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INTRODUCTION 

Antiarrhythmic drugs (AADs) are an important therapeutic 

modality for rhythm control in patients with cardiac ar-

rhythmias. In particular, atrial fibrillation (AF) has emerged 

as the most important arrhythmic disorder of the present 

era, as Korea is rapidly becoming an aging society. Because 

early rhythm control has shown favorable clinical outcomes 

compared with rate control in recent trials [1,2], the use of 

AADs is increasing rapidly. However, the clinical outcomes 

of management with AADs are not all roses. All AADs, like 

Review Article
Cardiovasc Prev Pharmacother 2023;5(1):1-14
eISSN 2671-700X
https://doi.org/10.36011/cpp.2023.5.e1

There are various types of adverse reactions to antiarrhythmic drugs (AADs). Proarrhythmia, which refers to an exacerbation of the 
preexisting arrhythmia or occurrence of a new arrhythmia, may occur under the therapeutic concentration of an AAD. Bradyarrhyth-
mia is the most common type of proarrhythmia due to AADs, and prior myocardial infarction and old age are known risk factors. Atri-
al flutter with 1:1 atrioventricular conduction usually occurs during rhythm control of atrial fibrillation with class IC AADs. QT prolon-
gation due to AADs, mainly class III AADs, elevates the risk of torsade de pointes by triggered activity due to early afterdepolarization. 
The addition of clinical factors that promote QT prolongation, such as hypokalemia, hypomagnesemia, female sex, and bradycardia, 
increases the risk of developing torsade de pointes. Proarrhythmic monomorphic ventricular tachycardia usually occurs as a result 
of slow conduction and disparity of refractoriness due to class IC AADs. In patients with preexisting left ventricular systolic dysfunc-
tion or structural heart disease, the risk of hypotension or cardiogenic shock caused by negative inotropic effects due to AADs 
should be considered. To prevent these major adverse reactions to AADs, we need to understand the electrophysiologic properties 
of AADs in detail. Furthermore, the risk of proarrhythmia could be heightened by interplay with clinical factors, such as electrolyte 
unbalances, heart rate, and hepatic/ renal or myocardial dysfunction. Sufficient awareness about drug-drug interactions, which may 
affect the metabolism of AADs, will improve patient safety during the management of arrhythmia. 
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all other medications, can cause several adverse reactions. 

It has a broad spectrum from self-limiting, mild adverse 

reactions to severe, fatal adverse reactions, including fatal 

arrhythmias. The definition of an adverse drug reaction is a 

significantly harmful or unpleasant response resulting from 

treatment with medication [3]. AADs are like double-edged 

swords—there is not only an antiarrhythmic effect, but also 

a proarrhythmic risk. Since proarrhythmia is often very fatal 

and is considered the most important category of adverse 

reactions to AADs, we focus on proarrhythmia in this paper. 

We also introduce major drug-drug interactions that affect 
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the serum concentration of AADs and elevate the risk of ad-

verse reactions to AADs.  

CLASSIFICATION OF ANTIARRHYTHMIC DRUGS 

The Vaughan-Williams classification remains the most 

popular and familiar method of classifying AADs [4]. It has 

recently been expanded to include potential AADs [5], and 

class I to IV AADs remain the cornerstone of the manage-

ment of arrhythmic disorders. Another approach toward 

a new classification of AADs, called the Sicilian Gambit, 

increased the level of understanding of the mechanism 

of AADs and parameters associated with vulnerability to 

arrhythmias; however, it failed to lead to widespread accep-

tance and clinical use due to its complexity [6]. Each AAD 

has an additional mechanism of pharmacological action 

beyond its known major mode of action (Table 1) [6,7]. Fur-

thermore, the interplay between AADs and clinical environ-

ments leads to a difference in the degree of pharmacologic 

actions. Using AADs without a detailed understanding of 

these complexities may increase the occurrence of proar-

rhythmic adverse reactions. 

PROARRHYTHMIA 

Definition 

Proarrhythmia is defined as a progression of preexisting 

arrhythmia or the occurrence of a new arrhythmia resulting 

from therapy for arrhythmic control with medication of a 

clinically usually therapeutic, nontoxic concentration [8]. 

