled with
medications are considered medically intractable. The goal of
therapy is no seizures. Those who continue to have seizures
despite trials with maximal tolerated doses of standard anti-
convulsants (phenytoin, carbamazepine, and valproate)
should be referred to a comprehensive epilepsy center with
video/EEG monitoring. Video/EEG can accurately identify
patients with nonepileptic events, characterize seizure type
for better treatment choice, and identify epilepsy surgery
candidates. There are several nondrug treatments for epilep-
sy, usually reserved for patients who have failed 1 or more
AEDs. Most epilepsy experts suggest referring patients to a
comprehensive epilepsy center who have failed 3 or more
AEDs singly or in combination.2

Nondrug Treatments for Epilepsy

Epilepsy Surgery
Surgical treatment of epilepsy, first performed 100

Table 8. Diagnosing and Managing Seizures:
A Simple Approach

Warning: The terminology of seizures and epilepsy can
sometimes be confusing. Here’s a simple approach.

• Make sure that the diagnosis of seizures is accurate. Many
other disorders can mimic seizures.

• Try to differentiate patients with partial-onset seizures from
those with generalized-onset seizures.

• Some AEDs are ineffective or may actually worsen some
types of seizures (eg, carbamazepine can worsen primary
generalized myoclonus). 

• With some exceptions, AEDs can be categorized as:
(1) effective in partial onset seizures; (2) effective in 
generalized onset seizures; (3) effective in both (“broad
spectrum”)

• For partial-onset seizure treatment there are no data sug-
gesting that different AEDs are more or less effective in
different subtypes (ie, simple partial, complex partial, sec-
ondary generalized) or by seizure localization (ie, tempo-
ral, frontal parietal, occipital).

• There are too many different generalized syndromes to list
here, but the majority of patients with generalized epilepsy
have either childhood/juvenile absence, JME, or primary
generalized tonic-clonic seizures.

Table 9. AED Interactions

• Drugs that induce metabolism of other drugs: carba-
mazepine, phenytoin, phenobarbital

• Drugs that inhibit metabolism of other drugs: valproate

• Drugs that are highly protein bound: valproate, phenytoin,
tiagabine

• Other drugs may alter metabolism of antiepileptic drugs
through induction or inhibition of hepatic cytochrome
P450 enzymes, thus raising or lowering AED levels.

• Other protein-bound drugs (eg, aspirin, warfarin) may
alter the free (active) drug fraction of AEDs that are highly
protein bound by competing for protein-binding sites.
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years ago, has seen resurgence in the last 2 decades due to
better and safer techniques for seizure localization and
surgery. Epilepsy surgery was more effective and not
more risky than continued medical treatment in a recent
randomized, controlled trial.12 After a failure to respond to
maximal tolerated doses of 3 different drugs, the likeli-
hood a patient will become seizure-free with additional
drug trials is < 5%. On the other hand, epilepsy surgery
performed at specialized epilepsy centers can result in
seizure-free rates of up to 80% of patients who have failed
available drug treatment. The best outcomes are seen in
patients with seizures emanating from the medial temporal
structures, who also have MRI abnormalities consistent
with mesial temporal sclerosis (MTS). An MRI protocol
with thin cuts through the temporal lobe is most sensitive
in picking up this type of abnormality. Patients with uni-
lateral temporal lobe epilepsy without MTS have slightly
lower seizure-free rates postoperatively, but they typically
have better outcomes than expected with continued med-
ical treatment. The risk for complications associated with
surgery (bleeding, infection, visual field cut, language,
and memory disturbance) is ~2%. An intracarotid amytal
test is performed to determine each patient’s language
dominant hemisphere, as well as the memory function of
each hemisphere. This helps to exclude those patients at
increased risk for postoperative complications. Patients
with extratemporal epilepsy may also be candidates for
surgery, depending on seizure localization and the pres-
ence of focal lesions on MRI. 

