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Abstract The management of cardiac arrhythmias has grown more complex in recent

years. Despitetherecent focuson nonpharmacol ogical therapy, most clinical arrhyth-
mias aretreated with existing antiarrhythmics. Because of the narrow therapeutic
index of antiarrhythmic agents, potential drug interactions with other medi-
cations are of major clinical importance.

As most antiarrhythmics are metabolised via the cytochrome P450 enzyme
system, pharmacokinetic interactions constitute the majority of clinically signif-
icant interactionsseen with these agents. Antiarrhythmicsmay besubstrates, inducers
or inhibitors of cytochrome P450 enzymes, and many of these metabolic interac-
tions have been characterised. However, many potentia interactions have not,
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and knowledge of how antiarrhythmic agents are metabolised by the cytochrome
P450 enzyme system may allow clinicians to predict potential interactions.

Drug interactions with Vaughn-Williams Class Il (B-blockers) and Class IV
(calcium antagonists) agents have previously beenreviewed and are not discussed
here. Class| agents, which primarily block fast sodium channel sand slow conduc-
tion velocity, include quinidine, procainamide, disopyramide, lidocaine (ligno-
caine), mexiletine, flecainide and propafenone. All of these agents except
procainamide are metabolised viathe cytochrome P450 system and are involved
in a number of drug-drug interactions, including over 20 different interactions
with quinidine. Quinidine hasbeen observed toinhibit the metabolism of digoxin,
tricyclic antidepressants and codeine. Furthermore, cimetidine, azole antifungals
and cacium antagonists can significantly inhibit the metabolism of quinidine. Pro-
cainamide is excreted via active tubular secretion, which may be inhibited by cim-
etidine and trimethoprim. Other Class| agents may affect the disposition of warfarin,
theophylline and tricyclic antidepressants. Many of these interactions can signif-
icantly affect efficacy and/or toxicity.

Of the Class 11 antiarrhythmics, amiodaroneisinvolved in asignificant num-
ber of interactions since it is a potent inhibitor of several cytochrome P450 en-
zymes. It can significantly impair the metabolism of digoxin, theophylline and
warfarin. Dosages of digoxin and warfarin should empirically be decreased by one-
half when amiodarone therapy is added.

In addition to pharmacokinetic interactions, many reports describe the use of
antiarrhythmic drug combinations for the treatment of arrhythmias. By combin-
ing antiarrhythmic drugs and utilising additive electrophysiol ogical/pharmaco-
dynamic effects, antiarrhythmic efficacy may be improved and toxicity reduced.

Asmedication regimens grow more complex with the aging popul ation, know-
ledge of existing and potential drug-drug interactions becomesvital for clinicians

to optimise drug therapy for every patient.

In recent years the management of cardiac ar-
rhythmias has become more complex. For example,
routine use of antiarrhythmic drug therapy to elim-
inate asymptomatic ventricular premature depol ar-
isations or nonsustained ventricular tachycardia fol-
lowing acute myocardial infarction is no longer
considered the standard of practice.[Y] Consequently,
the use of nonpharmacol ogical therapy for arrhyth-
mias continues to expand, such as the use of radio-
frequency catheter ablation in themanagement of junc-
tional tachycardiad? and the insertion of automatic
implantable cardioverter-defibrillators (AICDs)
for treatment of inducible sustained ventricular tach-
ycardia or ventricular fibrillation.!34

Despitethesetechnol ogical advances, most clinial
arrhythmias can be diagnosed with el ectrocardiog-
raphy (ECG) and treated with available pharmacol o-
gical therapy. Antiarrhythmic agents are commonly

0 Adis International Limited. All rights reserved.

prescribed for patients with recurrent paroxysmal
or chronic atrial fibrillation.[® In addition, antiar-
rhythmic drugsare used in thetreatment(® or prophy-
laxid7 of atrial arrhythmias following cardiothor-
acic surgery. Furthermore, antiarrhythmics are
commonly used in conjunction with AICDs.[34]
These drugs are also used in patients with obstruc-
tive hypertrophic cardiomyopathy!® as well asin
patients with heart failure secondary to systolic dys-
function.[9

Therefore, given the not uncommon use of anti-
arrhythmic drugsin patientswith avariety of arrhyth-
mias and related conditions, the awareness of po-
tential drug interactions is especially important,
since these agents often have a narrow therapeutic
index. Small increases or decreases in the serum
concentrations of antiarrhythmics can lead to ther-
apeutic failure or toxicity. However, not dl drug in-

Drug Safety 2000 Dec; 23 (6)
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teractions are clinicaly significant. Therefore, in
this review a comprehensive discussion of known
drug interactions relating to antiarrhythmic therapy
is provided, but the interactions are also discussed
in terms of their likelihood and clinical significance.

1. General Aspects of Drug Interactions

A druginteraction isdefined asareaction between
2 or more drugs that acts to enhance or inhibit the
predi cted response. Aninteraction between 2 or more
agentsmay beeither beneficial or harmful, depend-
ing on the desired outcome. Generally drug inter-
actions can be divided into 2 subgroups. The first
are pharmacokinetic interactions, where one drug
can interfere with the absorption, distribution, me-
tabolismor excretion of another. Absorption of adrug
may be dtered by changing the rate or extent of up-
take. Drug distribution may be altered by changes
in blood flow or protein binding. Metabolism of a
drug may be atered by either inhibition or induc-
tion of the responsible enzyme(s). Elimination of a
drug may be altered by inhibition of active secre-
tion in the kidneys.[19

The second group are pharmacodynamic inter-
actions. With these the clinical response to agiven
drug iseither enhanced or inhibited without achange
in pharmacokinetic parameters. This may occur in
patients taking 2 agents that produce similar phar-
macol ogical effects. An examplewould be 2 drugs
that prolong ventricul ar refractoriness and lengthen
the QT interval, thereby increasing the likelihood for
torsade de pointes!'% Favourable or desirable phar-
macodynamicinteractionsal so may result through
the combination of antiarrhythmic drugs with dif-
ferent but complementary or additive electrophysi-
ological properties.[*ll Examples of each, respec-
tively, are the combination of quinidine plus
mexiletine in the treatment of ventricular arrhyth-
mias’2 or the combination of digoxin plus a B-
adrenergic blocking drug to slow the ventricular re-
sponse in patients with atrial fibrillation.[13]

0 Adis International Limited. All rights reserved.

1.1 Drug Metabolism: Types of
Metabolic Reactions

Humans metabolise drugs and other xenobiotics
through phase | or phase Il reactions. Phase | reac-
tions (oxidation, reduction or hydrolysis) convert
the parent drug to amore water-soluble metabolite,
which may retain significant pharmacological ac-
tivity. Phasell reactionstypically involve coupling
the parent drug with an endogenous substance (e.g.
glucuronic acid, acetic acid, inorganic sulphate),
which resultsin an inactive compound.[10:14]

1.2 Cytochrome P450 Enzymes

Cytochrome P450 (CYP) enzymes are a large
group of haem-contai ning compounds that are pri-
marily responsible for carrying out phase | reactions
in humans. Approximately 33 types of human en-
zymes in 14 families have been identified. Of these
33, approximately 20 are involved in the transfor-
mation of xenobiotics in humans. CY P enzymes are
classified into families (1, 2, 3, etc.) and subfamil-
ies(A, B, C, etc.) based on the degree of homology
intheir respective amino acid sequences. Theseen-
zymes are most commonly found in the liver but
can also be identified in other tissues (gastrointes-
tinal tract, lungs and brain).[10.14-16]

A particular drug entity can be a substrate, in-
ducer or inhibitor of any particular CYP enzyme.
Typicaly, drugsare substratesfor morethan 1 CY P
enzyme. Furthermore, adrug may inhibit or induce
the activity of a specific isozymethat is not involved
in its own metabolism. Interest in CYP enzymes
has greatly increased in recent years as more drug
entities metabolised by this enzyme system are ap-
proved for use. Asthe number of potentia drug inter-
actions increases with the release of these new en-
tities, knowledge of CY P metabolism may allow
for prediction of significant drug interactions and
avoidance of an adverse event.