Antiarrhythmic drug-induced specific arrhythmias 

Bradyarrhythmia 
Bradyarrhythmia is known as the most common mani-

festation of proarrhythmia resulting from the use of AADs 

[9]. Bradyarrhythmia could occur due to suppression of 

automaticity of the sinoatrial node or conduction ability 

via the atrioventricular (AV) node and the His-Purkinje 

system. The incidence of bradyarrhythmia due to AADs is 

unknown. Previous myocardial infarction and old age have 

been suggested as risk factors for bradyarrhythmia in pa-

tients who have undergone rhythm control for AF [9]. The 

incidence of AF is much higher in older people, and physi-

cians frequently prescribe AADs for rhythm management 

in symptomatic paroxysmal AF patients with old age. Even 

in the absence of evidence of preexisting conduction sys-

tem dysfunction, we often meet patients who complain of 

faintness or syncope after treatment with AADs, which are 

Table 1. Classification and pharmacological properties of major AADs

Class Drug
Channel blockade Receptor blockade

Na+

Ca2+ K+ α β M2
Fast Medium Slow

IA Disopyramide ● ○

Procainamide ●

Quinidine ● ○

IB Lidocaine ○

Mexiletine ○

IC Flecainide ●

Propafenone ●

III Amiodarone ○

Dronedarone ○

Sotalol ● ●

The classification of antiarrhythmic drugs (AADs) according to Vaughan-Williams system and their effects on targets according to the Sicilian Gambit sys-
tem. Class I AADs are subdivided into three groups of actions characterized by fast (IB), medium (IA), and slow (IC) offset kinetics for recovery from the 
blockade. The relative potency is classified as high (filled circle), moderate (striped circle), or low (open circle).
α, α-adrenoceptor; β, β-adrenoceptor; M2, muscarinic receptor subtype 2.
Based on data from Dan et al. [7].
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suspected to be symptoms due to sick sinus syndrome or 

post-tachycardia pause. Therefore, AADs should be started 

at a low dose combined with periodic follow-up, especially 

in older patients. Cardiac death due to bradyarrhythmia is 

rare; however, pause-dependent torsade de pointes could 

occur, and traumatic hemorrhage due to loss of conscious-

ness is another fatal complication. 

Atrial flutter with 1:1 atrioventricular conduction 
Atrial flutter with 1:1 AV conduction can sometimes be 

observed when we try rhythm control therapy in patients 

with AF. Class IC AADs are used frequently in patients with-

out structural heart disease to treat AF or supraventricular 

tachycardia. Its known incidence rate during AF treatment 

with flecainide or propafenone is about 3.5% to 5.0% [7]. 

Class I AADs inhibit phase 0 depolarization by blocking 

sodium channels. These drugs make the conduction veloc-

ity slow in the heart. When a class I agent was used to treat 

atrial flutter, the flutter cycle length could be slowed, and 

this could occur in patients with AF as the AF organized to 

the atrial flutter. AV conduction via the AV node could be 

accelerated to 1:1 AV conduction due to the prolongation 

of the atrial flutter cycle length. In particular, class IC AADs 

bind to and dissociate from the sodium channel more slow-

ly than other class I AADs [10]. Therefore, use-dependency 

is a pharmacologic characteristic of class IC AADs, and the 

acceleration of AV conduction might occur more easily than 

in other class I AADs. Furthermore, the sodium channel 

blocking effect could also delay ventricular conduction 

via the bundle branch and muscle-to-muscle conduction. 

According to an animal study, conduction delay due to 

flecainide is more remarkably presented in the ventricular 

myocardium than in the Purkinje fibers [11]. This aberrant 

and delayed intraventricular conduction makes the QRS 

complex wide and bizarre, frequently resulting in a pattern 

that is difficult to distinguish from true ventricular tachycar-

dia. According to a recent report, the initial deflection of the 

QRS complex in lead V6 could be helpful for distinguishing 

between these arrhythmias [12]. Fig. 1 shows an example of 

atrial flutter with 1:1 AV conduction, which occurred during 

rhythm control with flecainide in a patient with paroxysmal 

AF. Due to this proarrhythmic risk, an AV nodal blocking 

agent should be used when we try to use AADs for rhythm 

control in cases of AF or atrial flutter. 