Vagus Nerve Stimulator
The vagus nerve stimulator is a medical device

approved by the FDA in 1997 for adjunctive treatment of
medically refractory partial-onset seizures in patients
older than 12 years. The mechanism of action is not well
understood. The device, similar in size and shape to a car-
diac pacemaker, is implanted in the left chest wall. The
leads wrap around the left vagus nerve in the neck. The

device is interrogated and programmed using a computer
and programming wand. The device is programmed to
stimulate the vagus nerve intermittently throughout the
day and night. A typical program consists of 30 seconds of
“on time” (active stimulation) and 5 minutes of “off time”
(no stimulation). In addition, the patient is provided with a
handheld magnet that when swiped over the device will
immediately initiate the programmed “on” sequence. This
is helpful in aborting or shortening seizures in some
patients. Overall, efficacy is similar to that of medica-
tions: 50% seizure reduction in one- to two-thirds of
patients. In addition, some patients note an improvement
in seizure severity and duration. Adverse effects are quite
different from those seen with AED use. A sensation or
pain in the throat, coughing, subjective dyspnea, and
change in voice are noted during stimulation. Discomfort
and cough can by minimized by slow adjustment of set-
tings. Unilateral vocal cord paralysis is a complication of
implantation in 1%. Prior to implantation, a patient should
be evaluated at an epilepsy center to determine whether
the procedure is appropriate and whether the patient is a
candidate for epilepsy surgery, which has a better progno-
sis for seizure freedom in appropriate patients. 

The ketogenic diet has been used in children with med-
ication-resistant seizures for decades and has seen resur-
gence in the past few years, due in part to great interest by
the media. It is based on the observation that ketosis and
acidosis have anti-seizure effects. Initial hospitalization for
fasting is followed by a high-fat diet with strict protein,
calorie, and especially carbohydrate restriction, which is
required to maintain ketosis and may be difficult to main-
tain. There is little information on the long-term effects of
the diet and almost no data on its use in adults. 

Epilepsy and Pregnancy
It has become clear that a wide variety of birth defects

are associated with the use of virtually all AEDs. The inci-
dence of major birth defects (those requiring medical or sur-
gical intervention) in the normal population is approximate-
ly 2%, whereas the offspring of epileptic mothers have a 4-
8% incidence of major malformations, with another 5-30%
having minor cosmetic anomalies such as shortened distal
digits.13-16 The most common major malformations seen
with fetal AED exposure are neural tube defects, congenital
heart disease, and orofacial clefts. Some of these defects
may be genetic or induced by seizures during pregnancy, but
the greatest influence appears to be related to AEDs. Greater
risk is associated with polytherapy and with high serum
AED concentrations in the first trimester. The dilemma is to
minimize AED use without risking seizures, which may also
be harmful to the fetus. Women of childbearing age with
epilepsy should take at least 400 ug/d of folic acid to lower
the risk of neural tube defects. Because neural tube forma-
tion occurs in the first month, often before women know
they are pregnant, and because there is a high rate of
unplanned pregnancies, women who have the potential to
become pregnant should take folic acid even before plan-
ning to conceive. In addition, because AED levels tend to

Table 10. Pregnancy and Epilepsy Guidelines

• Risk of malformation is increased 2- to 3-fold by AEDs.

• Prenatal diagnosis should be discussed.

• Seizures may be deleterious to the fetus.

• All women receiving antiepileptic drugs should receive folic
acid at least 400 µ/d.

• Monotherapy should be used if possible with the lowest
effective dose.

• Data are still incomplete on the risk of newer AEDs.

• Monitor AED levels monthly during pregnancy and through
the eighth postpartum week.

