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ORIGINAL ARTICLE

Effect of Flecainide and Ibutilide Alone and 
in Combination to Terminate and Prevent 
Recurrence of Atrial Fibrillation
Alexander Burashnikov , PhD; José M. Di Diego MD; Bence Patocskai, MD; Debra S. Echt , MD; Luiz Belardinelli, PhD; 
Charles Antzelevitch , PhD

BACKGROUND: There is a need for improved approaches to rhythm control therapy of atrial fibrillation (AF).

METHODS: The effectiveness of flecainide (1.5 µmol/L) and ibutilide (20 nmol/L), alone and in combination, to cardiovert 
and prevent AF recurrence was studied in canine-isolated coronary–perfused right atrioventricular preparations. We also 
examined the safety of the combination of flecainide (1.5 µmol/L) and ibutilide (50 nmol/L) using canine left ventricular 
wedge preparations.

RESULTS: Sustained AF (>1 hour) was inducible in 100%, 60%, 20%, and 0% of atria in the presence of acetylcholine alone, 
acetylcholine+ibutilide, acetylcholine+flecainide, and acetylcholine+ibutilide+flecainide, respectively. When used alone, 
flecainide and ibutilide cardioverted sustained AF in 40% and 20% of atria, respectively, but in 100% of atria when used 
in combination. Ibutilide prolonged atrial and ventricular effective refractory period by 15% and 8%, respectively, at a cycle 
length of 500 ms (P<0.05 for both). Flecainide increased the effective refractory period in atria by 27% (P<0.01) but by only 
2% in the ventricles. The combination of the 2 drugs lengthened the effective refractory period by 42% in atria (P<0.01) 
but by only 7% (P<0.05) in the ventricles. In left ventricular wedges, ibutilide prolonged QT and Tpeak-Tend intervals by 25 and 
55%, respectively (P<0.05 for both; cycle length, 2000 ms). The addition of flecainide (1.5 µmol/L) partially reversed these 
effects (P<0.05 for both parameters versus ibutilide alone). Torsades de Pointes score was relatively high with ibutilide alone 
and low with the drug combination.

CONCLUSIONS: In our experimental model, a combination of flecainide and ibutilide significantly improves cardioversion and 
prevents the recurrence of AF compared with monotherapies with little to no risk for the development of long-QT–mediated 
ventricular proarrhythmia.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: atrial fibrillation ◼ electrophysiology ◼ flecainide ◼ ibutilide ◼ pharmacology

There is a need for improved approaches to rhythm 
control therapy of atrial fibrillation (AF). Here, we 
examine the efficacy and safety of a combination 

of 2 commonly used antiarrhythmics. Flecainide and 
ibutilide are antiarrhythmic drugs that belong to class I 
and class III, respectively.1,2 They are commonly used for 
cardioversion and prevention of AF.1–4 Their efficacy to 

acutely cardiovert paroxysmal AF ranges between 30% 
and 50% compared with placebo.1,4 A critical side effect 
of ibutilide is the risk for the development of acquired long 
QT and related ventricular proarrhythmia (ie, Torsades de 
Pointes [TdP]).2 Previous studies have shown that such 
risk can be reduced or eliminated by concomitant inhibi-
tion of the late component of the sodium channel current 
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(late INa).
5,6 Flecainide has also been shown to inhibit late 

INa.
7 The principal aim of the study was to investigate the 

effects of flecainide and ibutilide, alone and in combina-
tion, on atrial and ventricular electrophysiological param-
eters and their effects to prevent the induction of AF and 
the ability to terminate AF in canine-isolated coronary–
perfused cardiac preparations. A secondary aim was to 
assess the safety of the drug combination with respect 
to the development of long-QT–mediated TdP in canine 
left ventricular (LV) preparations.

METHODS
This investigation conforms with the Guide for Care and Use of 
Laboratory Animals. Hearts from 25 purpose-bred adult male 
Beagle dogs (10–16 kg) were obtained from Envigo (Denver, 
PA). Dogs were sedated using ketamine (10 mg/kg, IM) and 
xylazine 2 (mg/kg, IM) and euthanized using euthasol solution 
(pentobarbital sodium and phenytoin sodium; 0.22 mL/kg, IV). 
Heparin (human pharmaceutical grade, 1000 U/kg, IV) was 
administered 3 to 4 minutes before isolation of the heart via a 
left thoracotomy. Retrograde aortic perfusion of the hearts with 
ice-cold cardioplegic solution (modified Krebs-Henseleit solu-
tion; 16-mmol/L KCl) was immediately performed to rinse the 
coronary vasculature of blood. The hearts were then placed in a 
sealed container containing ice-cold cardioplegic solution and 
transported to our institution via a private courier in an insulated 
package surrounded by icepacks.