Sustained monomorphic ventricular tachycardia 
Sustained monomorphic ventricular tachycardia (VT) can 

occur as a complication of any type of AAD. However, the 

conduction-blocking effect due to class IC AADs is the most 

common pathophysiology of proarrhythmic monomorphic 

VT. The known predictors of sustained monomorphic VT 

are left ventricular systolic dysfunction and a history of 

undergoing rhythm control for ventricular tachyarrhyth-

mia [13,14]. However, Falk [15] have reported sustained VT 

cases related to flecainide use for rhythm control in patients 

with AF and normal left ventricular function. Josephson [16] 

suggested that this phenomenon potentially was reentrant 

VT due to slow conduction and a disparity of refractoriness 

in flecainide use. Of particular note, this use-dependent 

depression of conduction associated with a shortening 

of refractoriness could progress as a result of exercise or 

catecholamine use. As a result, sustained monomorphic 

VT could be more easily induced in those situations. The 

feature of proarrhythmic monomorphic VT due to flecain-

ide tends to appear in the form of a wide sine wave. Fig. 2 

shows an example of sustained monomorphic VT during 

treatment with flecainide, which occurred in a patient with-

out evidence of structural heart disease. This ventricular 

flutter-like tachyarrhythmia could be fatal and not be con-

verted to sinus rhythm by electrical cardioversion [16]. This 

proarrhythmic effect could be caused by a too rapid escala-

tion in the AAD dose. 

Torsade de pointes 
Torsade de pointes (TdP) is a very well-known life-threat-

ening ventricular tachyarrhythmia. This is polymorphic VT 

occurring at the prolonged QT interval, which has charac-

teristics of the QRS complex’s morphology with alternating 

electric polarity and amplitude, and the peak of the QRS 

complex appears to be twisting around the isoelectric line. 

TdP is usually short-lived; however, multiple episodes of 

TdP could degenerate into ventricular fibrillation [17]. 

Among the AADs, class IA or Ⅲ drugs, which block outward 

potassium currents during the phase 3 period of the action 

potential, are commonly associated with TdP. These agents 

lead to the prolongation of the action potential duration, 

especially the repolarization period [18], and the QT pro-

longation is markedly aggravated at the following beat im-

mediately after a post-ectopic pause or a long R-R interval 

[19]. This results in intracellular calcium overloading due 
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Fig. 1. Atrial flutter with 1:1 atrioventricular conduction. (A) This 51-year-old male patient was transferred due to wide QRS complex 
tachycardia. He had been treated with flecainide and verapamil due to paroxysmal atrial fibrillation. (B) The tachycardia was not ter-
minated by adenosine, and the rhythm postadenosine infusion was compatible with typical atrial flutter. Subsequently during catheter 
ablation for his atrial fibrillation, atypical atrial flutter was induced by burst pacing under intravenous flecainide infusion. (C) The QRS 
complex morphology of the induced atrial flutter was the same as that of the initial electrocardiography of wide QRS tachycardia. This 
could be accepted as a finding providing further support that (A) the QRS widening of electrocardiography occurred by aberrant con-
duction, affected by flecainide. 

AA
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to the prolonged plateau phase, and augmented calcium 

influx might have a crucial role in the initial mechanism of 

TdP, which is activity triggered by early afterdepolarization 

[20]. When other factors, such as hypokalemia, hypomag-

nesemia, female sex, bradycardia, and renal failure, are su-

perimposed on the QT prolongation due to AADs, the risk 

of TdP is increased [20,21]. Therefore, we usually encounter 

TdP cases in patients with chronic wasting conditions who 

have undergone treatment in the intensive care unit, with 

the frequent use of diuretics and AADs for AF. 

Interestingly, the risk of TdP in patients who take 

amiodarone is relatively low despite the degree of QT pro-

longation (Table 2) [8]. However, for sotalol, the incidence 

of TdP is more than 5% at doses of more than 320 mg/day 

[18]. This means that the mechanism of the prolongation of 

the repolarization period might be more important than the 

degree of the prolongation of the QTc interval. Although it 

is still unclear, the low risk of TdP in amiodarone might be 

explained by its blocking effects on multiple ionic currents 

and unremarkable increment of QT dispersion [22,23]. 