1.3 Genetic Variation among the
Cytochrome P450 Enzymes

A few specific CY Penzymes are found in altered
forms because of the existence of different alleles
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which control their expression. In terms of drug me-
tabolism, the polymorphism seen with CYP2D6 is
the most studied and clinically relevant. Approxi-
mately 3to 10% of Caucasiansand 0to 2% of Asians
and African-Americans have low or no activity of
the enzyme and are known as ‘ poor metabolisers'.
Another common polymorphism involves CY P2C19.
About 3 to 5% of Caucasians, 18 to 23% of Asians
and 5% of African-Americans possess little to no
activity of this enzyme.[10.14-16] pgtients who are
poor metabolisers generaly require alower dose to
produce a desired therapeutic effect. However, the
opposite may betrueif the clinical effect of apar-
ticular medication is associated with an active me-
tabolite.

This genetic polymorphism complicates the
evaluation of potentia drug interactionsinvolving
agents metabolised by CYP2D6 or CYP2C19. In
persons who are ‘ extensive metabolisers’ of a par-
ticular agent, coadministration of adrug that inhib-
its metabolism through either CY P2D6 or CY P2C19
will essentially convert that patient to being apoor
metaboliser, possibly necessitating adosage reduc-
tion. The sameclinical situationin apatient whois
apoor metaboliser often does not result in increased
blood concentrations of the object drug, and no ad-
justment may be necessary.[17.13]

Extensive metabolisersappear to bemoreat risk
for devel oping drug interactionsthan slow metabo-
lisers, given that most patients would be expected

Table I. Vaughn Williams classification of antiarrhythmic agents(*9

to be extensive metabolisers and that for most drugs
it isthe parent drug rather than a metabolite that has
the greatest pharmacological activity. Examples of
antiarrhythmics metabolised by CYP2D6 where
the activity of the parent exceeds that of the meta-
bolite(s) include mexiletine, flecainide and the -
blockers propranolol and metoprolol. For propa-
fenone the parent and major metabolite generated
by CYP2D6 metabolism are approximately equally
active; thus, inhibition of this enzyme by another
drug should result in no change in pharmacol ogi-
cal activity. Thus, for antiarrhythmic agents, rou-
tine screening for CY P2D6 metabolic phenotype
appears unnecessary.[17-18]

2. Classification of
Antiarrhythmic Agents

The Vaughn-Williamg*¥ classification of anti-
arrhythmic drugs has been used for the greater part
of the last 2 decades. Recently this classification
system has been criticised for being incomplete,
oversimplified and not useful for clinical practice.
Because of these concerns, a new classification sys-
tem was devel oped.[29! This system is based on the
differential effects of antiarrhythmic drugs on chan-
nels, receptors and transmembrane pumps. It may
bemore appropriatefor clinical practice, asit takes
into consideration the arrhythmia mechanism and
attempts to identify targeted drug therapy. However,
this has not become aclinical reality. Therefore, in

Class Action Drugs
1 Sodium channel blockade
1A Moderate phase 0 depression Quinidine, procainamide, disopyramide
1B Minimal phase 0 depression Lidocaine (lignocaine), mexiletine
1Cc Marked phase 0 depression Flecainide, propafenone
2 B-Adrenergic blockade
Slow sinoatrial node firing and atrioventricular node Metoprolol, atenolol, propranolol, etc.
conduction
3 Potassium channel blockade
Prolonged repolarisation Amiodarone, sotalol, bretylium, dofetilide, ibutilide
4 Calcium channel blockade
Slow atrioventricular nodal conduction Verapamil, diltiazem
Other Variable

Digitalis glycosides, adenosine, atropine

0 Adis International Limited. All rights reserved.
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Table Il. Antiarrhythmic agents that are substrates or inhibitors of
cytochrome P450 (CYP) enzymesl1415]

CYP enzyme Substrate Inhibitor
CYP1A2 Lidocaine (lignocaine) Lidocaine
Mexiletine Mexiletine
Propafenone
CYP2B6 Lidocaine
CYP2C9 Amiodarone
CYP2D6 Flecainide Amiodarone
Mexiletine Flecainide
Propafenone Propafenone
Quinidine
CYP3A4 Amiodarone Quinidine
Disopyramide
Lidocaine
Propafenone
Quinidine

regard to the organisation of thisreview, the Vaughn-
Williams classification is used (table 1). However,
thefocus of the review islimited principally to Class
I and Class |11 agents, along with adenosine, since
drug interactions for Class 11 (3-blockers) and Class
IV (calcium antagonists) agents as well asfor dig-
italisglycosides haverecently been reviewed.[21-23]

As previously discussed, a number of antiar-
rhythmic agents are substrates and inhibitors of
CY Penzymes (tablel1).[141% Theserelationshipsare
integral in understanding the mechanism of many
currently known drug-drug interactions involving
antiarrhythmic agents. Furthermore, the signifi-
cance of theserelationshipswill increaseasnew med-
ications become available and the elderly popula-
tion continuesto increase. With the growing number
of new medications being approved and limited
healthcare resources, significant drug-drug inter-
actionsmay not have been discovered beforeadrug
comes to the market. In the following sections the
currently known drug-drug interactions of antiar-
rhythmic agents are discussed. However, our cur-
rent understanding of the breadth and scope of an-
tiarrhythmic agent drug interactionsislikely to be
limited. The ability to predict potential interactions
based on the CYP profile of antiarrhythmics and
other drugsislikely to become increasingly clini-
caly relevant. An excellent review and synopsis of
the currently known medications that are sub-

0 Adis International Limited. All rights reserved.

strates, inducers or inhibitors of CYP enzymesis
provided by Rendic and Di Carlo.[24

3. Pharmacokinetic Interactions of
Antiarrhythmic Agents

3.1 Quinidine

Quinidine has been observed to take part in nu-
merous drug-drug interactions. A completelist can
be found in table I11. Some of the more prominent
interactions are discussed below.

3.1.1 Azole Antifungal Agents
(Ketoconazole, Itraconazole)

In healthy volunteers, itraconazol e was noted to
increase peak plasma concentrations of quinidine
1.6-fold and increase the area under the plasma
concentration-time curve (AUC) by 2.4-fold. The
effect appears to be mediated through inhibition of
CYP3A4 and decreased renal clearance of quini-
dine.[3”1 Concurrent administration of ketoconazole
in a patient taking quinidine led to an increase in
serum quinidine concentrations and half-life (25
hours). Additional researchiswarranted to document
the incidence and potential clinical consequences of
this interaction.[37]

3.1.2 Calcium Antagonists

The effect of various cal cium antagonists on the
pharmacokinetics of quinidineis variable with re-
spect to the occurrence and direction of the poten-
tial change. Nifedipine may decrease plasma con-
centrations of quinidine,%-43] although other studies
have shown no effect.[45-471 The mechanism for the
decrease is unknown. Additionally, quinidine may
lead to increases in nifedipine concentrations.[44]

Several reports have demonstrated that both
diltiazem and verapamil may lead to anincreasein
quinidine plasmaconcentrations. However, aswith
nifedipine, other reports have not confirmed the oc-
currence of a pharmacokinetic interaction between
these agents.[“8-53] The joint administration of ver-
apamil and quinidine may also produce hypoten-
sion, bradycardia and atrioventricular (AV) block,
and patients should be monitored for the occurrence
of these potential adverse effects.