Note: AEDs that induce hepatic enzymes may make oral 
contraceptives less effective.
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drop throughout pregnancy, levels should be checked
monthly with appropriate dose adjustments. Table 10 lists
the current guidelines for managing AEDs in women plan-
ning pregnancy.14

Driving and Epilepsy
Epilepsy is unique in the variety of legal problems that it

creates. Among these, none engenders as much debate and
controversy as driving. All states seek to regulate driving by
persons with epilepsy. Standards are spelled out by statute,
or there are broad guidelines that are used by driving agen-
cies and allied medical review boards. Most states require
that patients remain seizure-free for a specified period of
time (3-12 months) before they will be permitted to drive
again. This is true following every seizure. Thus, if a patient
has an average of 2 seizures per year, and if local law
requires 6 months seizure-free before the patient may drive,
that patient essentially would never be allowed to drive.
Thus, this issue has a dramatic effect on patients’ quality of
life. 

Seizure Recognition and First Aid
An outline follows for recognition and first aid for general-

ized tonic-clonic and complex partial seizures, the 2 most com-
mon seizure types in adults.

Generalized Tonic-Clonic Seizure:
Appearance: Sudden cry, fall, rigidity, followed by

muscle jerks, shallow breathing or apnea, possible urinary
incontinence, typically lasts 1-2 minutes with post-seizure
confusion. 

What to do: Turn person on his side to keep airway clear
and protect from nearby hazards. If outside the hospital, trans-
fer to the hospital is often unnecessary if there is a history of
seizures. Further evaluation is needed if person is pregnant,
injured, or diabetic. If multiple seizures, or a seizure longer
than 5 minutes occurs, treatment for status epilepticus should
ensue.

What not to do: Do not put anything in the person’s mouth
or hold the tongue. Do not use artificial respiration unless
breathing is absent after jerking subsides. 

Complex Partial Seizure
Appearance: Usually starts with blank stare, chewing, and

then random activity. The person appears unaware of surround-
ings and unresponsive to commands. Seizure usually lasts 1-2
minutes, often with post-seizure confusion and memory loss for
the event.

What to do: Speak calmly and guide gently away from
obvious hazards. If outside the hospital, stay with the person
until he or she is completely aware of environment and offer
help getting home. Medical evaluation is needed for a new-
onset seizure if the person is pregnant or injured. 

What not to do: Don’t grab hold or restrain unless there is a
dangerous situation like traffic. Don’t shout or expect verbal
instruction to be obeyed during or immediately following the
seizure.
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CME Questions

58. Which of the following techniques provides the most information
about the presence or absence of a structural abnormality in the
temporal lobe of a newly identified seizure patient:

a. EEG

b. MRI

c. SPECT (blood flow measurement)

d. All the above are equal

59. A complex partial seizure is:

a. marked by sudden jerking movements of a limb on one side

of the body.

b. one that typically lasts less than 10 seconds.

c. characterized by a spike and wave EEG pattern occurring at

three cycles per second.

d. characterized by the period of altered consciousness some-

times associated with involuntary movements.

60. Which of the following patients is most likely to have primary

generalized seizures (seizures that do not have a focal onset):

a. a 21-year-old female who has episodes of altered conscious-

ness lasting 60-120 seconds, which typically start with an

unusual smell and are followed by a period of confusion last-

ing 5-10 minutes in duration.

b. a 9-year-old boy who has brief episodes of altered conscious-

ness with staring lasting 4-8 seconds in duration occurring

10-15 times each day whose EEG shows 3 per second spike

and wave.

c. a 26-year-old male who suffers from generalized tonic-clonic

seizures that typically start with a tingling sensation in his

right hand and face that have occurred since he was in an

automobile accident with loss of consciousness 5 years 

previously.

d. None of the above

61. Partial seizures are those that:

a. are bilaterally symmetrical.

b. begin locally within a limited area of the cortex.

c. are usually associated with post-ictal coma.

d. are almost continuous and are commonly caused by 

discontinuing medication.

62. Which of the following medications exhibits saturation (nonlinear)

kinetics at commonly used doses?

a. Phenytoin

b. Carbamazepine

c. Phenobarbital

d. All of the above
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