Furthermore, reverse use-dependence is characteristic of 

sotalol, in contrast to amiodarone. The β-blocking effect 

combined with the reverse use-dependence of sotalol can 

provoke marked QT prolongation in the diastolic peri-

od, especially during bradycardia, and elevate the risk of 

TdP. In contrast, prolongation of the action potential by 

amiodarone at normal and fast heart rates is similar be-

cause its action is less time-dependent and voltage-depen-

dent; that is, reverse use-dependence is not characteristic of 

amiodarone [24]. Self-terminating TdP with recurrent syn-

cope in patients who take quinidine for the management 

of AF was first reported by Selzer and Wray [25]. This is also 

Fig. 2. Monomorphic ventricular tachycardia. This 44-year-old female patient underwent cavotricuspid isthmus ablation and implanta-
tion of a permanent pacemaker (DDDR mode) due to typical atrial flutter and sick sinus syndrome. She had taken flecainide (50 mg 
twice daily), and diltiazem (30 mg twice daily) due to paroxysmal atrial fibrillation. She visited the emergency room due to palpitation. 
Her blood pressure was 90/60 mmHg. (A) Initial electrocardiography showed wide QRS tachycardia of 180 beats/min. The tachycar-
dia was not responsive to intravenous adenosine, and electrical cardioversion was performed for sinus conversion. (B) Interrogation of 
the pacemaker showed that the clinical tachycardia was compatible with ventricular tachycardia. The morphology of the QRS complex 
during tachycardia resembles a sine wave. 
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named “quinidine syncope” and usually occurs within 1 

to 3 hours after the last dose. Quinidine syncope could be 

life-threatening and is associated with significant QT pro-

longation. The QT prolongation could be aggravated due 

to the reverse use-dependence of its outward potassium 

current inhibition [24]. Meanwhile, TdP may occur due to 

an idiosyncratic reaction at low dosages and concentrations 

of quinidine [18]. Dronedarone also causes prolongation 

of the QT interval as a class III AAD; however, the degree of 

QT prolongation is modest at a daily dose of 800 mg [26], 

and reported TdP cases are extremely rare according to the 

results of clinical trials [27,28]. 

Ventricular fibrillation 
Ventricular fibrillation (VF) during rhythm management 

with AADs was evaluated intensively in the 1980s [29,30]. 

Left ventricular systolic dysfunction was identified as a 

risk factor for AAD-associated VF [30]. In those studies, the 

AADs that provoked VF were class IA agents, such as pro-

cainamide, quinidine, and disopyramide. In the present 

clinical practice of the management of tachyarrhythmia, 

the clinical indication of these class IA AADs is very narrow, 

and these AADs are not available in clinical practice in Ko-

rea, except for quinidine. 

Sodium channel blockers, including class IC, ajmaline, 

and procainamide can induce Brugada-pattern electro-

cardiography (ECG) in patients with normal pretreatment 

ECG. A drug-induced Brugada pattern may be observed 

more frequently during the treadmill test, and the patients 

with this change are usually asymptomatic. However, VF 

and sudden cardiac death could still occur, so the offending 

drug should be discontinued [31]. 

Interplay with extraneous factors 

The risk of proarrhythmic effects of AADs could be height-

ened in certain clinical environments. The serum concen-

tration of AADs varies depending on drug metabolism. 

Therefore, the renal and/or hepatic excretion of a specific 

medication or numerous drug-drug interactions could 

elevate the risk of proarrhythmia [8]. Sotalol should be 

prescribed cautiously in patients with renal insufficiency, 

and the use of lidocaine in the presence of severe hepatic 

dysfunction may elevate the risk. The details of drug-drug 

interactions will be discussed below. The concomitant 

presence of hypokalemia or hypomagnesemia elevates the 

risk of TdP. Hyperkalemia decreases conduction velocity 

and promotes bradycardia due to dysfunction of the si-

noatrial node and/or AV node. During a rapid heart rate, 

the pharmacological effect of class IC AADs is exaggerated 

due to their unique pharmacokinetic feature, which is slow 

binding to and dissociation from the sodium channel [32]. 

In contrast, reverse use-dependency is characteristic of 

class IA AADs and sotalol; therefore, the use of these agents 

should be avoided in patients with advanced bradycardia 

to reduce the risk of QT prolongation and TdP [24]. Addi-

tionally, all class I AADs should be avoided in patients with 

myocardial ischemia to reduce mortality due to arrhythmia 

[33]. 

