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Antiepileptic drug use is common
Approximately 1.5% of older Americans have a
seizure disorder [1] requiring an antiepileptic
medication (AED). In individuals 65 years or
older in long-term care facilities, more than 10%
take at least one AED (2. In a study of 21,551
nursing home residents, 12% received AED:s.
Phenytoin alone accounted for 52% of these
cases, carbamazepine, phenobarbital or valproic
acid accounted for 38%), and 10% were receiving
other AEDs [3]. Nursing home residents also take
other medications that may result in adverse
drug interactions, which may be severe [4].

AEDs are also used for conditions other than
epilepsy. Garrard and colleagues found that of
the 7.7% of nursing home residents using
AEDs, 42% were taking them for reasons other
than epilepsy [5]. Furthermore, of the 3% that
started to take AEDs after admission, more than
three-quarters received an AED for a non-seizure
related indication. AEDs are commonly being
used to treat post herpetic neuralgia, migraine
and headaches, diabetic neuropathy, neuro-
pathic pain, bipolar affective disorder, trigeminal
neuralgia and other conditions [6].

Before 1990, there were six major AEDs for
the treatment of epilepsy. In the past 15 years
gabapentin, lamotrigine, topiramate, tiagabine,
oxcarbazepine, levetiracetam and zonisamide
have been approved for use in epilepsy and an
additional agent, pregabalin, is expected to be
available for use this year. As more and more

older patients are prescribed AEDs for epilepsy or
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Antiepileptic drugs (AEDs) are being used with increasing frequency, not only to manage
epilepsy, but also in the treatment of other conditions including neuropathic pain, migraine
headaches and psychiatric conditions requiring mood stabilization. Although AEDs as a class
are commonly prescribed in older patients and those with a predisposition to imbalance,
the effect these drugs exert on gait and equilibrium has received very little study. Data from
controlled efficacy and safety trials suggests that some AEDs are more apt to affect balance
than others, even at therapeutic doses. In particular, phenytoin, primidone and
phenobarbital produce more dizziness than some of the newer AEDs such as lamotrigine,
levetiracetam and oxcarbazepine. For some of the other new AEDs, the data are simply not
sufficient to estimate their effect on balance. This article reviews the current evidence that
may guide the clinician in choosing a medication likely to have a low impact on gait and
balance. Considering the risks and morbidity associated with imbalance and falls,
particularly in the elderly, the direct effects of AEDs on balance should be examined further.

other indications, clinicians are increasingly faced
with the need to understand the special consider-
ations in older people and the potential negative
impact that side effects of these medications have
on quality of life (7).

Dizziness & ataxia are common
AED side effects
Dizziness and ataxia are among the most com-
monly listed side effects of AEDs. Results from
the Veterans Administration (VA) Cooperative
study found that dose-dependent adverse events
are common, and unsteadiness and dizziness are
particularly frequent [8]. Young and colleagues
found ataxia was present in 54% of 41 institu-
tionalized patients with epilepsy (91. In a retro-
spective chart review of subjects aged 70 years or
older with idiopathic generalized epilepsy, four
of five subjects identified suffered from balance
disorders and falls. All of these patients had
received chronic antiepileptic drug therapy [10).
Phenytoin is still the most commonly used
AED in older people in nursing facilities [5].
Approximately 1% of all Medicare beneficiaries
take phenytoin [3], and this number increases to
6% for those confined to nursing homes [4]. In
many studies there is a high rate of adverse
events, including imbalance and dizziness.

The hazards of imbalance in

older people

Gait imbalance is a common problem in older
individuals (11] and may be more severe in those
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taking AED:s. Falls and skeletal fractures are two
to six times more frequent in epileptic patients
than in the general population. Less than half are
attributable to seizures [12], suggesting that many
fractures may result from falls associated with
drug-related dizziness and ataxia [13,14], especially
in the case of phenytoin [15].

