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Abstract

The incidence of epilepsy increases with advancing age. Epilepsy in the el-
derly has different aetiologies from that in younger populations, cerebrovascular
disease being the most common condition associated with seizures. Partial sei-
zures are the predominant seizure type in older patients. A diagnosis of epilepsy
in the elderly is based mainly on the history and is frequently delayed. In addition,
seizure imitators are especially frequent. In many cases ancillary tests for diag-
nosis may show normal age-related variants, sometimes making results difficult
to interpret. Treating epilepsy in the elderly is problematic due to a number of
issues that relate to age and comorbidity. The physical changes associated with
increasing age frequently lead to changes in the pharmacokinetics of many anti-
convulsants. The treatment of epilepsy in the elderly is also complicated by the
existence of other diseases that might affect the metabolism or excretion of anti-
convulsants and the presence of concomitant medications that might interact with
them. Moreover, specific trials of anticonvulsants in the aged population are scarce.
General guidelines for treatment include starting at lower doses, slowing the
titration schedule, individualising the choice of anticonvulsant to the charac-
teristics of the patient, avoiding anticonvulsants with important cognitive or sed-

ative adverse effects, and where possible, treating with monotherapy.

The world population, especially in industrial-
ised countries, is aging, and this is leading to the
more frequent manifestation of brain disorders. Ep-
ilepsy in the elderly is increasingly common and
becoming an important medical problem. Diagnos-
ing and treating epilepsy in the aged population is
associated with different challenges from those in
childhood or adult epilepsy. Epilepsy in the elderly
has different aetiologies and frequent comorbidity,
and concomitant medications are common. In ad-
dition, the elderly handle anticonvulsants somewhat
differently in a pharmacokinetic sense and they are
more susceptible to experiencing adverse events.

1. Incidence and Prevalence
of Epilepsy

Seizures and epilepsy are frequent in the elderly.
Acute symptomatic seizures are those occurring at
the time of an acute brain insult and are not synon-
ymous with epilepsy. Epilepsy is defined as recur-
rent unprovoked seizures. This differentiation is
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important when considering prognosis and decid-
ing on long-term treatment.

In the elderly, acute symptomatic seizures are
frequent. The annual incidence in patients over the age
of 60 years reaches 90 per 100 000 persons, much
higher than in adult populations (16 per 100 000
persons per year).[l:2] Elderly men are more prone
to acute symptomatic seizures than elderly women
(130 per 100 000 men vs 60 per 100 000 women),
possibly because of the higher incidence of cere-
brovascular insults or alcohol abuse.[!

A large study has analysed the incidence of ep-
ilepsy and unprovoked seizures and has shown two
peaks of incidence, one in the first year of life and
another, higher, one in persons aged >74 years."!
The annual incidence of unprovoked seizures in
those aged >60 years is 150 per 100 000 persons.
The cumulative incidence of epilepsy through age
74 years was 3.1%. Other studies have shown sim-
ilar high incidence in the aged population.[4-°]

The prevalence of epilepsy in elderly patients

Drug Safety 2001; 24 (13)
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Fig. 1. Prevalence of epilepsy in Rochester, Minnesota, USA
(reproduced from Hauser et al.,[”l with permission).

ranges from 6.01 per 1000 persons (65 to 69 years)
to 7.73 per 1000 persons (=85 years).[*! In another
study, conducted in Rochester, Minnesota, US, a
similarly high prevalence was seen between 65 and
74 years of age (6 per 1000 persons), but much
higher in the population >75 years (15 per 1000
persons)!”! [figure 1]. Lower prevalence data were
shown in the Rotterdam study in patients aged 55
to 95 years. The overall prevalence of active epi-
lepsy in this study was 0.9%. The prevalence in-
creased with age from 0.7% for those aged 55 to
64 years to 1.2% for those aged 85 to 94 years. The
increase with age was detected among both men
and women. 8]

2. Type of Seizures and Epilepsy

Elderly persons have a higher incidence of par-
tial onset seizures than children. In most studies,
half to two-thirds of the seizures are accounted as
focal (figure 2).1%101 However, it is highly prob-
able that what are termed generalised (convulsive)
seizures are in fact secondarily generalised. Gen-
eralised (idiopathic) epilepsies per se do not appear
for the first time in the elderly, and most, if not all,
unprovoked convulsive or nonconvulsive seizures
are partial or secondarily generalised. Only excep-
tional cases have been reported of juvenile myoclo-
nic epilepsy appearing over the age of 40 years!!1:12]
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and of generalised epilepsy with spike-wave com-
plexes.[13.14]

3. Aetiology

The proportion of unprovoked seizures with an
identified presumptive cause increases with ad-
vancing age. In population-based studies of epi-
lepsy at all ages, a definite aetiology is identified
only in one-third of patients (fig. 3). However, in
the elderly a presumed aetiology can be identified
in 70% of cases.’] Compared with children or
adults, elderly persons with epilepsy have a differ-
ent gamut of aetiologies related to the prevalent
diseases at this age. Stroke is the most common
cause, detected in 45% of patients at ages >60 years.
Other causes detected are tumours (11%) or Alz-
heimer’s disease (7%).[3-!

3.1 Cerebrovascular Disease

Compared with the general population, patients
with cerebrovascular disease have an increased
risk of developing epilepsy.[!3] Poststroke seizures
can be divided into two types: early onset (first 7
to 14 days) and late onset seizures. This distinction

Partial
unclassified

Myoclonic 3.4%
4.5%

Generalised
tonic-clonic
21.3%

Complex
partial
51.7%

Simple
partial
19.1%

Fig. 2. Incidence of different types of seizures in patients older

than 60 years (reproduced from Hauser et al.,[® with permis-
sion).
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Fig. 3. Aetiology of epilepsy in patients older than 60 years
(reproduced from Hauser et al.,[® with permission).

is important because significantly fewer patients
with early onset seizures develop another seizure,
i.e. epilepsy, than patients with late onset sei-
zures.[1%1 During the acute period poststroke the in-
cidence of acute symptomatic seizures reaches
6%.17:18] On the other hand, the cumulative inci-
dence of late onset epilepsy in poststroke patients
reaches 19% at 6 years.['”] Factors affecting the
risk of recurrence are early seizure occurrence, the
severity of the stroke (extension of the infarct), and
the presence of haemorrhage.l'9-2!1 Also, patients
with a late onset seizure have a higher likelihood
of recurrence.!!%! Interestingly, it has been shown
that the prevalence of previous epilepsy in patients
with a first vascular event is 4.5%, much higher
than the 0.6% in the control population, suggesting
that risk factors for vascular disease could, in them-
selves, be associated with higher rates of epi-
lepsy.[?2! In fact, risk factors for cerebrovascular
disease (hypertension, hypercholesterolaemia) are
also independent risk factors for epilepsy in the
elderly population.[!5-23]

3.2 Dementia

Alzheimer’s disease and other dementias are as-
sociated with a 5- to 10-fold increase in risk of epil-
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epsy when compared with that in a control popula-
tion.[?4251 15% of patients diagnosed with Alzhei-
mer’s disease will develop epilepsy by the tenth year
after diagnosis.[?>4]

3.3 Tumours

Although the incidence of brain tumours in-
creases with age, this is a relatively infrequent cause
of epilepsy in the elderly.l* Elderly persons with
brain tumours present more often with confusion,
aphasia or memory loss than with seizures. 2]

3.4 Metabolic Complications

Different intercurrent diseases can provoke
acute symptomatic seizures. Alterations of electro-
lytes, alcohol abuse or deprivation, and hypergly-
caemia are frequent seizure triggers.[27-2°]

3.5 Drug-Induced Seizures

Elderly persons have a special susceptibility to
drug-induced seizures, which can be associated with
age-related pharmacokinetic changes, concomitant
treatment with multiple drugs, and the build-up of
multiple risk factors for seizures or epilepsy (pre-
vious structural disease or epilepsy, hypertension).

4. Diagnosis

Diagnosis of seizures or epilepsy is based on
clinical history, trying to find out the type of sei-
zure (generalised versus partial) and the predispos-
ing factors for or aetiology of the seizures. Correct
diagnosis is frequently delayed in the elderly, main-
ly because of lack of awareness of partial seizures
by the public and healthcare providers and the con-
cept of trying to attribute all of the patients’ symp-
toms to a single diagnosis.[3% Ancillary tests can be
useful for confirming the diagnosis.

