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Abstract: Conversion between anti-epilectic drugs (AEDs) is frequently necessary in
epilepsy care, exposing patients to a risk of incurring adverse effects and reduced quality of
life. Little practical guidance is available to practitioners to guide conversions between
AED monotherapies, or in adding a new adjunctive AED into a polytherapy regimen. This
article reviews the impact of adverse effects of AEDs on quality of life in epilepsy patients,
then reviews several important patient-related factors such as age, gender, medical and
psychiatric co-morbidities, and co-medications that must be considered when selecting
AEDs and ensuring tolerable and safe AED conversions. Practical strategies for transitional
polytherapy AED conversion are then considered in different commonly encountered
clinical scenarios in newly diagnosed and refractory epilepsy care, including inadequate
seizure control, intolerable adverse effects, or idiosyncratic safety hazards. Successful
conversion between AEDs requires regular monitoring for patient-reported adverse effects
and appropriately reactive adjustment of AED therapy to maximize patient quality of life.
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1. Introduction

An initial antiepileptic drug (AED) used as monotherapy successfully manages nearly half of
epilepsy patients [1,2]. However, the role of polytherapy remains important in epilepsy treatment.
Transitional polytherapy involves the conversion of a patient on an initial monotherapy AED to a
second monotherapy, a necessary step when patients continue to have seizures on maximally tolerated
dosages of initial monotherapy or when intolerable adverse effects result during titration of the initial
AED. Likewise, chronic AED polytherapy becomes necessary in most patients with refractory
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epilepsy. During the last twenty years there has been unprecedented progress in the release of newer
AEDs, and with the recent approval of three additional new adjunctive drugs (lacosamide, rufinamide,
and vigabatrin, the latter a drug that was previously available in Europe and Canada but not the United
States), there are now 12 newer marketed AEDs (felbamate, gabapentin, lacosamide, lamotrigine,
levetiracetam, tiagabine, topiramate, oxcarbazepine, pregabalin, rufinamide, vigabatrin, and
zonisamide) approved by the Food and Drug Administration (FDA) in the United States since 1993,
and several other AEDs are in advanced stages of development currently awaiting approval and
release. All newer AEDs receive initial approval in the United States for adjunctive treatment of
partial-onset seizures, so these products are most commonly used in adjunctive polytherapy following
their initial release, although two (felbamate, and especially vigabatrin) are generally reserved for the
most refractory patients who have failed most all other approved older and newer AEDs.

Some newer AEDs have robust monotherapy evidence and indications, while others have more
limited evidence and experience. Gabapentin, oxcarbazepine, and lamotrigine possess randomized
controlled trial evidence for monotherapy treatment of partial-onset seizures and topiramate has
evidence for monotherapy use in new onset epilepsy [3,4]. Clinicians have increasingly favored earlier
use of these and other newer AEDs in monotherapy situations, given better safety and tolerability in
comparison to older standard AEDs [5,6]. Over the last two years, availability of generic formulations
has also increased earlier use and adoption of the second generation AEDs. Unfortunately, evidence to
guide the process of converting patients from older to newer AEDs, and to guide transitions between
one newer AED and another, remains extremely limited. Therefore, converting a patient from one
AED to another, a process known as transitional polytherapy, currently remains more art than science;
clinicians must use their judgment, experience, and available consensus opinions and practice
guidelines to inform AED conversions in specific patient types and situations.

Quality of life in epilepsy is impacted by occurrence of seizures, so prevention of seizures and
striving toward a goal of seizure freedom has logically and traditionally been the main priority for
most clinicians in epilepsy care. However, an epilepsy patient’s quality of life may be more dependent
on aspects of the interictal state, such as adverse effects of AEDs and co-morbid mood and pain
disorders [7,8]. Unfortunately, patients are vulnerable to incurring untoward adverse effects of AEDs
that may reduce their quality of life during the process of transitional polytherapy, and the clinician’s
strategy for adjustment of AED dosing during adjunctive AED therapy is a significant determinant of
the frequency of adverse effects, tolerability, and success of therapy [9]. While little evidence is
available to guide the impact of different conversion strategies on quality of life in epilepsy, clinicians
should be sensitive to rapidly identify patient adverse effects during AED conversion and remain
poised to efficiently react with appropriate adjustments to AED therapies to maximize patient quality
of life in epilepsy care.

This article focuses on practical aspects of AED conversions in epilepsy care, beginning with an
examination of patient related factors that should be considered when selecting AEDs and which
inform the strategy for transitional polytherapy during AED monotherapy conversions. This review
then discusses strategies for minimizing adverse effects in epilepsy care and their impact on quality of
life when converting AEDs in commonly encountered clinical situations during the treatment of newly
diagnosed and refractory epilepsy, including patients with inadequate seizure control, or who develop
dose-related or idiosyncratic adverse effects.
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2. Minimizing Adverse Effects: A Crucial Strategy for Maximizing Quality of Life in Epilepsy Care

Research regarding quality of life in epilepsy (QOLie) began later than in several other medical
fields, but over the last two decades QOLie research literature has burgeoned significantly. Quality of
life research emphasizes measures of a patient’s general wellness in a particular disease state,
incorporating a multidimensional health assessment of physical, psychological, and social domains
affected by the illness and its treatment; a range of survey based instruments are now available to assay
QOLie, including the QOLIE-10 and 10-p, instruments that can be used in office practice for tracking
patient’s perceived quality of life [10,11].

While earlier studies emphasized the importance of seizure events in impaired QOLie, the interictal
state, encompassing a patient’s daily functioning, cognitive status, mood states, social functioning, and
the closely related factor of perceived adverse treatment effects determine how a patient feels about
their overall QOL. QOLie has reshaped epilepsy care, requiring clinicians to maintain vigilance over
the patient’s interictal status in the monitoring of mood, cognition, social functioning, and adverse
effects in addition to reported seizures.

