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ABSTRACT – Interactions between antiepileptic drugs, or between
antiepileptic drugs and other drugs, can be pharmacokinetic or phar-
macodynamic in nature. Pharmacokinetic interactions involve changes in
absorption, distribution or elimination, whereas pharmacodynamic interac-
tions involve synergism and antagonism at the site of action. Most clinically
important interactions of antiepileptic drugs result from induction or inhi-
bition of drug metabolism. Carbamazepine, phenytoin, phenobarbital and
primidone are strong inducers of cytochrome P450 and glucuronizing
enzymes (as well as P-glycoprotein) and can reduce the efficacy of co-
administered medications such as oral anticoagulants, calcium antagonists,
steroids, antimicrobial and antineoplastic drugs through this mechanism.
Oxcarbazepine, eslicarbazepine acetate, felbamate, rufinamide, topiramate
(at doses ≥200 mg/day) and perampanel (at doses ≥8 mg/day) have weaker
inducing properties, and a lower propensity to cause interactions medi-
ated by enzyme induction. Unlike enzyme induction, enzyme inhibition
results in decreased metabolic clearance of the affected drug, the serum
concentration of which may increase leading to toxic effects. Examples of
important interactions mediated by enzyme inhibition include the increase
in the serum concentration of phenobarbital and lamotrigine caused by
valproic acid. There are also interactions whereby other drugs induce or
inhibit the metabolism of antiepileptic drugs, examples being the increase
in serum carbamazepine concentration by erythromycin, and the decrease
in serum lamotrigine concentration by oestrogen-containing contracepti-
ves. Pharmacodynamic interactions between antiepileptic drugs may also
be clinically important. These interactions can have potentially beneficial
effects, such as the therapeutic synergism of valproic acid combined with
lamotrigine, or adverse effects, such as the reciprocal potentiation of neuro-
toxicity observed in p
blocking antiepilepti
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p to one quarter of people with epilepsy take
wo or more antiepileptic drugs (AEDs) (Tsiropoulos
t al., 2006), and this proportion has been reported
o increase to over 75% among medically refractory
atients attending tertiary referral centres (Malerba
t al., 2010). Additionally, there is a high probability of
EDs being co-prescribed with other drugs at some
oint in life. Co-morbidities are particularly preva-

ent in elderly people with epilepsy, in whom AEDs
re often used together with antihypertensive drugs,
sychotropics, lipid lowering agents, and other drugs

Leppik, 2008).
ecause most AEDs have a narrow therapeutic index
nd many affect the activity of drug metabolizing
nzymes, in addition to being themselves substrates
f the same enzymes (Patsalos and Perucca, 2003a,
003b; Perucca, 2006), clinically relevant drug interac-
ions are common and often lead to adverse effects
Perucca and Kwan, 2005; Brodie et al., 2013; Patsalos,
013a, 2003b).
nteractions can be pharmacokinetic or pharmacody-
amic in nature. Pharmacokinetic interactions involve
hanges in drug metabolism or, less often, drug
bsorption, distribution and renal excretion, and are
ssociated with a change in the serum concentration of
he affected drug. In contrast, pharmacodynamic inter-
ctions occur at the site of action and do not involve
hanges in the serum concentration of the affected
rug. Pharmacokinetic interactions are easier to docu-
ent objectively, and therefore they are reported more

requently, but they are not necessarily more impor-
ant than pharmacodynamic interactions.
lthough some attempts have been made to classify
rug interactions according to their clinical relevance

Johannessen and Johannessen Landmark, 2010), in
ractice it is difficult to generalize about the magnitude
nd clinical importance of any interaction, because
onsequences vary across patients depending on fac-
ors such as dosage and serum concentration of both
he interacting and the affected drug, the clinical sta-
us of the patient (including his/her genetic profile,
hich may affect the expression of enzymes involved

n drug metabolism and pharmacodynamic sensiti-
ity to drug effects), and potential confounding factors
uch as associated diseases and other co-medications.

echanisms of interaction
10

harmacokinetic interactions

nzyme induction
arbamazepine, phenytoin, phenobarbital and primi-
one are broad-spectrum enzyme inducers because

hey stimulate the activity of many cytochrome P450
CYP) enzymes, as well as uridin-glucuronyl trans-

l
a
o
2
e
c
p

erases (UGT) and epoxide hydrolase (Patsalos et al.,
002; Perucca, 2006; Brodie et al., 2013). Oxcarbazepine,
slicarbazepine acetate, felbamate, rufinamide, topi-
amate (at doses ≥200 mg/day) and perampanel (at
oses ≥8 mg/day) have weaker enzyme-inducing pro-
erties, and may stimulate a more restricted range of
YP and/or UGT isoenzymes (Perucca, 2006; Patsalos,
013a, 2013b). Lamotrigine generally does not inter-
ere with drug metabolizing enzymes, although at a
osage of 300 mg/day it has been reported to cause
decrease of about 20% in the serum concentration
f levonorgestrel, a component of the contraceptive
ill (Sidhu et al., 2006a). A mean 40% increase of levo-
orgestrel clearance has also been observed with co-
dministration of perampanel 12 mg/day (but not with
and 8 mg/day) (Fycompa, 2013).
nzyme induction involves the synthesis of new
nzymes and may take many days before it is
ompletely established. The typical consequence of
nzyme induction is an increased metabolism of
he affected drug, leading to a decrease in its
erum concentrations and pharmacological effect.
onversely, if the inducer is withdrawn, the serum
oncentration of the affected drug will increase, pos-
ibly leading to adverse effects (Brodie et al., 2013).
or some drugs which are converted to active or
oxic metabolites, enzyme induction may lead to an
ncreased concentration of the active metabolite and,
onsequently, an enhancement of clinical effects. For
xample, evidence has been provided that the induc-
ion of cyclophosphamide and thiotepa metabolism
y phenytoin can increase, to a clinically signifi-
ant extent, the exposure to the active metabolites
-hydroxy-cyclophosphamide and tepa, respectively,
equiring a reduction in the dosage of both anticancer
rugs (De Jonge et al., 2005).
nzyme induction can have drastic effects, particularly
hen the affected drug undergoes extensive first-pass
etabolism, such as felodipine and nisoldipine. In the

atter cases, increase in first-pass metabolism leads to
arkedly reduced oral bioavailability of the affected

rug, the concentration of which can be decreased
y 90% or even more with consequent loss of clinical
fficacy (Perucca, 2006).
ED interactions caused by enzyme induction can be
redicted by knowing which isoenzymes metabolize a
iven drug, and the effects of AEDs on those enzymes.
or example, carbamazepine is a well known inducer
f CYP3A4 (and other enzymes) and predictably stimu-

ates the metabolism of other CYP3A4 substrates such
s many statins, many dihydropyridine calcium antag-
Epileptic Disord, Vol. 16, No. 4, December 2014

nists, and many steroids (Patsalos and Perucca, 2003a,
003b; Brodie et al., 2013). As discussed above, how-
ver, the magnitude of these interactions is subject to
onsiderable inter-patient variability, and is not easily
redictable for individual patients.
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nzyme inhibition
nzyme inhibition is the process by which a drug
nhibits the activity of enzymes metabolizing other
rugs. Among commonly used AEDs, valproic acid can
e considered a broad-spectrum enzyme inhibitor as

t inhibits the activity of UGT enzymes (UGT1A4 and
GT2B7) as well as CYP2C9, and, weakly, CYP2C19

nd CYP3A4 (Zhou et al., 2007). Conversely, valproic
cid does not inhibit CYP1A2, CYP2D6, and CYP2E1
Patsalos and Perucca, 2003a; Perucca, 2006).

eak enzyme inhibitors of CYP2C19 include oxcar-
azepine, eslicarbazepine, and topiramate, all of which
an cause a moderate increase (usually by <50%) in
he serum concentration of phenytoin, a compound
artly metabolised by CYP2C19 (Patsalos et al., 2002;
cCormack and Robinson, 2009).

