


The prevalence of antiepileptic drug (AED) use and epilepsy
in nursing residences is much higher. There are approximately
1.5 million elderly people residing in nursing homes in the US;
thus, as many as 150,000 nursing home elderly may be taking
AEDs. The challenges of achieving seizure control in epilepsy
patients are magnified in an elderly population due to the
comorbidities and concomitant medication regimens typical in
this group. Treatment in the elderly carries more risks than in
younger persons because they may experience more side effects,
have a greater risk for drug interactions, and may be less able to
afford the costs of medications. As a cause of adverse reactions
among the elderly, AEDs rank fifth among all drug categories.2

This article reviews many of the special considerations that arise
in this patient population, offering advice on how to modify
your approach to patient management.

Initial Assessment
The diagnosis of epilepsy is generally made only after a person
has had two or more seizures. However, physicians may begin
treatment with AEDs in the elderly after a single seizure because
the risks of a second seizure are perceived to be high. Assessment
of AED treatment efficacy and toxicity in elderly patients is chal-
lenging because seizures are sometimes difficult to observe, signs
and symptoms of toxicity can be attributed to other causes (e.g.,
Alzheimer’s disease, stroke, etc.) or to co-medications, and
patients may not be able to accurately self-report problems. 

In the elderly, the most common identifiable cause of epilep-
sy is stroke, which accounts for 30 to 40 percent of all cases.3

Brain tumor, head injury and Alzheimer’s disease are other major
causes. However, in a large number of cases, the precise cause
cannot be identified and the etiology is cryptogenic. Caring for
this rapidly growing population of persons with epilepsy will be
a challenge. Given the limited resources available, effective triage
and treatment strategies must be developed. The first step is a
cost-effective diagnostic scheme. 

The most crucial differential diagnosis in the elderly popu-
lation is that of convulsive syncope. Cardiac causes are com-
mon, and in the absence of a known central nervous system
disorder (stroke, tumor, degeneration), suspect a cardiac cause.

An electroencephalogram with concomitant EKG rhythm strip
is essential. 

Electrolyte imbalance, febrile illness, hypoglycemia or hyper-
glycemia may also provoke seizures, but these conditions should
be easily recognized by laboratory tests or physical examination.

Patients with a single, unprovoked seizure (no obvious cause
external to the central nervous system), especially if there is a his-
tory of previous stroke, should, in most cases, be treated with
AEDs because the risk of a second seizure may be high and the
consequences of a second seizure may be catastrophic (fall, frac-
ture, cardiac compromise).

AED Prescribing Patterns and 
Clinical Pharmacology
In one study examining data from 21,551 nursing home resident
in 24 states during 1995, 10.5 percent had an AED prescription,
as follows: 6.2 percent phenytoin, 1.8 percent carbamazepine,
0.9 percent valproic acid, 1.7 percent phenobarbital, and 1.2
percent all others combined.4 A closer examination of AED use
in nursing homes revealed that approximately seven percent of
residents are receiving AEDs at the time of admission but, sur-
prisingly, approximately three percent have an AED newly pre-
scribed after admission.5 The indication for use of AEDs was list-
ed by CPT code and almost all with an epilepsy or seizure code
were receiving phenytoin, whereas approximately half of carba-
mazepine or valproate use was for an indication other than
epilepsy. However, the criteria for diagnosing epilepsy or seizures
were not available, and review of some of the actual records gave
little information about the factors which led to the diagnosis.

Drug concentration at the site of action determines the mag-
nitude of both desired and toxic responses. The unbound drug
concentration in serum is in direct equilibrium with the concen-
tration at the site of action and provides the best correlation with
drug response.6 Total serum drug concentration is useful for
monitoring therapy when the drug is not highly protein bound
(less than 75 percent) or when the ratio of unbound to total drug
concentration remains relatively stable. 