Adverse effects of AEDs are defined as any clinical symptom, sign, or laboratory dyscrasia which is
undesirable to the patient, the physician, or both. Adverse effects are unfortunately common, being
seen in 40-50% of epilepsy patients receiving AED treatment [12,13]. Dose-related adverse effects
effects including sedation, dizziness, fatigue, headache, blurred or double vision, attentional and
concentration problems, or incoordination.

Identifying adverse effects of AEDs may be difficult given patient complacency and fear of
seizures, since many patients would prefer adverse effects over seizure recurrence. Treating physicians
also often focus on the traditional goal of seizure treatment and control rather than actively monitoring
for patient reports of adverse effects, and overemphasize the importance of antiepileptic drug levels
rather than clinical outcomes. Use of a screening instrument such as the Adverse Event Profile (AEP)
for identification of adverse effects can encourage patient reporting of adverse effects that limit
QOLie and assist clinicians in identifying problems that may indicate the need for therapeutic
change [12,14-16].

AEDs should be adjusted and conversion of AEDs considered to help patients in meeting the
overall goals of epilepsy care, to produce seizure-freedom without adverse effects. Adverse effects
may be improved or eliminated in most patients by reducing the number or doses of AEDs or
converting to a better tolerated AED. Since older AEDs result in adverse effects of treatment in nearly
half of patients [10,11], switching from an older to a newer AED may be considered in patients who
are experiencing toxicity on their current therapy. Available evidence suggests that newer AEDs often
have superior tolerability, especially in patient populations with specific vulnerability to AED toxicity
such as the elderly [5,6]. While higher cost continues to limit access of newer AEDs for many patients,
availability of generic formulations has recently increased.

AED monotherapy at the lowest effective dose is preferred whenever possible, and AED
polytherapy at an acceptable total drug load should be reserved for patients having refractory epilepsy
[17-19]. Polytherapy is often necessary to achieve seizure control, but the lowest possible drug load
(the lowest numbers and doses of AEDs) should be used. Many medically refractory epilepsy patients
require chronic polytherapy, and the recent AAN/AES Practice Guidelines for the treatment of
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refractory epilepsy stated that all newer FDA-approved AEDs have Class 1 evidence for adjunctive
treatment of refractory partial-onset seizures in adults, and there is ample evidence to conclude that
lamotrigine, oxcarbazepine, and topiramate are effective for the treatment of refractory partial seizures
in children [20,21]. While no good evidence for specific AED polytherapy combinations exists,
augmenting monotherapy with an AED offering a different or complementary mechanism of action is
usually considered, a concept known as rational polytherapy [18]. One previous study has suggested
possible synergism in the combination of valproate and lamotriine, and many experts have reasoned
that combining AEDs with different but complementary mechanisms of action is a reasonable,
although currently non-evidence based strategy [18,22].

Caution is necessary to avoid excessive drug dosing and drug-drug interactions that lead to
heightened clinical toxicity through pharmacodynamic or pharmacokinetic factors. Dose-related
adverse effects of memory complaints and fatigue are most common overall, especially in patients
receiving polytherapy [18,23]. Relatively few epilepsy patients actually become seizure-free when
receiving AED polytherapy, since only about 3% of patients who fail two initial monotherapies
become seizure-free when receiving polytherapy [24]. As such, when prescribing AED polytherapy,
the goals of epilepsy care should shift from striving for seizure freedom to palliation to prevent
overtreatment, except in highly selected patients who may be candidates for drug sparing, non-
pharmacologic therapies enabling drug load reduction, such as epilepsy surgery, vagus nerve
stimulation, or dietary therapies [16,25-30]. Patients with refractory epilepsy should be strongly
considered for referral to comprehensive epilepsy centers offering diagnostic evaluation for non-
pharmacological therapies, including neuroimaging and ictal video-electroencephalography (VEEG)
for definitive epilepsy syndrome classification and possible localization [26,29,30]. Carefully selected
patients with mesial temporal lobe epilepsy in particular are particularly likely to benefit from surgical
resection of the epileptogenic focus, and post-surgical patients may also enjoy improved QOLie
associated with decreased AED drug loads [26,29-32]. Careful examination for treatable co-
morbidities such as sleep apnea may also lead to treatment that improves seizure burden in such
patients [33-36].

3. Patient-Centered Factors in AED Selection and Conversion

Patient characteristics such as age, gender, medical and psychiatric co-morbidities, and co-existing
medications are crucial factors in determining appropriate selection and use of AEDs. These factors are
important to consider when choosing an AED with optimal pharmacokinetic and phamacodynamic
properties for a patient to prevent the development of adverse effects.

Older patient age leads to increased vulnerability to the development of AED adverse effects for
several reasons. Drug absorption, volume of distribution, metabolism, and elimination all differ in
elderly compared to younger individuals. Decreases in metabolism by hepatic enzymatic systems and
reduced renal clearance have especially important bearing on AEDs. The elderly also frequently have
an increased sensitivity toward development of dose-related adverse effects. Concerning drug selection
in general, newer AEDs appear to better tolerated than older, standard AEDs in the elderly, and newer,
more tolerable non-enzyme inducing AEDs that also have limited drug interaction potential (such as
lamotrigine and levetiracetam) are increasingly favored for use in elderly patients by epilepsy
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clinicians [5,37,38]. Titration and drug tapering should also be approached differently in most older
patients; a valuable general principle is to begin with lower initial starting doses of AEDs, titrate drugs
slower, and utlize a lower initial target dose range than generally used in younger patients (i.e., “start
low, go slow”) [39]. Since elderly patients often receive polypharmacy, choosing AEDs with lesser
potential for drug-drug interactions is also an important consideration. Vulnerable institutionalized
elderly patients commonly receive undesirable AED combinations, so careful review of current
prescribed medications is especially necessary when selecting and titrating new adjunctive AEDs in
this patient population [40,41].