4.1 Electroencephalogram

Electroencephalogram (EEG) interpretation in
the elderly has two distinct differences from that in
younger persons: first, there are frequent normal
variant patterns that could be erroneously interpre-
ted as abnormal or epileptogenic;i3!! second, re-

Drug Safety 2001; 24 (13)
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cording of drowsiness or sleep is more frequent,
thus increasing the complexity of the interpreta-
tion.[32! Interictal epileptiform activity is present
on the first EEG in 26% of patients with seizure
onset after 60 years, which is substantially lower
than that reported in populations with epilepsy as
a whole. Most epileptogenic activity is focal and
there are no major differences in likelihood of
spike detection depending on the underlying cause
of the seizures.33 Occasionally, video-EEG can be
useful for diagnosis of seizures.’*! EEG can help
in taking a therapeutic decision. For example, van
Donselaar et al.[3] showed that the presence of ep-
ileptiform activity in the EEG provides a cumula-
tive risk of seizure recurrence at 2 years of 80%),
while patients with normal EEG have a recurrence
risk of 12%.

4.2 Brain Imaging

Computed tomography or magnetic resonance
imaging (MRI) are indicated in all aged individuals
with new-onset seizures. Both techniques are use-
ful for detecting structural lesions, but MRI is the
method of choice because of its better resolution.
In the elderly, MRI can easily show lacunae, small
tumours, leucoaraiosis or hippocampal sclerosis,
which are not well detected by computed tomogra-
phy.3¢ In persons aged >60 years, hyperintense
T2-weighted lesions in the white matter are fre-
quent and their significance remains uncertain.[3”1

5. Status Epilepticus

The incidence of status epilepticus peaks in in-
fancy and in the elderly!33-3°] (fig. 4). In persons
aged >60 years the incidence of status epilepticus
reaches 18.3 per 100 000 persons, much higher
than in adults (up to 10.9 per 100 000 persons). The
cumulative incidence of status epilepticus is 4 per
1000 persons to age 75 years and shows the great-
estincrease after age 60 years. In the elderly, status
epilepticus tends to be of longer duration.!38) Acute
symptomatic aetiology is most frequent, especially
related to a stroke. Status epilepticus has a high
mortality, reaching 35% in the elderly. Two-thirds
of the patients with status epilepticus have the con-
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vulsive form and the remainder have the non-con-
vulsive form.[38!

Status epilepticus is common among patients
with poststroke seizures, occurring in nearly one-
fifth of them. In most patients the status is the first
seizure ever.!* In the setting of acute stroke, status
epilepticus has a very high mortality. This is related
not only to the severity of the underlying aetiology,
but also to the synergistic effect of combined inju-
ries from status and cerebral vascular ischaemia.[*!]
Curiously enough, status epilepticus as the pre-
senting sign does not necessarily predict sub-
sequent epilepsy.[40]

6. Differential Diagnosis

In the elderly population seizure imitators are
especially frequent and may coexist with true sei-
zures. In most cases, taking a detailed history from
the patient and witnesses and a thorough physical
examination allows differentiation to be made. Po-
tential causes of transient loss of consciousness are
discussed in the following sections.

6.1 Syncope

In the elderly syncope can appear without the
typical premonitory signs and symptoms that make
its diagnosis easy in younger populations.*?! Car-
diogenic syncope, carotid sinus hypersensitivity,
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Fig. 4. Prevalence of status epilepticus in Rochester, Minnesota,
USA (reproduced from Hesdorffer et al.,[38 with permission).
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and syncopes due to orthostatic hypotension are the
most frequent types, with vasovagal syncope being
rare. An electrocardiogram should be done in all
elderly patients who have had a first seizure. De-
pending on the diagnostic suspicion, other tests
would be appropriate.

Transient ischaemic attacks can occasionally
appear in association with seizures, usually simple
partial motor or secondarily generalised seizures.
In these cases hemiparesis due to stroke can be mis-
interpreted as Todd’s paresis.

6.2 Dementia

In certain situations an epileptic pseudodemen-
tia may occur. This problem may be present in pa-
tients in whom memory dysfunction is due to un-
recognised complex partial seizures with subtle
clinical signs or loss of awareness, or seizures that
occur during sleep.[*3]

6.3 Sleep Disorders

Certain sleep disorders that are more frequent in
the elderly (REM-behaviour disorder or periodic

leg movements) can be confused with epilepsy.[*4]
Correct interpretation of the symptoms and ancil-
lary tests can be valuable to make a correct diagnosis.

Psychogenic seizures are rare in the elderly. Di-
agnosis is facilitated by a high level of suspicion
and video-EEG recording.[*’]

7. Pharmacokinetics of Anticonvulsants
in the Elderly

Pharmacokinetic properties of anticonvulsants
are different in the elderly in relation to multiple
bodily changes associated with age (table I).

Gastrointestinal absorption and bioavailability
is usually good and linear for all anticonvulsants,
except for gabapentin and, at high doses, valproic
acid (sodium valproate). In the elderly, changes in
the digestive tract consisting of reduction of the
absorption area, perfusion, motility and acid secre-
tion are observed. However, these changes are usu-
ally of little significance for absorption of anticon-
vulsants. Probably the major problem in this area
is the concomitant use of antacids that may reduce
the absorption of some anticonvulsants.

Table I. Summary of the pharmacokinetic characteristics of the most commonly used anticonvulsants

Drug Protein Half-life Metabolism Clearance Interaction  Adverse events®  Monotherapy
(albumin) binding potential
Carbamazepine J o (6-12h)  20% | Hepatic clearance |  High Hyponatraemia,  Yes
up to 40% cardiac
conduction
Phenytoin Slight & Tto 40-60h | Hepatic clearance |  High Osteopenia Yes
Valproic acid J Tto12-22h & Hepatic clearance | ~ Medium Tremor, Yes
(sodium valproate) for the free fraction parkinsonism
Phenobarbital PR Tupto120nh | Hepatic and renal High Cognitive effects, Yes
(phenobarbitone) clearance | osteopenia
Lamotrigine “ “ “ Hepatic clearance | ~ Medium Yes
up to 40%
Gabapentin “ “ “ Renal clearance No Yes
often |
Tiagabine “ “ “ Hepatic clearance |  Low Add-on
up to 40%
Topiramate “ “ “ “ Low Cognitive effects, Yes
renal calculi
Oxcarbazepine “ “ “ Hepatic clearance |  Low Hyponatraemia  Yes
Levetiracetam P Tto10-11h & © No Add-on
Zonisamide “ “ “ Glomerular filtration ~ Low Renal calculi Add-on

rate |

a Adverse events that may be especially relevant in the elderly.
T =increase; { = decrease; « = no change.

© Adis Infernational Limited. All rights reserved.
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Total body water decreases with age, altering the
distribution volume and half-life of some drugs.
For example, the half-life of diazepam increases
from 20 hours in adults to 90 hours in persons aged
>80 years.[*] In addition, decrease of musculature
and in fat proportion may also lead to changes in
the volume of distribution.

In the elderly there is a variable decrease in al-
bumin, leading to a reduction of protein binding by
anticonvulsants.[*”] This affects highly protein-
bound anticonvulsants, but also may have an effect
on others that are less highly bound. For example,
carbamazepine is not highly protein bound. How-
ever, its major ligand in the serum is non-glycated
albumin, which decreases with age. This alteration
leads to an increase in free carbamazepine concen-
trations, thus inducing an increase in the sensitivity
of the pharmacological effects of carbamazepine
and the risk of drug interactions.[*8]

With age there is a decrease in liver volume,
weight and perfusion.l*] There is also a reduction
in protein synthesis potentially affecting drugs that
have high protein binding (such as valproic acid).
Moreover, metabolic activity is reduced. Phase 1
reactions such as oxidation, reduction or hydroly-
sis decrease, leading to a reduction of metabolism
of certain anticonvulsants (carbamazepine, pheny-
toin, oxcarbazepine). Phase 2 reactions such as glucu-
ronidation or acetylation are reduced, but in general
have no major effect on anticonvulsant metabolism.

Decreases in glomerular filtration rate, creati-
nine clearance, and tubular secretion and absorp-
tion are observed with age.[4?]