By age 65, many individuals have low normal albumin con-
centrations or are frankly hypoalbuminemic. Albumin concen-
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ersons age 65 years and older are the most rapidly growing segment of the

population, and new-onset epilepsy is higher in this age group than in any

other. Among community-dwelling elderly, the incidence of a first seizure is 52 to 59

per 100,000 in persons 40 to 59 years of age, but rises to 127 per 100,000 in those 60 and

over.1 Among those 65 years and older, the active epilepsy prevalence rate is approximately

1.5 percent, about twice the rate of younger adults. 



tration may be further reduced by conditions such as malnutri-
tion, renal insufficiency and rheumatoid arthritis. In drugs that
are highly bound, lower albumin levels result in a decrease in the
total serum drug concentration. Three of the AEDs most wide-
ly used in the elderly (phenytoin, carbamazepine and valproic
acid) are highly bound, and their binding is frequently altered.

Few studies on AED pharmacokinetics in the elderly have
been published. The available reports generally involve single-
dose evaluations in small samples of the young old (65-74 years).
A summary of what is known about the pharmacokinetic param-
eters is contained in Table 1.

Choosing AEDs for Elderly Patients
The paucity of information makes it very difficult to recom-
mend specific AEDs with any confidence that the outcomes will
be optimal. Nevertheless, decisions need to be made. Many of
the recommendations made in this review are subject to modifi-
cation as new knowledge is obtained. Because of the absence of
available data in this population, at the present time, the “com-
fort level” with some drugs may play a larger role in choosing
them than actual experience or data.

The elderly represent a much more heterogeneous population
than younger adults, for purposes of simplification the elderly
may be divided into three groups based on health status: the eld-
erly healthy (EH) who have epilepsy, the elderly with multiple
medical problems (EMMP), and the frail elderly in nursing
homes (FE). A drug choice optimal for the EH group may not
be appropriate for the EMMP or FE group due to differences in
pharmacokinetics or pharmacodynamics among these groups.
For instance, there is a high variability in the FE group in total
phenytoin concentrations. A study of serial blood levels in elder-
ly nursing home patients receiving stable doses of phenytoin
showed marked intra-patient variability of two- to threefold.7

This will cause difficulties in interpreting blood level data and
therapeutic decisions. This large variability may be due to vari-
ability of absorption, and concentrations of other AEDs may be
more stable. 

• Phenytoin. Effective for localization-related epilepsies,
phenytoin thus has an efficacy profile appropriate for the elder-
ly. Phenytoin has a narrow therapeutic range and complex phar-
macokinetics. It is absorbed slowly, is approximately 90 percent
bound to serum albumin, and undergoes saturable metabolism,
which has the effect of producing nonlinear changes in steady-
state serum concentrations.

Clinical studies in elderly patients have shown decreases in
phenytoin binding to albumin and increases in the free fraction.
Studies have shown that phenytoin metabolism is reduced in the
elderly; therefore, smaller maintenance doses of phenytoin may
be needed to attain desired unbound serum concentrations.
Relatively small changes in dose (<10 percent) are recommend-

ed when making dosing adjustments. Thus in the elderly, a daily
dose of 3mg/kg may be appropriate, rather than the 5mg/kg per
day used in younger adults.8 This 3mg/kg dose is only
160mg/day for a 52kg woman, or 200mg/day for a 66kg man.
Several nursing home studies revealed that residents were taking
phenytoin doses similar to those used in younger adults on a
mg/kg basis.9

Measurement of unbound phenytoin concentrations is essen-
tial for elderly patients who have: (1) decreased serum albumin
concentration; (2) total phenytoin concentrations that are near
the upper boundary of the therapeutic range; (3) total concen-
trations that decline over time; (4) a low total concentration rel-
ative to the daily dose, or (5) total concentrations that do not
correlate with clinical response. A range of 5mg/l to 15mg/l total
may be more appropriate as a therapeutic range for the elderly.8

Phenytoin has many drug-drug interactions and should be
used cautiously in EMMP patients receiving other medications
(Table 2). There is also some indication that SSRI antidepres-
sants may inhibit the cytochrome 2C family of P450 enzymes
responsible for metabolizing phenytoin.10 Fluoxetine and norflu-
oxetine are more potent inhibitors of this enzyme, followed by
sertraline and paroxetine. The latter two SSRI antidepressants
may prove to be a safer choice in the elderly. Other medications
that may cause changes in phenytoin metabolism that may
require a dose change include warfarin (Coumadin).