Arterially Perfused Canine Right Atrium With a 
Rim of Right Ventricle
The entire right atrium (RA) with a thin rim of right ventricular 
tissue (1–1.5 cm) was dissected from the isolated dog heart, 
and the preparation was unfolded. The ostium of the right 
coronary artery was cannulated with polyethylene tubing, and 
the preparation was perfused with cold Tyrode solution (8 °C) 
containing 8 mmol/L [K+]o. Ventricular right coronary branches 
and the cut atrial branches were ligated using silk thread. 
The preparation was placed in a temperature-controlled bath 
(8×6×3 cm) and perfused with Tyrode solution (in mM): NaCl, 
129; KCl, 4; NaH2PO4, 0.9; NaHCO3, 20; CaCl2, 1.8; MgSO4, 
0.5; and D-glucose, 5.5 buffered with 95% O2 and 5% CO2 
(37.0 °C±0.5 °C).

Arterially Perfused Canine LV Wedge
Transmural wedges with dimensions of ≈3×1.5×1.5 
cm were dissected from the anterior-apical aspects of 
the LV. The tissues were cannulated and perfused with 
a cold (8 °C) cardioplegic solution. The preparations 
were then placed in a temperature-controlled tissue 
bath and perfused with a modified Krebs-Henseleit 
solution bubbled with 95% O2 and 5% CO2 and 
warmed to 37 °C. The composition of Krebs-Henseleit 
was (in mM) 118 NaCl, 4 KCl, 2 CaCl2, 1.2 MgSO4, 
24 NaHCO3, 1.2 NaH2PO4, 2 Na pyruvate, and 10 
D- glucose. In all cardiac preparations, the perfusate 
was delivered to the artery by a roller pump (Master/
Flex L/S; Cole Parmer Instrument Co, Niles, IL) at con-
stant pressure (40–50 mm Hg).

Transmembrane action potential recordings were 
obtained using the floating microelectrode tech-
nique (10–25-MΩ DC microelectrode resistance) 
connected to a high-input-impedance intracellular 
amplifier (World Precision Instruments, Sarasota, 
FL). The signals were further amplified and digitized 
(sampling rate, 2 kHz) using the Spike2 acquisition 
system (Cambridge Electronic Design, Cambridge, 
United Kingdom). An ECG (pseudo-ECG) was 
recorded using 2 electrodes consisting of AgCl 
half cells placed in the bath solution 1.0 to 1.5 cm 
from the opposite ends of the atrial and ventricular 
preparations. The effective refractory period (ERP) 
was measured by delivering premature stimuli after 
every 10th basic beat at a pacing cycle length (CL) 
of 500 ms. The diastolic threshold of excitation, a 
surrogate of excitability, was determined by increas-
ing stimulus intensity in 0.01-mA steps starting from 
0.1 mA, until a steady 1:1 stimulation- activation was 
achieved. Postrepolarization refractoriness (PRR) 
was recognized when ERP exceeded action potential 
duration at the level of 90% repolarization (APD90) in 
the ventricle and APD70 in the atria. Ventricular ERP 
coincides with APD90, whereas atrial ERP generally 
coincides with APD70. An acetylcholine (0.5 µmol/L)-
mediated AF model was used in the present study. AF 

WHAT IS KNOWN?
• The efficacy of flecainide and ibutilide to acutely car-

diovert paroxysmal atrial fibrillation ranges between 
30% and 50% compared with placebo, and the 
use of ibutilide is associated with a significant risk 
of Torsades de Pointes.

WHAT THE STUDY ADDS
• Our experimental study indicates that a combina-

tion of flecainide and ibutilide may significantly 
improve cardioversion of atrial fibrillation compared 
with monotherapies with little to no risk for the 
development of Torsades de Pointes.