In addition, pharmacodynamic changes that are
difficult to analyse can explain the greater fre-
quency or intensity of CNS-related adverse events
in the elderly.3%31 This could be related to changes
in receptor sensitivity (decrease in number, increase
in sensitivity) leading to a greater response to and
toxicity from anticonvulsants.[51-52]

In view of these pharmacokinetic problems, the
ideal anticonvulsant for use in an elderly patient
should be well absorbed, not protein bound, not
metabolised, with a half-life that could permit once
or twice daily administration, cleared by renal

© Adis Infernational Limited. All rights reserved.

elimination, and devoid of any interaction.[>3! No
such drug exists, but new anticonvulsants are gen-
erally closer to this ideal pharmacology.

8. Use of Anticonvulsants in the Elderly

Suggestions for anticonvulsant use in the el-
derly are summarised in table II.

8.1 Carbamazepine

Carbamazepine is effective in partial and gen-
eralised tonic-clonic seizures. Its major mecha-
nism of action is stabilisation of the neural mem-
branes through its action on sodium channels.[>¥

Carbamazepine is well absorbed. It is extensive-
ly metabolised by the liver with nonlinear kinetics
due to autoinduction through cytochrome P450
(CYP) enzymes. Autoinduction is responsible for
a decrease in its serum concentration after the first
3 or 4 weeks of treatment.3>] Metabolism of carba-
mazepine by CYP enzymes leads to a number of
interactions. In addition, carbamazepine has a ma-
jor metabolite, carbamazepine-10,11 epoxide, which
is also an anticonvulsant but is responsible for the
adverse effects of carbamazepine.’! Both carba-
mazepine and carbamazepine epoxide are protein
bound (65 to 85%). Changes in albumin and o;-
acid glycoprotein might increase the free frac-
tion.[6] Carbamazepine is 99% cleared by the liver.
In the elderly, clearance may be reduced by up to
40%.1571 Elimination half-life is between 6 and 12
hours, but twice daily administration can be used
in monotherapy with slow-release preparations.

In comparative trials with classical anticonvul-
sants, carbamazepine monotherapy has shown
similar efficacy to primidone, phenytoin and phen-
obarbital and similar efficacy to valproic acid for
secondarily generalised seizures, but superior effi-
cacy for partial seizures.!58-931 The tolerability of
carbamazepine was similar to that of phenytoin or
valproic acid, but significantly superior to that of
phenobarbital or primidone.!>8-931 Direct compari-
sons with new anticonvulsants have shown that car-
bamazepine has better efficacy than vigabatrin in
adults!® and similar efficacy to oxcarbazepine in
adults[%3] and lamotrigine in the elderly,®! but

Drug Safety 2001; 24 (13)
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Table II. Suggestions for use of anticonvulsants in the elderly

Carbamazepine

Phenytoin

Phenobarbital
(phenobarbitone)
Primidone

Valproic acid (sodium
valproate)

Benzodiazepines
Lamotrigine

Tiagabine

Topiramate

Gabapentin

Oxcarbazepine

Zonisamide

Levetiracetam

Felbamate
Vigabatrin

Despite its pharmacokinetic drawbacks, carbamazepine remains a first-line anticonvulsant in the elderly
Start at a low dose (i.e. 100 mg/day)

Titrate at a slow pace (by increments of 100 mg/wk)

Measure sodium levels if symptoms arise (lethargy, nausea, confusion)

Avoid if possible in patients with pre-existing hepatic disease or low protein

A lower starting dose and lower dose increments are recommended to avoid toxicity (starting dose of 200
mg/day with increments of 30 mg/day)

Increase the dose if concentrations are subtherapeutic by minimal increments (i.e. 30 mg/day)
Give vitamin D supplementation and measure bone density periodically

Avoid in patients with pre-existing hepatic disease or low protein

Avoid in patients comedicated, especially with digoxin or warfarin

Not the drug of choice for initial treatment of epilepsy in the elderly

Initial dose should be lower than in adults (50 mg/day) with lower dose increments (50 mg/day)
Not the drug of choice for initial treatment of epilepsy in the elderly

Initial dose should be lower than in adults (62.5 mg/day) with increments in 62.5mg steps
Afirst-line anticonvulsant for the treatment of partial or generalised seizures in the elderly

Give with food to avoid peak concentrations or use the slow-release preparation

Titrate more slowly and aim to give lower total doses than in adults (increments of 300mg recommended)
Avoid concomitant use with phenytoin or phenobarbital

Avoid in patients with hepatic disease or low protein

Avoid long-term use of benzodiazepines

Well tolerated and effective in the elderly; indicated as a first-line anticonvulsant

Slow titration is necessary, especially in patients treated with valproic acid

Use as add-on anticonvulsant. At present there is not enough evidence for its use as a monotherapy
Avoid in patients with pre-existing liver disease

Use as add-on; currently not indicated as first-line monotherapy

Cognitive adverse events may reduce its use in the elderly

First-line anticonvulsant for the treatment of partial epilepsy in the elderly

Use with caution in patients with pre-existing severe renal disease

Not the drug of choice for initial treatment of epilepsy in the elderly

Care should be taken when using oxcarbazepine in the elderly because of hyponatraemia and the use of
concomitant medication

May be useful as an add-on medication for elderly patients with partial seizures
Use with caution in patients with pre-existing renal disease

Indicated as add-on therapy for partial seizures

Use with caution in patients with renal disease

Not indicated in elderly patients unless no other medication is available

Use is restricted; should not be used unless no other anticonvulsant is available

poorer tolerability than each of the new anticonvul-
sants.

The major adverse events associated with carba-
mazepine are CNS related. Hyponatraemia, known
to occur with carbamazepine administration, is
more frequent in elderly patients and sodium levels
need to be measured if symptoms occur.[®’! Carba-
mazepine can rarely induce sinus node dysfunction
or atrioventricular block in the elderly.[68]

© Adis Infernational Limited. All rights reserved.

8.2 Phenytoin

Phenytoin is effective in treating partial and gen-
eralised tonic-clonic seizures. Its major mechanism
of action is related to the reduction of entry of so-
dium and calcium into the cell.[>4

Phenytoin is well absorbed. It is metabolised by
the CYP enzyme system and the enzymes become sat-
urated at a low concentration, conferring nonlinear

Drug Safety 2001; 24 (13)
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kinetics. The metabolism of phenytoin is reduced
in the elderly and saturation is achieved at a lower
concentration.[®”] The daily doses required to
achieve identical serum concentrations are 21%
lower for persons aged >60 years than for adults.[”"]
Phenytoin has high protein binding (95%), so that
free concentrations can be useful to monitor toxic-
ity.”!! Excretion of free phenytoin may be im-
paired with decreased renal function, with associ-
ated increases in free serum concentrations.!”?!
Average half-life is about 30 hours, and phenytoin
can be given once daily. Phenytoin has a high in-
teraction potential because of its microsomal en-
zyme induction and its high protein binding.

Phenytoin has shown similar efficacy to valproic
acid, carbamazepine, primidone and phenobarbital
in several monotherapy trials in new onset epilepsy
both in partial and generalised seizures.[58-60.63.73]
A comparative trial with lamotrigine has shown that
both drugs are equally effective against partial and
generalised seizures but lamotrigine is better toler-
ated and has a lower incidence of CNS adverse ef-
fects.[74]

Phenytoin may be more deleterious to higher
cognitive tasks than carbamazepine or valproic
acid.[’>1 Moreover, phenytoin can be especially
detrimental in the elderly by enhancing pre-exist-
ing cognitive deficits. Phenytoin reduces bone cal-
cium through changes in vitamin D metabolism
and can lead to generalised osteomalacia in aged
persons.[76:77]

8.3 Phenobarbital (Phenobarbitone)

Phenobarbital is effective in partial and general-
ised seizures. It acts on the y-aminobutyric acid
(GABA) receptor, prolonging the opening of the
chloride channels and thus enhancing inhibition.
Phenobarbital also blocks excitatory responses to
glutamate, mainly through o-amino-3-hydroxy-5-
methyl-4-isoxazole propionic acid (AMPA) recep-
tors.[34!