Gender is an important determinant of AED selection since women usually have lower bone density
and may therefore be more vulnerable to development of osteopenia. Since growing evidence suggests
that several older AEDs may accelerate bone loss, many clinicians favor selection of newer AEDs. In
women of childbearing potential (WCBP), AEDs that are associated with teratogenicity, particularly
valproate, and the enzyme inducing AEDs such as carbamazepine, phenytoin, phenobarbital, and high
dose topiramate (i.e., doses above 200 mg/day) which may interact with hormonal contraceptives also
merit cautious use, and may be best avoided, while newer AEDs, particularly non-enzyme inducing
AEDs such as lamotrigine and levetiracetam are increasingly favored [37,42]. Women of child bearing
potential (WCBP) are at risk for two worrisome AED-related adverse effects: pregnancy due to oral
contraceptive failure, and AED-induced fetal teratogenesis. WCBP should be instructed to utilize
double-barrier contraception in addition to their hormonal methods when receiving EIAEDs. Prior to a
planned pregnancy, weaning WCBP from AEDs when they are seizure-free and at low risk of seizure
recurrence, or utilizing an AED in the lowest effective monotherapy dosage whenever possible, is
especially important since AED polytherapy appears to increase risk for teratogenesis. Phenobarbital
and valproate should be avoided when possible unless these drugs have resulted in complete seizure-
freedom, in which case maintaining the drug producing seizure freedom during pregnancy is most
often still preferred. WCBP taking AEDs should receive folic acid 1 milligram daily, or a
prenatal multivitamin.

Chronic phenytoin exposure is also of concern in all epilepsy patients, but especially women, given
its relatively common association with cosmetic adverse effects including coarsening of facial features,
hirsuitism, and gingival hyperplasia. Phenytoin also has a rare but recognized potential of causing
axonal polyneuropathy and ataxia from cerebellar damage. Phenytoin use should be for a relatively
short term in most patients, preferably not over months to a few years, after which time the patient can
be offered the opportunity to transition to another AED if continued therapy is necessary.

Bone health is increasingly recognized as an important issue to consider in all epilepsy patients, but
is a particular concern in both elderly patients and women. Patients on chronic therapy with older
AEDs are at risk for bone density loss and fractures. Enzyme-inducing AEDs (EIAEDS:
i.e., carbamazepine, phenytoin, phenobarbital, primidone, oxcarbazepine, and high dose topiramate)
have the potential to decrease bone density through secondary hypoparathyroidism and decreased
Vitamin D levels, and some evidence suggests that non-inducers such as valproate also lead to
decreased bone density [43,44]. Patients who have received therapy with older AEDs for several years
should be counseled about the emerging risk of reduced bone density, with consideration of bone
mineral densitometry measurements and provided with a recommendation for supplemental calcium
[43,45]. Patients who have been seizure free for several years at low risk for seizure recurrence should
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also be counseled about the opportunity to be tapered or withdrawn from older AEDs, or alternatively,
transitioned to a newer AED lacking enzyme-inducing properties despite the current lack of evidence
for long-term bone health safety.

Patient co-morbidities may also affect the choice of an AED. For example, a patient’s body weight
is an important consideration. Valproate, pregabalin, and carbamazepine may contribute to weight
gain, while topiramate and zonisamide may lead to weight loss. Treatment of co-morbid mood or pain
disorders with drugs that benefit both conditions can also be considered. Examples include topiramate
or valproate in treatment of patients with “migralepsy” (i.e., having migraine and epilepsy
co-morbidities), or patients having bipolar affective disorder and epilepsy might be treated with
lamotrigine or valproate. Psychiatric co-morbidities are relatively common in patients with epilepsy,
and routine monitoring for mood disturbances, anxiety, and suicidality is necessary to monitor for risk
for and prevention of suicide [46,47]. A history of co-morbid mood disorders should be sought, not
only to capitalize on the opportunity for joint treatment of mood and epileptic disorders with
medications offering favorable efficacy for both conditions (i.e., lamotrigine, valproate,
carbamazepine), but also to minimize risks of untoward psychiatric adverse effects of certain
antiepileptic drugs (i.e., agitation and negative personality traits with levetiracetam, or mood
disturbances associated with phenobarbital or topiramate). Patients having hepatic or renal disorders
may be vulnerable for development of hepatotoxicity from drugs that impact liver functions including
phenytoin, carbamazepine, and valproate, and may metabolize or clear AEDs and other drugs to a
lesser degree, requiring a cautious titration strategy similar to that used in elderly patients (starting
with lower doses, aiming for lower targets, and titrating at a slower rate) [37,39].

Patients receiving co-medications that have potential drug-drug interactions with AEDs might be at
a heightened risk for adverse effects of treatment, or adverse consequences of those interactions.
Therapeutic failure of inducible co-medications such as hormonal contraceptive and anticoagulants is a
particular hazard when these drugs are administered together with enzyme-inducing AEDs (EIAEDs)
such as phenytoin, carbamazepine, or phenobarbital. Many other inducible medications such as lipid-
lowering drugs and anti-hypertensives are also rendered less effective by these EIAEDs, potentially
leading to accelerated atherosclerosis and myocardial or cerebral infarction [45,48,49].