Nonstandard Abbreviations and Acronyms

AF atrial fibrillation
APD action potential duration
CL cycle length
ERP effective refractory period
LV left ventricle
PRR postrepolarization refractoriness
RA right atrium
TdP Torsades de Pointes
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was induced by either delivering a single premature 
electrical stimulation or by rapid pacing (CL, 80–50 
ms for 2–5 s).

Experimental Protocols
Coronary-perfused atrial and ventricular preparations 
were equilibrated in the tissue bath until electrically 
stable (30–60 minutes). Three series of experiments 
were performed. In the first series, conducted in arteri-
ally perfused canine RA preparations with a rim of RV, 
we determined the effect of flecainide (1.5 µmol/L) 
and ibutilide (20 nmol/L) alone and in combination 
on atrial and ventricular APD, ERP, PRR, and diastolic 
threshold of excitation (at a pacing CL of 500 ms). 
Following the measurement of these parameters, we 
studied the effect of flecainide (1.5 µmol/L) and ibu-
tilide (20 nmol/L) alone or combined to prevent the 
induction of acetylcholine-mediated AF. These con-
centrations of flecainide and ibutilide are within the 
therapeutic range of plasma concentrations of these 
agents in the clinic. In a second experimental series, 
we examined the effect of flecainide (1.5 µmol/L) and 
ibutilide (20 nmol/L) alone and in combination to ter-
minate nonself-terminating AF. Following the induc-
tion of AF, the arrhythmia was allowed to persist for at 
least 5 minutes before the drugs were introduced. It is 
noteworthy that in the isolated coronary-perfused RA 
model of acetylcholine-mediated AF, if AF continues 
for >1 minute, the arrhythmia will not terminate spon-
taneously for >1 hour.8,9 If acetylcholine-mediated AF 
continued for 45 minutes in the presence of the anti-
arrhythmic drug(s), this is considered a drug failure 
for stopping/termination of AF. In cases in which the 
drug(s) terminated AF within 45 minutes, attempts 
were made to reinduce the arrhythmia with premature 
electrical stimulation and rapid pacing for 30 minutes. 
In a third experimental series, the risk of long-QT and 
related proarrhythmia was assessed in the presence 
of ibutilide alone or in combination with flecainide 
using LV wedge preparations. The TdP score method 
as previously described by Liu et al10 was used to esti-
mate the risk of TdP arrhythmias. This method, con-
firmed by blindly comparing 13 agents with various 
degrees of probability to cause TdP,10 incorporates 
the prime risk factors for drug-induced TdP, such as 
QT and Tpeak-TEnd interval prolongation (measured in 
the current study). The third experimental series was 
performed using 3-mmol/L KCl Tyrode solution and 
at a CL of 2000 ms to sensitize the preparation to 
the development of long QT and TdP. We also used 
a higher concentration of ibutilide in this series (50 
nmol/L) to enhance the proarrhythmic potential of the 
drug under study. Action potential recordings were 
obtained from the midmyocardial cell and epicardial 
regions of the LV wedges.

Drugs
Flecainide and ibutilide were provided by InCarda Therapeu-
tics, Inc; acetylcholine was purchased from Sigma-Aldrich, 
St. Louis, MO. Acetylcholine and flecainide were dissolved 
in distilled water as a 10-mmol/L stock solution. Ibutilide 
was diluted in 100% DMSO as a 1-mmol/L stock solution.

Statistical Analysis
Statistical analysis of the data was performed using 1-
way repeated measures ANOVA or Student t test, as 
appropriate. Data are reported as mean±SD. An SD of 
<0.05 was considered a significant difference.

RESULTS
Experimental Series I (RA Preparations With a 
Rim of RV)
Flecainide (1.5 µmol/L) slightly abbreviated APD in both 
atria and ventricles (n.s.), whereas ibutilide (20 nmol/L) 
significantly prolonged APD in both atria and ventricles 
(Figures 1 and 2). The combination of these agents also 
significantly prolonged APD in both atria and ventricles 
(Figures 1 and 2). Flecainide alone caused an atrial 
selective prolongation of ERP secondary to the atrial-
selective development of PRR (Figure 2). Ibutilide alone 
prolonged ERP in both atria and ventricles, secondary to 
APD prolongation in both atria and ventricles (Figure 2). 
The combination of flecainide and ibutilide produced 
an atrial-predominant prolongation of ERP, largely due 
to atrial predominant induction of PRR (Figure 2). The 
drug combination caused a greater ERP prolongation in 
the atrium than either drug alone (Figure 2). Flecainide 
alone induced an atrial selective depression of excitabil-
ity (ie, an increase in the diastolic threshold of excitation); 
ibutilide alone did not affect excitability in either atria or 
ventricles (Figure 3). The drug combination produced a 
significant increase in the diastolic threshold of excita-
tion in the atrium but not in the ventricle (Figure 3).