Phenobarbital is well absorbed and has moder-
ate protein binding (50%) and a very long half-life
(80 hours). It is extensively metabolised through
the liver and induces microsomal enzymes, provid-

© Adis Infernational Limited. All rights reserved.

ing a high interaction potential. Clearance is 70%
hepatic and 30% renal. In the elderly, phenobarbi-
tal half-life increases to 120 hours because of re-
duced liver and renal clearance.[*°]

Phenobarbital is as effective as other classic anti-
convulsants (carbamazepine, valproic acid, pheny-
toin, primidone), but is significantly more toxic.[>8-]
The most common adverse events associated with
phenobarbital are CNS related. Another relevant ad-
verse event in the elderly is osteomalacia.[”]

8.4 Primidone

Primidone is chemically similar to phenobarbi-
tal and has similar postulated mechanisms of ac-
tion.

Primidone has high bioavailability and low pro-
tein binding. It is metabolised by the liver, induc-
ing microsomal enzymes, and has two active meta-
bolites [phenobarbital and phenylethylmalonamide
(PEMA)], giving a high interaction potential. Clear-
ance is 90% renal unchanged. In the elderly, re-
duced renal clearance of the PEMA metabolite!”®!
and of phenobarbital might reduce tolerability.

Primidone has similar efficacy to phenobarbi-
tal, carbamazepine or phenytoin but, similarly to
phenobarbital, is not as well tolerated.>8.78]

8.5 Valproic Acid (Sodium Valproate)

Valproic acid is a broad spectrum anticonvul-
sant useful in both localisation-related and gen-
eralised epilepsies. Valproic acid is a branched-
chain fatty acid and its major mechanisms of action
rest on its effect on sodium currents and T-calcium
channel currents, and its inhibition of GAB A meta-
bolism. >4

Valproic acid absorption is complete but is de-
layed by food. It is 90% protein bound and the
unbound fraction is significantly higher in the el-
derly. Approximately 20% of the drug is excreted
as direct conjugate and the remainder is metabo-
lised by oxidation. The median elimination half-
life is 7.2 hours in young individuals but 14.9 hours
in the elderly. However, clearance does not appear
to differ significantly between groups. The pro-
longed half-life is the result of a greater volume of
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distribution in the elderly.[”! At high concentra-
tions, clearance of valproic acid is dose-dependent
and there is an increase in free fraction, resulting
in lower total drug concentrations than expected.
Valproic acid inhibits hepatic oxidative metabo-
lism of carbamazepine, phenobarbital, phenytoin
and carbamazepine epoxide. This effect is espe-
cially relevant with phenobarbital (there is a signif-
icant increase in phenobarbital concentrations).
Valproic acid inhibits phenytoin metabolism and
displaces it from plasma proteins, leading to a
marked increase of phenytoin concentrations.(80]
Enzyme-inducing anticonvulsants reduce valproic
acid plasma concentrations. Aspirin (acetylsali-
cylic acid) inhibits valproic acid metabolism and
displaces valproic acid from its protein binding
sites, increasing plasma concentrations of valproic
acid.BBY Valproic acid has a synergistic pharmaco-
kinetic and pharmacodynamic effect with lamotrig-
ine.[®21 The addition of valproic acid to a lamotrig-
ine monotherapy regimen results in a decrease of
lamotrigine clearance, the degree of inhibition of
clearance being independent of the dose and con-
centration of valproic acid (small doses of valproic
acid are enough to produce this effect).[83]

The efficacy of valproic acid has been shown in
many comparative monotherapy trials. Valproic
acid has been compared with phenytoin,”3! with
phenytoin, carbamazepine and phenobarbital (sim-
ilar efficacy but significantly better tolerated than
phenobarbital),[>®! with phenytoin and carbamaze-
pine (similar efficacy and tolerability),/%% and with
carbamazepine.[®!-62] Tn all comparative trials with
carbamazepine, valproic acid had similar efficacy and
tolerability except in the Veterans Affairs Study,62]
in which valproic acid appeared as effective as car-
bamazepine for the treatment of generalised tonic-
clonic seizures, but was less effective for partial sei-
zures and had significantly more adverse events.

The major adverse effects of valproic acid are
tremor, alopecia, bodyweight gain and gastrointes-
tinal complaints.[3* A few cases of reversible par-
kinsonism have also been observed, and this effect
may be relevant in the elderly.!35) Recently, hyperand-
rogenism and polycystic ovaries in women have

© Adis Infernational Limited. All rights reserved.

been associated with valproic acid, 8! although the
relevance of this effect in the elderly is unknown.
Valproic acid does not appear to affect cognitive
function in elderly patients.[87-88] A single-blind,
randomised study has compared cognitive perfor-
mance of elderly patients with new-onset epilepsy
treated with phenytoin or valproic acid in mono-
therapy.[®! No significant differences were found
between the drugs or compared with pretreatment
status.

8.6 Benzodiazepines

Benzodiazepines are frequently administered as
add-on medication for partial or generalised sei-
zures. Their mechanism of action resides in being
an allosteric modulator of the GABA-A receptor site.
Diazepam, midazolam and lorazepam are frequent-
ly used in acute situations both as intravenous and
oral forms. Clobazam and clonazepam are most of-
ten used in the oral form as long-term therapy.

Benzodiazepines have good bioavailability and
are highly protein bound (up to 95%). Diazepam
and clobazam are oxidised and lorazepam is glu-
curonised in the liver. Benzodiazepines are not in-
ducers of microsomal enzymes.[% Clearance is
98% hepatic and is reduced (up to 40%) for diaze-
pam, midazolam and clobazam in elderly men.l!]
Diazepam half-life can increase in the elderly up to
100 hours because of a reduction of clearance.!40]
Although the aging process is associated with small
changes in the kinetics of lorazepam, these are not
clinically significant.”? In the elderly, changes in
pharmacodynamics may be more important than
pharmacokinetic alterations to explain their high
sensitivity to CNS-related adverse events.

Use of benzodiazepines in aged patients can pre-
dispose to symptoms such as drowsiness, ataxia,
fatigue, confusion, weakness, dizziness, vertigo,
reversible dementia, depression, impairment of in-
tellect, agitation, auditory and visual hallucina-
tions, paranoid ideation, panic, and delirium.®31 A
prospective cohort study carried out in 418 inpa-
tients who had normal cognitive function on ad-
mission to hospital showed that nearly 11% devel-
oped cognitive impairment and 5% developed
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delirium.”#! Benzodiazepine use accounted for 29%
of cases of cognitive impairment.[®*! In addition,
the features of benzodiazepine withdrawal in the
elderly may differ from those seen in young pa-
tients. Withdrawal symptoms include confusion
and disorientation, which often are not preceded by
milder reactions such as anxiety, insomnia and per-
ceptual changes. Problems due to both adverse re-
actions and benzodiazepine withdrawal may easily
be overlooked in elderly patients with multiple
morbidities.[®>! Finally, benzodiazepine use is as-
sociated with an increased risk of falls in the elderly!®®!
and an increase in the sedative adverse events of
other CNS depressant drugs (phenobarbital, tricy-
clic antidepressants, opioids).

8.7 Lamotrigine

Lamotrigine is effective in partial and gener-
alised seizures, including Lennox-Gastaut syn-
drome.!*7-%?! Tts mechanism of action is through pre-
synaptic blockade of sodium-dependent channels
and inhibiting glutamate release.

Lamotrigine has good absorption and linear dose
response and is 55% protein bound. It is exten-
sively metabolised, mainly through glucuroni-
dation, and lacks enzyme-inducing properties.[10%
The glucuronidation pathway has a large capacity
and is little affected by aging. Lamotrigine is ex-
creted predominantly by the kidney and has linear
kinetics. The elimination half-life is 24 hours, but
is halved by concomitant enzyme-inducing anti-
convulsants or doubled by valproic acid.[83:191] No
other significant interactions have been observed.
No significant pharmacokinetic changes have been
observed in the elderly.['%] Renal impairment ap-
pears to have little effect on plasma concentra-
tions,[192] unless severe.