Another factor of emerging concern is genetic polymorphisms that may portend a future
vulnerability toward certain idiosyncratic adverse effects. One example of such a risk profile is the
HLA-B*1502 genotype in patients of Han Chinese ancestry, which has been associated with a
heightened risk of severe cutaneous reactions with several AEDs including carbamazepine, phenytoin,
and lamotrigine [50,51]. Screening for the HLA-B*1502 allele is thus recommended in this patient
population prior to initiating treatment with carbamazepine or other aromatic AEDs of similar
chemical structure.



Pharmaceuticals 2010, 3 2962

4. Practical Strategies for Transitional Polytherapy AED Conversions in Newly Diagnosed and
Refractory Epilepsy Patients

Fortunately, in newly diagnosed epilepsy, the first or second monotherapy renders the majority of
patients seizure free [2.24]. AED monotherapy is effective and well tolerated in most patients, and
remains the preferred initial approach in newly diagnosed epilepsy [19]. Drug selection is an important
variable, and the patient dependent factors discussed above are important in selecting and titrating the
chosen AED. In general, titration to a moderate, typically effective dosage is sufficient to treat most
patients. Drug level monitoring to ensure the AED has reached a sufficiently protective target dose and
level can be a helpful adjunct to practice, although clinicians should avoid “treating the level” per se;
arbitrarily manipulating AED doses to fall within so-called “therapeutic” ranges can lead to
overtreatment and inadvertently induce adverse effects [39,52]. The clinical outcomes of seizure
freedom without adverse effects are the most important goals of therapy.

AED conversion becomes necessary when an initial AED monotherapy fails due to lack of efficacy
or tolerability. Inadequate seizure control or intolerable adverse effects are thus the chief reasons for
AED conversion. Before implementing chronic polytherapy, which may increase adverse effects and
reduce quality of life, an attempt at one or more additional AED monotherapies is preferred.
Conversion between sequential AED monotherapies is best accomplished by the process of transitional
polytherapy, where a new AED is added and titrated, while the primary existing baseline AED is
tapered and withdrawn [53]. Expert consensus has proposed a preferred approach to transitional
polytherapy, recommending that an existing baseline AED be tapered only after a presumably
efficacious dose of the new adjunctive AED is reached [39,53]. Initially, the patient’s current baseline
AED should be held at its current dose to limit breakthrough seizures, while the new adjunctive AED
is titrated to a presumably effective protective target dose, followed by taper and withdrawal of the
baseline AED. The rationale for this measured approach is that abruptly stopping an existing baseline
AED increases the risk of breakthrough seizures, while introducing a new adjunctive AED too rapidly
can cause an excess of adverse effects.

Application of the basic transitional polytherapy principle should be appropriately modified when
adverse effects occur, as well as in seizure-free patients. A modified approach should be taken when
patients experience adverse effects during titration, by tapering the baseline AED earlier and faster
[39]. Too often, clinicians prematurely abandon a new adjunctive AED titration when patients develop
titration-related adverse effects. The most common adverse effects of sedation, dizziness, and ataxia
are dose-related, and these symptoms are mediated by the combination of both the baseline AED and
the new adjunctive AED, not solely attributable to the new adjunctive drug alone. Since the therapeutic
goal is to eliminate the previously ineffective or intolerable baseline AED, the favored strategy is to
taper the baseline existing drug earlier and more rapidly rather than giving up prematurely on the new
drug’s titration [39]. On the other hand, when patients are seizure free and at risk for loss of driving
privileges or injury from breakthrough seizure activity, the baseline AED should be tapered slower and
in smaller decrements than would be typical for patients with uncontrolled seizures.

Idiosyncratic safety problems such as serious rash, hematologic, or hepatic dyscrasias necessitate a
different approach. In most instances, the offending drug should be abruptly stopped or rapidly tapered
over the course of a few days to a week, while the patient is covered a short acting benzodiazepine



Pharmaceuticals 2010, 3 2963

providing adequate seizure protection as a stop-gap measure, while a new adjunctive AED is rapidly
titrated to effect. Selection of a newer AED for at least temporary use offers significant advantages, in
that several newer AEDS can be safely and tolerably rapidly titrated over a time course of hours to
days. Several newer AEDs are either effective at their initial doses, can be rapidly titrated to a
protective target dosage, or may even be started at full target doses in inpatients (i.e., gabapentin,
levetiracetam, oxcarbazepine, and topiramate) [54-58].

Intravenous AED coverage may be particularly useful for short-term adjunctive use as bridging
therapy during instances where a new desired adjunctive AED requiring a slower titration scheme is
being adjusted toward its target. Two newer and one older AEDs are available in parenteral forms
(i.e., lacosamide, levetiracetam, and valproate) and all three are now recognized as suitable alternatives
to older traditional intravenous AEDs for use in acute inpatient seizure treatment and prophylaxis
settings [59-61]. The two traditional older IV choices, phenobarbital and phenytoin, are usually less
favorable choices for patients that concurrently have an allergic drug rash or other acute idiosyncratic
reaction given their aromatic chemical structures which raise the risk of cross-reactivity and a
possibility of precipitating anticonvulsant hypersensitivity syndrome [62]. Both older IV AED choices
also have risks of idiosyncratic hematologic dyscrasias and hepatic failure, although this potential
exists for intravenous valproate as well.

Following failure of two appropriately chosen and used, well-tolerated AEDs to produce seizure-
freedom, a patient may be considered to have developed refractory epilepsy [63]. While additional
monotherapies are initially preferred, most refractory epilepsy patients will ultimately end up on
chronic polytherapy. Prior to initiating chronic polytherapy, patients should receive at least two
sequential AED monotherapies with differing mechanisms of action. In general, a similar strategy to
that employed in monotherapy conversions should also be used when initiating addition of a second (or
third) adjunctive AED in chronic polytherapy. However, in chronic polytherapy situations, the usual
“fixed dose” titration rule (i.e., leaving the baseline AEDs at their current doses while adding and
titrating newly planned AEDs) may need to be broken, because of the increased cumulative drug load.
Flexible titration strategies of reducing baseline AED doses during titration of new adjunctive AEDs
are often more successful and tolerable for the patient [9].