mong less commonly used AEDs, felbamate inhibits
everal enzymes, particularly CYP2C19 (Patsalos et al.,
002), whereas stiripentol potently inhibits CYP3A4,
YP1A2, CYP2D6, and CYP2C19, leading to clinically

elevant increases in the serum concentrations of
any concomitantly administered AEDs (Johannessen

andmark and Patsalos, 2010). Rufinamide may also
ncrease slightly (usually by <20%) serum phenobarbi-
al and phenytoin concentrations, but the mechanism
f these interactions is unclear (Perucca et al.,
008). Finally, the newest AED, perampanel, has been
hown to determine, on average, a 35% increase
n oxcarbazepine concentrations, although the effect
f perampanel on the concentration of the active
etabolite licarbazepine (monohydroxycarbazepine)

oes not seem to have been investigated (Fycompa,
013; Zaccara et al., 2013).
nzyme inhibition typically results in decreased
etabolism of the affected drug, with an increase in

erum concentrations to a new steady state. Unlike
nzyme induction, enzyme inhibition generally occurs

mmediately, although its magnitude may increase
radually in parallel with the increase in serum concen-
ration of the inhibiting agent. The serum concentra-
ions of the affected drug reach a new steady-state after
our- to five times the new half-life of the affected drug.
or example, because the half-life of lamotrigine after
o-administration of valproic acid may be as long as 3 to
days, it may take up to 2 to 3 weeks for the increase

n serum lamotrigine to stabilize when valproic acid
s added (Perucca and Kwan, 2005). Likewise, the time
or enzyme inhibition to disappear after withdrawal of
he inhibitor will depend on the half-lives of both the
nhibiting drug and the affected drug.
pileptic Disord, Vol. 16, No. 4, December 2014

ike enzyme induction, enzyme inhibition can be
redicted by knowing which isoenzymes metabo-

ize a given drug, and the effects of other drugs
n those enzymes. For example, valproic acid is an

nhibitor of UGT1A4 and predictably increases the
erum concentrations of the UGT1A4 substrate lamo-
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Antiepileptic drugs and drug interactions

rigine by up to twice the initial concentration, or
ven more (Patsalos and Perucca, 2003a). Likewise, ery-
hromycin is an inhibitor of CYP3A4 and predictably
an double or even treble the serum concentrations
f carbamazepine, a CYP3A4 substrate (Patsalos and
erucca, 2003b). Interindividual variability in the mag-
itude of interaction, however, can be considerable.
able 1 summarizes major routes of elimination of
EDs and the enzymes involved in their metabolism.

ther pharmacokinetic mechanisms
bsorption. Drug interactions affecting gastrointesti-
al absorption do not seem to be common. A clinically

mportant example is the marked impairment in the
bsorption of phenytoin when this drug is given
ogether with certain enteral tube feedings (Worden
t al., 1984). The absorption of some AEDs may also be
ecreased by concomitant ingestion of some antacids.
or example, serum phenytoin concentrations have
een found to be reduced slightly (by less than 15%)
fter co-ingestion with an antacid mixture of magne-
ium trisilicate and aluminium hydroxide (Kulshrestha
t al., 1978), whereas gabapentin bioavailability was
educed by about 40% through co-administration with

agnesium oxide (Yagi et al., 2012).
rotein binding and distribution. Some AEDs, most
otably phenytoin and valproic acid, are highly bound

o serum proteins, and displacement from protein
inding sites may occur when other highly protein-
ound drugs are administered concurrently. The
ost common of these interactions is the displace-
ent of protein-bound phenytoin by valproic acid

Perucca, 2006).
he implications of these interactions are often mis-
nderstood. Although it is true that only the free

unbound) drug is available to cross the endothe-
ium and reach target sites in the tissues, typically
he amount of drug which is displaced from the
loodstream represents a very small proportion of

he total amount of drug present in the body. More-
ver, the displaced drug is eliminated more quickly.
he overall consequence of plasma protein binding

nteractions is therefore a fall in total serum concen-
ration of the displaced drug without any significant
hange in the concentration of unbound, pharma-
ologically active drug. Clinicians, however, must be
ware of these interactions when interpreting serum
rug concentration data. In fact, laboratories routinely
easure total (not unbound) drug concentrations,

nd if a displacement interaction occurs, the total
411

rug concentrations underestimate the amount of
nbound, pharmacologically active drug. In particular,

n patients co-medicated with phenytoin and valproic
cid, therapeutic and toxic effects typically occur at
otal serum phenytoin concentrations which are lower
han usual. Likewise, if a fall in total serum phenytoin
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Table 1. Main routes of elimination of antiepileptic drugs (AEDs).

Main routes of elimination and
main enzymes involved

Other routes of
elimination

Active metabolites

Carbamazepine Oxidation (CYP3A4) Oxidation and
conjugation (CYP2C8,
CYP1A2, UGT2B7)

Carbamazepine-10,11-
epoxide

Clobazam Oxidation (CYP3A4 and CYP2C19) Oxidation (CYP2C18,
CYP2B6)

Desmethyl-clobazam
(norclobazam)

Clonazepam Oxidation (CYP3A4) ---- ----

Eslicarbazepine acetate2 Glucuronide conjugation (UGT1A4,
UGT1A9, UGT2B4, UGT2B7,
UGT2B17)

Renal excretion ----

Ethosuximide Oxidation (CYP3A4) Oxidation (CYP2E1),
renal

Felbamate Oxidation (CYP 3A4) (> 50%) Renal excretion (>30%),
Oxidation (CYP2E1),
Glucuronide
conjugation

----

Gabapentin Renal excretion ---- ----

Lacosamide Demethylation (CY3A4, CYP2C9,
CYP2C19)

Renal excretion
(about 40%)

----

Lamotrigine Glucuronide conjugation (UGT1A4) ---- ----

Levetiracetam Renal excretion (75%) Hydrolysis (25%) ----

Oxcarbazepine1 Glucuronide conjugation (>50%) Renal excretion (< 30%) Mono-hydroxy
derivative
(licarbazepine)

Perampanel Oxidation (CYP3A4) Glucuronide
conjugation

----

Phenobarbital Oxidation (CYP2C9) and
N-glucosidation

Oxidation (CYP2C19,
CYP2E1) and renal
excretion (25%)

----

Primidone Oxidation (CYP2C9) Renal excretion,
Oxidation (CYP2C19,
CYP2E1),
N-glucosidation

Phenobarbital

Phenytoin Oxidation (CYP2C9 and CYP2C19) Oxidation (CYP2C18,
CYP3A4)

----

Pregabalin Renal excretion ---- ----

Retigabine N-acetylation N-glucuronide
conjugation (UGT1A1,
UGT1A3, UGT1A4,
UGT1A9)

----

Rufinamide Hydrolysis (carboxylesterases) Glucuronide
conjugation

----
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Table 1 (Continued).

Main routes of elimination and
main enzymes involved

Other routes of
elimination

Active metabolites

Stiripentol Oxidation (CYP1A2, CYP2C19,
CYP3A4)

Glucuronide
conjugation

----

Tiagabine Oxidation (CYP3A4) ---- ----

Topiramate Renal excretion (40–80%) Oxidation (inducible
CYP isoforms: 20–60%)

----

Valproic acid Oxidation (CYP2C9 and other CYPs:
>50%) and glucuronide conjugation
(several UGTs: 30–40%)

---- ----

Vigabatrin Renal excretion ---- ----

Zonisamide Oxidation (CYPA4), reduction and
N-acetylation (> 50%)

Renal excretion (30%) ----
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YP: Cytochrome P450; UGT: Uridine Diphosphate Glucuronosy
Oxcarbazepine is a prodrug, virtually entirely converted by cy
a racemic mixture of eslicarbazepine and (R)-licarbazepine). T
icarbazepine.
Eslicarbazepine acetate is a prodrug, extensively converted to e
nzymes involved refer to eslicarbazepine.

oncentration is observed after adding valproic acid,
he phenytoin dosage does not need to be increased.
n fact, occasionally phenytoin dosage may need to
e decreased to compensate for a concomitant inhibi-

ion of phenytoin metabolism by valproic acid which
an cause a slight increase in unbound phenytoin
oncentrations.
he role of P-glycoprotein (P-gp) and other transporter
roteins. Access of some drugs to the brain is regu-

ated by transporter proteins such as P-gp and other
ransporters (Kim, 2002). Over-expression of these
ransporters has been reported in epileptogenic brain
issue of patients with refractory focal epilepsy, and

ay contribute to AED resistance (Rivers et al., 2008;
öscher et al., 2011). The presence of P-gp in other
rgans may have a role in the absorption, distribution
nd excretion of a wide variety of drugs and the sug-
estion has been made that over-expression of this
rotein could lead to subtherapeutic serum concen-

rations of some AEDs (Lazarowski et al., 2007). Similar
o drug metabolizing enzymes, P-gp can be inhibited or
nduced by other agents, resulting in altered concen-
rations of substrate drugs in the blood and brain
pileptic Disord, Vol. 16, No. 4, December 2014