• Carbamazepine. Carbamazepine is effective for localiza-
tion-related epilepsies, and thus has an efficacy profile appropri-
ate for the elderly. Young adults typically require 10 to 20
mg/kg/day to attain serum carbamazepine concentrations with-
in the usual therapeutic range. Apparent clearance is 20 to 40
percent lower in the elderly as compared to younger adults.
Decreases in clearance result in a prolonged elimination half-life.
These changes in carbamazepine pharmacokinetics indicate that
lower doses and less frequent administration may be appropriate
in elderly patients.

Carbamazepine has some significant drug-drug interaction
with medications that inhibit the cytochrome P450 enzyme,
CYP 3A4, which is responsible for carbamazepine metabolism.
Among the inhibitors are erythromycin, fluoxetine, ketocona-
zole, propoxyphene (Darvon) and cimetidine (Tagamet). At least
one food (grapefruit juice) has been identified to interact with
carbamazepine, causing increases in carbamazepine serum con-
centrations. EH patients need to be cautioned about these, and
should be instructed to inform the physician whenever they are
beginning a new medication, including over-the-counter med-
ications. Many other drug interactions occur, so carbamazepine
is one AED which will need to be used cautiously in EMMP
patients receiving other medications. Carbamazepine can also
induce the CYP 3A4 system, reducing the effectiveness of other
drugs. 
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Although there is little known about carbamazepine and sodi-
um balance in the elderly, this could well be a problem, especial-
ly if patients are receiving diuretics or are on salt-restricted diets.
Carbamazepine also is known to affect cardiac rhythms and
should be used cautiously, if at all, in patients with rhythm dis-
turbances. 

• Phenobarbital. Phenobarbital is effective for localization-
related epilepsies, and has an efficacy profile appropriate for the
elderly. Although phenobarbital is the least expensive of all of the
AEDs, its effects on cognition and mood make it an undesirable
drug for the elderly.

• Valproic Acid. Only a few studies have compared the phar-
macokinetics of valproic acid in young and old patients.11 In a
study of steady-state valproate pharmacokinetics in six young
adult and six elderly volunteers (60 to 88 years), the average un-
bound fraction of valproate was 10.7 percent in the elderly com-
pared with 6.4 percent in younger subjects. This led to the

absolute unbound concentrations being higher in the elderly,
and clearances being lower.11

A nationwide elderly nursing home study shows that valproic
acid dose and total valproic acid concentrations decrease within
the elderly age groups. Because the serum elimination half-life is
prolonged, the dosing interval can be extended. If the albumin
concentration has fallen or the patient’s clinical response does
not correlate with total drug concentration, measurement of
unbound drug should be considered.

• Gabapentin. Gabapentin is effective for localization-relat-
ed epilepsies, and has an efficacy profile appropriate for the eld-
erly. Gabapentin is not metabolized by the liver, but rather is
renally excreted; therefore, there are no drug-drug interactions.12

Thus, it may be especially useful in EMMP patients. There is a
reduction of renal function with advancing age, so doses may
need to be adjusted in both EH and EMMP patients. Monitor
levels after initiation and adjust doses accordingly. 
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Drug

carbamazepine

felbamate

gabapentin

lamotrigine

levetiracetam

oxcarbazepine

phenobarbital

phenytoin

primidone

tiagabine

topiramate

valproic acid

zonisamide

Protein 
binding

75-85%

<10%

<10%

55%

<10%

low

50%

80-93%

high (95%)