In refractory epilepsy polytherapy situations, clinicians must be familiar with pharmacokinetic and
pharmacodynamic AED interactions that lead to development of adverse effects, and here the reader is
referred to recent more comprehensive reviews on this subject [42,64]. The most important
pharmacokinetic factors in most epilepsy settings are competitive Cytochrome P450 and protein
binding interactions. Co-administration of the enzyme-inducing AEDs (i.e., phenobarbital, phenytoin,
carbamazepine; as well as topiramate when it is given at doses >200 mg/day) with inducible AEDs
(such as lamotrigine, oxcarbazepine, topiramate, or tiagabine) increases and accelerates the inducible
AED metabolism and subsequently reduces the inducible agent’s serum levels. In complex polytherapy
regimens involving enzyme-inducing AEDs, “de-induction” of a regimen occurs during dose
reductions of enzyme inducing AEDs, thereby increasing serum concentrations of highly inducible
AEDs, actually leading to optimized pharmacokinetics of the inducible AED and improved seizure
control in some instances [65]. Conversely, when an inhibitor of glucuronidation such as valproate is
given with lamotrigine, there is an increased risk of serious rash [38].
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Pharmacodynamic adverse effects are also more common in polytherapy settings. Cognitive
impairments often occur during polytherapy, and are frequently subtle and evade detection without
specific questioning of the patient, or performing mental status testing. While standard office
assessment of cognition often shows minimal impact, detailed neuropsychological and
electrophysiological measures often show impairments in attention, concentration, executive function,
and memory in patients receiving AED therapy [66-69]. Since AED-induced cognitive impairments
are a significant concern for patients with epilepsy, routine use of adverse event screening instruments
such as the Adverse Event Profile (AEP, as previously discussed on page 3 of this article) should be
considered in refractory epilepsy patients receiving AED polytherapy [12,14-16,70].

5. Concluding Guiding Principles

AED adverse effects are frequently encountered, especially during drug titration and conversion
processes, and may lead to reduced quality of life in epilepsy. While careful monitoring for evolution
of adverse effects during AED adjustments should be routine in epilepsy practice, particular care and
attention are needed during the process of transitional polytherapy. AED monotherapy conversions or
adjunctive drug sequencing in polytherapy is frequently necessary for patients with inadequate seizure
control or those experiencing adverse effects on their current regimens. Fixed dose titration of an
adjunctive AED is favored by expert consensus as a general rule, by holding the baseline AED at a
constant protective dose while a new drug is titrated toward a protective target dose. However,
flexibility in adjustment of the primary baseline drug is needed when patients experience worsened
adverse effects to minimize adverse impacts on quality of life. A cautious strategy with slower tapering
at smaller dose increments is indicated in patients who are seizure-free to prevent breakthrough
seizures during AED conversions. Additional patient dependent factors influencing new adjunctive
AED selection and titration approaches include patient age, gender, comorbidities, and comedications.
Clinicians must also be knowledgable about mechanisms that mediate pharmacodynamic and
pharmacokinetic drug-drug interactions so that transitional polytherapy can be appropriate tailored in
specific situations. Transitional polytherapy in newly diagnosed and refractory epilepsy patients
requires clinicians to carefully monitor for adverse effects, consider patient-dependent factors
impacting drug selection and titration, anticipate potentially problematic drug interactions, and
appropriately and rapidly react to seizures or adverse effects by adjusting titration and tapering of the
primary baseline drug regimen.

Acknowledgements

This publication was made possible by Grant Number 1 UL1 RR024150 from the National Center
for Research Resources (NCRR), a component of the National Institutes of Health (NIH), and the NIH
Roadmap for Medical Research. Its contents are solely the responsibility of the author and do not
necessarily represent the official view of NCRR or NIH. The author is also grateful to Donna Larkin,
Mayo Clinic Department of Neurology, for secretarial assistance in preparation of
the manuscript.



Pharmaceuticals 2010, 3 2965

References

10.

11.

12.

13.

14.

Kwan, P.; Brodie M.J. Epilepsy after the first drug fails: substitution or add-on? Seizure 2000, 9,
464-468.

Kwan, P.; Brodie, M.J. Effectiveness of the first antiepileptic drug. Epilepsia 2001, 4, 1255-1260.
French, J.A.; Kanner, A.M.; Bautista, J.; Abou-Khalel, B.; Browne, T.; Harden, C.L.; Theodore,
W.H.; Bazil, C.; Stern, J.; Schachter, S.C.; Bergen, D.; Hirtz, D.; Montouris, G.D.; Nespecia, M.;
Gidal, B.; Marks, Jr., W.J.; Turk, W.R.; Fischer, J.H.; Bourgeois, B.; Wilner, A.; Faught, Jr., RE.;
Sachdeo, R.C.; Beydoun, A.; Glauser, T.A. Efficacy and tolerability of the new antiepileptic
drugs, I: treatment of new-onset epilepsy: report of the Therapeutics and Technology Assessment
Subcommittee and Quality Standards Subcommittee of the American Academy of Neurology and
the American Epilepsy Society. Neurology 2004, 62, 1252-1260.

Privitera, M.D., Brodie, M.J., Mattson, R.H.,Chadwick, D.W., Neto, W., Wang, S., EPMN 105
Study Group. Topiramate, carbamazepine, and valproate monotherapy: double-blind comparison
in newly diagnosed epilepsy. Acta Neurologica Scandinavia 2003, 107, 165-175.