Drug Safety 2000 Dec; 23 (6)
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Table lll. Drug interactions with quinidine

Agent

Interaction

Management

Antiarrhythmics
Amiodaronel?4-26]
Disopyramidel27]
Flecainidel?®!
Mexiletine[?9]
Procainamidel®%

Propafenonel31-33]

Antibacterials/antifungals
Ciprofloxacin/metronidazolel34l
Erythromycin/clarithromycinl4:35:36]
Itraconazole/ketoconazolel®”:38]

Calcium antagonists
Mibefradil®
Nifedipinel4-47]

Verapamil/diltiazem!“8-53]

Enzyme inducers

Phenytoin, phenobarbital (phenobarbitone),
rifampicin (rifampin) and
carbamazepinel®4-6°]

Other

Anticholinesterases/skeletal muscle
relaxants!®1-621

Cimetidine[53-67]

Codeinel®8:69
Dextromethorphanl7l

Digoxinl[71-76]

Propranolol/metoprolol77-80]

Sucralfatel8!

Tricyclic antidepressants (desipramine,
imipramine)[82:823l

Fluvoxamine84!
Warfarin(8587]

Urinary alkalinisers (acetazolamide,
antacids)!88-901

1 in serum quinidine concentrations may occur
Slight 1 in disopyramide concentrations

1 in ty, of flecainide has been observed

1 in serum mexiletine concentrations

Possible 1 in ty, of procainamide

1 in plasma propafenone concentrations in
extensive metabolisers

May 1 plasma quinidine concentrations
May 1 plasma quinidine concentrations
1 in plasma quinidine concentrations

Mild 1 in plasma quinidine concentrations
Possible 1 in plasma nifedipine concentrations
Possible | in plasma quinidine concentrations

1 in plasma quinidine concentrations in some
patients

L in plasma quinidine concentrations

Prolonged neuromuscular blockade may be
seen

1 in plasma quinidine concentrations in some
patients

| in analgesic effect

1 in plasma dextromethorphan concentrations
may be seen

1 in plasma digoxin concentrations

May | metabolism of B-blocker and 1 degree of
B-blockade

May | plasma quinidine concentrations
1 in plasma concentrations of antidepressant

L in quinidine clearance
1 in warfarin effect may be seen

Possible 1 in serum quinidine concentrations
due to | in renal excretion

Monitor for quinidine toxicity
Monitor for disopyramide toxicity
Monitor for flecainide toxicity
Monitor for mexiletine toxicity

Monitor procainamide concentrations and
adjust dosage as necessary

Monitor for propafenone toxicity

Monitor for quinidine toxicity
Monitor for quinidine toxicity
Monitor for quinidine toxicity

Monitor for quinidine toxicity
Monitor for nifedipine toxicity

May need to increase quinidine dosage to
maintain effect

Monitor for quinidine toxicity

Monitor quinidine concentrations and
adjust dosage as necessary

Monitor for quinidine toxicity

Use alternative analgesic
Clinical significance unknown

Decrease digoxin dosage by half
Monitor for increased B-blocker effects

Monitor for therapeutic effect

Monitor antidepressant plasma
concentrations and adjust dosage
accordingly

Monitor for quinidine toxicity
Monitor INR
Monitor for quinidine toxicity

INR = International Normalised Ratio; ty, = half-life; + = increase; | = decrease.

3.1.3 Cimetidine

Several studies have shown that cimetidine ad-
ministration leads to an approximately 33% reduc-
tion in the oral clearance of quinidine and a 20%

0 Adis International Limited. All rights reserved.

increase in serum quinidine concentrations. This ap-

pears to be due to inhibition of the renal tubular se-
cretion of the parent drug, but not of its metabolites.
The effects of quinidine on the ECG were en-

Drug Safety 2000 Dec; 23 (6)
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hanced when cimetidine and quinidine were coad-
mi nistered.[63-67]

3.1.4 Codeine

Codeinerequires CY P2D6 for conversion to mor-
phine, theactivemoiety, for itsanalgesic effect totake
place. In patients who are extensive metabolisers,
quinidine administration may decrease the analge-
sic effect of codeine by inhibiting the conversion
of codeineto morphine by CY P2D6. Increased doses
or an alternative anal gesic agent may be tried.[68:69

3.1.5 Digoxin

Marked increases in plasma digoxin concentra-
tions (up to 300%) have been observed, and the mag-
nitude of increase is directly related to quinidine
plasma concentrations. Empirically decreasing the
digoxin dose by one-half at the onset of therapy is
recommended. Quinidine appearsto decrease both
the renal (up to 50%) and nonrena (up to 65%, mean
42%) clearance of digoxin. Quinidine also appears
to displace digoxin from nonspecific tissue-binding
sites, decreasing the volume of distribution of dig-
oxin by 40%, which |eads to an almost immediate
risein digoxin concentrations.!72-74 Theclinical con-
seguences of thisinteraction in terms of an increased
inotropic effect from digoxin is difficult to deter-
mine given the negative inotropic effects of quin-
idine. The electrophysiological actions of the 2
drugs may also be additive.l”® Quinidine may also
potentially interfere with absorption of digoxin from
the gastrointestinal tract.[78!

3.1.6 Inducers of Cytochrome P450

(Phenytoin, Phenobarbital (Phenobarbitone)

and Rifampicin (Rifampin))

Plasma concentrations of quinidine can be sig-
nificantly decreased by these agents. Three case re-
portsdocument anincreasein quinidinerequirements
during concomitant phenytoin therapy. Further-
more, in 2 healthy volunteers, quinidine half-life
decreased by 50%, and quinidine AUC decreased
by 60%, after 2 weeks of phenytoin therapy.[545]
Rifampicin administrationin 1 study ledto a3-fold
reduction in the mean elimination half-life and an
almost 6-fold reduction in the AUC for quinidine.[5¢
Several casereports have demonstrated theclinical
significance of thisinteraction, often leading to drug

0 Adis International Limited. All rights reserved.

failure with quinidine.l5":%8 Several case reports
have documented the effect of phenobarbital coad-
ministration with quinidine. Generally, serum quini-
dine concentrations have decreased with an ap-
proximate 50% decrease in half-life.[54.59.60]

3.1.7 Warfarin

Marked potentiation of warfarin effect can be
seen in some patients. However, acontrolled study
with quinidine has never been done and there are
mixed results from case reports, with either en-
hanced anticoagul ationl8! or even reduced anticoag-
ulation.[88] International Normalised Ratio (INR)
should be monitored and warfarin dosage adjusted
as necessary.[87]

3.2 Procainamide

3.2.1 Amiodarone

Plasma concentrations of procainamide and N-
acetyl-procainamide (NAPA) may beincreased. Pro-
cainamide concentrations should be monitored and
dose adjusted as necessary. Amiodarone decreases
clearance and increases elimination half-life of
procainamide, and the 2 agents may produce addi-
tive electrophysiological effects.[91.92]

3.2.2 Antibacterials

In 10 healthy male volunteers, trimethoprim ad-
ministration resulted in an increase of the AUC of
procainamide and NAPA by 39 and 25%, respective-
ly. A second study found increases of 63 and 52%,
respectively. The oral plasma clearance of pro-
cainamide was decreased by 32%. The presumed
mechanism is decreased renal tubular secretion of
procainamide by competitive inhibition with tri-
methoprim.[93.94]

In 9 healthy volunteers, administration of oflox-
acin resulted in 27 and 21% increases in the AUC
and peak plasma concentration of procainamide.
Plasma clearance of procainamide decreased by an
average of 22%. NAPA pharmacokineticswere not
altered. The proposed mechanism is a decrease in
the renal tubular secretion by ofloxacin.[99

3.2.3 B-Blockers
Propranolol has been reported to increase the elim-
ination half-life of procainamide by 56%. However,
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another study found no interaction between procain-
amide and metoprolol. Close monitoring of procain-
amide concentrations is recommended with concur-
rent administration of propranolol.[9]

3.2.4 H, Antagonists

Cimetidine may increase plasmaconcentrations
of procainamide and NAPA, probably asaresult of
inhibition of active tubular secretion in the kidney.
Cimetidine administration has increased procain-
amide concentrations by 36% and prolonged elim-
ination half-life by 25%.[97-%

Several reports have demonstrated that ranitid-
inemay lead toasmall but significant (14%) increase
in the AUC of procainamide. This was due to an
observed decrease in renal and hepatic clearance,
and this effect was dose-dependent.[100.101] How-
ever, other reports have documented no interaction
between the 2 agents.[99192] Because there is no
consensus on the potential existence or incidence
of thisinteraction, close monitoring of procainam-
ide concentrations is indicated if ranitidine is co-
administered.