Susceptibility to drug-induced ataxia

& dizziness

Ataxia and dizziness are often dose-dependent
adverse effects, especially with carbamazepine and
phenytoin, although idiosyncratic reactions to
AEDs may also produce ataxia in rare instances
(16]. In addition, patients with pre-existing balance
disorders may be especially susceptible to the
effects of some antiepileptics. Patients with cere-
bellar atrophy identified by blinded magnetic res-
onance (MR) imaging analysis were found to be
more sensitive to the effects of carbamazepine on
balance [17]. Aging itself results in loss of Purkinje
cells in the cerebellum [18] and decreased blood
flow measurements as indicated by single photon
emission computed tomography SPECT imaging
(19], so older patients may be inherently more vul-
nerable to medications that interfere cerebellar
function. Carbamazepine, even at low doses, can
impair balance as determined by posturography in
patients with coexisting cerebellar atrophy [17.
Patients using phenytoin for epilepsy are more
likely to exhibit cerebellar atrophy on MR imag-
ing than age-matched controls [20], and studies in
cats and rats show Purkinje cell loss and swelling
of Bergmann’s glia when exposed to high doses of
phenytoin for as litdle as 2 weeks [21]. Balance may
also be impaired when two or more AEDs are
used together [22]. These studies suggest that med-
ications for epilepsy may contribute significantly
to dizziness, imbalance and falling, particularly in
the elderly. Figure 1 illustrates how patients bal-
ance, and thus their quality of life, may be
reduced by AED:s.

Studies quantifying sway in patients
taking AEDs

Very little is known about the specific effects of
AED:s on balance and dizziness. Although these
are common adverse events in controlled trials,
litele detail about the type and severity of these
symptoms can be determined since many of the
trials are intended to assess efficacy or broadly
examine adverse events. Consequently, dizziness,
gait unsteadiness and ataxia remain unexplored
adverse events, often with different definitions
between studies.

A few studies have attempted to quantitatively
assess the postural and balance effects of AEDs.
In one study, sway was greater in those taking
more than one AED [22]. Benzodiazepines have
been studied with regard to their effects on sway,
and lorazepam was associated with increased sway
compared with some other benzodiazepines [23).
Some AEDs may cause more imbalance, while
others may produce more effects on ocular motil-
ity and dizziness. For example, carbamazepine
produces more pronounced effects in normal vol-
unteers on saccadic eye movements than gabapen-
tin, whereas gabapentin produces a greater effect
on body sway [24]. In a study of 22 patients with
trigeminal neuralgia started on carbamazepine,
Delcker and colleagues found alterations in
posturographic measurements [25].

Balance effects of selected AEDs

from clinical trials

The following is a summary of the findings of
mostly randomized, controlled trials and the
incidence of dizziness, gait imbalance or ataxia in
patients taking these drugs versus those taking
placebo.

Gabapentin
In the recent Neurontin Evaluation of Outcomes
in Neurological practice (NEON) study of gabap-
entin as an add-on medication, dizziness occurred
in 9% of patients [26]. In intractable partial epi-
lepsy, somnolence, dizziness and fatigue were
among the most frequent side effects [27]. Dizzi-
ness was more likely following rapid initiation of
gabapentin at a dose of 900 mg in a single day
than if the titration was gradual over 3 days [28].
Another study found significantly more dizzi-
ness (20.2%) in gabapentin (<1800 mg/day)
compared with placebo (7.4%), but found no
difference between gabapentin in doses greater
than 1800 mg/day compared with placebo [29).
This suggests that dizziness may be more often
idiosyncratic than dose-related in patients taking
gabapentin. In a meta-analysis, however, both
dizziness and ataxia occurred significantly more
often with gabapentin than with placebo [30].
Other studies of gabapentin in patients with
postherpetic neuralgia found dizziness to be one
of the most common adverse events, but of low
frequency and mild in severity [31,32).

Lamotrigine

The most common side effects from double-
blind controlled trials of lamotrigine in the treat-
ment of refractory partial seizures were ataxia,

Aging Health (2005) 1(1)



www.futuremedicine.com

Antiepileptic drugs and their impact on balance - REVIEW

Figure 1. The complex interplay between dizziness from antiepileptic drugs (AEDs),

seizures, ataxia, fractures and quality of life.
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dizziness, diplopia, somnolence and headache [33-
35]. A meta-analysis review found dizziness and
ataxia were significantly more likely to occur in
patients taking lamotrigine than in those taking
placebo 301. Nevertheless, lamotrigine appeared
to be the least likely drug among the newer AEDs
to cause treatment discontinuation. Another
study found dizziness to be the most frequent
side effect but its incidence was only 1.3% and
generally deemed to be of mild severity [36].