Brodie, M.J.; Richens, A.; Yuen, A.W. Double-blind comparison of lamotrigine and
carbamazepine in newly diagnosed epilepsy. UK Lamotrigine-Carbamazepine Monotherapy trial
Group. Lancet 1995, 345, 476-479.

Rowan, A.J.; Ramsay, R.E.; Collins, J.F.; Pryor, F.; Boardman, K.D.; Uthman, B.M.; Spitz, M.;
Frederick, T.; Towne, A.; Carter, G.S.; Marks, W.; Felicetter, J.; Tomyanvich, M.L.; VA
Cooperative Study 428 Group. New onset geriatric epilepsy: a randomized study of gabapentin,
lamotrigine, and carbamazepine. Neurology 2005, 64, 1868-1873.

Gilliam, F.; Hecimovic, H.; Sheline, Y. Psychiatric comorbidity, health, and function in epilepsy.
Epilepsy Behav 2003, 4 (Suppl. 4), S26-S30.

Gilliam, F.G.; Mendiratta, A.; Pack, A.M.; Bazil, C.W. Epilepsy and common comorbidities:
improving the outpatient epilepsy encounter. Epileptic Disord 2005, 7 (Suppl. 1), S27-S33.
Naritoku, D.K.; Hulihan, J.F.; Schwarzman, L.K.; Kamin, M.; Olson, W.H. Effect of cotherapy
reduction on tolerability of epilepsy add-on therapy: a randomized controlled trial. Annals of
Pharmacotherapy 2008, 39, 418-423.

Leone, M.A.; Beghi, E.; Righini, C.; Apolone, G.; Mosconi, P. Epilepsy and quality of life in
adults: a review of instruments. Epilepsy Res. 2005, 66, 23-44.

Privitera, M.; Ficker, D. Assessments of adverse events and quality of life in epilepsy: design of a
new community trial. Epilepsy Behav. 2004, 5, 841-846.

Baker, G.A.; Jacoby, A.; Buck, D.; Stalgis, C.; Monnett, D. Quality of life of people with
epilepsy: a European study. Epilepsia 1997, 38, 353-362.

Mattson, R.M.; Cramer, J.A.; Collins, J.F.; Smith, D.B.; Delgado-Esceuta, A.V.; Browne, T.R.;
Williamson, P.D.; Trelman, D.M.; McNamara, J.O.; McCutchen, C.D. Comparison of
phenobarbital, phenytoin, carbamazepine, and primidone in partial and secondary generalized
tonic-clonic seizures. New Engl. J. Med. 1985, 313, 145-151.

Baker, G.A.; Camfield, C.; Camfield, P.; Crammer, J.A.; Elger, C.E.; Johnson, A.L.; Martins da
Silva, A.; Mindardi, H.; Munari, C.; Perucca, E.; Thorbecke, R. Commission on Outcome
Measurement in Epilepsy, 1994-1997: Final report. Epilepsia 1998, 39, 213-231.



Pharmaceuticals 2010, 3 2966

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

Gilliam, F.G.; Fessler, A.J.; Baker, G.; Vahle, V.; Carter, J.; Ararian, H. Systematic screening
allows reduction of adverse antiepileptic drug effects: a randomized trial. Neurology 2004, 62,
23-27.

St. Louis, E.K. Minimizing AED adverse effects: improving quality of life in the interictal state in
epilepsy care. Curr. Neuropharmacol. 2009, 7, 106-114.

Baulac, M. Rational conversion from antiepileptic polytherapy to monotherapy. Epileptic
Disorders 2003, 5, 125-132.

St. Louis, E.K. Truly "rational" polytherapy: maximizing efficacy and minimizing drug
interactions, drug load, and adverse effects. Curr. Neuropharmacol. 2009, 7, 96-105.

St. Louis, E.K.; Rosenfeld, W.E.; Bramley, T. Antiepileptic drug monotherapy: the initial
approach in epilepsy management. Curr. Neuropharmacol. 2009, 7, 77-82.

French, J.A.; Kanner, A.M.; Bautista, J.; Abou-Khalel, B.; Browne, T.; Harden, C.L.; Theodore,
W.H.; Bazil, C.; Stern, J.; Schachter, S.C.; Bergen, D.; Hirtz, D.; Montouris, G.D.; Nespecia, M.;
Gidal, B.; Marks, Jr., W.J.; Turk, W.R.; Fischer, J.H.; Bourgeois, B.; Wilner, A.; Faught, Jr., RE.;
Sachdeo, R.C.; Beydoun, A.; Glauser, T.A. Therapeutics and Technology Assessment
Subcommittee of the American Academy of Neurology; Quality Standards Subcommittee of the
American Academy of Neurology; American Epilepsy Society. Efficacy and tolerability of the
new antiepileptic drugs II: treatment of refractory epilepsy: report of the Therapeutics and
Technology Assessment Subcommittee and Quality Standards Subcommittee of the American
Academy of Neurology and the American Epilepsy Society. Neurology 2004, 62, 1261-1273.
Reife, R.; Pledger, G.; Wu, S.C. Topiramate as add-on therapy: pooled analysis of randomized
controlled trials in adults. Epilepsia 2000, 41 (Suppl. 1), S66-S71.

Brodie, M.J.; Yuen, A.W. Lamotrigine substitution study: evidence for synergism with sodium
valproate? 105 Study Group. Epilepsy Res. 1997, 26, 423-432.

Carpay, J.A.; Aldenkamp, A.P.; van Donselaar, C.A. Complaints associated with the use of
antiepileptic drugs: results from a community-based study. Seizure 2005, 14, 198-206.