3.3 Disopyramide

3.3.1 Anticholinergic Agents

There is a pharmacodynamic interaction with
worsening anticholinergic effects. Monitoring
should be undertaken for the occurrence of adverse
events and dosage modified if necessary.!103]

3.3.2 3-Blockers

When disopyramide and (3-blockers are given
together, severe bradycardia, asystole and heart fail-
ure have been observed.[104.105] Atenol ol hasbeen ob-
served to decrease clearance of disopyramide by
about 15%, resulting in increased plasma concen-
trations.[106]

3.3.3 Inducers of Cytochrome P450

The elimination half-life and AUC of disopy-
ramide were decreased by 44.5 and 59%, respective-
ly, after administration of rifampicin. Plasma con-
centrations were also noted to decrease.[107.108]
Phenytoin administration has also been observed
to produce a decrease in disopyramide serum con-
centrations, with an increase in the major metabolite
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of disopyramide (mono-N-deakyldisopyramide,
MND).[107.109-111] MND has some antiarrhythmic
activity, but greater anticholinergic effectsthanthe
parent compound. Because of the pharmacol ogy of
MND, the clinical significance of this interaction
is unknown.

3.3.4 Macrolide Antibacterials

Erythromycin may inhibit the metabolism of
disopyramide, leading to increased plasmaconcen-
trations and atoxic response. In 2 patients who were
stabilised on disopyramide, erythromycin admin-
istration led to QT prolongation and polymorphic
ventricular tachycardia. Close monitoring of the
ECG is recommended when this combination is
used_[llZ]

Concomitant administration of clarithromycin
and disopyramide in a 59-year-old man led to signi-
ficant increases in disopyramide plasma concentra:
tions and hypoglycaemia. The authors postul ated
that elevated disopyramide plasma concentra-
tions, possibly resulting from decreased clearance
with the administration of clarithromycin, enhanced
insulin secretion.[113]

3.3.5 HIV Protease Inhibitors

Protease inhibitors (indinavir, nelfinavir, ritona-
vir and saquinavir) have recently become available
for the treatment of HIV infection. These agents are
potent inhibitors of CY P3A4, and concomitant ad-
ministration with disopyramide was observed to re-
sult in a>3-fold increase in AUC. Close monitor-
ing for disopyramide toxicity is warranted if these
drugs are to be coadministered.[15]

3.3.6 H> Antagonists

Coadministration of cimetidine and disopyram-
ide to heathy volunteers led to significant eleva-
tionsin maximum plasmaconcentrationsand AUC
for disopyramide. No effect was observed on the
pharmacokinetics of disopyramide with coadmin-
istration of ranitidine.!114]

3.4 Lidocaine (Lignocaine)

3.4.1 Amiodarone
In patients receiving amiodarone, the addition
of lidocaine does not appear to influence the phar-

Drug Safety 2000 Dec; 23 (6)



518

Trujillo & Nolan

macokinetics of either agent.[11% However, when
amiodarone treatment is started in patientswho are
on alidocaineinfusion, thereisadecreasein lido-
caine clearance, possibly resulting in toxic lido-
caine concentrations. This is probably due to the
ability of amiodarone to inhibit CY P3A4.[116]

3.4.2 B-Blockers

Numerous reports document toxicity when pro-
pranolol is coadministered with lidocaine. Propra-
nolol has been shown to decrease lidocaine clear-
ance secondary to decreased hepatic blood flow.
Subsequently, elevated lidocaine concentrations
have been associated with CNS toxicity (lethargy,
confusion).[117-120]

This interaction also should be expected with
other 3-blockers, since most appear to decrease he-
patic blood flow. However, this effect may be more
pronounced with the nonsel ective agents with or with-
out additional a-adrenergic blocking effects.[121.122]
Monitoring of lidocaine concentrations is recom-
mended and dosage adjustment as necessary.[117-120]

3.4.3 Cimetidine

Lidocaine disposition is significantly affected
by changesin hepatic blood flow.!'23] Plasma con-
centrations of lidocaine may beincreased when ci-
metidine is coadministered because of a decrease
in hepatic blood flow. Monitoring of lidocaine con-
centrations and dosage adjustment if necessary is
recommended. Conversely, an aternative H, antag-

Table IV. Drug interactions with mexiletine

onist may be used to avoid an increasein lidocaine
concentrations,[124-126]

3.4.4 Inducers of Cytochrome P450

Decreased plasma concentrations of lidocaine
may be seen when lidocaine is coadministered with
CY P enzyme inducers. Rifampicin administration
has been shown to increase the rate of lidocaine me-
tabolismin cultured human hepatocytes. Clearance
of lidocainewasincreased approximately 100%, pre-
sumably through induction of CY P enzymes.[127-128]

3.4.5 HIV Protease Inhibitors

As with disopyramide, the AUC of lidocaine
may beincreased by >3-fold if thereisconcomitant
administration of a protease inhibitor. Close mon-
itoring of lidocai ne concentrationsiswarranted.[15]

3.4.6 Suxamethonium (Succinylcholine)

Experimental studiesin humansand animalshave
reported that lidocaine may prolong the time of
suxamethonium-induced neuromuscular blockade
and therefore cause prolongation of respiratory de-
pression. The exact mechanism for thisis unknown.
Close monitoring of patients receiving both agents
is warranted.[129.130]

3.5 Mexiletine

A complete list of drug-drug interactions in-
volving mexiletineisgivenintablelV. A few of the
better known interactions are discussed bel ow.

Agent Interaction

Management

Enzyme inducers [phenytoin, phenobarbital
(phenobarbitone), rifampicin
(rifampin)]131.132)

Ritonavirl*®]

loss of efficacy

Amiodaronel!®]
Quinidine*!
Theophyllinel133-140]

Selective serotonin reuptake inhibitors!141]

L in plasma mexiletine concentrations with a

1 in plasma mexiletine concentrations due to
inhibition of CYP2D6

1 in plasma mexiletine concentrations due to
inhibition of CYP2D6

1 in plasma mexiletine concentrations due to
inhibition of CYP2D6

1 in plasma theophylline concentrations

1 in plasma mexiletine concentrations due to
inhibition of CYP2D6

Monitor for mexiletine efficacy and adjust
dosage as needed

Monitor for mexiletine toxicity
Monitor for mexiletine toxicity
Monitor for mexiletine toxicity
Monitor theophylline concentrations and

adjust dosage as needed
Monitor for mexiletine toxicity

CYP = cytochrome P450; 1 = increase; | = decrease.
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3.5.1 Inducers of Cytochrome P450

Rifampicin coadministration resulted in a 51%
increase in total body clearance and 41% decrease
in the elimination half-life of mexiletine.[31 Sim-
ilarly, phenytoin coadministration resulted in a 55%
decreasein AUC and a 51% decrease in the elimi-
nation half-life of mexiletine.['32 The postul ated
mechanism is induction of the CY P2D6-mediated
metabolism of mexiletine.