9-17%

87-95%

low

Half-life

*

*

*

approx 30 hrs

approx 12-15 hrs

*

*

t1/2 varies with con-
centration: e.g., at 15
mg/l, t1/2 = 40-60 hrs
in elderly

12.1 + 4.6 hrs

*

*

*

*

Metabolism/
Route of
Elimination

hepatic

hepatic

renal

hepatic-glucuronide
conjugation

renal

hepatic

hepatic & renal

hepatic

hepatic

hepatic

hepatic & renal

hepatic 

hepatic & renal

Comments

Protein binding decreased with reduced serum
albumin. Estimated dosage requirements 40% less
than younger adults.

Elimination correlates with creatinine clearance.
Dosage may need to be reduced by 30%-50%.

Dosage adjustment may not be necessary since
conjugation reactions only slightly diminished with
advancing age.

Dosage may need to be reduced in elderly patients
with diminished renal function.

Protein binding decreased with reduced serum
albumin. Initial dosage 3-4 mg/kg. Subsequent
increases should be small (<10% of dose).

Half-life and clearance similar to younger adults.
Dosage may not need to be adjusted.

Dosage may need to be reduced in elderly patients
with diminished renal function.

Protein binding decreased with reduced serum
albumin. Dosage reduction of 30-40% may be
needed.

Dosage may need to be reduced in elderly patients
with diminished renal function.

Table 1.  AED Pharmacokinetics in the Elderly

*Half-life is longer in elderly than in younger adults, but little data is available.

Modified from Leppik IE and Birnbaum AK. Epilepsy in the elderly. In: Wyllie E, ed.  The Treatment of Epilepsy: Principles and Practice, 4rd Ed.,in press 2004.
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AED

carbamazepine
(Tegretol,
Carbatrol)

felbamate 
(Felbatol)

gabapentin  
(Neurontin)

lamotrigine
(Lamictal)

levetiracetam
(Keppra)

oxcarbazepine 
(Trileptal)

phenobarbital 

phenytoin 
(Dilantin)

tiagabine  
(Gabitril)

topiramate  
(Topamax)

valproate 
(Depakote)

zonisamide
(Zonegran)

Concentration Dependent

ataxia, diplopia, dizziness, drowsiness,
headache, nausea, unsteadiness, lethargy

anorexia, nausea, vomiting, insomnia,
headache, weight loss

dizziness, fatigue, somnolence, ataxia,
decreased alertness

diplopia, dizziness, unsteadiness,
headache, ataxia

sedation, behavioral disturbance

sedation, dizziness, ataxia, nausea, som-
nolence, diplopia, fatigue

ataxia, drowsiness, hyperactivity,
headache, unsteadiness, sedation, nausea

ataxia, nystagmus, behavior changes,
dizziness, headache, incoordination, seda-
tion, lethargy, cognitive impairment,
fatigue, visual blurring

dizziness, somnolence, fatigue, difficulties
concentrating, nervousness, tremor,
blurred vision, depression, weakness

somnolence, dizziness, paresthesias, diffi-
culties concentrating, psychomotor slow-
ing, speech or language problems, fatigue,
headache

GI upset, diarrhea, abdominal cramps,
constipation, sedation, drowsiness,
unsteadiness, tremor, thrombocytopenia,
liver enzyme elevation

sedation, somnolence, dizziness, cognitive
impairment, nausea, fatigue, confusion