Kwan, P.; Brodie, M.J. Early identification of refractory epilepsy. NEJM 2000, 342, 314-319.
Cramer, J. Exploration of changes in health-related quality of life after 3 months of vagus nerve
stimulation. Epilepsy Behav. 2001, 2, 460-465.

Engel, Jr., J.; Weibe, S.; French, J.; Sperling, M.; Williamson, P.; Spencer, D.; Gumnit, R.; Zahn,
C.; Westbrook, E.; Enos, B. Practice parameter: temporal lobe and localized neocortical resections
for epilepsy: report of the Quality Standards Subcommittee of the American Academy of
Neurology, in association with the American Epilepsy Society and the American Association of
Neurological Surgeons. Neurology 2003, 60, 538-547.

Morris, G.L., Srd; Mueller, W.M. Long-term treatment with vagus nerve stimulation in patients
with refractory epilepsy. The Vagus Nerve Stimulation Study Group E01-E05. Neurology 1999,
53,1731-1735.

Renfroe, J.B.; Wheless, J.W. Earlier use of adjunctive vagus nerve stimulation therapy for
refractory epilepsy. Neurology 2002, 59, 6 (Suppl. 4), S26-S30.

Tellez-Zenteno, J.F.; Dhar, R.; Wiebe, S. Long-term seizure outcomes following epilepsy surgery:
a systematic review and meta-analysis. Brain 2005, 128, 1188-1198.



Pharmaceuticals 2010, 3 2967

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Wiebe, S.; Blume, W.T.; Girvin, J.P.; Eliasziw, M. A randomized, controlled trial of surgery for
temporal-lobe epilepsy. New Engl. J. Med. 2001, 345, 311-318.

Labar, D.R. Antiepileptic drug use during the first 12 months of vagus nerve stimulation therapy:
a registry study. Neurology 2002, 59, S38-S43.

St. Louis, E.K.; Chang, S.; Granner, M.A.; Howard, M.; Kawasaki, H. Reduction of antiepileptic
drug treatment following epilepsy surgery. Epilepsia 2007, 48, 150.

Malow, B.A.; Bowes, R.J.; Lin, X. Predictors of sleepiness in epilepsy patients. Sleep 1997, 20,
1105-1110.

Malow, B.A.; Levy, K.; Maturen, K.; Bowes, R. Obstructive sleep apnea is common in medically
refractory epilepsy patients. Neurology 2000, 55, 1002-1007.

Malow, B.A.; Weatherwax, K.J.; Chervin, R.D.; Hoban, T.F.; Marzec, M.C.; Martin, C.; Binns,
L.A. Identification and treatment of obstructive sleep apnea in adults and children with epilepsy: a
prospective pilot study. Sleep Med. 2003, 4, 509-515.

St. Louis, E.K. To sleep, perchance to seize: the odd marriage of sleep and epilepsy. Am. J.
Electroneurodiagn. Tech. 2003, 43, 130-163.

Karceski, S.; Morrell, M.J.; Carpenter, D. Treatment of epilepsy in adults: expert opinion. 2005,
Epilepsy Behav. 2005, 7, S1-S64.

Messenheimer, J.; Mullens, E.; Giorgi, L.; Young, F. Safety review of adult clinical trial
experience with lamotrigine. Drug Safety 1998, 18, 281-296.

St. Louis, E.K.; Gidal, B.E.; Henry, T.R.; Kaydanova, Y.; Krumholz, A.; McCabe, P.H.;
Montouris, G.D.; Rosenfeld, W.E.; Smith, B.J.; Stern, J.M.; Waterhouse, E.J.; Schulz, R.M.;
Garnett, W.R.; Bramley, T. Conversions between monotherapies in epilepsy: expert consensus.
Epilepsy Behav. 2007, 11, 222-234.

Harms, S.L; Eberly, L.E.; Garrard, J.M.; Hardie, N.A.; Bland, P.C.; Leppik, L.LE. Prevalence of
appropriate and problematic antiepileptic combination therapy in older people in the nursing
home. JAGS 2005, 53, 1023-1028.

Mamiya, K.;Yukawa, E.; Matsumoto, T.; Aita, C.; Goto, S. Synergistic effect of valproate
coadministration and hypoalbuminemia on the serum-free phenytoin concentration in patients
with severe motor and intellectual disabilities. Clin. Neuropharmacol. 2002, 25, 230-233.
Johannessen Landmark, C.; Patsalos, P.N. Drug interactions involving the new second- and third-
generation antiepileptic drugs. Expert Rev. Neurother. 2010, 10, 119-140.

Pack, A.M.; Morrell, M.J. Epilepsy and bone health in adults. Epilepsy Behav. 2004, 5, S24-S29.
Souverein, P.C.; Webb, D.J.; Weil, J.G.; Weil, J.G.; Van Staa, T.P.; Egberts, A.C.G. Use of
antiepileptic drugs and risk of fractures: case-control study among patients with epilepsy.
Neurology 2006, 66, 1318-1324.

Sheth, R.D. Metabolic concerns associated with antiepileptic medications. Neurology 2004, 63,
S24-S29.

Bell, G.S.; Mula, M.; Sander, J.W. Suicidality in people taking antiepileptic drugs: What is the
evidence? CNS Drugs 2009, 23, 281-292.

Hesdorffer, D.C.; Kanner, A.M. The FDA alert on suicidality and antiepileptic drugs: Fire or false
alarm? Epilepsia 2009, 50, 978-986.



Pharmaceuticals 2010, 3 2968

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

38.

59.

60.

61.

62.

63.

Mintzer, S. Metabolic consequences of antiepileptic drugs. Curr. Opin. Neurol. 2010, 23,
164-169.