3.5.2 Theophylline

Severd cases of increased plasma concentrations
of theophylline have been reported.[133-136] Typj-
caly, the serum theophylline concentration is dou-
bled when mexiletineis added. In arandomised cross-
over study in 12 healthy volunteers, theophylline
concentrationsincreased by 58% and clearance de-
creased by 43%.[137] A reduction in the N-demethy!
metabolite of theophylline has been demonstrated,
indicating that mexiletine inhibits the CY PLA2 me-
tabolism of theophy!line.[138-140]

3.6 Flecainide

3.6.1 Amiodarone

In 12 healthy volunteers, addition of amiodarone
led to an increase in plasma concentrations of fle-
cainide. Someinvestigators have advocated an em-
pirical decreasein the flecainide dose by half.[142143]
The ability of amiodarone to inhibit CY P2D6 ap-
pearsto be alikely explanation for the decrease in
flecainide metabolism.[142.143]

3.6.2 Cimetidine

Concomitant administration of cimetidine to
healthy volunteersresulted in adecreasein theclear-
ance and increase in the half-life of flecainide. How-
ever, information on thisinteraction is limited and
further investigation is warranted.[144]

3.6.3 Cigarette Smoking

A meta-analysisof several studiesinvestigating
the effect of smoking on flecai nide pharmacokinet-
ics concluded that, overal, smoking may lead to
decreased plasma concentrations of flecainide, pos-
sibly asaresult of enhanced hepatic metabolism.[14°]
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3.6.4 Digoxin

A small but significant (15%) increase in the se-
rum digoxin concentration has been noted after ad-
ministration of flecainide. Close monitoring of digox-
in concentrationsiswarranted when these 2 agents
are coadministered.[146-148]

3.6.5 Selective Serotonin Reuptake Inhibitors

Concomitant administration may produceanin-
crease in plasma concentrations of flecainide, pos-
sibly duetoinhibition of CY P2D6 metabolism. Al-
though an empirical dosage reduction of flecainide
has not been clinically investigated, because of the
potential proarrythmic consequences a reduction of
the flecainide dosage may be warranted.[241]

3.6.6 Urinary Alkalinisers

Excretion of flecainide in the kidney is a pH-
dependent process. In 2 studiesinvolving healthy
adults, alkalinisation of theurineled to anincrease
in the elimination half-life and decrease in the uri-
nary excretion of flecainide. However, therewasa
high degree of interindividual variability, and the
clinical significance of this interaction is un-
known_[149,150]

3.7 Propafenone

TableV presentsacompletelist of known drug-
drug interactionsinvolving propafenone. A few of
the more clinically relevant interactions are dis-
cussed below.

3.7.1 Digoxin

An increase in serum digoxin concentrations
occurs in over 80% of patients. Postulated mecha-
nismsinclude adecrease in the volume of distribu-
tion and in nonrenal clearance of digoxin.[154.15%]
Plasma digoxin concentrations should be monitored
and dosage adjusted accordingly. An approximate
25% decrease in the digoxin dosage may beinitiated
if propafenone therapy is indicated.

3.7.2 Rifampicin

Administration of rifampicin to a 42-year-old
patient maintained on propafenone for ventricular
arrhythmias resulted in a decrease in serum propa-
fenone concentrations with a concomitant recur-
rence of the disease. Upon discontinuation of rifam-
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Table V. Drug interactions with propafenone

Agent

Interaction

Management

Amiodaronelt®]
B-Blockers!'5!]
Cyclosporinl152
Cimetidinel'%152]

Digoxin[54-15%]

Enzyme inducers [rifampicin (rifampin),

Possible 1 in serum propafenone
concentrations

Pharmacodynamic interaction with 1 in
B-blocking activity

Possible 1 in cyclosporin concentrations

1 in propafenone concentrations (50-75%)
1 in serum digoxin concentrations

Possible | in serum propafenone

Monitor for propafenone toxicity
Monitor heart rate and blood pressure

Monitor cyclosporin concentrations
Monitor for propafenone toxicity

Empirical 25% decrease in digoxin dosage
at onset of propafenone therapy

Monitor for propafenone efficacy

phenobarbital (phenobarbitone),
phenytoin][156:157]
Quinidine*3!
concentrations
Selective serotonin reuptake inhibitors!14]
concentrations
Theophyllinelt58.159]
concentrations
Warfarin{160] 1 in warfarin effect

Possible 1 in serum propafenone

Possible 1 in serum propafenone

Possible 1 in serum theophylline

concentrations with loss of efficacy

Monitor for propafenone toxicity

Monitor for propafenone toxicity

Closely monitor theophylline concentrations

Monitor INR

INR = International Normalised Ratio; + = increase; | = decrease.

picin, propafenone serum concentrations returned
to previous values and no further arrhythmias
were noted.!156] An additional report demonstrated
that rifampicin increases the metabolism of both
propafenone and its main metabolite, 5-hydroxy-
propafenone.!157]

3.7.3 Warfarin

In healthy volunteers, propafenone administra-
tion resulted in a38% increase in steady-state war-
farin concentration. The prothrombin-time ratio was
increased approximately 30% in these individuals.
INR should be monitored when propafenoneisin-
itiated or discontinued.!167]

3.8 Sotalol

In healthy volunteers, administration of magne-
sium hydroxide (1200mg) and aluminium oxide
(1800mg) resulted in a decrease in serum sotalol
concentrations, presumably by decreased absorp-
tion of sotalol. Separation of the 2 drugs by 2 hours
was sufficient to avoid the interaction.[161]

3.9 Amiodarone

A completelist of known drug-drug interactions
involving amiodaroneis presented in table VI. Some

0 Adis International Limited. All rights reserved.

of the better described interactions are discussed
below.

3.9.1 Digoxin

Marked elevation of digoxin concentrations (up
to 100%) within thefirst 2 days of administration has
been seen. The increase in digoxin serum concen-
trations stabilises only after 2 weeks of concomi-
tant administration. The magnitude of increase is
directly proportional to the dosage and plasmacon-
centration of amiodarone.[168-171] Amiodarone ap-
pearsto decrease both the renal and nonrenal clear-
ance of digoxin.['7d An empirical decrease of
digoxin dosage by half at the onset of amiodarone
therapy is recommended to avoid toxicity.[173]

3.9.2 Phenytoin

Increased plasma concentrations of phenytoin
(2-fold or greater) can be observed. Phenytoin con-
centrations should be monitored and dosage adj ust-
ed accordingly. The inhibition of phenytoin metabo-
lism by amiodarone appearsto be mediated through
inhibition of CY P2C9.[177-179] Conversely, pheny-
toin administration may lead to adecrease in steady-
state amiodarone concentrations and an increasein
desethyl-amiodarone concentrations. The clinical
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significance of thisinteraction needsto beinvesti-
gated.[180]

3.9.3 Warfarin

Marked potentiation of warfarin effect is seen.
An empirical decrease in the warfarin dosage by
half at the onset of amiodarone therapy is recom-
mended. Inhibition of CYP2C9 and CYP1A2 ap-
pearsto be the mechanism for decreased clearance
(approximately 65%) of the (- and (R)-enantiomers
of warfarin by amiodarone. Anincreasein thefree
fraction of warfarin is also seen. The magnitude of
theinteraction appears to be dependent on the dos-
age of amiodarone.[182-186]

3.10 Ibutilide

Ibutilide is a pure Class |11 antiarrhythmic re-
cently approved in the USfor the acute conversion
of atrial fibrillation and atrial flutter. Although the
metabolism of ibutilide appearsto be hepatic, stud-
ies have shown that it does not involve CYP2D6 or
CY P3A4.[187] No significant drug interactions for
ibutilide have yet been identified.