The efficacy of lamotrigine has been well estab-
lished by four comparative monotherapy trials: one
with phenytoin and three with carbamazepine. A
double-blind trial in patients with partial and
generalised new-onset seizures showed that la-
motrigine and phenytoin were similarly effec-
tive.[’# Lamotrigine appeared to be better tolerated
and with a lower incidence of CNS adverse ef-
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fects.l74 However, discontinuation due to skin rash
was twice as high with lamotrigine as with pheny-
toin, probably because of the rapid titration used in
this trial. Two other trials compared lamotrigine
with carbamazepine.!193-104] Efficacy was similar,
but lamotrigine was associated with fewer adverse
events. The fourth trial compared lamotrigine and
carbamazepine in monotherapy in the elderly.[%%
This is the only monotherapy trial ever attempted
in an elderly population. It was a multicentre, dou-
ble-blind trial in 150 elderly patients (with a mean
age of 77 years) with new-onset epilepsy compar-
ing the efficacy and tolerability of carbamazepine
and lamotrigine. Efficacy (measured as time to first
seizure) was similar, but a significantly greater per-
centage of lamotrigine-treated patients remained
seizure-free during the last 16 weeks of treatment
(lamotrigine 39%, carbamazepine 21%). The rate
of withdrawal due to adverse events was signifi-
cantly greater in the group treated with carbamaz-
epine (42%) than in the lamotrigine group (18%).
Lamotrigine-treated patients had lower rates of
rash (3 vs 19%) and less frequent somnolence (12
vs 29%) than patients treated with carbamazepine.
Overall, significantly more patients continued
treatment with lamotrigine than with carbamaze-
pine (71 vs 42%) for the duration of the study.[66]
Lamotrigine-associated adverse events are rel-
atively mild, especially in the cognitive sphere.[105]
Most adverse events are CNS related (dizziness,
asthenia, somnolence and headache). A high fre-
quency of rash and relatively frequent cases of Ste-
vens-Johnson syndrome (1 per 1000 patients) were
observed in clinical trials, especially in chil-
dren.[196] The frequency of rash is related to the rate
of titration, the initial dose and concomitant use of
valproic acid.l"97 A retrospective study showed
that after lowering the starting dose and slowing
the titration schedule in response to the manufac-
turer’s recommendation, there was a significant re-
duction in the incidence of serious rash, from 1.5%
(12 of 805) to 0% (0 of 245). However, there was
no reduction in the overall incidence of lamotrig-
ine-related rash, with 63 of 805 (8 %) before and 23
of 245 (9%) after the recommendation.!198 The oc-
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currence of rashes in the elderly population appears
to be lower than in adults or children, although no
direct comparison has been done.

8.8 Tiagabine

Tiagabine increases the amount of the inhibitory
neurotransmitter GABA in the synaptic cleft. It re-
duces the neuronal and astrocytic reuptake by block-
ing two of the four GABA reuptake systems: GAT-1
and GAT-3.110%1

Tiagabine has 100% bioavailability, does not in-
duce microsomal enzymes and its absorption and
clearance are linear.['0%1191 Tt is 96% bound to plas-
ma proteins, but this appears to be of little relevance
in patients./''!1 Tiagabine is metabolised in the liver
through the CYP3A, and thus its plasma concen-
tration is reduced by microsomal enzyme induc-
ers.[1101 Moderate or severe liver disease increases
free tiagabine plasma concentration and prolongs
half-life.[''?] Plasma half-life of tiagabine is 7 to 9
hours in patients not receiving CYP-inducing
drugs and 2 to 4 hours in those treated with inducer
anticonvulsants.I'31 In patients not receiving CYP-
inducing tiagabine can be given twice daily. Ad-
vanced age or renal insufficiency do not appear to
cause a significant reduction in tiagabine clear-
ance.[110.11] Tiagabine does not interact with theo-
phylline, warfarin or digoxin.

The efficacy of tiagabine has been demonstrated
in several add-on trials/''*! and monotherapy trials
in refractory patients.!'!5] No add-on trial or mono-
therapy trial comparing tiagabine with other anti-
convulsants in refractory or new-onset partial seizures
has been published, except in a difficult-to-evalu-
ate abstract comparing tiagabine with carbamaze-
pine.[116]

In clinical trials tiagabine has been generally
well tolerated.l''”] Most adverse events are CNS
related (dizziness, sedation, ataxia, difficulty in at-
tention-concentration or tremor) and appear to be
dose related.!'!8] Several case reports have associ-
ated nonconvulsive status epilepticus with tiagab-
ine use.!l'19-121] However, combined data from add-
on trials showed a status frequency of 0.6% in
tiagabine-treated patients compared with 0.7% in
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placebo-treated patients.!'%! The effect of tiagab-
ine on cognition has been evaluated in a conversion
to monotherapy study in refractory patients with
partial seizures.['??] It was observed that patients
attaining monotherapy with tiagabine had positive
changes in several neuropsychological tests.

8.9 Topiramate

Topiramate is a broad spectrum anticonvulsant
that is effective both in partial and generalised sei-
zures and in Lennox-Gastaut syndrome. It is active
at sodium-dependent channels and may modulate
GABA-A receptors.[123]

Topiramate is well absorbed, has low protein bin-
ding (less than 17%) and linear pharmacokinetics,
and is not extensively metabolised. Its excretion is
through the kidney and it has a half-life of 19 to 25
hours, allowing twice daily administration./123]
Carbamazepine and phenytoin reduce the plasma
concentration of topiramate by 50%, and topiramate
increases phenytoin concentration by 25%.

The efficacy of topiramate is well documented
in both partial and generalised seizures in add-on
therapy.[124125] Pooled analysis of five add-on tri-
als in refractory partial seizures showed that 41%
of patients had a 50% reduction of seizures, 19%
had a 75% reduction and 4% were seizure free.[126]
No comparative monotherapy trials in new-onset
epilepsy have been published. There also are no
controlled trials in the elderly. A retrospective anal-
ysis of 50 patients aged >50 years drawn from five
double-blind trials showed similar efficacy to that
in younger adults.[126]

In addition to CNS-related adverse events, that
are common to all anticonvulsants, several others
are relevant to topiramate: anorexia and bodyweight
loss that can be pronounced; renal calculi in 1 to
2% of patients; and cognitive adverse events.[125:127]
In a randomised study in healthy adults who were
given topiramate, lamotrigine or gabapentin, it was
observed that those taking topiramate had statisti-
cally significant declines on measures of attention
and word fluency whereas the other two anticon-
vulsant groups had no performance changes. This
effect was seen throughout the 4-week period of the
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trial.['?71 These deleterious cognitive adverse events
have also been found in patients with epilepsy
(younger than 60 years) in a randomised, observer-
blinded, parallel-group clinical trial with valproic
acid or topiramate given as first-line add-on ther-
apy to treatment with carbamazepine.l'?8! Word-
recognition learning and auditory verbal learning
were significantly impaired in patients taking
topiramate compared with those taking valproic
acid. There are no data on possible cognitive ad-
verse events in the elderly.

8.10 Gabapentin

Gabapentin is active in both partial and gen-
eralised seizures but not in generalised epilepsies.
Its mechanism of action is at present unknown, al-
though there is evidence that it increases brain
GABA.[1%9]

Gabapentin is absorbed through a saturable L-
amino acid transport system, so that the percentage
of drug absorbed decreases with increasing dose.
Absorption at doses of less than 1800 mg/day is
70%, whereas at doses over 3600 mg/day itis 35%.
Concomitant use of antacids can reduce its absorp-
tion by 20%. Gabapentin is not protein bound and
is not metabolised. It is 100% eliminated unchan-
ged through renal excretion.!'3% No drug interac-
tions have been observed. Elimination half-life is
6 to 9 hours, and 3 times daily administration is
recommended. However, recent data have shown
that gabapentin can be administered twice daily.[31]

Efficacy has been demonstrated in add-on trials
on refractory partial seizures.!!32134] The efficacy
and tolerability of gabapentin have also been stud-
ied in one trial in recent-onset partial epilepsy.!!33]
This was a dose-ranging trial with three blinded
gabapentin arms at different dosages (300, 900 and
1800 mg/day) and one open-label carbamazepine
arm. Gabapentin at doses of 900 and 1800 mg/day
had similar efficacy.!'3%) The completion rate for
the carbamazepine group (37%) was similar to that
of the gabapentin 900mg (39%) and 1800mg (38%)
groups. Patients receiving carbamazepine had a
higher withdrawal rate because of adverse events
compared with the gabapentin 900mg and 1800mg
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groups. Retention on treatment (exit event plus ad-
verse event withdrawal rate) was similar for 1800
mg/day gabapentin and carbamazepine but was
better for 900 mg/day gabapentin. However, as the
carbamazepine arm was open, direct comparisons
of efficacy or tolerability are not appropriate.