Idiosyncratic

blood dyscrasia, rash, hepatic failure,
Stevens-Johnson syndrome

aplastic anemia, acute hepatic failure

none established

rash, Stevens-Johnson 
syndrome

none established

rash

blood dyscrasia, 
rash

rash, hepatitis, bone-marrow depression,
systemic lupus erythematosus, Stevens-
Johnson syndrome

none established

oligohidrosis, hyperthermia, acute myopia
and secondary angle closure glaucoma

acute hepatic failure, acute pancreatitis

rash, oligohidrosis

Chronic

hyponatremia

none established

weight gain

none established

none established

hyponatremia 

behavior changes, cognitive impairment, connec-
tive tissue disorders, intellectual blunting, metabol-
ic bone disease, mood changes, sedation, depres-
sion

behavior changes, cerebellar syndrome, connec-
tive tissue changes, skin thickening, folate defi-
ciency, gingival hyperplasia, hirsutism, coarsening
of facial features, acne, cognitive impairment,
metabolic bone disease, sedation

none established

kidney stones

hepatotoxicity, alopecia, weight gain, hyper-
ammonemia

kidney stones

Cost1

$

$$$

$$$$

$$$$

$$$$

$$$

$

$

$$

$$$

$$

$$$$$

Table 2.  Factors to Consider when Choosing AEDs for the Elderly

Safety and Side Effects

1. Based on cost per month (using Walgreens.com) and usual daily dose, which may vary from patient to patient:
$ = $0-$25, $$ = $26-$100, $$$ = $101-$200, $$$$ = $201-$250, $$$$$ = $251-$300

Source: Leppik IE and Birnbaum AK. Epilepsy in the elderly. In: Wyllie E, ed.  The Treatment of Epilepsy: Principles and Practice, 4rd Ed.,in press 2004.

 



Drug Interactions

Valproate decreases carbamazepine epoxide metabolism and then increases
CBZ-epoxide levels. Carbamazepine concentrations are increased by cimetidine,
erythromycin, propoxyphen, and grapefruit juice. Carbamazepine also may
reduce therapeutic responses to corticosteroids or thyroid hormones. 

Felbamate increases the concentration of phenytoin, valproic acid and pheno-
barbital. Carbamazepine concentration decreases with felbamate, while CBZ-
epoxide metabolite increases.

Gabapentin does not induce or inhibit liver enzymes. Cimetidine reduces clear-
ance by approx 10% and antacids reduce bioavailability by approx 20%.

Lamotrigine does not induce or inhibit liver enzymes. Carbamazepine, pheno-
barbital, primidone, phenytoin, and oxcarbazepine increase clearance of lamot-
rigine and lower its levels. Valproic acid inhibits clearance of lamotrigine,
increasing its levels.

Levetiracetam is not an enzyme inhibitor or inducer and lacks protein binding.

Oxcarbazepine may increase phenytoin concentrations and decrease lamotrigine
concentrations.  Enzyme-inducing drugs increase clearance of the active mono-
hydrate derivative.  

Phenobarbital is a potent enzyme inducer and decreases levels of many drugs.
Valproic acid, phenytoin, felbamate, cimetidine, and chloramphenicol inhibit
phenobarbital metabolism. 

Phenytoin may reduce the plasma concentration of carbamazepine, valproate,
and primidone. Valproate displaces phenytoin from protein binding sites and
inhibits metabolism. Phenylbutazone, salicylates, and tolbutamide can also dis-
place phenytoin from plasma protein. Chloramphenicol, cimetidine, dicumarol,
isoniazid, disulfiram, sulfonamides, and trimethoprim significantly increase plas-
ma concentrations of phenytoin. Folate and rifampin may decrease phenytoin
plasma concentration. Phenytoin may decrease the effect of antiarrhythmic
agents, digitoxin, analgesics, cyclosporine, corticosteroids and theophylline. 

Carbamazepine, phenobarbital, and phenytoin increase metabolism of tiagabine
and decrease its levels. 

Enzyme inducers, such as phenytoin and carbamazepine, decrease topiramate
concentrations. 

Enzyme inducers, such as phenytoin, phenobarbital, primidone and carba-
mazepine, increase valproate clearance. Topiramate may reduce valproate serum
concentrations. Highly protein bound drugs may displace valproate.  Valproate
inhibits the metabolism of phenobarbital, CBZ-epoxide and lamotrigine. 