3.11 Dofetilide

Dofetilideisanew Class |11 antiarrhythmic agent
that has recently been approved in the US for the
conversion and maintenance of sinusrhythmin pa-

Table VI. Drug interactions with amiodarone

tients with atria fibrillation and flutter. The drug
is mainly eliminated unchanged in the kidney via
thecationic transport system, and drugsthat inhibit
this process will lead to increased dofetilide plas-
ma concentrations. Cimetidine, ketoconazole, tri-
methoprim, prochlorperazine and megestrol all in-
hibit the cationic transport system in the kidney and
should not be administered to patients receiving
dofetilide. In addition, verapamil increases plasma
concentrations of dofetilide by increasing its ora
absorption, and should also be avoided in patients
taking dofetilide.!188]

3.12 Adenosine

3.12.1 Other Agents that Slow Atrioventricular
Conduction (B-Blockers, Digoxin, Diltiazem
and Verapamil)

Concomitant administration may result in sig-
nificant AV block.[189 Verapamil has been ob-
served to significantly reduce the dose of adenosine
required to produce AV block.[190

3.12.2 Dipyridamole

The pharmacological effect of dipyridamole or
adenosine may be potentiated by each other, |ead-
ing to profound bradycardiaand chest pain upon con-
current administration.[191-194]

Agent Interaction

Management

B-Blockers!162
bradycardia and heart block

Calcium antagonists (verapamil,
diltiazem)[162-164]

Cyclosporinl165-167]

bradycardia and heart block

toxicity
Digoxinl168-173]

Fentanyll174-176]
sinus arrest
Phenytoinl177-180]

Theophyllinel181]

Warfarin[182-186] 1 in warfarin effect

Pharmacodynamic interaction that may produce

Pharmacodynamic interaction that may produce

Possible 1 in cyclosporin concentrations and

Doubling of the serum digoxin concentration

Combination has resulted in hypotension and

1 in phenytoin serum concentrations, possible
1 in amiodarone concentrations

Possible 1 in theophylline concentrations

Monitor for excessive B-blockade

Monitor for conduction defects

Monitor cyclosporin concentrations closely

Empirically decrease digoxin dosage by half at
onset of therapy

Monitor for adverse haemodynamic effects

Monitor phenytoin concentrations and adjust
dosage as needed. Monitor for amiodarone
toxicity

Monitor theophylline concentrations

Empirically decrease warfarin dosage by half at
onset of therapy

1 =increase; | = decrease.

0 Adis International Limited. All rights reserved.

Drug Safety 2000 Dec; 23 (6)



522

Trujillo & Nolan

3.12.3 Methyixanthines

A potentia pharmacological interaction between
adenosine and methylxanthines (theophylline and
caffeine) has been demonstrated in healthy volun-
teers. Methylxanthinesin general antagonisethe car-
diovascular effects of adenosine. Studies examin-
ing the effect of methylxanthines on adenosine did
not assess the potential effect on large doses of aden-
osine (6 to 12mg) used for termination of re-entrant
supraventricul ar tachycardias. However, patientstak-
ing methylxanthines may need an increase in adeno-
sine doseto achieve an acceptabl e response.[195-197]

4. Pharmacodynamic Interactions of
Antiarrhythmic Agents

In addition to the pharmacokinetic interactions
discussed in section 3, many reports describe the
useof antiarrhythmic drug combinationsfor thetreat-
ment of either ventricular or supraventricular arrhyth-
mias.[! In general, drugs from different antiar-
rhythmic classesor subclassesareusedin combination.
By combining antiarrhythmic drugs with different
but complementary or additive electrophysiologi-
cal/pharmacodynamic effects, antiarrhythmic effi-
cacy may beimproved and toxicity reduced. The lat-
ter may especially beevident if lower doses of each
of the antiarrhythmic agents can be prescribed, since
many adverse effects are dose- or concentration-
related.

4.1 Claoss IA plus Class IB Combinations

Several studieshave examined the effectiveness
of Class|A plusClass|B antiarrhythmic drug com-
binations in the treatment of ventricular arrhyth-
mias. The electrophysiological rationale for these
combinationsis asfollows.[11:19.1% Class | A agents
bind to the open sodium channel, manifest interme-
diate onset and offset binding kinetics with the
channel, increase refractoriness and markedly pro-
long the action potential duration. The latter 2 ef-
fects are due to the sodium channel blocking ef-
fects, which delay recovery of the sodium channel
for subsequent depolarisation, as well as to block-
ade of therepolarising, rapidly activating, outwardly
rectifying potassium current. On the other hand,
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Class B agents bind to the inactivated sodium chan-
nel and exhibit fast onset and offset binding kinetics
with the sodium channel, particularly in ischaemic
tissue, but have minimal effects on or may shorten
the action potential duration, especially in healthy
nonischaemic cardiac tissue. The sodium channel
blockade by both Class |A and IB antiarrhythmics
is use dependent, whereas the potassium channel
blocking effect of Class |A drugs is reverse-use
dependent. Therefore, by combining a Class 1A
agent with aClass|B agent, are-entrant ventricular
arrhythmia may be abolished via additive sodium
channel blockade, as prol ongation of the action po-
tential by the Class IA agent should permit in-
creased sodium channel binding of the Class IB
agent, thereby decreasing conduction velocity and

increasing refractoriness at faster heart rates (i.e.

during the period of the tachycardia). In addition, the

combination may limit the Class |A-induced pro-
longation of refractoriness (i.e. prolongation of the

QT or QT interval) at slower heart rates (i.e. dur-

ing sinus rhythm) and, therefore, diminish the risk

for proarrhythmia such as torsade de pointes.

The combination of aClass | A agent and mexi-
|etine has been studied extensively, with conflicting
results, in patients with ventricular arrhythmias.
Studies have shown that the combination of quini-
dine plus mexiletine, generaly in reduced doses of
each, when compared with full doses of either drug
alone had the following effects:

« reduced frequency of ventricular premature
complexes (VPCs)[12200] or nonsustained ven-
tricular tachycardial?°% as determined by Holter
monitoring

« decreased inducibility of sustained ventricular
tachycardia, increased ventricul ar refractory pe-
riod or increased cyclelength of thetachycardia
(i.e. dowed therate of thetachycardia) during pro-
grammed el ectrophysiological testingl202.203]

* limited quinidine-induced increasein QT inter-
Va|[12,201]

e generaly resulted in fewer adverse effects ne-
cessitating discontinuance of antiarrhythmic
therapy.[12.201]
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Furthermore, the combination of quinidine plus
mexiletinedid not further depressventricular func-
tion in patientswith mild to moderateleft ventricular
dysfunction (i.e. mean left ventricular gjection
fraction 36 + 19%) and ventricular tachyarrhyth-
mias.[24 Similar reductions in VPCs, nonsus-
tained ventricular tachycardiaand dose-rel ated ad-
verse effects have been reported for the combination
of reduced doses of both mexiletine and dis-
opyramide as compared with full doses of either
mexiletine or disopyramide alone.[203] However, it
has not been convincingly reported that the com-
bination of disopyramide plus mexiletine is supe-
rior with respect to noninducibility of ventricular
tachycardiawhen 1 drug is ineffective.