The most common adverse events associated
with gabapentin are somnolence, dizziness, ataxia
and fatigue.[136-1371 Bodyweight increase has also
been observed.!'38] Gabapentin appears to have lit-
tle cognitive effect in elderly patients: a recent
randomised, crossover study in healthy elderly
persons comparing carbamazepine with gabapen-
tin has shown that both AEDs have a modest det-
rimental influence on cognition compared with no
drug.[1391 However, patients receiving gabapentin
had a slightly (but significantly) lower cognitive
effect than those receiving carbamazepine.

8.11 Oxcarbazepine

Oxcarbazepine is a keto derivative of carbam-
azepine with efficacy in partial and generalised sei-
zures. Its main mechanism of action appears to be
through blocking voltage-sensitive sodium chan-
nels. It also has an effect on potassium channels
that might be clinically important.[140]

Oxcarbazepine is well absorbed and completely
biotransformed by a first-pass effect to the mono-
hydroxy derivative 10-hydroxycarbazepine (MHD),
an active metabolite responsible for its action.
Both oxcarbazepine and MHD bind to plasma pro-
teins to a moderate degree (30 and 67% respec-
tively. Oxcarbazepine and MHD have linear phar-
macokinetics. Metabolism of oxcarbazepine is
very different from that of carbamazepine. It under-
goes metabolic reduction followed by glucuro-
nidation instead of oxidation and there is no epox-
ide formation or autoinduction.!'*!1 Oxcarbazepine
does not appear to induce the CYP enzymes in gen-
eral, although it does induce CYP3A4, which is
responsible for the metabolism of estrogens and
the dihydropyridine calcium channel antagonists
(e.g. nifedipine, felodipine). Oxcarbazepine also
inhibits CYP2C19.142] Clearance of oxcarbazep-
ine is 99% hepatic, but MHD is eliminated in the
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urine. The plasma half-life of oxcarbazepine ranges
from 1 to 6 hours and that of MHD from 8 to 10
hours.[1421431 However, the kinetics of oxcarbazep-
ine do not appear to be affected by impaired liver
or kidney function.!'#2l Oxcarbazepine interacts with
phenytoin (increasing its plasma concentration by
up to 40%) and with phenobarbital (increasing by
15%). It is usually necessary to reduce the pheny-
toin dose when titrating oxcarbazepine. Anticon-
vulsants with enzyme-inducing properties reduce
plasma oxcarbazepine concentrations by 30 to 40%.
A moderate (=25%) decrease of serum concentra-
tions of nifedipine, felodipine and lamotrigine!!44!
and a more pronounced increase of citalopram and
antipsychotic plasma concentrations can occur
when oxcarbazepine is added to these drugs.[143-140]
A significantly higher maximum concentration,
higher area under the curve parameters, and a lower
elimination rate constant have been observed in the
elderly. These observations are in line with a small-
er renal clearance of MHD in the elderly group.!'47]
In a clinical situation, these age-related differences
are not likely to have important implications.[!47]
Double-blind trials in refractory partial seizures
have shown that up to 50% of patients have a 50%
reduction of seizures.[1481491 A relatively high
number of these patients attained freedom from sei-
zures during the trials (up to 12%).11491 Oxcarba-
zepine is the newer anticonvulsant that has been
most extensively studied in monotherapy, and sev-
eral double-blind trials on new-onset epilepsy (par-
tial and generalised seizures) have been under-
taken. Oxcarbazepine (600 to 2400 mg/day) has been
compared with carbamazepine, valproic acid, pheny-
toin and low doses of oxcarbazepine (300 mg/day).[1%]
Comparison with carbamazepine has shown that ox-
carbazepine is similarly effective but significantly
better tolerated.[%%] A trial comparing oxcarbazep-
ine with phenytoin showed similar efficacy, but the
number of premature discontinuations due to ad-
verse experiences was significantly less for ox-
carbazepine, although there was no significant dif-
ference between the groups with respect to the total
number of premature discontinuations.['!1 An-
other trial conducted to compare oxcarbazepine
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and valproic acid showed similar efficacy and tol-
erability.['92! It is important to note that all of these
trials were conducted in populations aged <65 years,
so no specific data on the elderly are available.
The most common adverse effects with ox-
carbazepine are related to the CNS (drowsiness,
fatigue, dizziness) and digestive system (nausea)
and usually appear transitorily at the initiation of
treatment. The frequency of rash necessitating ox-
carbazepine withdrawal in monotherapy trials has
been 3.8%, but no cases of Stevens-Johnson syn-
drome have been related to the drug.l'>31 About
one-third of patients with hypersensitivity to carba-
mazepine have cross-reaction to oxcarbazepine.!'>4!
Hyponatraemia occurs more frequently with ox-
carbazepine than with carbamazepine.l®”-13] So-
dium plasma levels <135 mmol/L have been obser-
ved in 24.5% of treated patients and <125 mmol/L
in 2.7%.115%] In most cases hyponatraemia is asymp-
tomatic. Reduction of dose and fluid intake restric-
tion usually revert sodium levels to normal. Hypo-
natraemia occurs more frequently in patients
comedicated with diuretics, desmopressin, nonste-
roidal anti-inflammatory agents, and carbamaze-
pine, and in patients with nephropathy. In the el-
derly, severe hyponatraemia (<125 mmol/L) has
been observed with greater frequency (7.3%) than
in younger populations.!'>¢ Sodium levels should
be measured in patients at risk or with symptoms
likely to be related to hyponatraemia (somnolence,
nausea, vomiting, headache, confusion, etc.).l>%]
Oxcarbazepine appears not to be associated with
cognitive impairment. A double-blind study in
healthy volunteers using relatively low doses of
oxcarbazepine (600 mg/day) showed improvement
in attention, alertness and psychomotor speed.[!37]

8.12 Zonisamide

Zonisamide is a broad spectrum anticonvulsant
that is useful in treating partial, myoclonic sei-
zures!!*8] and infantile spasms.!'>°] It is believed
that zonisamide exerts its action through blocking
voltage-sensitive sodium and T-type calcium chan-
nels.[160]
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Zonisamide is well absorbed, extensively meta-
bolised, and mostly excreted through urine. It does
not exhibit inducing or inhibitory effects on the
hepatic microsomal system or have autoinduction.
It has linear pharmacokinetics. Protein binding is
between 50 and 60%. Plasma half-life is long (50
to 60 hours),l%% but a shorter half-life has been
observed in patients treated with phenytoin and
carbamazepine (27 to 36 hours).I'®! No significant
interactions with lamotrigine!'%?! or valproic acid
have been observed.[163]

In patients with partial onset refractory seizures
the percentage of responders is about 30%, with 6.2%
achieving freedom from seizures.[19%165] Small
monotherapy studies have been done mostly in
paediatric populations.l' No large trials in adults
or elderly with new-onset epilepsy have been pub-
lished.

The most common adverse events are fatigue,
somnolence, dizziness and ataxia.l'®¥ Kidney stones
have been reported to occur in 2.6% of patients
treated in Europe and North America, compared with
0.2% in Japanese patients.[1%71 Zonisamide treat-
ment is associated with a statistically significant
8% mean increase from baseline of serum creati-
nine compared with placebo. This is probably re-
lated to an effect on the glomerular filtration rate.
The impact of this effect in the elderly is unknown.

8.13 Levetiracetam

The mechanism of action of levetiracetam is cur-
rently unknown.!'981 It has been shown to be effec-
tive in partial seizures and there is preliminary ev-
idence for its effectiveness in generalised seizures.

Levetiracetam has nearly 100% bioavailability,
has minimal protein binding. and 66% of the dose
is excreted unchanged.!'®! Levetiracetam is
hydrolysed in several tissues including blood cells,
but not in the liver, giving rise to an inactive meta-
bolite. The half-life is 6 to 8 hours and is not dose
dependent. Although half-life is short, clinically
there is evidence of pharmacodynamic activity for
up to 30 hours from a single dose, so that twice
daily administration is possible.[!791 In the elderly,
half-life is increased to 10 to 11 hours.!'®] Hepatic
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disease does not alter the pharmacokinetics of lev-
etiracetam. Half-life is extended in patients with
renal impairment in relation to a reduction in renal
clearance of 35 to 60%.19%1 Haemodialysis reduces
the plasma concentrations. Levetiracetam dos not
have significant interactions with other anticon-
vulsants, digoxin or warfarin.l!7!]