Table 2. Proarrhythmic effects of antiarrhythmic drugs
Variable TdP VFa) VTa) AFL 1:1 AV conduction Bradyarrhythmia
Procainamide 1%–2% ++ + + +
Quinidine 0.02 ++ + ++
Lidocaine Rare Rare Rare Rare
Mexiletine Rare Rare Rare
Propafenone Rare + ++ +++ ++
Flecainide Rare + ++ +++ ++
Sotalol 2%–5% + + + +++
Amiodarone <1% + + + +++

TdP, torsade de pointes; VF, ventricular fibrillation; VT, ventricular tachycardia; AFL, atrial flutter; AV, atrioventricular; +, frequency of occurrence relative to 
other drugs.
a)Most common in patients with structural heart disease and/or preexisting ventricular arrhythmias.
Adapted from Friedman and Stevenson [8] with permission from Elsevier.
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NEGATIVE INOTROPIC EFFECTS 

Most AADs have a negative inotropic effect; however, 

whether a clinically significant negative inotropic effect is 

overt may vary depending on multiple variables, such as 

underlying structural heart disease or myocardial function 

and the loading conditions of the AAD [34,35]. Therefore, 

the hemodynamic result of a given AAD could be different 

according to the tested conditions. Besides, the evidence 

is relatively weak to discuss the negative inotropic effect of 

AADs in detail and the results of animal studies are not al-

ways correlated to the results of clinical studies. That is, it is 

difficult to summarize the negative inotropic effect of AADs.  

Class IC AADs, flecainide and propafenone, which have 

a strong sodium channel-blocking effect, decrease cardi-

ac contractility. It is also known that propafenone has a 

β-blocking effect. This is related to the alteration of sodium/

calcium inter-dependence and a decrease in intracellular 

calcium [7]. Class IC AADs should not be used in the pres-

ence of structural heart disease, especially ischemic cardio-

myopathy [33]. 

Sotalol inhibits rapid delayed rectifier potassium current 

(Ikr). Sotalol could aggravate heart failure. According to a 

prior study that evaluated 3,257 patients treated for arrhyth-

mias, heart failure occurred in 3.3% of patients during a me-

dian of 156 days of follow-up [36]. Heart failure was more 

prevalent in patients with a prior history of heart failure, 

cardiomyopathy, or structural heart disease. 

Amiodarone has a minimal effect on the left ventricular 

ejection fraction (LVEF) in patients with near-normal or 

normal LVEF [34]. Rather, a study showed that the LVEF 

slightly increased due to reduced afterload by a vasodilatory 

effect [37]. Amiodarone is widely used as the safest possible 

AAD in patients with structural heart disease and heart fail-

ure with and without atrial or ventricular tachyarrhythmia. 

However, caution is necessary because slight reductions of 

the LVEF could occur in patients with systolic dysfunction 

or structural heart disease, especially when intravenous 

(IV) amiodarone is infused at a high dose [38]. Several case 

reports have described cardiogenic shock after an IV bolus 

injection in patients with left ventricular systolic dysfunc-

tion [39,40]. Hypotension caused by IV amiodarone may 

be partially explained by the cosolvents (polysorbate 80 or 

benzyl alcohol), used when amiodarone is prepared in an 

IV formulation [41]. 

Several studies that enrolled populations including pa-

tients with heart failure evaluated the clinical outcomes 

of dronedarone [42,43]. These studies showed that drone-

darone increased the rate of heart failure and cardiovas-

cular death. Therefore, dronedarone should not be used 

in patients with unstable conditions, with prior or current 

heart failure or systolic dysfunction [7]. Although the elec-

trophysiological mechanism of dronedarone is similar to 

that of amiodarone, the difference in mortality in patients 

with heart failure seems to be explained only by a reduction 

in free intracellular calcium and amplitude of contraction, 

which was demonstrated in an experiment with a guinea 

pig ventricular cell model, because the experimental evi-

dence is limited [44]. 

DRUG INTERACTIONS AND ADVERSE EFFECTS OF 
SPECIFIC ANTIARRHYTHMIC DRUGS 

Herein, we focus on the AADs that are available in present 

clinical practice in Korea. Table 3 summarizes the adverse 

effects of major AADs and the precautions required to mini-

mize the adverse reactions during treatment. 

Flecainide 

Because flecainide is mainly metabolized with hepatic hy-

droxylation via cytochrome P450 (CYP) 2D6 isoenzyme, 

we should consider the risk of adverse reactions due to 

over-concentration with concomitant administration of 

other medications that could modulate the CYP isoenzyme. 