Löscher and Schmidt, 2006). For example, the ability
f carbamazepine to decrease the serum concen-

rations of the antihistamine fexofenadine (Akamine
t al., 2012) and of the selective beta-blocker talinolol
Giessmann et al., 2004) can be explained, at least in
art, by increased expression of P-gp and/or other

ransporters. In fact, some pharmacokinetic interac-

a
l
i
a
2
P
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sferases
ic aryl-ketone-reductase to the active metabolite licarbazepine
dicated routes of elimination and enzymes involved refer to

bazepine by esterases. The indicated routes of elimination and

ions currently attributed to enzyme induction may
ell be due to over-expression of transporter pro-

eins, causing reduced gastrointestinal absorption of
he affected drug, or enhancing its elimination in bile
nd urine (Perucca, 2006).

harmacodynamic interactions

wo drugs can interact at the site of action by poten-
iating each other’s effects (synergistic interactions)
r by antagonizing each other’s effects (antagonistic

nteractions). Importantly, such interactions may influ-
nce therapeutic and toxic effects in different ways: for
xample, two drugs could have synergistic (or additive)
fficacy, but antagonistic or less than additive (infra-
dditive) toxicity, resulting in an improved therapeutic
ndex of the combination. Conversely, combining two
rugs can also lead to increased toxicity and little or
o gain in efficacy. Usually, pharmacodynamic inter-
ctions are inferred from empirical observations and
re difficult to document objectively because efficacy
nd tolerability can be assessed conclusively only in
he setting of randomized controlled trials. However,
413

s discussed later in this article, evidence is accumu-
ating that knowledge of the mechanism of action of
ndividual AEDs can help in predicting both favourable
nd adverse pharmacodynamic interactions (Perucca,
011).
harmacodynamic interactions can also occur
etween AEDs and other drugs. Examples are the
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dditive (or synergistic) therapeutic effects between
alproic acid and some new-generation antipsy-
hotics used for the treatment of mania such as
uetiapine (Ketter, 2008), or worsening of adverse
etabolic effects when valproic acid is combined with

lanzapine (Meltzer et al., 2011).

nteractions between AEDs

nteractions resulting in decreased serum
oncentration of the affected drug

he four major enzyme-inducing AEDs (carba-
azepine, phenytoin, phenobarbital and primidone)

timulate the metabolism and reduce the serum
oncentration of most other concurrently adminis-
ered AEDs (table 2). This can result in decreased
fficacy of the affected drug. Sometimes, this is com-
ensated for by the added therapeutic effect of the

nteracting AED, but in other cases, an adjustment in
he dosage of the affected drug will be required. For
xample, the dosage requirement of valproic acid, lam-
trigine, and tiagabine are significantly increased in
atients taking carbamazepine, barbiturates (a term
sed henceforth to indicate collectively phenobarbital
nd primidone) and phenytoin (Patsalos and Perucca,
003a). The clearance of perampanel has also been
eported to be increased threefold and twofold by
arbamazepine and phenytoin, respectively (Fycompa,
013), suggesting that its dose requirements may also
e impacted by type of co-medication. For some
EDs such as carbamazepine and tiagabine, which
xhibit considerably shorter half-lives in the presence
f enzyme inducers, enzyme induction also increases
uctuations in serum drug concentrations during a
osing interval, potentially leading to intermittent
dverse effects at the time of peak concentration and
reakthrough seizures at the time of trough (Riva et al.,
985; Zaccara et al., 2004; Tothfalusi et al., 2008). In
hese cases, more frequent daily dosing, or the use
f extended release formulations, can improve clinical
esponse (Canger et al., 1990).

xcarbazepine, eslicarbazepine acetate, rufinamide
nd felbamate also decrease the serum concentrations
f some concomitantly administered AEDs (table 2),
ut these interactions are typically small in magnitude
nd of limited clinical significance (Patsalos, 2013a).
14

aution is needed when an enzyme-inducing AED is
iscontinued, or substituted with a drug which does
ot have enzyme-inducing effects, because the serum
oncentration of the affected AEDs may increase, lead-
ng to potentially toxic concentrations if dose is not
djusted appropriately.

c
t
i
e
1
i

nteractions resulting in increased serum
oncentration of the affected drug

he best example of clinically relevant AED interac-
ions associated with increased serum concentrations
f the affected drug (table 2) is provided by the

nhibition of the metabolism of lamotrigine and phe-
obarbital by valproic acid (Patsalos and Perucca,
003a; Perucca, 2006).
he half-life of lamotrigine is increased two- to three-
old by valproic acid, resulting in a corresponding
ncrease in serum lamotrigine concentrations (Yuen
t al., 1992). At least in adults, lamotrigine metabolism

s inhibited maximally at a valproic acid dose of
bout 500 mg/day, and no further inhibition occurs
t higher doses (Gidal et al., 2003). This interaction
as major clinical relevance. To minimize the risk of
otentially life-threatening skin rashes, lamotrigine
hould be started at much lower doses and up-titrated
ore slowly in patients co-medicated with valproic

cid (Messenheimer, 1998). The recommended main-
enance doses of lamotrigine are also lower when
sed in combination with valproic acid. Although there

s no risk of rash when valproic acid is added in
atients already stabilized on lamotrigine, neurotoxic
ffects may occur if the dosage of the latter is not
educed by about 50% as soon as the dosage of val-
roic acid reaches, in an adult, about 250-500 mg/day

Messenheimer, 1998). Appropriate schemes have also
een developed to adjust lamotrigine dose when
alproic acid is discontinued. There are other impor-
ant aspects in this interaction. In particular, valproic
cid has been found to attenuate the prominent
all in lamotrigine concentration which occurs dur-
ng pregnancy, or in association with use of oral
ontraceptives (Tomson and Hiilesmaa, 2007). Another
mportant finding is that in patients receiving val-
roic acid in combination with enzyme inducing AEDs,

he resulting enzyme induction and inhibition cancel
ut reciprocally, and lamotrigine pharmacokinetics are
imilar to those observed with lamotrigine monothe-
apy (Rambeck and Wolf, 1993). Finally, the interaction
etween valproic acid and lamotrigine can be bidirec-

ional. A 25% decrease in valproic acid concentrations
as been reported in patients in whom lamotrigine is
dded to valproic acid (Anderson et al., 1996), although
his interaction appears to be inconsistent (Patsalos
nd Perucca, 2003a).
alproic acid also increases serum phenobarbital
Epileptic Disord, Vol. 16, No. 4, December 2014

oncentrations (May and Rambeck, 1985) and a reduc-
ion of the phenobarbital dose by 30-50% is necessary
n most patients, with individual subjects requiring
ven larger adjustments (Henriksen and Johannessen,
982). When valproic acid is added to carbamazepine,
nhibition of the enzyme epoxide hydrolase may cause
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n increase by up to 100% or even more in the serum
oncentration of the active epoxide metabolite of car-
amazepine, potentially leading to CNS side effects

Perucca, 2006). Finally, valproic acid increases the
erum concentration of rufinamide, and rufinamide
osage requirements are expected to be 50-60% lower

n children co-medicated with valproic acid com-
ared with children co-medicated with other AEDs

Perucca et al., 2008). Interestingly, the increase in rufi-
amide concentrations caused by valproic acid seems

o be greater in children than in adolescents and
dults, probably because the degree of interaction is
ependent on the concentration of valproic acid and
hildren are typically exposed to higher valproic acid
oncentrations (Cloyd et al., 2007; Brodie et al., 2009;
uszczki, 2009).
ther clinically important interactions mediated by
etabolic inhibition include the increase in plasma

oncentrations of phenobarbital, phenytoin and val-
roic acid caused by felbamate (Wagner et al., 1991;
agner et al., 1994; Reidenberg et al., 1995; Sachdeo

t al., 1999) and the increase in plasma concentration
f clobazam, N-desmethyl-clobazam, valproic acid,
henytoin, carbamazepine, and phenobarbital caused
y stiripentol (Tran et al., 1996; Trojnar et al., 2005).
ulthiame also increases the serum concentration of
henytoin, N-desmethyl-clobazam and, possibly, phe-
obarbital to a potentially clinically important extent

Perucca, 1982; Yamamoto et al., 2014), although these
nteractions are uncommon nowadays since sulthiame
s rarely used in the management of epilepsy.
ess important interactions mediated by metabolic
nhibition include an increase in serum phenytoin
oncentration (by up to 40%) after administration of
xcarbazepine (Barcs et al., 2000) or eslicarbazepine
cetate (Fattore and Perucca, 2011), and an inconsistent
ncrease in serum phenytoin after addition of topira-

ate (Bialer et al., 2004).