Following the measurement of the electrophysiologi-
cal parameters in the presence of each drug and the 
drug combination, we investigated their effect to pre-
vent the induction of acetylcholine-mediated AF. Under 
control conditions, acetylcholine (0.5 µmol/L) alone 
sharply abbreviated atrial ERP (from 149±10 to 46±5 
ms; P<0.001; n=10), permitting induction of AF in 100% 
of the preparations. Nonself-terminating AF (>1 hour) 
was inducible in 100% of control preparations, and its 
appearance was always preceded by the induction of 
short episodes of AF (lasting <15 s; Figures 4 and 5). 
Nonself-terminating acetylcholine-mediated AF was 
inducible in 60%, 20%, and 0% of preparations pre-
treated with ibutilide, flecainide, and their combination, 
respectively (Figure 4). Brief episodes of self-terminating 
acetylcholine-mediated AF and atrial tachycardia (lasting 
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<10 s) remained inducible with each drug individually (in 
80%–100% of the preparations) and with their combi-
nation (in 60% of preparations; Figure 4).

Experimental Series II (RA Preparations With a 
Rim of RV)
In this series, we tested the efficacy of flecainide (1.5 
µmol/L) and ibutilide (20 nmol/L), alone and in combi-
nation to cardiovert nonself-terminating acetylcholine-
mediated AF. Flecainide and ibutilide terminated AF in 
40% and 20% atria, respectively, when used alone and 
in 100% atria when used in combination (Figure 4). The 
average time to AF cardioversion following the addition 
of the drug(s) to the perfusate was 17±15 minutes with 
flecainide (n=2) and 19.2±9.3 minutes with the com-
bination of flecainide and ibutilide (n=5; p=n.s.). In one 
atrium in which ibutilide terminated AF, the arrhythmia 
terminated 7 minutes after the start of ibutilide perfusion. 
Following AF cardioversion with the drugs, individually or 
in combination, AF or atrial tachycardia could be induced 
in all preparations, but the arrhythmias were short-lasting 
(commonly terminating within 10 s after induction).

Drug-induced cardioversion of AF was always preceded 
by a slowing of AF CL, commonly with converting AF to 
atrial tachycardia (Figure 6). Following arrhythmia termi-
nation, there was a rate-dependent depression of excit-
ability that is likely the mechanism of AF cardioversion by 

flecainide and flecainide plus ibutilide (Figure 6). The short-
est S1-S1 allowing 1:1 activation was 118±21 ms follow-
ing the termination of AF by the combination of flecainide 
and ibutilide (n=5). In the presence of acetylcholine alone, 
the shortest S1-S1 allowing 1:1 activation was ≤80 ms (this 
parameter could not be precisely determined due to a high 
incidence of AF induction at a pacing CL ≤80 ms).

Experimental Series III (LV Wedge 
Preparations)
Ibutilide (50 nmol/L) caused significant prolongation of 
APD90 and QT intervals in the LV wedge preparations 
(Figures 7 and 8). Tpeak-Tend intervals, reflecting transmu-
ral dispersion of repolarization, were also dramatically 
prolonged by ibutilide (Figures 7 and 8). The addition of 
flecainide (1.5 µmol/L) caused an abbreviation of all of 
these parameters (Figures 7 and 8). The TdP score was 
0 in the absence of the drug; the score increased to 4 in 
the presence of ibutilide and dropped to 1 following the 
addition of flecainide to the perfusate containing ibutilide.