Conversely, other investigators have reported
no differencesin recurrence rates of ventricular ar-
rhythmia as assessed by Holter monitoring in pa-
tients receiving a Class IA agent plus mexiletine
versus mexiletine alone.[205.208] A|sp, the addition
of mexiletine to procainamide did not result in en-
hanced noninducibility of sustained ventricular
tachycardia compared with procainamide alone.[27]
In an attempt to reconcile the conflicting observa-
tions surrounding the use of combined Class |A
and | B therapy, Foster and colleagues'2°8! reported
that sel ected el ectrophysiological and clinical vari-
ables were predictive of a higher probability of
noninducibility to the combination of a Class IB
(predominantly mexiletine) and a Class |A agent
when compared with a Class |A agent alone.[208]
These variables included: baseline gjection frac-
tion greater than 40%,; inducibility of ventricular
fibrillation rather than ventricular tachycardiadur-
ing the baseline, drug-free electrophysiological
study; and marked prolongation of ventricular re-
fractoriness aswell as shortening of the QRS inter-
val with combination therapy. Khalighi and co-
workers209 have al so reported that the presence of
congestive heart failure resulted in apoor response
(i.e. 8% noninducibility rate of sustained ventricu-
lar tachycardia) to Class |A/Class IB combination
therapy.[209

Therefore, in summary, despite theoretical and
actua electrophysiologica benefits, combination
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therapy with a Class IA and Class IB drug would
not ordinarily be expected to decrease the frequen-
cy of sustained ventricular tachycardia and associ-
ated mortality, particularly in the setting of left
ventricular dysfunction.[208:209 However, the com-
bination may be useful for decreasing episodes of
symptomatic, nonsustained ventricular tachycar-
dia, although there are no long term, randomised
studies that prospectively assess the effects of the
combination on survival. In addition, 3-blockers and
Classl11 agents such as sotal ol, amiodarone or, po-
tentially, dofetilide would be likely to be superior
choices.[210]

4.2 Closs IB plus Class IC Combinations

The electrophysiological reasoning for combin-
ing Class IB and IC antiarrhythmicsis similar to
that for the combination of Class|A and IB agents.
Class IC drugs bind to the activated and perhaps
inactivated sodium channel with very slow rates of
dissociation.[198.211.212] The addition of a Class IB
drug may further suppress conduction, particularly
at faster heart rates, aswould occur during episodes
of ventricular tachycardia, but without affecting ac-
tion potential duration during sinus rhythm.

Clinical studieshave examined the combination
of mexiletine with either flecainide? or pro-
pafenone, 212 with similar findings. The combina-
tions were unlikely to render sustained ventricular
tachycardia noninducible. Nonetheless, the rate of
induced tachycardiawas slower and haemodynam-
ically tolerated. When combining the proarrhyth-
mic and noninducibility results from both studies,
however, the effects of combination antiarrhythmic
therapy were negligible, as approximately the same
number of patients had arrhythmia aggravation as
had the tachycardia rendered noninducible. There-
fore, the combination of ClassIB and IC antiarrhyth-
mics appearsto offer very little benefit to patients
with sustained ventricular tachycardia. Further-
more, results from the Cardiac Arrhythmia Suppres-
sion Trial (CAST) would be likely to discourage
clinicians from using the combination in patients
with symptomatic or asymptomatic nonsustained
ventricular tachycardia.l1210]
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4.3 Combinations with Class
Il Antiarrhythmics

[3-Adrenergic stimulation produces the following
important electrophysiological effects:

 ghortens the ventricular action potential duration
and refractory period viaincreasesin the slowly
activating component of the delayed rectifier cur-
rent (Ixs), the chloride current (1) and the sodium-
potassium (Na-K) pump current

e augments ventricular conduction by increasing
the fast inward sodium current (Ing)

* promotesautomaticity by increasing boththeslow
inward calcium current (Icg) and the pacemaker
current (If)

» enhancesatrioventricular nodal conduction, large-
ly by increasing | c,[213
Consequently, increasesin circulating catechol -

amines seen during mild to moderate physical ex-

ercise can reverse the electrophysiological effects
of Class |A drugs such as quinidine, pure Class |11
drugs such as sematilide and digitalis glycosides.[213]

In contrast, it appearsthat 3-adrenergic stimulation

only partially reversesthe Class |11 effects of ami-

odarone and to a lesser extent sotalol, probably as a

consequence of noncompetitive and competitive 3-

adrenergic blockade, respectively.[?13 Therefore,

B-blockers(i.e. Class | antiarrhythmics) may have

important effects in modulating the electrophysio-

logical actions of other antiarrhythmics, particu-
larly in the setting of increased sympathetic activity.

4.3.1 Class | and Class Il Combination Therapy

Combined therapy with Class| agentsand either
anonselectivel?14 or cardiosel ectivel213] B-blocker
resulted in a higher incidence of noninducibility of
sustai ned ventricular tachycardiaas compared with
Class | antiarrhythmic therapy alone. In addition,
Meyerburg and associates have reported that the co-
administration of propranolol eliminated the proar-
rhythmic effects of flecainide and encainide in 4
patients, for whom the Class| C agentshad previously
been effectivein preventing induction of sustained
ventricular tachycardia.[228 Perhaps the most con-
vincing evidence for combining [-blockers with
Class | antiarrhythmics in the treatment of poten-
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tidly or actualy life-threatening ventricular arrhyth-
mias comes from retrospective subgroup analyses
of the CASTI27] and the Electrophysiologic Study
Versus Electrocardiographic Monitoring (ES
VEM) trials,[?18] respectively. In CAST there was
asignificant reduction in sudden death for patients
treated with Class IC drugs plus B-blockers when
compared with patientswho received Class|C agents
alone.[217] In ESVEM, although the rate of arrhyth-
miarecurrence was lower in patients given sotalol
than in those receiving Class | agentswith or with-
out a-blocker, mortality was similar in the sotalol
group and the Class | subgroup receiving concom-
itant 3-blockers. Mortality, however, wasgreater in
the Class | subgroup that was not taking concomitant
B-blockers.

4.3.2 Class Il and Class Ill Combination Therapy

Although amiodarone has noncompetitive (3-
blocking effects, 3-adrenergic stimulation can par-
tially reverse the effects of amiodarone, which pro-
longs the ventricular action potential duration and
effective refractory period, ventricular tachycardia
cyclelength and QRS interval .[213] With respect to
clinical trials, pooled post-hoc analysisof 2 studies
of the use of amiodarone after acute myocardial
infarction — the European Myocardial Infarct Am-
iodarone Trial (EMIAT) and the Canadian Amio-
darone Infarction Arrhythmia Trial (CAMIAT) —
revealed that the combination of amiodarone and
-blockade significantly lowered the incidence of
cardiac and arrhythmic death and resuscitated car-
diac arrest after acute myocardial infarction as
compared with amiodarone alone.[219

4.3.3 Class Il and Digoxin Combination Therapy

For decreasing ventricular rate in the treatment
of atria fibrillation, digoxin has the longest accu-
mulated experience.[*3] The mechanism of action
of digoxin on the AV nodeisindirect via parasym-
pathetic augmentation. By way of the muscarinic
type 2 (M>) receptor, amajor effect of parasympa-
thetic stimulation is to antagonise adrenergic effects
by inhibiting adenylate cyclase, thereby decreasing
Ica I and 1k .[2% Theeffectsonlcaand I arelargely
responsible for depressing AV nodal conduction.
However, themajor limitation in the use of digoxin
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for controlling the ventricular ratein atrial fibrilla-
tionisitspoor control of exerciserates, during which
parasympathetic toneisdecreased and sympathetic
tone is increased.!'3 Therefore, combination of
digoxin with a 3-blocker should result in additive
effects on slowing AV nodal conduction, particu-
larly during periods of increased sympathetic tone
such asexercise. In fact, studies have reported a sub-
stantial decrease in ventricular rates both at rest
and during exertion when using 3-blockersin com-
bination with digoxin in patients with atrial fibril-
lation.[13 However, in selected patients, such asthe
elderly, it may be preferableto use 3-blockerswith
intrinsic sympathomimetic (partial agonist) activ-
ity to reduce the risk of nocturnal bradycardia and
pauseS.[220'221]

4.4 Combinations with Class
Il Antiarrhythmics

Compared with Class | drugs, the use of Class
I11 agentsin the prevention of ventricular tachyar-
rhythmias and atrial fibrillation has been increas-
ing. For the prevention of ventricular tachycardia,
Class | antiarrhythmics have been relatively inef-
fective and have an increased risk for proarrhyth-
mia and mortality, particularly in patients with con-
current heart failure.[2221 With respect to preventing
recurrences of atrial fibrillation, the comparative
efficacy of Class | and Class |1l agents has ap-
peared similar, particularly in patients without
structural heart disease.[?23l However, the increased
risk for proarrhythmia in patients with structural
heart disease associated with the use of Class| agents
has resulted in the rationale for using Class I11 an-
tiarrhythmics as first-line agentsin various patient
subgroups.[?%3 Nevertheless, Class |11 antiarrhyth-
mics have been ineffective in many patients and
each of the existing oral agents, amiodarone and so-
talol, has adverse effects.[222223 Therefore, inves-
tigators have assessed the antiarrhythmic eff ects of
these 2 Class |11 drugs in combination with other
agents.