harmacodynamic interactions

hen AEDs are combined, reciprocal interactions at
he site of action may occur, which can influence
oth their efficacy and tolerability. The best docu-
ented of these interactions is that occurring between

alproic acid and lamotrigine. Several studies have
ow indicated that the combination of these two
EDs can produce seizure control in a variety of
eizure types which are not fully responsive to maxi-
pileptic Disord, Vol. 16, No. 4, December 2014

ally tolerated doses of either agent given alone
Patsalos and Perucca, 2003a; Perucca, 2006). As a result
f concurrent pharmacokinetic interactions (see sec-

ion above), however, use of valproic acid and lamo-
rigine in combination requires special caution, and
areful dosage adjustments (often with a reduction
n dose of both drugs) need to be made to minimize
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otential adverse effects. Other potentially favourable
harmacodynamic interactions have been suggested

o occur between valproic acid and ethosuximide in
atients with absence seizures and between valproic
cid and carbamazepine in patients with focal seizures
Patsalos and Perucca, 2003a). It is interesting to note
hat these reports which are suggestive of additive or
ynergistic efficacy involve combinations of AEDs with
ifferent mechanisms of action.
onversely, experimental and clinical studies suggest

hat combinations of sodium channel blockers are
ften associated with an increased incidence of CNS
dverse effects, rather than additive efficacy. Indeed,
ata suggesting adverse pharmacodynamic interac-

ions have been reported for the combination of
xcarbazepine with carbamazepine, eslicarbazepine
cetate with carbamazepine, lamotrigine with carba-
azepine, and lacosamide with a variety of other

odium channel blocking AEDs (Besag et al., 1998; Sake
t al., 2010; Fattore and Perucca, 2011; Perucca, 2011;
accara et al., 2012). Although, mechanistically, these
ndings make sense, clinical evidence is based on
ncontrolled observations or post-hoc analyses, and
hould be interpreted with caution.

nteractions between AEDs
nd other drugs

large number of such interactions have been
eported (Patsalos and Perucca, 2003b; Patsalos, 2013b).
hose involving antidepressants and antipsychotic
rugs are summarized in box 1, those involving oral
nticoagulants are listed in box 2, and those involv-
ng antimicrobials are listed in box 3. Other important
nteractions are discussed in the sections below.

nteractions resulting in decreased serum
oncentration of AEDs

dministration of the combined contraceptive pill may
ecrease serum lamotrigine concentrations by about
0% or even more (Sabers et al., 2003), leading to
oss of seizure control in some women (Sabers et
l., 2001; Reddy, 2010). The interaction is mediated
y the induction of lamotrigine glucuronidation by
thinylestradiol, whereas the progestagen component
f the pill plays no contributory role (Reimers et al.,
005). This interaction also follows a cyclic pattern, with
415

marked decrease in serum lamotrigine concentra-
ions during the 21 days when the pill is taken, and

twofold rebound increase in lamotrigine concen-
ration during the pill-free week (Sidhu et al., 2006a).

ral contraceptives can also cause a similar, but less
ronounced, cyclic interaction leading to a decrease

n serum valproic acid concentrations (Herzog et al.,
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Table 2. Pharmacokinetic interactions between AEDs1. The vertical column refers to the AED which is added.
The boxes on each line illustrate the expected changes in serum concentrations of the pre-existing drug. The

magnitude of each interactions and its clinical relevance reflects the authors’ judgment and need to be
interpreted flexibly because intersubject variability in magnitude and consequences can be considerable.

PERxlii

LCM

LTG

PGB 

OXC 44

RTG
xlvi 47

RFN
STP
xlviii

45

43

TGB

TPM

VGB

ZNS

Pre-
existing
AED 

CBZ CLB CNP ETS PB PHT   PRM VPA ESL FBM GBP LEV LTG LCM PER PGB OXC RTG RFN STP TGB TPM VGB ZNS 

AED
added 

First generation AEDs Second-generation AEDs

CBZ
ii iii iv 5 6 7

CLBviii

CNPx

ETSxii

xi

13
xiv

PB
xv 16

2 3 4

17 18 19 20

38

39 40

LEV

GBP

FBM 37
ESL 36

VPA 34 35
PRM 26 28 2927

PHT 21

31

15

23 24 2522

14

9

11

30

Marked increase in serum concentration 
Slight to moderate increase in serum concentraion
No change 
No change anticipated 

Mild to moderate decrease in serum concentration
Marked decrease in serum concentration
Not known 
Complex or variable interaction (see note)

bbreviations: CBZ: carbamazepine; CLB: clobazam, CNP: clonazepam; ETS: ethosuximide; PB: phenobarbital; PHT: phenytoin;
RM: primidone; VPA: valproic acid (valproate); ESL: eslicarbazepine acetate (serum concentrations refer to active metabolite esli-
arbazepine); FBM: felbamate; GBP: gabapentin; LEV: levetiracetam; LTG: lamotrigine; LCM: lacosamide; PGB: pregabalin; OXC:
xcarbazepine (serum concentrations refer to active metabolite licarbazepine); RTG: retigabine (ezogabine); STP: stiripentol; TGB:

iagabine; TPM: topiramate; VGB: vigabatrin; ZNS: zonisamide.
Unless otherwise specified, reported information is based on Johannessen Landmark and Patsalos (2010); Perucca (2006); Patsalos and
erucca (2003a); Fattore and Perucca (2011), Patsalos (2013a) and Tompson and Crean (2014).
Carbamazepine decreases the serum concentrations of clobazam and increases the concentrations of its active metabolite
-desmethylclobazam.
16 Epileptic Disord, Vol. 16, No. 4, December 2014

Lai et al. (1978).
Carbamazepine may decrease or increase serum phenytoin concentrations. et al. (2011).
Freitas-Lima et al. (2011).
Contin et al. (2013).
Observations from Phase II studies suggest that phenytoin and carbamazepine may cause a moderate reduction in serum retigabine
ezogabine) concentrations (Fattore and Perucca, 2011).
Information on the effect of clobazam on other AEDs is based mainly on Walzer et al. (2012).
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Table 2 (Continued).

Not commonly coprescribed.
0Information on the effect of clonazepam on other AEDs is based mainly on Greenblatt et al. (1987).
1Not commonly co-prescribed.
2Information on the effect of ethosuximide on other AEDs is based mainly on Glauser et al. (2004).
3Dawson et al. (1978).
4Sälke-Kellermann et al. (1997).
5Phenobarbital decreases the serum concentrations of clobazam and increases the concentrations of its active metabolite
-desmethylclobazam.

6Lai et al. (1978).
7Phenobarbital may decrease or increase serum phenytoin concentrations.
8Not commonly co-prescribed.
9Freitas-Lima et al. (2011).
0Contin et al. (2013).
1Phenytoin decreases the serum concentrations of clobazam and increases the concentrations of its active metabolite
-desmethylclobazam.

2Phenytoin decreases serum primidone concentrations and increases the concentrations of its active metabolite phenobarbital.
3Freitas-Lima et al. (2011).
4Contin et al. (2013).
5Observations from Phase II studies suggest that phenytoin abd carbamazepine may cause a moderate reduction in serum retigabine
ezogabine) concentrations (Fattore and Perucca, 2011).
6Primidone decreases the serum concentrations of clobazam and increases the concentrations of the active metabolite
-desmethylclobazam.