Levetiracetam has shown efficacy in patients
with refractory partial seizures.['’2-1741 The re-
sponder rate has reached 42% and up to 8% of the
patients became seizure free.[7?! There are no pub-
lished trials in monotherapy in new-onset epilepsy.

Major adverse events associated with levetir-
acetam are CNS related (somnolence, dizziness, asth-
enia and headache). Tolerance during long-term
administration has been observed in animal mod-
els. Levetiracetam is not associated with cognitive
dysfunction.l!73]

8.14 Feloamate

Felbamate has shown efficacy in localisation-
related epilepsy and Lennox-Gastaut syndrome./!76:177]
Pharmacokinetic studies showed that elderly pa-
tients require lower initial dosage and slower dose
titration than younger patients.[!78 After felbamate
had been marketed for a few years, several cases
of aplastic anaemia and liver failure were seen and
these led to restricted use.[!7%-1811 Felbamate is not
indicated in elderly patients unless no other medi-
cation is available.!'82]

8.15 Vigabatrin

Vigabatrin (gamma-vinyl-GABA) increases brain
GABA and enhances GABA-ergic transmission by
being an irreversible inhibitor of the GABA meta-
bolising enzyme GABA transaminase.!'83] It has
shown effectiveness in localisation-related epilep-
sies and infantile spasms.[!84.185]

Vigabatrin has high bioavailability and low pro-
tein binding, is not metabolised in the liver, and is
renally excreted unchanged. The half-life is 5 to 8
hours, but because of the irreversible inhibition of
GABA transaminase, a much longer effective half-
life is suspected. Once or twice daily administra-
tion can be used.['86] Vigabatrin has low interaction
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potential, but decreases phenytoin concentration in
about 20% of patients.!'87] In the elderly, half-life
is lengthened by reduction of renal excretion. This
is relevant only if creatinine clearance is reduced
to <60 ml/min.

In monotherapy trials in patients with new-onset
partial seizures vigabatrin has been less effective
than carbamazepine, but better tolerated.[%+!88] [n
one trial vigabatrin had no detrimental effects on
cognitive functions; on the contrary, improvement
in memory and flexibility in mental processing was
observed.[64]

Recent reports have shown the occurrence of
visual field constriction in up to 40% of patients
treated with vigabatrin.['89-1911 Visual field loss re-
sulting from vigabatrin treatment does not appear
to be reversible and, in some patients, can be se-
vere.[192] In most patients the visual defect is not
symptomatic.[1°11 The visual field defect can occur
both in adults and in elderly patients.!'”!] The mec-
hanism of this adverse event is unknown; however,
the abnormal electroretinograms in patients indi-
cate that retinal dysfunction in the underlying mec-
hanism of the constriction. The precise nature of
this retinal abnormality is not yet known.

8.16 Intravenous Formulations

The anticonvulsants with an intravenous form
(phenytoin, fosphenytoin, valproic acid, diazepam,
lorazepam, clonazepam and midazolam) are most-
ly used for the treatment of status epilepticus, but
are also used for quick anticonvulsant loading for
prevention of seizures.

Benzodiazepines (lorazepam, diazepam and clo-
nazepam) are the first-line treatment for status epi-
lepticus. Usually lorazepam is preferred to diaze-
pam because of its smaller volume of distribution,
leading to longer action.['3! In a recent double-blind
trial, intravenous lorazepam was as effective as in-
travenous diazepam plus intravenous phenytoin
and phenobarbital for the control of the status, for
reducing the recurrence rate and decreasing the oc-
currence of adverse events.!'** Intravenous pheny-
toin alone had lower efficacy. Because of its ease
of use, lorazepam is the drug of choice for first-line
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treatment of status epilepticus. Lorazepam pharma-
cokinetics show some changes in the elderly pop-
ulation: it has a smaller volume of distribution and
its clearance is 22% reduced, but the half-life is sim-
ilar.[?]

As a second-line agent, phenytoin or fospheny-
toin is recommended if status epilepticus is not
controlled within 5 to 7 minutes.!'%! Intravenous phe-
nytoin has been associated with fatal haemodyna-
mic complications and serious reactions at the in-
jection site, including skin necrosis and amputation
of extremities.!'9°! Fosphenytoin, a phenytoin pro-
drug, has the same pharmacological properties as
phenytoin but achieves a therapeutic level in 15
minutes as opposed to 25 minutes for phenytoin.[197]
Fosphenytoin has several important advantages
over phenytoin: it requires a shorter infusion time,
causes less pain and burning at the infusion site,
has better intravenous fluid compatibility and sta-
bility, and is well tolerated intramuscularly.[!8]
Moreover, fosphenytoin does not have the injec-
tion site and cardiac rhythm complications of intra-
venous infusions of phenytoin.[195-199]

Midazolam has also been found useful for the
control of status epilepticus.[?9 In the elderly, mi-
dazolam has a longer half-life (4.1 hours compared
with 2.4 hours in patients <50 years) in relation to
alterations in clearance and volume of distribution
with age.[201,202]

Intravenous valproic acid does not produce sig-
nificant changes in blood pressure or pulse and is
well tolerated in elderly patients.[203:204] Elderly
patients with cardiovascular instability are candi-
dates for intravenous valproic acid, although its ef-
ficacy in status epilepticus has not been demonstra-
ted.

9. Guidelines for Treatment

9.1 When to Initiate Treatment

This is perhaps the most difficult decision to
take and, in the elderly, there is scarce information
on the risk of recurrent seizures after having had
one or two. Before initiating a treatment, several as-
pects have to be taken into account:
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1. That the patient has seizures. It is common for
epilepsy to be misdiagnosed in the elderly.!?%5]

2. That the first seizure that leads to the diagnosis
is truly the first one. Careful history examination
often reveals the presence of previous undisclosed
seizures. This is especially true in patients with com-
plex partial seizures that may have been misdiag-
nosed until a secondarily generalised seizure leads
the patient to the emergency room. In fact, in one
study 37% of the patients assessed because of a first
seizure had previous seizures and another 33% of
the patients had previous acute symptomatic sei-
zures.[2%1 Thus, only a third of the patients have had
a truly first seizure on the first evaluation.

3. That the seizures are unprovoked. Acute symp-
tomatic seizures are more frequent in the elderly
population/*2!1 and they do not need long-term anti-
convulsant treatment.

4. That seizures have an effect on the quality of life.
Treating epilepsy in the elderly has to acknowledge
both the detriment in quality of life that seizures
might impose on the patient and the effect of long-
term anticonvulsant medications. Undoubtedly, sei-
zures or the fear of them have a profound impres-
sion on elderly patients, depression and anxiety being
the most common consequences./207-2981 In addition,
seizures in the elderly, specially if they are associ-
ated with falls, have a greater risk of injury because
of lower bone mineral density, concomitant dis-
eases, or the social situation (living alone).[205:209.210]
5. The comorbid situation and comedication, fre-
quently found in the elderly population. In an on-
going prospective clinical trial in the elderly, as-
sociated disease affected more than half of the
population (high blood pressure, previous stroke,
cardiac disease, diabetes mellitus or history of can-
cer).[2111 A convulsive seizure in patients with cor-
onary disease or arrhythmia may pose a threaten-
ing vital risk.