Several selective serotonin reuptake inhibitors, including 

paroxetine and fluoxetine, can increase the plasma con-

centration of flecainide by CYP2D6 inhibition [45]. Among 

the various β-blockers, the concomitant use of propranolol 

with flecainide could elicit synergistic hypotension, which 

was not reported with other β-blockers [46]. The concomi-

tant use of amiodarone increases the mean dose-adjusted 

plasma level of flecainide by up to 50% [47]. Serum digoxin 

concentration increased by 24% when flecainide is coad-

ministered [46]. Flecainide is excreted unchanged in urine 

at about 35%, and dose reduction should be applied in 

patients with a glomerular filtration rate (GFR) <35 mL/

min/1.73m2 [7]. Infrequently, neutropenia, hepatotoxicity, 

and impotence could occur [48–50]. 
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Propafenone 

Extensive first-pass metabolism by CYP2D6 is the pharma-

codynamic characteristic of propafenone. When warfarin is 

administered with propafenone, the warfarin concentration 

is elevated by 38% due to an unknown mechanism; there-

fore, an approximately 33% dose reduction of warfarin and 

follow-up of the international normalized ratio should be 

applied [51]. Serum digoxin concentration increases by 60% 

when propafenone is coadministered [52]. Hepatotoxicity 

and lupus-like syndromes are reported as potential adverse 

reactions to this AAD [50,53–55]. 

Amiodarone 

Amiodarone has a remarkably long half-life of 55 days [56]. 

Amiodarone is usually metabolized by CYP3A4, and it is a 

potent inhibitor of many CYP enzymes, including CYP2C9 

and CYP2D6 [57]. Therefore, drug-drug interactions should 

be considered whenever concomitant medical treatment is 

administered. Inhibition of CYP2C9 increased the warfarin 

concentration [58]. A reduced dose of warfarin according 

to the dose of amiodarone should be applied, and periodic 

follow-up of the international normalized ratio needs to be 

performed [59]. Cyclosporine coadministration leads to an 

increase in the serum cyclosporine concentration by inhib-

iting CYP3A4; therefore, dose reduction of cyclosporine is 

needed, by about 50%, and the drug concentration should 

be regularly monitored [60]. Amiodarone inhibits the me-

tabolism of several statins, including simvastatin and lovas-

tatin, via the inhibition of CYP3A4, increasing the likelihood 

of statin toxicity [57]. 

When we prescribe amiodarone to patients with arrhyth-

mia, attention should be paid to the risk of adverse effects 

related to the AAD. Most of the adverse effects related to 

amiodarone are known to be dose related. The 1-year risk of 

pulmonary toxicity due to amiodarone is reported as about 

1% [61]. Furthermore, 5% to 10% of them manifest as fatal 

situations [62]. The underlying mechanisms of pulmonary 

toxicity were reported as results of direct cellular toxicity, 

phospholipidosis, immune reactions, and oxidative stress. 

Fig. 3 shows a case of a patient with amiodarone-induced 

pulmonary toxicity. Hyperthyroidism and hypothyroid-

ism could all occur due to amiodarone. The onset is not 

usually dose related, and most patients remain euthyroid. 

If clinically indicated, a continuation of amiodarone com-

bined with hormonal replacement or antihyperthyroid 

management with methimazole or propylthiouracil would 

be considered. Photoallergic and phototoxic skin reactions 

could occur related to amiodarone; these are explained by 

its strong lipophilicity and affinity to the cell membrane. 

Therefore, patients should be informed of the need to 

Table 3. Summary of adverse effects of major antiarrhythmic drugs and precautions during treatment
Drug Adverse effect Precaution
Flecainide AFL with 1:1 AV conduction, bradyarrhythmia, sustained 

monomorphic VT, conduction velocity slowing, widening of 
QRS complex, negative inotropic effect, hepatotoxicity

Contraindication (structural heart disease, ischemic heart 
disease), DDI with CYP2D6 inhibitors (SSRI, amiodarone), 
synergistic hypotension combined with propranolol, dose 
reduction during combined with digoxin or amiodarone, 
and when GFR <35 mL/min/1.73m2

Propafenone AFL with 1:1 AV conduction, bradyarrhythmia, sustained 
monomorphic VT, conduction velocity slowing, widening of 
QRS complex, negative inotropic effect, hepatotoxicity

Contraindication (structural heart disease, ischemic heart 
disease), dose reduction during combination with warfarin 
or digoxin