7Not commonly co-prescribed
8Primidone may decrease or increase serum phenytoin concentrations
9Freitas-Lima et al. (2011).
0Valproic acid increases the serum concentration of the active metabolite carbamazepine-10,11-epoxide
1Valproic acid has variable effects on ethosuximide concentrations, which can be slightly increased, decreased or unchanged (Battino
t al., 1995)
2Valproic acid displaces phenytoin from plasma protein binding sites. As a consequence of this interaction, the total serum concen-
ration of phenytoin is usually decreased, whereas the free phenytoin concentration is unchanged or slightly increased.
3Marked increase in the serum concentrations of metabolically derived phenobarbital.
4Fattore and Perucca (2011).
5Ragueneau-Majlessi et al. (2001).
6Not commonly co-prescribed
7Felbamate increases the serum concentration of the active metabolite carbamazepine-10,11-epoxide.
8Felbamate decreases the serum concentrations of clobazam and increases the concentrations of its active metabolite
-desmethylclobazam

9Eriksson et al. (1996).
0Interaction seems to be inconsistent (see text).
1Interaction seems to be inconsistent (see text).
2iFycompa. Summary of product characteristics [online]. www.ema.europa.eu/ema/docs/en_GB/document_library/EPASR_-
Product_Infromation/human/002434/WC500130815.pdf (Accessed 23 January 2014).
3Interaction seems to be inconsistent (see text).
4Oxcarbazepine decreases by 0-20% the serum concentrations of carbamazepine and increases by about 30% the concentrations of
arbamazepine-10,11-epoxide.
pileptic Disord, Vol. 16, No. 4, December 2014 417

5Not commonly co-prescribed.
6Information on the effect of retigabine (ezogabine) on other AEDs is based mainly on Fattore and Perucca (2011).
7Hermann et al. (2003).
8Information on the effect of stiripentol on other AEDs is based mainly on Trojnar et al. (2005).
9Serum concentrations of clobazam and active metabolite N-desmethylclobazam) are both increased. However, the increase in
-desmethylclobazam concentrations is far more prominent.

http://www.ema.europa.eu/ema/docs/en_GB/document_library/EPASR_-_Product_Infromation/human/002434/WC500130815.pdf
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005; Galimberti et al., 2006) and possibly oxcar-
azepine might be affected in a similar way because

ts active metabolite licarbazepine (monohydroxycar-
azepine) is also cleared by glucuronidation, the
etabolic pathway stimulated by oestrogens (Aguglia

t al., 2009).
ther drugs can stimulate the metabolism of AEDs.

n particular, serum lamotrigine concentrations can be
educed by about 50% by rifampicin (Ebert et al., 2000).
he antiretroviral combination of lopinavir/ritonavir
as been found to reduce serum lamotrigine concen-

rations by about 50% (van der Lee et al., 2006) and
henytoin concentrations by about 30% (Lim et al.,
004), whereas atazanavir/ritonavir reduces serum lam-
trigine levels by about 30% (Burger et al., 2008) and
favirenz reduces serum carbamazepine concentra-
ions by 27% on average (Okulicz et al., 2011; Birbeck
t al., 2012).
isplatin and some other antineoplastic drugs may
ecrease serum phenytoin concentrations (Vecht
t al., 2003) and carbapenem antibiotics such as

mipenem, meropenem, ertapenem and panipenem
an cause a prominent, clinically important decrease
n the serum concentrations of valproic acid (De Turck
t al., 1998; Mori et al., 2007; Park et al., 2012). The
echanisms responsible for the latter interactions

re unclear, but are probably unrelated to enzyme
nduction.

nteractions resulting in increased serum
oncentration of AEDs

any therapeutic drugs are inhibitors of CYP3A4,
he primary enzyme responsible for carbamazepine

etabolism. In view of the wide utilization of car-
amazepine, it is not therefore surprising that many

nteractions leading to clinically important elevations
n carbamazepine concentrations and consequent

anifestations of carbamazepine toxicity have been
escribed (Patsalos and Perucca, 2003a, 2003b; Perucca,
006). Clinicians should be aware of the most com-
on of these interactions and choose, within specific

rug classes, those agents that are least likely to cause
roublesome effects. For example, among macrolide
ntibiotics, erythromycin, clarythromycin and tri-
cetyloleandomycin are the most potent CYP3A4
nhibitors and are best avoided in carbamazepine-
reated patients, whereas azithromycin, rokitamycin,
irithromycin and spiramycin do not interact with
18

YP3A4 and therefore do not affect carbamazepine
oncentrations (see box 3).
henytoin is a substrate of CYP2C9 and CYP2C19 and

ts serum concentrations can be increased by drugs
hich inhibit these enzymes (Nelson et al., 2001). A list
f drugs which can inhibit the metabolism of specific
EDs is reported in table 3. The list is not exhaus-

t
O
m
o
i
i
c

ive and clinicians are advised to review the relevant
rescribing information of any agent which they may
onsider adding to (or removing from) the treatment
egimen of AED-treated patients.

nteractions resulting in decreased serum
oncentration of other drugs

list of drugs whose metabolism can be stimulated
y strong enzyme-inducing AEDs (carbamazepine,
henytoin, phenobarbital and primidone) is reported

n table 4. This list is not exhaustive, and additional
nformation can be found in more comprehen-
ive reviews (Patsalos and Perucca, 2003b; Perucca,
006; Johannessen and Johannessen Landmark, 2010;
atsalos, 2013b) and in the prescribing information
f specific drugs. In general, these interactions lead

o decreased efficacy of the affected drug, which in
any cases can be compensated for by an appropriate

ncrease in the dosage of the latter. Likewise, a reduc-
ion in dosage of the affected drug may be required
hen the enzyme-inducing agent is discontinued.
any of these interactions are clinically significant and

ome can lead to virtually complete loss of efficacy
f the affected drug, which cannot be easily com-
ensated for by dose adjustment. For example, the
erum concentration of many dihydropyridine calcium
ntagonists (Capewell et al., 1988; Tartara et al., 1991;
ichelucci et al., 1996; Flockart and Tanus-Santos, 2002)

an be decreased by more than 80-90% in patients
aking enzyme-inducing AEDs, and the combination
f these drugs should best be avoided. For some
rug classes such as antineoplastic drugs, antiretrovi-
al agents (see box 3), oral anticoagulants (see box 2),
nd immunosuppressants, the consequences of loss of
fficacy due to enzyme induction can be serious and
ven fatal. Caution, however, should be exercised in
eneralizing these findings. For example, while some
tudies reported decreased efficacy of some anti-
eoplastic drugs in patients taking enzyme-inducing
EDs (Vecht and Wagner, 2003; Oberndorfer et al.,
005), other investigations do not confirm these results
Jaeckle et al., 2009). These discrepancies might be
elated, at least in part, to differences in the specific
ype of antineoplastic therapy being applied (Perucca,
013). For antineoplastic drugs which exert their effects
hrough conversion to active metabolites, such as
yclophosphamide, enzyme induction can actually
otentiate rather than attenuate pharmacological and
Epileptic Disord, Vol. 16, No. 4, December 2014

oxic effects (De Jonge et al., 2005).
ral contraceptive steroids are among the compounds
ost sensitive to enzyme induction. As a result, loss

f contraceptive activity is expected when the pill
s used in women taking old-generation enzyme-
nducing AEDs. A prominent reduction in serum
oncentrations of oestrogens and progestagens is



Journal Identification = EPD Article Identification = 0714 Date: December 23, 2014 Time: 5:50 pm

E

Antiepileptic drugs and drug interactions

Table 3. Examples of interactions whereby other drugs increase the serum concentration of antiepileptic drugs.

Affected drug Class of inhibiting
drug

Interfering drug

Carbamazepine

Antidepressants: Fluoxetine, Fluvoxamine, Trazodone, Viloxazine
Antimicrobials Clarithromycin, Erythromycin, Fluconazole,

Isoniazid, Itraconazole, Ketoconazole,
Metronidazole, Ritonavir, Troleandomycin,
Voriconazole

Other drugs: Cimetidine, Danazol, Dextropropoxyphene,
Diltiazem, Omeprazole, Risperidone,
Quetiapine, Ticlopidine, Verapamil

Clobazam
Antimicrobials: Ketoconazole
Other drugs: Omeprazole (increases levels of

N-desmethly-clobazam only)

Phenytoin

Antidepressants: Fluoxetine, Fluvoxamine, Imipramine,
Sertraline, Trazodone, Viloxazine

Antimicrobials: Chloramphenicol, Fluconazole, Isoniazid,
Miconazole, Sulfaphenazole

Other drugs: Allopurinol, Amiodarone, Azapropazone,
Cimetidine, Chlorpheniramine,
Dextropropoxyphene, Diltiazem, Disulfiram,
Doxifluridine, 5-Fluorouracil, Omeprazole,
Phenylbutazone, Sulfinpyrazone, Tacrolimus,
Tamoxifen, Ticlopidine, Tolbutamide

Phenobarbital
Antimicrobials: Chloramphenicol
Analgesics: Dextropropoxyphene

Ethosuximide Antimicrobials: Isoniazid

Valproic acid
Antidepressants: Sertraline
Antimicrobials: Erythromycin, Isoniazid
Other drugs: Cimetidine

Lamotrigine Antidepressants: Sertraline

S (2013
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Perampanel Antimicrobials

Topiramate Diuretics

ources: Patsalos and Perucca (2003b); Perucca (2006); Fycompa
nformation.