Phenytoin
The most recent data on phenytoin was derived
from comparison trials with newer AED:s.
Adverse events, particularly ataxia and nystag-
mus, were more common with phenytoin than
with phenobarbital, carbamazepine or valproate
in one multicenter survey among epilepsy
patients in Italy (37].

It has been recommended that phenytoin
should be avoided in patients with intellectual
disability or balance disturbances [38].

Topiramate
The most common adverse events in a number of
controlled studies using topiramate to treat intrac-

table partial epilepsy include somnolence, fatigue,
nausea, anorexia, weight loss, paresthesias, psy-
chomotor slowing and confusion, dizziness and
headache [39-43].

In a meta-analysis it was found that dizziness
was more likely to be reported in patients taking
topiramate than in those taking placebo [30].

Oxcarbazepine

A long-term tolerability and efficacy trial of
oxcarbazepine in 87 patients with refractory par-
tial epilepsy found dizziness among the most
common adverse events; however it appeared to
be mild and often transient [44]. Similarly, other
reports have concluded that dizziness and ataxia
are common but relatively mild side effects asso-
ciated with oxcarbazepine [45,46]. Another con-
trolled dose-ranging study, however, did find a
dose-related and substantial increase in dizziness,
vertigo, ataxia and gait disturbance compared
with placebo [47)

In a study of older people with epilepsy, dizzi-
ness occurred in 17%, second only to vomiting
(19%) in frequency. Nevertheless, there was no
difference compared with placebo in the rate of
trial discontinuation due to side effects [45].
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Table 1. Selected data comparing AED effects on balance and dizziness.

Drugs
assessed

GBP, CBZ

LTG, CBZ

PHT, LTG

VPA, CBZ,
TPM

CBZ, GBP,
TG

GBP, CBZ

GBP, CBZ,

LTG

OXC, PHT

OXC, VPA

OXC, CBZ

LTG, VPA

GBP, LTG,
CBz

n

275

150

181

613

593

30

287

249

235

156

593

Population

Adolescents and adults on monotherapy

Newly diagnosed epilepsy in patients with
median age 77 years randomly treated
with LTG or CBZ in double-blind treatment

Controlled trial of patients with new
onset epilepsy randomized to
monotherapy treatment with either PHT
or LTG, ages 13-74, median age 28 years

Pediatric and adult patients aged 6 years
and older with partial and primary
generalized epilepsy

Mean age 73, predominantly males
enrolled from the Veteran's Association
Cooperative Study 428, double blind
randomized longitudinal study

Healthy volunteers in a double- blinded
cross-over study of acute effects of these
AEDs on eye movements and balance

Healthy epileptics on monotherapy, age
>50 years, none of the patients previously
complained of dizziness or imbalance

Adults with previously untreated partial
and primary generalized epilepsy

Adults with newly diagnosed partial and
primary generalized epilepsy

Adults with primary and secondarily
generalized epilepsy

Study of LTG or VPA as add-on treatment
in adult patients with intractable partial

epilepsy

Newly diagnosed epilepsy in those >65
years of age

Results

In a controlled study, 24% discontinued
carbamazepine compared with 13.5% for
gabapentin. Dizziness was more frequent
in those taking carbamazepine than in
those taking gabapentin

10% taking LTG reported dizziness, 17%
of those on CBZ reported dizziness

PHT had much higher rates of asthenia
(29% PHT vs 16% LTG), somnolence
(28% vs 7%), and ataxia (11% vs 0)

Early termination rates of 23% for TPM
and VPA groups, 25% for CBZ. No
significant difference in the rate of
dizziness among drugs

Dizziness and unsteady gait were dose-
dependent adverse events more common
in patients taking CBZ than in those on
LTG or GBP

CBZ caused more changes in saccades,
GBP caused more body sway with eyes
open or closed as measured by
posturography

Pooled analysis showed that those on LTG
had slightly better balance than GBP or
CBZ on ataxia scale but all had similar
posturography responses

Dizziness was only slightly more in PHT
(15.5%) than with OXC (13.2%);
nystagmus was more common with PTH;
overall discontinuation was also higher
among those patients on PHT

No significant differences in trial
termination rates, or adverse events of
dizziness or ataxia

Discontinuation rates due to adverse
events were 26% in patients on CBZ and
14% on OXC; however the side effects of
dizziness and ataxia were fairly similar

Discontinuation rates due to adverse
events were 11% for LTG and 5% for VPA.
Dizziness was among the most commonly
listed side effects in both groups

At baseline, 76% of patients had an
abnormality of gait or station (no
specifics); 29% of patients from each
group reported a new gait problem or
dizziness among those completing at least
one follow-up visit

AED with
less impact
on balance

GBP

LTG

TG

TPM=VPA=CBZ

LTG=GBP

CBz

LTG=GBP=CBZ

OXC=PHT

OXC=VPA

OXC=CBZ

VPA=LTG

GBP=LTG=CBZ

Ref.