Amiodarone QT prolongation, TdP, bradyarrhythmia, extracardiac toxicity 
(liver, lung, eye, thyroid)

DDI with CYP3A4 inhibitors (cyclosporine, some statins such 
as lovastatin or simvastatin), dose reduction during com-
bining with warfarin or digoxin

Dronedarone Bradyarrhythmia, QT prolongation, gastrointestinal adverse 
effect, fatigue, asthenia, hepatotoxicity

Contraindication (heart failure with EF<40%, combining 
with antifungal and macrolide antibiotic agents), DDI with 
CYP3A4 inhibitors (verapamil/diltiazem), dose reduction of 
digoxin, edoxaban, or dabigatran during concomitant thera-
py, avoid combining of rivaroxaban when CrCl <80 mL/min

Sotalol QT prolongation, TdP, bradyarrhythmia, adverse effect relat-
ed with β-blocking effect (fatigue, weakness, dizziness)

Dose reduction in patients with renal insufficiency (half-dose 
in patients with chronic renal insufficiency, 25% dose when 
GFR <30 mL/min/1.73m2)

AFL, atrial flutter; AV, atrioventricular; VT, ventricular tachycardia; DDI, drug-drug interaction; CYP, cytochrome P450; SSRI, selective serotonin reuptake in-
hibitor; GFR, glomerular filtration rate; TdP, torsade de pointes; EF, ejection fraction; CrCl, creatinine clearance.
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Fig. 3. Amiodarone-induced pulmonary toxicity. (A) Chest radiography and (B) a high-resolution computed tomography of a 58-year-
old male patient with amiodarone-induced pulmonary toxicity. This patient with persistent atrial fibrillation had been treated with oral 
amiodarone. (A) Chest radiography was performed due to mild dyspnea during exertion, and increased opacity in the right middle and 
lower lung fields was observed. (B) Diffuse peribronchial consolidations with ground-glass opacity and nodular density at both lung 
fields were detected on computed tomography.

Table 4. Recommended testing for monitoring of toxicities in patients receiving amiodarone
Type of test Monitoring
Thyroid function test (free T4 and TSH) Baseline and every 6 mo
Liver function test Baseline and every 6 mo
Chest X-ray Baseline and then yearly
Pulmonary function test (including DLCO) Baseline and repeat if there is a clinical concern for pulmonary toxicity
Ophthalmologic evaluation At baseline, if visual impairment
Electrocardiogram Baseline and every year (at least)

TSH, thyroid stimulation hormone; DLCO, diffusion capacity of carbon monoxide.
Based on data from Goldschlager et al. [65].

apply sunblock. Blurred vision due to corneal microde-

posits, known as vortex keratopathy, is usually a reversible 

adverse effect. A transient elevation of serum aminotrans-

ferase could be observed in about 25% of patients [63]. 

Amiodarone-related liver injury is considered to be an idio-

syncratic phenomenon due to direct hepatotoxicity, and it 

is usually benign and asymptomatic. According to the post 

hoc data from the DIONYSOS trial, the frequency of liver 

enzyme elevation was comparable between amiodarone 

and dronedarone [64]. Therefore, routine monitoring of 

liver toxicity is required. Central nervous system symptoms, 

such as tremors, ataxia, insomnia, and/or vivid dream, 

and peripheral neuropathic symptoms could occur. The 

Heart Rhythm Society recommends the serial monitoring 

of amiodarone-related adverse reactions as Table 4 [65]. 

High-resolution computed tomography of the lung is rec-

ommended if the clinical suspicion of pulmonary toxicity is 

present, such as unexplained cough or dyspnea, especially 

in patients with underlying lung disease [65]. 

Dronedarone 

Dronedarone, a benzofuran derivative, is a chemical ana-

log of amiodarone without iodine-related adverse effects. 
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However, it is still lipophilic and is metabolized by CYP3A4 