lso caused by oxcarbazepine and eslicarbazepine
cetate, whereas a smaller magnitude of interac-
ion (not necessarily involving both components
f the combined contraceptive) has been reported

or lamotrigine (300 mg/day), topiramate (at doses
200 mg/day), felbamate and rufinamide (Johnston
pileptic Disord, Vol. 16, No. 4, December 2014

nd Crawford, 2014). A high dose of perampanel also
ncreases the clearance of levonorgestrel by approxi-

ately 40%, but this interaction is not found at lower
oses (4-8 mg/day) (Fycompa, 2013). Contraceptive

ormulations which can be affected by enzyme-
nducing AEDs include not only the combined oral
ontraceptive pill, but also the combined contracep-

a
l
O
u
d
t
i

Ketoconazole

Hydrochlorothiazide

), Walzer et al. (2012) and other currently available Prescribing

ive patch, the combined contraceptive vaginal ring,
he progestogen-only pill (minipill), the progestagen
mplant, and postcoital contraceptives (O’Brien and
uillebaud, 2010). Conversely, medroxyprogesterone

cetate-depot, levonorgestrel-releasing intrauterine
evices, and copper-containing intrauterine devices
419

re not affected by enzyme inducers. If one of the
atter methods of contraception is not acceptable,

’Brien and Guillebaud (2010) suggest to consider
sing a combined oral contraceptive with a high
ose of ethinylestradiol (50-60 �g), given in a con-

inuous manner or in a tricycling regimen. Tricycling
nvolves taking three or four cycles of the combined
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Table 4. A list of drugs whose metabolism can be stimulated by concurrent treatment with enzyme inducing
AEDs, most notably carbamazepine phenytoin, phenobarbital and primidone. The list should not be regarded as

exhaustive.

Analgesics Buprenorphine, Fentanyl, Methadone, Paracetamol (Acetaminophen), Pethidine
(Meperidine), Tramadol

Antimicrobials Albendazole, Chloramphenicol, Doxycycline, Efavirenz, Indinavir, Itraconazole,
Lopinavir, Metronidazole, Nevirapine, Posiconazole, Praziquantel, Rifampicin,
Ritonavir, Saquinavir, Voriconazole

Antineoplastic drugs1 9-Aminocampthotecin, Busulfan, Cyclophosphamide, Etoposide, Ifosfamide, Imatinib,
Irinotecan, Methotrexate, Misonidazole, Nitrosureas, Paclitaxel, Procarbazine,
Tamoxifen, Teniposide, Thiotepa, Topotecan, Vinca Alkaloids

Cardiovascular drugs Acenocoumarol, Alprenolol, Amiodarone, Apixaban, Atorvastatin, Dicoumarol,
Digoxin, Diltiazem, Disopyramide, Felodipine, Isradipine, Lovastatin, Metoprolol,
Mexiletine, Nifedipine, Nimodipine, Nisoldipine, Propranolol, Quinidine, Simvastatin,
Talinolol, Timolol, Verapamil , Warfarin

Immunosuppressants Cyclosporin A , sirolimus, tacrolimus

Psychoactive drugs Amitriptyline, Aripiprazole, Benzodiazepines, Bupropion, Citalopram,
Chlorpromazine, Clomipramine, Clozapine, Desipramine, Desmethylclomipramine,
Doxepin, Flupenthixol, Haloperidol, Imipramine, Mesoridazine (active metabolite of
thioridazine), Mianserin, Mirtazepine, Nefazodone, Nortriptyline, Olanzapine,
Paroxetine, Protriptyline, Quetiapine, Sertraline, Risperidone, Trazodone, Ziprasidone,
Zuclopenthixol

Steroids Cortisol, Dexamethasone, Hydrocortisone, Methylprednisolone, Prednisone,
Prednisolone, Contraceptive Steroids

Other drugs Metyrapone, Theophylline, Thyroxine, Vecuronium (and some other non-depolarizing
neuromuscular blocking agents)
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ot all interactions listed are clinically significant, and they do
arbamazepine consistently stimulates warfarin metabolism, phe
ituations, stimulation of metabolism results in decreased serum
iation of effect may be seen when metabolic stimulation leads t
efer to specific prescribing information.
ources: Patsalos and Perucca (2003b); Perucca (2006); Patsalos (2

ill consecutively, without a break, followed by a
our-day pill-free interval. If a combined pill con-
aining high-dose ethinylestradiol is not available, an
lternative consists in using two tablets of a contra-
eptive containing 30 �g ethinylestradiol and 150 �g
evonorgestrel in a tricycling regimen. Because lam-
trigine has a lower impact on contraceptive steroids

han most enzyme-inducing AEDs, a possibility for
omen taking lamotrigine without enzyme induc-
rs is to use a combined pill at normal doses,
ut with tricycling or continuous use (O’Brien and
20

uillebaud, 2010). In patients in whom interacting
EDs are withdrawn while taking oral contracepti-
es, the physician should wait two months before
educing the dose of the combined hormonal contra-
eptive (Johnston and Crawford, 2014). Valproic acid,
enzodiazepine drugs and some newer-generation
EDs, most notably levetiracetam, gabapentin, pre-

e
t
d
2
t
t
P

ecessarily occur with all enzyme inducers. For example, while
in may either stimulate or inhibit warfarin metabolism, In most
entration and decreased effect of the affected drug, but poten-

umulation of active metabolites. For further information, please

b) and currently available Prescribing Information.

abalin, tiagabine, lacosamide, retigabine (ezogabine)
nd vigabatrin, do not appear to affect the serum
oncentrations of contraceptive steroids (Johnston
nd Crawford, 2014). There is evidence, however, of
lobazam having a weak inducing effect on CYP3A4
ctivity (Walzer et al., 2012), and its potential interac-
ion with steroid oral contraceptives does not appear
o have been investigated.
s discussed in section above, oxcarbazepine, esli-
arbazepine acetate, felbamate, rufinamide and high-
oses of topiramate or perampanel have weaker
nzyme-inducing properties, and these drugs appear
o be less likely to cause a clinically significant
Epileptic Disord, Vol. 16, No. 4, December 2014

ecrease in the concentration of other drugs (Patsalos,
013b). However, there can be exceptions, such as
he 50% reduction in serum simvastatin concentra-
ions caused by eslicarbazepine acetate (Fattore and
erucca, 2011).
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lescents: A randomized placebo-controlled trial. Epilepsia
nteractions resulting in increased serum
oncentration of other drugs

ecause of its enzyme inhibiting activity, valproic acid
ay increase the serum concentrations of a variety of

rugs, including zidovudine, lopinavir (Di Cenzo et al.,
004), lorazepam, nimodipine, paroxetine, amitrypti-
ine, nortriptyline, nitrosureas and etoposide (Patsalos
nd Perucca, 2003b). In some cases, these interac-
ions may result in increased efficacy and/or toxicity
f the affected drug. For example, co-administration
f valproic acid and antineoplastic agents in patients
ith brain tumours has been reported to result in

ncreased haematological toxicity of the chemother-
peutic agents, but also, possibly, in increased survival
Oberndorfer et al., 2005; Weller et al., 2011). Whether
he latter is related to increased serum concentrations
f antineoplastic agents or to an independent pharma-
odynamic effect of valproic acid, such as inhibition of
istone deacetylatase, however, remains to be deter-
ined (Weller et al., 2011).

elbamate, another enzymatic inhibitor, reduces the
etabolic elimination of warfarin, whose dosage may

eed to be adjusted to avoid excessive anticoagu-
ant activity (Tisdel et al., 1994). Likewise, stiripentol
nhibits several CYP enzymes and dosage adjustments
f other medications should be considered when this
ompound is used concomitantly (Chiron, 2007).

onclusions

any AEDs have a high potential for being the cause
r the target of clinically important drug interactions.
ost of these interactions involve induction or inhi-

ition of drug metabolizing enzymes, and can be
redicted through knowledge of the relevant mecha-
isms. In general, interactions between AEDs can be
anaged by dosage adjustment, aided by serum drug

evel monitoring and careful assessment of clinical
esponse. Some interactions with non-AEDs can have
erious consequences, and cannot always be managed
ith dosage adjustments.
any of the newer-generation AEDs are devoid

f enzyme-inducing and inhibiting activity, and are
ess prone to cause clinically important interactions.
ecause of this, their use can be especially advan-

ageous in patients who require other medications
ecause of concurrent medical conditions. �
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Box 1. Interactions between AEDs and antidepressant /antipsychotic drugs