What is the recurrence risk of a first unprovoked
seizure? Hauser et al.?!?! conducted a prospective
epidemiological study for a mean duration of 4 years
on seizure recurrence after having had a first one.
Recurrence risks were estimated to be 14, 29 and
34% at 1, 3 and 5 years after the first episode. A
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history of previous neurological insult (remote
symptomatic) was associated with a 2.5-fold in-
creased risk of recurrence. Depending on clinical
features, recurrence risk at 5 years after a first sei-
zure could range from 23 to 80%. In other studies
the presence of localisation-related epilepsy,?!3!
cerebral lesion(206-212.2141 or an abnormal (epilepti-
form) EEG!?15] were also factors associated with high-
er recurrence rate. In another study that included
both unprovoked seizures and acute symptomatic
seizures, the risk of recurrence after a first seizure
in patients aged >60 years was shown to be 83%
by 36 months.[?!3] Similarly, in the First Seizure
Trial, seizure recurrence tended to be more fre-
quent in elderly patients than in adults after a first
seizure (39.1 vs 24.9%).12151 However, a lower re-
currence rate (25%) after first seizure has been ob-
served in a prospective study in the elderly, 16! the
recurrence being comparable to that of younger pop-
ulations.[?17]

Most authors would agree that after two sei-
zures anticonvulsant treatment is warranted. The
risk of having a third unprovoked seizure is 73% at
4 years and, among those with a third unprovoked
seizure, the risk of a fourth is 76%.[200]

Should an elderly patient be treated with an an-
ticonvulsant after a first unprovoked seizure? This
is probably one of the most controversial questions
and there is probably not a universal answer. In the
large prospective First Seizure Trial, patients un-
treated after the first seizure had a significantly
higher risk of relapse than the treated ones (51 vs
25%).[251 However, in the study by Hauser et al.,[212]
treatment with anticonvulsant medication was not
associated with a decrease in recurrence risks.

Our personal view is that treating after a first
unprovoked seizure can be acceptable in the el-
derly, especially in those with risk factors for
higher recurrence (presence of lesion, epileptiform
EEG, identifiable aetiology, or being of focal on-
set). The decision should be individualised.

9.2 Appropriate Dose

It is believed that elderly patients with epilepsy
have a favourable response to low doses of anti-
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convulsants.33218] There are, however, few pro-
spective studies analysing the effectiveness and
tolerability of anticonvulsants in the elderly popu-
lation. A retrospective study of 73 elderly patients
treated with classic anticonvulsants showed that
seizure freedom could be achieved in 61% of pa-
tients with low doses of an anticonvulsant (mean
daily doses of phenytoin 248mg, carbamazepine
320mg and valproic acid 571mg).”'°! Another re-
cent prospective study comparing lamotrigine and
carbamazepine in the elderly has confirmed that
low doses are often effective and well tolerated
(median dose of lamotrigine 100 mg/day and me-
dian dose of carbamazepine 400 mg/day).[%! These
studies and clinical experience suggest that doses
or plasma concentration on the lower limit of the
‘adult’ therapeutic range are appropriate in the el-
derly population.21%!

In general, anticonvulsant titration in the elderly
should be done at a slower rate to avoid adverse
events related to changes in pharmacokinetic be-
haviour or special sensitivity.

9.3 Anticonvulsant of Choice

No single anticonvulsant can be recommended
as the most effective and best tolerated in the aging
population. Choosing a first-line anticonvulsant
should include consideration of its efficacy, toler-
ability, pharmacokinetic profile, concomitant med-
ications and medical problems, and availability and
price (tables I and II). As has been stated above,
only one double-blind trial comparing anticonvul-
sants (lamotrigine and carbamazepine) has been
carried out in the elderly.l% In fact, clinical trials
are difficult to perform in the elderly. In an ongoing
prospective study in new-onset epilepsy in the el-
derly, 403 patients from 736 were excluded during
screening.[*291 The most common exclusion rea-
sons were unstable medical disorder (23.3%), in-
ability to give consent (20.3%) and questionable
compliance (19.6%).[220]

When both the pharmacokinetic data on anti-
convulsants and their effectiveness in monother-
apy are analysed, it appears that three drugs could
be used as first-line monotherapy in the elderly:
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valproic acid, lamotrigine and gabapentin. Despite
the potential toxicity and pharmacokinetic short-
comings, carbamazepine is also a possible first
choice because of the long-term experience that
most clinicians have with it. Drug selection among
these four anticonvulsants depends largely on indi-
vidual characteristics. Phenobarbital and primid-
one should not be used as first-line therapy because
of their potential cognitive adverse events. Pheny-
toin does not appear as a good first choice because
of its quite unfavourable pharmacokinetic profile.
Oxcarbazepine has a high risk of hyponatraemia.
Topiramate, tiagabine and zonisamide can be used
as second-line agents in add-on therapy. Vigabatrin
and felbamate should be used only in exceptional
circumstances because of their major potentially
severe adverse events. Benzodiazepines should
rarely if ever be used for long-term treatment in the
elderly.

An ongoing study by the Veterans Affairs Coop-
erative 428 Study Group is prospectively compar-
ing the response to treatment of elderly patients
with untreated epilepsy. Patients are randomised to
carbamazepine (600 mg/day), gabapentin (1500
mg/day) or lamotrigine (150 mg/day).?'!1 The pre-
liminary data presented on 280 patients show a
high degree of intolerance to anticonvulsants. CNS
toxicity is found in 66% of the patients and the
drop-out rate at 12 months has been 52.2%. Data
on efficacy are pending.

9.4 Concomitant Medications and Diseases

Elderly patients are frequently treated with mul-
tiple concomitant medications, giving rise to po-
tentially complex pharmacokinetic interactions to
anticonvulsants. In addition, the elderly population
may be more susceptible to potentially epilepto-
genic medications such as intravenous penicillins,
intravenous cephalosporins, imipenem, ciproflox-
acin, theophylline, pethidine (meperidine), cyclo-
sporin, clozapine, haloperidol, tricyclic antidepres-
sants, amfebutamone (bupropion), lithium or
iodine contrast. Concomitant disease is very frequent
in the elderly and complicates treatment. In the on-
going Veterans Affairs Study, 64.4% had hyperten-
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sion, 52.7% history of stroke, 48.8% cardiac dis-
ease, 26.6% diabetes mellitus and 22.5% history of
cancer.[2!1]

9.5 Monotherapy and Polytherapy

Most elderly patients can successfully be treat-
ed with monotherapy. Only when monotherapy fails,
may combination therapy be tried in an attempt to
improve effectiveness. In general, polytherapy
based on mechanisms of action has been postulated
to enhance effectiveness, but could lead to impor-
tant interactions depending on the drugs used.[?2!]
Combining a sodium channel blocker (e.g. carba-
mazepine) with a drug enhancing GABA-ergic in-
hibition could be appropriate. Also, combining two
GABA mimetic drugs or combining an AMPA an-
tagonist with an N-methyl-D-aspartate antagonist
may enhance efficacy, but tolerability is re-
duced.[??!1 Combining two sodium channel block-
ers seems less appropriate. However, knowledge of
the pathophysiology of seizures and of the exact
mechanisms of action of anticonvulsants is incom-
plete. Moreover, the effectiveness or tolerability of
polytherapy in aging populations is yet to be dem-
onstrated.

9.6 Response to Treatment

It is widely believed that seizures in the elderly
respond easily to anticonvulsants. However, there
is little solid information behind this assumption.
Data available on the response to classic anticon-
vulsants in new-onset epilepsy in the elderly have
been obtained from a retrospective analysis from
the Veterans Affairs trials.l58:2] At a follow-up of
24 months, over 65% of the elderly patients re-
mained seizure free compared with less than 40%
of younger patients (data from Kriimer(>?21), imply-
ing a population less prone to refractoriness. On
the other hand, in the National General Practice
Study of Epilepsy (a large population-based pro-
spective study to assess prognosis of patients with
newly diagnosed epilepsy) it was shown that the
probability of a 5-year remission is poorer in the
elderly than in younger populations.!??3] Finally, a
prospective study in elderly patients with new-on-
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set epilepsy showed a favourable prognosis (72%
entered remission within the first year).[?!6] Thus,
at present it is unclear if epilepsy in the elderly has
a different treatment prognosis from that in adults.
Comparative epidemiological studies are needed
to address this issue.

10. Conclusions

The incidence of epilepsy in the elderly is ris-
ing. Diagnosis tends to be difficult because of the
multiple confounding associated medical prob-
lems. Both convulsive and nonconvulsive seizures
are more threatening in the elderly because of the
risk of injury and reduced independence. Response
to anticonvulsant treatment is generally good and
most aged patients can be seizure free. Anticonvul-
sant treatment, however, is associated with multiple
difficulties in relation to changes in pharmacoki-
netics associated with age, particular susceptibility
of the elderly to CNS-acting drugs, and concomi-
tant disease and medications. Unfortunately, there
is a paucity of controlled data on the treatment of
epilepsy in the elderly and further studies are
needed to improve our approach to treatment in
this population.
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