4.4.1 Combinations with Amiodarone
In addition to the combination of amiodaroneplus
B-blockers discussed in section 4.3.2, amiodarone
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has been combined with various Class | agents to
prevent the induction of sustained ventricular
tachycardia.[224225] This combination was based
on the theory that the action potential-prolonging ef-
fects of amiodarone, due largely to blockade of I,
would be expected to allow for greater binding of
the sodium channel blocking agent. Asaresult, con-
duction should be slowed and refractoriness in-
creased.[226] Toivonen and colleagues reported that
the combination of amiodarone plus either quini-
dine, mexiletine or encainide did not prevent in-
duction of sustained ventricular tachycardia.[2?4
However, the combinations slowed the ventricul ar
tachycardiarate in about one-third of the patients,
thereby rendering them more haemodynamically
stable. The combinations of amiodarone with the
Class|A and I C drugswere most efficaciousin this
regard. In addition, ventricular refractoriness was
enhanced by combination therapy, but no episodes
of proarrhythmia occurred. Jung and co-workers re-
ported similar findings with respect to the failure
of combination therapy to suppress inducibility of
the arrhythmia as well as dowing of the tachycardia
with the amiodarone/Class IC combinations.[22%]
However, therewereincreased proarrhythmic events
with the amiodarone/encainide combination. De-
spite the potentially beneficial antiarrhythmic and
electrophysiological effects of amiodarone/Class|
combination therapy, its effects on mortality have
not been assessed.[225]

Amiodarone plus flecainide has also been used
in combination for refractory tachyarrhythmiasin
infants.[2271 Successful control of tachyarrhythmia
wasachievedin 7 of 9(78%) of thepatientsand 100%
of the 6 patientswith supraventricular arrhythmias.
No episodesof proarrhythmiawerereported. Thus,
in selected patients, this combination may delay or
obviate the need for corrective, radiofrequency ab-
lative or surgical interventions.

4.4.2 Combinations with Sotalol

Low doses of sotalol have been used in combina-
tionwith the Class | A agents quinidineand procain-
amide in the management of sustained ventricular
tachycardia.[228229] For 46 patients with inducible
sustained ventricular tachycardia, therewasacom-
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bined 83% response rate with combination therapy:
in 46% of patients the tachycardia was rendered
noninducible and 37% had their arrhythmia favour-
ably modified.[228] Recurrence rates of arrhythmia
tended to be much less in the responders than in pa-
tients in whom the combination failed to prevent
inducibility or modification of the arrhythmia. In
addition, therewerenoinstances of torsade de pointes
or other proarrhythmiain the group receiving com-
bination therapy. The major beneficial el ectrophys-
iological effect of combination therapy with sotalol
and either quinidine or procainamide appeared to
result from asignificant increase in ventricular re-
fractoriness that was not reversed at faster heart rates
(i.e. abolishment of reverse-use dependence) in
conjunction with aminimal increase in ventricular
conduction.[229]

4.5 Combinations with Class
IV Antiarrhythmics

The Class IV antiarrhythmic agents, verapamil
and diltiazem, work principally to reduce theinward
calcium current (I¢cy) that produces depolarisation
and propagation in sinoatrial and AV nodes. This
current also contributes to the plateau phase of the
action potential inatrial, ventricular and His-Purkinje
cells.[29 As previously noted, B-adrenergic stimu-
lation can augment | c,.[20

As a consequence of their pharmacological ef-
fects, Class|V antiarrhythmicshave been most useful
for terminating AV nodal re-entrant tachycardias
and for decreasing AV nodal conductionto slow the
ventricular response in atrial fibrillation.[22d For
the latter, both diltiazem and verapamil have been
used in combination with digoxin to further enhance
the reduction in ventricular rate.[1!

In addition, low, fixed dosages of verapamil
(240 mg/day) and quinidine (480 mg/day) in com-
bination havebeen used torestore sinusrhythm and
prevent recurrences of atrial fibrillation.[239 This
combination was as effective as amiodaronein re-
storing sinusrhythm (55 and 60% of patients, respec-
tively). Thereafter, the combination maintained si-
nusrhythmin60% of theinitia respondersfor 2 years
without adverse effects.[239 Asserum quinidine con-
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centrations were not measured, a combined, benefi-
cial pharmacodynamic-pharmacokinetic interac-
tion cannot be excluded. Larger, long term trials may
be needed, however, to further clarify therole of this
combination in the management of paroxysmal or
chronic atrial fibrillation. Nevertheless, this com-
bination could serveasachoicefor arrhythmiasup-
pression, particularly in the setting of reasonably
preserved left ventricular function.

4.6 Overview of
Antiarrhythmic Combinations

The management of ventricular tachyarrhythmias
or atrial fibrillation with combinations of antiar-
rhythmic drugsfrom different classesor subclasses
can be beneficial in selected patients. With respect
to prevention of life-threatening ventricular tachy-
arrhythmias, various combinations with the Class
11, B-blocking, drugs appear to offer the highest ther-
apeutic to toxic risk ratio in comparison with other
combinations.[231 For atria fibrillation, there are
insufficient long term outcome data to recommend
combination therapy routinely for ventricular rate
control. However, B-blockersor Class|V antiarrhyth-
mics as single agents for ventricular rate control
appear to have advantages over digoxin alone in
most patients.[13]

4.7 Combinations with Noncardiac Drugs

No discussion regarding combined pharmaco-
dynamic effectswould be complete without a brief
discussion of the potential additive effects of non-
cardiac drugs that have electrophysiological ef-
fects.[232.233] Included in table V11 are medications
that have been reported to have the ability to pro-
long repolarisation (Class 111 antiarrhythmic effect)
and induce torsade de pointes independently in pa-
tients. Some medications, such as erythromycin or
haloperidol, may produce QT prolongation at nor-
mal plasma concentrations. Others, such as astem-
izole or cisapride, exhibit their electrophysiologi-
cal effectsonly at elevated plasma concentrations.
Thereislittle literature regarding the magnitude of
increased risk, but using any of these medicationsin
patients who are concomitantly taking either Class
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Table VII. Noncardiac drugs that prolong repolarisation (QT inter-
val)[232233]

Class
Antihistamines
Antimicrobials

Drugs

Terfenadine, astemizole
Erythromycin, cotrimoxazole
(trimethoprim-sulfamethoxazole),
clarithromycin, azithromycin,
ketoconazole, pentamidine,
chloroquine, quinine

Cisapride

Probucol

Tricyclic antidepressants, haloperidol,
phenothiazines, risperidone

Gastrointestinal
Lipid lowering
Psychotropic agents

laor Class Il antiarrhythmicsislikely to increase
the risk of drug-induced arrhythmia due to the com-
bined pharmacodynamic effects. If such combina-
tions are deemed to be necessary in agiven patient,
clinicians should be aware of the increased poten-
tial for these adverse eventsand monitor the patient
accordingly.

5. Conclusions

Despite an increased risk of mortality in some
studies with antiarrhythmic drugs,[¥! these agents
continue to be used in a number of clinical set-
tings.[29 Therefore, knowledge of both pharmaco-
kinetic and pharmacodynamic interactionsinvolv-
ing antiarrhythmic drugsis essential to optimising
the pharmacological care of patients taking these
medications.
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