like amiodarone. When combining moderate CYP3A4 in-

hibitors, such as verapamil and diltiazem, the dronedarone 

concentration is increased by 1.4-fold to 1.7-fold [66]. Potent 

CYP3A4 inhibitors, such as antifungals and macrolide an-

tibiotics, should not be coadministered with dronedarone 

because of the risk of adverse effects due to elevation of 

serum concentrations [67]. Moreover, since dronedarone 

is a P-glycoprotein (P-gp) inhibitor, it can increase the con-

centration of digoxin and dabigatran during concomitant 

treatment [67]. Reduction of the digoxin dose by half is 

recommended to avoid adverse effects [68]. A reduced dab-

igatran dose of 75 mg twice daily should be administered 

in patients with creatine clearance (CrCl) between 30 and 

50 mL/min, and coadministration of dabigatran should 

be avoided if CrCl is less than 30 mL/min [69]. The dose of 

edoxaban, which is a strong P-gp inhibitor, is recommended 

to reduce by 50% when edoxaban is used with dronedarone 

[70]. Because rivaroxaban induces the inhibition of P-gp 

and CYP3A4, considerable interactions with dronedarone 

could be expected. Although there are limited safety data, 

the combined use of rivaroxaban should be avoided if the 

CrCl is less than 80 mL/min [71,72]. 

Physicians sometimes encounter patients complaining 

of gastrointestinal adverse reactions, including abdominal 

pain, dyspepsia, diarrhea, nausea, and vomiting, during 

treatment with dronedarone. Fatigue and asthenia are also 

reported adverse effects [64]. Although there was a report 

of acute liver failure in dronedarone-prescribed patients in 

2011, subsequent data consistently suggested that the risk 

of hepatic injury associated with dronedarone is lower or 

comparable to the risk of other AADs [64]. 

Sotalol 

Sotalol is a racemic mixture of the l-isomer, with β-block-

ing activity and class III activity, and the d-isomer, which 

only exerts class III activity, inhibiting Ikr [73]. This AAD has 

much simpler pharmacokinetics than amiodarone due to 

its predominantly renal metabolism; therefore, it is relative-

ly free from drug-drug interactions via the hepatic CYP co-

enzyme. This hydrophilic β-blocker is excreted unchanged 

in the urine and should be avoided in patients undergoing 

hemodialysis. Dose reduction to 50% is recommended in 

patients with chronic renal insufficiency and 25% in those 

with severe renal disease (GFR <30 mL/min/1.73m2) to 

prevent proarrhythmic events [7]. Sotalol has a β-blocking 

effect with a potency of about one-third that of propranolol 

[74]. Its known adverse effects are usually similar to the ad-

verse reactions related to other β-blockers, such as fatigue, 

dizziness, and dyspnea, without evidence of organ toxicity. 

Lidocaine 

Hepatic metabolism via CYP1A2 is the main process of li-

docaine elimination [75]. Conditions that decrease hepatic 

blood flow include cardiogenic shock and severe liver dis-

ease, and concomitant treatment with CYP3A4 inhibitors, 

such as erythromycin, could elevate the lidocaine levels 

and exacerbate the risk of adverse reactions [76]. Central 

nervous system toxicity is the major adverse effect of IV 

lidocaine. Tremor, dysarthria, lightheadedness, agitation, 

hallucinations, and personality change can occur. These ad-

verse effects are usually dose-dependent and resolve after 

discontinuation of the agent [77]. 

Quinidine 

Quinidine has a relatively narrow clinical indication as an 

AAD in recent clinical practice and is usually prescribed in 

patients with Brugada syndrome, short QT syndrome, or 

idiopathic VF. Quinidine is mainly metabolized by CYP3A4 

[78]. The coadministration of itraconazole can significantly 

elevate the serum quinidine concentration [79]. Quini-

dine can increase the concentration of propranolol via the 

suppression of CYP2D6; therefore, reducing the dose of 

propranolol should be considered to reduce the risk of aug-

mented beta-blocking effects during concomitant treatment 

[80]. Gastrointestinal symptoms, including diarrhea, are 

the most common adverse reaction. Tinnitus, hearing loss, 

dizziness, visual disturbance, and psychosis, also known as 

cinchonism, could occur. Immune-mediated fever, hemo-

lytic anemia, thrombocytopenia, and leukopenia have also 

been reported [81]. 

CONCLUSIONS 

Most AADs could have multiple effects on channels, re-

ceptors, and pumps and also alter the hemodynamics and 

autonomic nervous system. The multiple electrophysiologic 
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actions of AADs interacting with the variable underlying 

substrates present in each patient determine whether the 

clinical effect will be proarrhythmic or antiarrhythmic. Re-

ducing adverse reactions to AADs requires an in-depth un-

derstanding of AADs, including their electrophysiological 

properties and drug-drug interactions with concomitantly 

used drugs, as well as careful monitoring. 
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