Mintzer, S.; Skidmore, C.T.; Abidin, C.J.; Morales, M.C.; Chervoneva, I.; Capuzzi, D.M.;
Sperling, M.R. Effects of antiepileptic drugs on lipids, homocysteine, and C-reactive protein. Ann.
Neurol. 2009, 65, 448-456.

Hung, S.I.; Chung, W.H.; Jee, S.H.; Chen, W.C.; Chang, Y.T.; Lee, W.R.; Hu, S.L.; Wu, M.T.;
Chen, G.S.; Wong, T.W.; Hsiao, P.F.; Chen, W.H.; Shih, H.Y.; Fang, W.H.; Wei, C.Y.; Lou,
Y.H.; Huang, Y.L.; Lin, J.J.; Chen, Y.T. Genetic susceptibility to carbamazepine-induced
cutaneous adverse drug reactions. Pharmacogenet. Genomics 2006, 16, 297-306.

Man, C.B.; Kwan, P.; Baum, L.; Yu, E.; Lau, K.M.; Cheng, A.S.; Ng, M.H. Association between
HLA-B*1502 allele and antiepileptic drug-induced cutaneous reactions in Han Chinese. Epilepsia
2007, 48, 1015-1018.

St. Louis, E.K. Monitoring antiepileptic drugs: a level-headed approach. Curr. Neuropharmacol.
2009, 7, 115-119.

Garnett, W.R.; St Louis. E.K.; Henry, T.R.; Bramley, T. Transitional polytherapy: tricks of the
trade for monotherapy to monotherapy AED conversions. Curr. Neuropharmacol. 2009, 7, 83-95.

Fisher, R.S.; Sachdeo, R.C.; Pellock, J.; Penovich, P.E.; Magnus, L.; Bernstein, P. Rapid initiation
of gabapentin: a randomized, controlled trial. Neurology 2001, 56, 743-748.

French, J.; Arrigo, C. Rapid onset of action of levetiracetam in refractory epilepsy patients.
Epilepsia 2005, 46, 324-326.

Mauro, A.M.; Bomprezzi, C.; Morresi, S.; Provinciali, L.; Formica, F.; lacoangeli, M.; Scerrati,
M. Prevention of early postoperative seizures in patients with primary brain tumors: preliminary
experience with oxcarbazepine. J. Neurooncol. 2007, 81, 279-285.

Pledger, G. Monotherapy trials: presurgical studies. Epilepsy Res. 2001, 45, 67-71, discussion
73-74.

Towne, A.R.; Garnett, L.K.; Waterhouse, E.J.; Morton, L.D.; DelLorenzo, R.J. The use of
topiramate in refractory status epilepticus. Neurology 2003, 60, 332-334.

Biton, V.; Rosenfeld, W.E.; Whitesides, J.; Fountain, N.B.; Vaiciene, N.; Rudd, G.D. Intravenous
lacosamide as replacement for oral lacosamide in patients with partial-onset seizures. Epilepsia
2008, 49, 418-424.

Gilad, R.; Izkovitz, N.; Dabby, R.; Rapoport, A.; Sadeh, M.; Weller, B.; Lampl, Y. Treatment of
status epilepticus and acute repetitive seizures with i.v. valproic acid vs. phenytoin. Acta Neurol
Scand. 2008, 118, 296-300.

Szaflarski, J.P.; Sangha, K.S.; Lindsell, C.J.; Shutter, L.A. Prospective, randomized, single-
blinded comparative trial of intravenous levetiracetam versus phenytoin for seizure prophylaxis.
Neurocrit Care 2010, 12, 165-172.

Bohan, K.H.; Mansuri, T.F.; Wilson, N.M. Anticonvulsant hypersensitivity syndrome:
implications for pharmaceutical care. Pharmacotherapy 2007, 27, 1425-1439.

Kwan, P.; Arzimanoglou, A.; Berg, A.T.; Brodie, M.J.; Allen, H.-W.; Mathern, G.; Moshé, S.L.;
Perucca, E.; Wiebe, S.; French, J. Definition of drug resistant epilepsy: consensus proposal by the
ad hoc Task Force of the ILAE Commission on Therapeutic Strategies. Epilepsia 2010, 51,
1069-1077.



Pharmaceuticals 2010, 3 2969

64.

65.

66.
67.

68.

69.

70.

Patsalos, P.N.; Froscher, W.; Pisani, .F; van Rijn, C.M. The importance of drug interactions in
epilepsy therapy. Epilepsia 2002, 43, 365-385.

Anderson, G.D.; Gidal, B.E.; Messenheimer, J.A.; Gilliam, F.G. Time course of lamotrigine de-
induction: impact of step-wise withdrawal of carbamazepine or phenytoin. Epilepsy Res. 2002, 49,
211-217.

Meador, K.J. Cognitive outcomes and predictive factors in epilepsy. Neurology 2002, 58, S21-S26.
Rahmann, A.; Stodieck, S.; Husstedt, LW.; Evers, S. Pre-attentive cognitive processing in
epilepsy: a pilot study on the impact of epilepsy type and anti-epileptic treatment. European
Neurology 2002, 48, 146-152.

St. Louis, E.K.; McEvoy, S.; Shi, Q.C.; Rizzo, M. Useful Field of View Impairment in Partial
Epilepsy. Proceedings of the 3™ International Driving Symposium on Human Factors in Driver
Assessment, Training, and Vehicle Design, University of lowa Press: Iowa City, Iowa, 2005.

St. Louis, E.K.; Dennhardt, J.; Luck, S.J. Visual attention is impaired in epilepsy. Epilepsia 2006,
47, 104.

Smith, B.J.; St Louis, E.K.; Stern, J.M.; Green, C.; Bramley, T. Concerns with AED conversion:
comparison of patient and physician perspectives. Curr. Neuropharmacol. 2009, 7, 120-124.

© 2010 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