[64]

[65]

[66]

[67]

(8]

[24]

[68]

[69]

[70]

[71]

[72]

[73]

AED: Antiepileptic drug; CBZ: Carbamazepine; GBP: gabapentin; LTG: Lamotrigine; OXC: Oxcarbamepine; PHT: Phenytoin; TPM: Topriramate, VPA: Valproate.
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Zonisamide

Zonisamide was significantly associated with
ataxia in patients treated for partial epilepsy with
a nearly fourfold likelihood (odds ratio 3.94) of
complaints of ataxia in patients taking zonisa-
mide compared with those taking placebo [49].
However, no details of the nature of ataxia were
available. In a meta-analysis, ataxia and dizziness
were more likely to occur in patients taking
zonisamide than in those taking placebo [30).

In a controlled safety and efficacy trial of
zonisamide, dizziness was among the most com-
mon symptoms but was mild and mainly
occurred in the titration phase [50. Other
researchers have also found dizziness to be com-
mon but mild in patients with refractory partial
epilepsy [51,52].

Levetiracetam

In a subset of 78 patients aged 65 years or older
in the KEEPER™ trial, 15% discontinued the
trial due to side effects including 16.7% inci-
dence of somnolence. Dizziness or ataxia were
noted in 10% of patients [53].

Dizziness was reported in 5.8% of patients,
second only to somnolence (11.7%), in the
Safety of Keppra as Adjunctive Therapy in Epi-
lepsy (SKATE) trial in Spain [55]. Another study
of levetiracetam use in patients aged 65 years or
older with anxiety and cognitive disorders,
found dizziness to be among the most common
adverse events leading to study discontinuation;
however, the incidence was very low and the
authors concluded levetiracetam to be suitable
in older people due to its tolerability (551. In all
studies reviewed in this article, levetiracetam
had a relatively low incidence of dizziness or
gait imbalance.

Tiagabine

In a review of Cochrane Epilepsy Group trials,
dizziness was found to be significantly associated
with tiagabine add-on treatment for refractory
partial epilepsy [56].

Another study using tiagabine as an add-on
treatment of partial epilepsy revealed dizziness
and incoordination as the most frequent symp-
toms in the 22% reporting an adverse event [57].

Dizziness and tremor were side effects more
likely to be associated with tiagabine than with
placebo in a meta-analysis [30].

Primidone
Primidone is significantly associated with dizzi-
ness. In a comparison study with carbamazepine,

phenobarbital and phenytoin, primidone was
notably associated with side effects, the most
common among them was dizziness [58].

Phenobarbital

Truncal ataxia was present in 28 of 95 out-
patients receiving chronic treatment with pheno-
barbital for seizures [59]. Those with ataxia had
lower folate levels than their non-ataxic counter-
parts, raising questions regarding the role of
folate in ataxia in some of these patients.

AED drug overdose reports

Overdoses of AEDs may provide some insight into
the effects these drugs have at therapeutic dosages.
In a retrospective review of patients following
gabapentin overdose, the authors reported no
symptoms or minimal toxicity in most and dizzi-
ness in only 2 of 20 patients [60]. Gabapentin dis-
plays dose-dependent absorption, which may
explain why overdose does not produce more
adverse effects. Lamotrigine toxicity in cases
reported to a poison control center most com-
monly produced no toxic clinical effects but
among the symptoms reported, ataxia and dizzi-
ness occurred in less than 5% of 493 cases. Pheny-
toin, on the other hand, is well known to produced
nystagmus, severe ataxia, dysarthria and dizziness
that are dose related and increased the risk of falls
(61,62]. In patients with carbamazepine overdose
that recover, coma, somnolence and cerebellar
ataxia are the most common adverse effects [63].

Which AEDs have the lowest incidence
of dizziness or ataxia?