1 Interactions between AEDs and antidepressants

Co-morbid depression is frequent in people with epilepsy and a common pathophysiological basis for these
disorders is suggested by several lines of evidence (Kanner, 2011). Because of their enzyme-inducing properties,
carbamazepine, phenytoin, and barbiturates stimulate the metabolism of many antidepressants. Conversely,
valproic acid may act as an enzyme inhibitor and may increase serum antidepressant concentrations.
With respect to effects of AEDs on the pharmacokinetics of antidepressants:
• Enzyme-inducing AEDs may decrease the serum concentration of tricyclic antidepressants such as
amitriptyline, nortriptyline, imipramine, desipramine, clomipramine, desmethylclomipramine, protriptyline,
and doxepin (Spina and Perucca, 2002). This may lead to higher dose requirements of these antidepressants
(Brosen and Kragh-Sorensen, 1993).
• Enzyme-inducing AEDs may decrease the serum concentrations of mirtazepine (Sitsen et al., 2001; Spaans et
al., 2002) mianserin and desmethyl-mianserin (Nawishy et al., 1981), possibly leading to increased mirtazepine
and mianserin dose requirements.
• Carbamazepine reduces the serum concentrations of bupropion by 84%. However, exposure to the active
metabolite hydroxy-bupropion is increased by 50% by carbamazepine, which makes the clinical relevance of
this interaction unclear (Perucca, 20069).
• Phenobarbital and phenytoin decrease the plasma concentrations of paroxetine and sertraline by about 25%
(Pihlsgård and Eliasson, 2002). The clinical relevance of these interactions is probably modest.
• Other antidepressants whose metabolism can be stimulated by enzyme-inducing AEDs are listed in table 4.
• Valproic acid and its amide derivative valpromide may cause a moderate elevation in serum amitriptyline
and nortriptyline concentrations (Vandel et al., 1988; Bertschy et al., 1990; Wong et al., 1996). Valproic acid may
also increase the serum concentration of clomipramine and its metabolites (DeToledo et al., 1997). These inter-
actions might require a decrease in the dosage of these antidepressants. However, in one study, desipramine
concentrations were reported to be increased after discontinuation of valproic acid (Joseph and Wroblewsky,
1993).
• Valproic acid may increase serum paroxetine concentrations (Andersen et al., 1991) but this interaction has
not been found to be associated with obvious alterations in clinical effect.
• Most newer-generations AEDs are not expected to modify the pharmacokinetics of antidepressants (Reimers
et al., 2005).
Some antidepressants may also affect serum AEDs concentrations:
• Fluoxetine may increase, by a potentially clinically relevant extent, the serum concentration of phenytoin
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Box 1 (Continued).

2 Interactions between AEDs and antipsychotics

Co-prescription of AEDs and antipsychotics is relatively frequent because the prevalence of psychotic symp-
toms is increased in people with epilepsy. Moreover, combinations of antipsychotics and AEDs are increasingly
used in the management of bipolar disorder (Nivoli et al., 2012). Interactions between these drugs are common
(Spina and Perucca, 2002; Kennedy et al., 2013).
Most of the interactions described involve carbamazepine, which can induce the metabolism of many antipsy-
chotics and reduce their serum concentration. Unless the dosage of the antipsychotic is carefully adjusted,
these interactions can result in exacerbation of psychotic symptoms. In particular, carbamazepine has been
found to cause:
• A decrease in serum haloperidol concentrations by 20 to 80% (Kidron et al., 1985), with possible worsening
of therapeutic response (Kahn, 1990).
• A decrease in the serum concentration of chlorpromazine (Raitasuo et al., 1994) and mesoridazine, the active
metabolite of thioridazine (Tiihonen et al., 1995; Spina and Perucca, 2002).
• A decrease in the serum concentration of aripiprazole by 71% (Citrome et al., 2007) to 88% (Castberg and
Spigset, 2007) on average, and a mean decrease in the concentrations of the metabolite dehydroaripiprazole
by 69% (Castberg and Spigset, 2007).
• A decrease in the serum concentration of clozapine by 50% (Jerling et al., 1994).
• A decrease in serum olanzapine concentrations by 36-71% (Olesen and Linnet, 1999; Haslemo et al., 2012).
• A decrease in serum quetiapine concentrations by over 85% (Grimm et al., 2006).
• A prominent decrease in the serum concentration of risperidone and 9-hydroxy-risperidone (Spina et al.,
2000; Ono et al., 2002).
• A decrease in serum ziprasidone concentration by 36% (Miceli et al., 2000).
Phenobarbital and phenytoin are expected to cause similar interactions. Indeed, phenobarbital has been found
to reduce the serum concentrations of chlorpromazine (Forrest et al., 1970; Curry et al., 1970) and clozapine
(Lane et al., 1998; Facciola et al., 1998), whereas phenytoin has been reported to cause prominent reductions
in the serum concentrations of clozapine (Miller, 1991) and quetiapine (Wong et al., 2001). A larger list of
antipsychotic drugs, the serum concentration of which can be reduced by enzyme inducing AEDs, is given in
table 4.
Valproic acid is also frequently used in combination with antipsychotic agents, but its interactions are far
less prominent than those caused by enzyme inducers. Specifically, interactions caused by valproic acid may
include:
• A decrease, by about 25%, in the serum concentrations of aripiprazole (Citrome et al., 2005; Castberg and
Spigset, 2007).
• Inconsistent changes in clozapine concentrations. While some studies suggested that valproic acid might
inhibit the conversion of clozapine to norclozapine (Centorrino et al., 1994; Wong et al., 2006), others found a
41% decrease in clozapine concentrations after the addition of valproic acid (Finley and Warner, 1994).
• Little or no changes in serum olanzapine concentrations. Some studies found no significant interaction
(Gex-Fabry et al., 2003; Botts et al., 2008), while others reported a modest decrease (<35%) in serum olanzapine
concentrations of doubtful clinical relevance (Spina et al., 2009; Haslemo et al., 2012).
• No clinically significant changes in serum quetiapine concentrations (Castberg et al., 2007; Winter et al.,
2007).
Some newer-generation AEDs are also used in the management of psychiatric disorders, although their inter-
action potential is generally modest. Specifically:
• Oxcarbazepine does not appear to significantly modify serum risperidone and olanzapine concentrations
in psychotic patients stabilized on these drugs (Muscatello et al., 2005).
• Topiramate does not affect, to a clinically significant extent, the serum concentrations of clozapine, olan-
zapine, total risperidone active moiety, and haloperidol (Migliardi et al., 2007; Topamax, 2014). However, it
decreases the serum concentrations of the reduced haloperidol metabolite by about 30%. Topiramate at high
doses (600 mg/day) increases the serum concentration of lithium by about 25% (Topamax, 2014).
• Lamotrigine may cause modest (≤35%) changes (either increase or decrease) in the serum concentrations
of olanzapine (Spina et al., 2006; Botts et al., 2008; Haslemo et al., 2012), and does not affect the serum concen-
trations of clozapine, risperidone and their active metabolites (Tiihonen et al., 2003). On the other hand,
olanzapine reduces serum lamotrigine concentrations by about 25% (Sidhu et al., 2006b).
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Box 2. Interactions between AEDs and oral anticoagulants