Zonisamide does not inhibit or induce the CYP system. Enzyme inducers can
reduce zonisamide levels. Lamotrigine may inhibit clearance of zonisamide.
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Because gabapentin is effective in treating neuropathic pain, it
would be additionally beneficial for someone suffering from both
epilepsy and pain.

A study comparing carbamazepine with gabapentin and lam-
otrigine has been completed (VA Cooperative Study #428), and
more information regarding the various safety and efficacy issues
should be available soon.

• Lamotrigine. Lamotrigine is effective for localization-related
epilepsies, and has an efficacy profile appropriate for the elderly.
Lamotrigine is primarily metabolized by the liver.13 A single-dose
study by Posner et al.14 reported a 35 percent decrease in clearance
in elderly healthy volunteers (65-74 years) as compared to
younger healthy volunteers (26-38 years). 

Lamotrigine elimination is reduced by drugs, such as valproic
acid, that inhibit glucuronidation. Lamotrigine clearance increases
approximately two to three times with co-administration of
phenytoin and carbamazepine; whereas, lamotrigine clearances
decrease two-fold when valproic acid is co-administered.15 The
drug interaction studies included very few elderly subjects; there-
fore, the extent of the changes in clearance with administration of
co-medications in the elderly is not known. Some caution may
need to be observed in EMMP patients on other drugs.

• Levetiracetam. Levetiracetam has been approved as adjunc-
tive therapy for partial-onset seizures in adults. It is extremely
water soluble. This allows rapid and complete absorption after
oral administration. Levetiracetam is not metabolized by the liver,
and therefore avoids drug-drug interactions.16

Levetiracetam also appears to have a favorable safety profile.
Lack of protein binding (<10 percent) also avoids the problems of
displacing highly protein-bound drugs and the monitoring of
unbound concentrations. Lack of drug interactions would make
it useful for treating elderly epilepsy patients, particularly those
patients who have other illnesses and are taking other medica-
tions.17 The manufacturer reports a decrease of 38 percent in total
body clearance and an increased half-life up to 2.5 hours longer
in elderly subjects (age 61-88 years) who exhibited creatinine
clearances ranging from 30-74ml/min. Doses do need to be
adjusted depending on the renal function of the patient. 

• Topiramate. Topiramate is effective for localization-related
epilepsies, and thus has an efficacy profile appropriate for the eld-
erly. Topiramate is approximately 20 percent bound to serum pro-
teins and is both metabolized by the liver and excreted unchanged
in the urine. Topiramate clearance may decrease with age, causing
higher than expected serum concentrations at topiramate doses
that are used in younger adults. Levels need to be monitored to
ensure that the topiramate dose given does not result in higher
than expected serum concentrations. Topiramate does have some
effects on cognitive functioning, especially at higher levels. It is
not known if the elderly will be more sensitive to this problem. 

• Oxcarbazepine. Oxcarbazepine is immediately metabolized

by first-pass metabolism to its monohydroxy derivative (MHD);
the MHD metabolite is considered the active compound. The
MHD is then metabolized further by glucuronidation and excret-
ed by the kidneys. The most extensive elderly oxcarbazepine study
involved low doses of oxcarbazepine given to 12 young and 12
elderly healthy males and 12 young and 12 elderly female volun-
teers.18 At low doses of oxcarbazepine (300-600mg/day) a signifi-
cantly higher maximum concentration, higher area under the
curve parameters, and a lower elimination rate constant was
observed in the elderly volunteers. 

Conclusions
One of the major differences between the newer AEDs and the
older AEDs is the issue of drug interactions and pharmacokinetic
profiles. In general, the newer AEDs have no or fewer drug inter-
actions. Another issue is cost; the older AEDs are much less
expensive. For the EH patient, when cost is an issue, it would
appear that the standard AEDs may be the first option. In an
EMMP patient on many other medications, lack of drug interac-
tions and safety may be the prime concerns, and the savings
accrued by avoiding complications may well balance the extra cost
of the newer AEDs. PN
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