Table 1 lists comparison trials and the reported
data on balance difficulty. These studies vary in
patient population, thus comparisons of their
adverse effects must be viewed with this in mind.
There have been no systematic studies compar-
ing one AED to another for the purpose of eval-
uating balance. A meta-analysis of prior AED
studies did not clarify the comparative incidence

of dizziness or gait disorders induced by these or
any of the other AEDs [30].

Conclusions

Review of the clinical efficacy and safety trials
data on balance suggests that phenytoin and
primidone are probably more likely to cause diz-
ziness or imbalance. Data from these and other
studies also indicates that dizziness is among the
most commonly reported adverse events for all
anticonvulsants, but in some cases it is mild or
transient especially for most of the newer AED:s.
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Previously reported expert consensus recom-
mendations favored the use of lamotrigine,
gabapentin, oxcarbazepine and carbamazepine
over phenobarbital and phenytoin as treatment
for newly diagnosed elderly patients with epi-
lepsy, since they appear to cause fewer adverse
events including dizziness, unsteady gait and
ataxia [74]. From review of the clinical studies, it
appears that levetiracetam had the fewest adverse
effects on balance. Some studies have suggested
that oxcarbazepine and lamotrigine have dizzi-
ness of relatively mild severity but the data are
insufficient to draw a firm conclusion. Addi-
tional studies specifically designed to assess the

Future perspective

Given the importance of balance on independ-
ent living, quality of life, fall risk and cost of
care, it is likely that more attention will be given
to the gait and balance effects associated with
AED use. The rapid introduction of so many
anticonvulsants over the past 15 years has not
permitted a full exploration of the factors impor-
tant in choosing one over the other. Future stud-
ies using ataxia rating scales, balance measures,
posturography and dynamic gait measurements
may provide the insight needed to choose medi-
cations best suited for patients in whom balance
problems are of particular concern.

effects of AEDs on balance are needed before we
can know with confidence which AEDs have the
least negative impact on balance.

Executive summary

Introduction

e There are a multitude of new antiepileptic medications now available but we lack detailed information about how each one affects
the gait, balance and equilibrium of the patient.

Antiepileptic drug use is common

¢ Antiepileptic medications are used frequently both for epilepsy and other conditions. The widespread use of these medications
underscores why it is importance to know all of their negative effects.

Dizziness and ataxia are common antiepileptic drug (AED) side effects

¢ Dizziness, gait unsteadiness and ataxia are among the most common adverse events reported in clinical trials of antiepileptic
medications and may occur even at therapeutic dosages.

The hazards of imbalance in older people

* Imbalance and dizziness are linked to reduced quality of life and increased risk of fall. Despite the frequency of balance effects from
antiepileptic medications, there is very little data to guide the choice of drug in older people or those with pre-existing balance problems.

Susceptibility to drug-induced ataxia and dizziness

e Older people may be particularly vulnerable to medications that have a negative impact on balance since they are more prone to
deterioration of balance from a variety of other factors.

Studies of balance patients taking AEDs

¢ A few studies have used posturography to determine the effects medications can have on postural sway but there is very little data
on this subject.

Balance effects of selected AEDs from clinical trials

e Inferences can be made by reviewing the data from controlled clinical efficacy and safety trials but details are sparse or absent and
it is difficult to compare one medication to another using this data.

AED drug overdose reports

e Clinical symptoms in patients surviving AED overdoses indicates that levetiracetam and lamotrigine produce relatively little dizziness
or ataxia even at toxic doses, which is in contrast with the known toxicities of phenytoin and carbamazepine.

Which AEDs have the lowest incidence of dizziness or ataxia?

¢ Taking data from adverse events in clinical trials is an imperfect method of determining the relative impact each drug has on
equilibrium. However, data suggests that levetiracetam has relatively little effect on balance. Other medications such as lamotrigine,
oxcarbazepine and possibly several other new generation anticonvulsants may have only a moderate effect on balance but further
studies are needed to confirm this impression.

* Primidone, phenobarbital and phenytoin and, to a slightly lesser degree, carbamazepine appear to produce a greater impairment of
balance.

¢ Considering the risks and morbidity associated with imbalance and falling in the elderly, the direct effects of AEDs on balance is a
seriously understudied area. Prospective trials are needed to better understand the relative effects antiepileptic medications have on
balance.
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