Oral anticoagulants, which are used for the prevention and treatment of thromboembolic disorders, have a nar-
row therapeutic window. Interactions affecting their pharmacokinetics or pharmacodynamics may therefore
have serious consequences (Harder and Thürmann, 1996).
• Barbiturates and carbamazepine induce the metabolism of warfarin and other coumadin drugs, thereby
increasing their dosage requirements (Harder and Thurmann 1996; Cropp and Bussey, 1997). The degree of
interaction and the consequent increase in anticoagulant dose requirement vary from one patient to another:
warfarin dose may need to be increased as much as tenfold (Breckenridge, 1974). Repeated determinations of
the International Normalized Ratio (INR) are indicated to adjust dose to individual need. Discontinuation or
reduction in dose of the inducing agent is even more dangerous, because the metabolism of the anticoagulant
will slow with the attendant risk of increased anticoagulant effect and massive haemorrhage, if dosage is not
reduced accordingly (McDonald and Robinson, 1968).
• The effect of phenytoin on the anticoagulant activity of warfarin is more complex. In fact, the effect of warfarin
may be increased or decreased (Cropp and Bussey, 1997), making possible adjustments in anticoagulant dosage
even more difficult (Hassan et al., 2005).
• Valproic acid also has complex interactions with anticoagulants. It may inhibit the metabolism of warfarin
and may also increase the risk of bleeding by interfering directly with platelet function and coagulation pro-
cesses (Stephen, 2003). Intravenous loading with valproic acid could also determine transient INR changes by
displacing warfarin from protein binding sites (Yoon et al., 2011).
• Warfarin metabolism can also be inhibited by felbamate. Patients treated with both drugs need a reduction
in warfarin dose to maintain adequate anticoagulant efficacy (Tisdel et al., 1994).
• Oxcarbazepine, at a dose of 900 mg/day, does not affect warfarin pharmacokinetics (Krämer et al., 1992);
although an interaction at higher doses cannot be excluded (Perucca and Kwan, 2005). In a study of healthy
subjects, the structural analogue eslicarbazepine acetate, at a dose of 1200 mg/day, caused a small, but sta-
tistically significant reduction in serum S-warfarin concentrations, but there were no changes in R-warfarin
pharmacokinetics or INR values (Vaz-da-Silva et al., 2010).
• Newer oral anticoagulants include the direct thrombin inhibitor dabigatran etexilate and the anti-factor Xa
inhibitors, rivaroxaban and apixaban. Compared with coumadin anticoagulants, these agents have a wider
therapeutic window and lower susceptibility to pharmacokinetic interactions (Nutescu et al., 2011). Strong
inducers of P-gp and CYP3A4 such as carbamazepine, phenytoin and barbiturates, however, are expected
to decrease apixaban and rivaroxaban concentrations and, according to prescribing information, their use
should be preferably avoided in patients taking these anticoagulants (Predaxa, 2014; Xarelto, 2014). Serum
apixaban concentrations may also be reduced by strong enzyme inducing AEDs and, although no changes in
dose requirements are anticipated, caution is recommended if these medications are co-administered (Eliquis,
2014).
• New-generation AEDs devoid of enzyme-inducing and inhibiting properties are not expected to interfere
with anticoagulants, and should be preferred for the treatment of seizure disorders in patients requiring
anticoagulation. A study conducted on healthy volunteers showed no interaction between levetiracetam and
warfarin (Ragueneau-Majlessi et al., 2001).

Box 3. Interactions between AEDs and anti-infectious agents

1 Interactions between AEDs and antibacterials/antimicotics

Several antibacterials/antimicotics interfere with the metabolism of AEDs, resulting in either increased or
decreased plasma AED concentrations with consequent possible toxicity or loss of efficacy. Less frequently,
enzyme-inducing AEDs can modify the pharmacokinetics of chemotherapeutic agents with consequent loss
of efficacy.
• Carbamazepine metabolism is inhibited, with consequent risk of toxicity, by several antibacterials (Patsalos
and Perucca, 2003b), including isoniazid (Valsalan and Cooper, 1982) and the macrolide antibiotics clar-
ithromycin, erythromycin, and troleandomycin (Pauwels, 2002). Macrolides with reduced or absent interaction
potential (azithromycin, dirithromycin, rokitamycin, spiramycin) are recommended for the treatment of infec-
tions in patients receiving carbamazepine. Some antifungal drugs (ketoconazole, fluconazole and other azoles)
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Box 3 (Continued).

are also inhibitors of the CYP3A4-mediated metabolism of carbamazepine and increase serum carbamazepine
concentration through this mechanism. Conversely, rifampicin, which has inducing properties on CYP3A4,
reduces serum carbamazepine concentrations (Tucker et al., 1992).
• Phenytoin metabolism is inhibited by several antimicrobials. Isoniazid, chloramphenicol, some fluoro-

quinolones (clinafloxacin and possibly ciprofloxacin), some antifungal drugs (miconazole and fluconazole),
sulfaphenazole and, to a lesser extent, other sulfonamides, can substantially increase the serum concentration
of phenytoin and lead to possible toxicity. In contrast, rifampicin induces phenytoin metabolism (Patsalos and
Perucca, 2003b).
• Phenobarbital metabolism is inhibited by chloramphenicol (Patsalos and Perucca, 2003b).
• Serum valproic acid concentrations are markedly reduced by carbapenem antibiotics (imipenem,

meropenem, ertapenem), due to a combination of mechanisms affecting absorption, distribution, and
metabolism (Mancl and Gidal, 2009). Coadministration of these drugs with valproic acid should be avoided or,
when avoidance is not possible, valproic acid concentrations should be frequently monitored. Doripenem, a
new carbapenem antibiotic, also has the potential for decreasing serum valproic acid concentrations (Hellwig
et al., 2011). Finally, serum valproic acid concentrations can be increased by isoniazid (Perucca, 2006) and
erythromycin (Santucci et al., 2010).
• Interactions between antibiotics and new AEDs are much less frequent. Lamotrigine metabolism is stimu-

lated by rifampicin (Ebert et al., 2000). The metabolism of oxcarbazepine, tiagabine, and felbamate does not
appear to be affected by erythromycin. A single case of oxcarbazepine toxicity after starting clarithromycin has
been reported, possibly due to an interaction involving transport proteins at the blood-brain barrier (Santucci
et al., 2010).
• Enzyme-inducing AEDs accelerate the elimination of doxycycline, thereby reducing its effectiveness (Penttila
et al., 1974). The serum concentration of itraconazole can be reduced more than tenfold by enzyme-inducing
AEDs. Phenobarbital increases the metabolism of chloramphenicol, and decreases the effectiveness of grise-
ofulvin probably by impairing its absorption (Riegelman et al., 1970). Other interactions resulting in induced
metabolism of antimicrobials are listed in table 4.

2 Interactions between AEDs and antiretroviral therapies used for treatment of
HIV/AIDS

A variety of interactions between AEDs and antiretroviral drugs (ARV) have been reported, Those which are
most clinically relevant involve induction of ARV metabolism, resulting in loss of antiviral efficacy as measured
by CD4+ T-cell decline and progression of the disease (L’Homme et al., 2006; Burger et al., 2008; Okulicz et al.,
2011; Birbeck et al., 2012; Okulicz et al., 2013).
• Phenytoin has moderate inducing effects on the metabolism of lopinavir, ritonavir, and possibly nevirapine
(Birbeck et al., 2012; Lim et al., 2004). Carbamazepine reduces the serum concentrations of the non-nucleoside
reverse transcriptase inhibitors efavirenz, and possibly, nevirapine (Penttila et al., 1974).
• Valproic acid increases mean zidovudine concentrations by 80% (Di Cenzo et al., 2004; Hirata-Koizumi et al.,
2007), and may also increase lopinavir concentrations (Di Cenzo et al., 2004). On the other hand, valproic acid
does not seem to modify the serum concentrations of ritonavir, atazanavir and efavirenz (Birbeck et al., 2012).
• Atazanavir/ritonavir (but not atazanavir alone) reduce mean serum lamotrigine concentrations by 32%,
whereas lopinavir/ritonavir reduce mean serum lamotrigine concentrations by 50% (van der Lee et al., 2006;
Birbeck et al., 2012) and mean serum phenytoin concentrations by 31% (Okulicz et al., 2011). In another study,
efavirenz reduced mean serum carbamazepine concentrations by 27% (Ji et al., 2008).
• When possible, enzyme-inducing AEDs should be avoided in patients treated with antiretroviral drugs. AEDs
with minimal or no effect on drug metabolism should be preferred in HIV-positive patients (Okulicz et al.,
2013). Physicians should also be aware that some antiretroviral drugs affect the metabolism of AEDs.
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TEST YOURSELF
EDUCATION

(1) Which of the following AEDs are NOT inducers of cytochrome CYP3A4?
A. Levetiracetam
B. Phenytoin
C. Rufinamide and levetiracetam
D. Rufinamide

(2) When valproic acid is added to carbamazepine
A. Serum carbamazepine levels will increase, potentially leading to CNS side effects
B. Serum carbamazepine levels are generally unaffected but the levels of the active metabolite carbamazepine-
10,11-epoxide may increase
C. Total serum carbamazepine levels are unchanged, but the levels of free (unbound) carbamazepine may
increase, leading to clinical signs of toxicity
D. There is no pharmacokinetic interaction between these drugs

(3) The combined contraceptive pill, when given to AED-treated women with epilepsy:
A. May decrease serum lamotrigine concentrations, potentially leading to loss of seizure control unless lam-
otrigine dose is adjusted appropriately
B. May decrease serum valproic acid concentrations
C. Both A and B
D. Does not affect the levels of commonly administered AEDs

Note: Reading the manuscript provides an answer to all questions. You can check for the correct answer by
visiting the Educational Centre section of www.epilepticdisorders.com
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