DISCUSSION
Our experimental results demonstrate that a combination 
of flecainide and ibutilide possesses an additive or syner-
gistic effect to terminate and prevent the recurrence of AF. 
Moreover, the drug combination has no or a low probability 

Figure 1. Effect of flecainide (1.5 µmol/L) and ibutilide (20 nmol/L) alone and in combination on atrial and ventricular action 
potential waveforms.
Cycle length, 500 ms. The data were obtained from right atrial preparations with a rim of the right ventricle.
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of causing long-QT–mediated ventricular arrhythmias 
in our experimental setting. In the clinic, ibutilide and fle-
cainide, when used separately, convert paroxysmal AF to 
sinus rhythm in 30% to 50% of patients versus placebo.1,4 
Ibutilide has been reported to induce TdP in up to 8.3% of 
patients.2,11 We postulate that the combination of flecainide 
and ibutilide may additively or synergistically cardiovert AF 
and prevent its recurrence compared with monotherapy 
with little to no risk of TdP in patients with AF.

Efficacy and Safety
Prolongation of atrial ERP is generally a reliable surro-
gate for the anti-AF efficacy of antiarrhythmic drugs.12–14 

Class III agents increase atrial ERP by prolonging APD, 
whereas class IC agents largely prolong atrial ERP by 
inducing PRR.13,14 It is expected that the flecainide and 
ibutilide combination would cause a greater atrial ERP 
prolongation than monotherapies, translating to a greater 
anti-AF efficacy of this combination than monotherapies 
in the clinical setting, as in our experimental study (Fig-
ures 2 and 4).

Although promising,9,15,16 use of combinations of anti-
arrhythmic drugs for rhythm control management of AF 
has not been comprehensively studied.17 Flecainide is 
a class IC agent that potently blocks both peak and 
late sodium channel currents (peak INa and late INa, 
respectively)7,18 and weakly inhibits the rapidly activating 

Figure 2. Effect of flecainide (1.5 µmol/L) and ibutilide (20 nmol/L) alone and in combination on atrial and ventricular 
action potential duration (APD70 in atria and APD90 in ventricles), effective refractory period (ERP), and postrepolarization 
refractoriness (PRR).
N=5 for each condition. Cycle length, 500 ms. The data were obtained from right atrial preparations with a rim of the right ventricle. *<0.05 vs 
control. **P<0.01 vs control.
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delayed rectified potassium current (IKr).
19 Flecainide 

also blocks the ryanodine receptor.20 Ibutilide, a class III 
agent, inhibits IKr

21 and enhances late INa.
22 The rationale 

for testing the combination of flecainide and ibutilide 
stemmed from the fact that flecainide due to its inhibition 
of both peak and late INa would be expected to prolong 
ERP, thus adding to the anti-AF effects of ibutilide while 
limiting excessive prolongation of ventricular APD, thus 
preventing the long-QT–mediated torsadogenic effect 
of ibutilide.1,4 Likewise, the prolongation of atrial APD 
by ibutilide is expected to augment the increase in ERP 
by flecainide (Figure 2), thereby enhancing the anti-AF 
effect of flecainide. Note that IKr inhibitors increase the 
effect of INa blockers on the sodium channel–mediated 
parameters by decreasing diastolic interval (ie, reduc-
ing the recovery time), secondary to the prolongation of 

APD.23 Hence, the combination of the 2 drugs would 
be expected to increase the anti-AF efficacy com-
pared with monotherapies while protecting against the 
development of acquired long QT and TdP. The present 
study provides experimental evidence in support of this 
hypothesis.

The safety of anti-AF agents is critical in the clinical 
management of patients with AF. The safety and efficacy 
of both flecainide and ibutilide for acute cardioversion of 
episodes of AF have been extensively reported,1,2 and the 
recommendation(s) for their use and respective contra-
indications have been reviewed in medical guidelines.3 
For example, there is a known risk of flecainide-inducing 
ventricular proarrhythmia in patients with myocardial isch-
emia and structural heart disease.1 Yet, flecainide is gen-
erally safe in patients without significant structural heart 

Figure 4. Prevention and termination of acetylcholine (ACh)-mediated atrial fibrillation (AF) by flecainide (1.5 µmol/L), ibutilide 
(20 nmol/L), and their combination.
N=10 for control and n=5 for each tested drug and the drug combination. The data were obtained from right atrial preparations with a rim of 
the right ventricle.

Figure 3. Effect of flecainide, ibutilide, and their combination on the atrial and ventricular diastolic threshold of excitation (DTE).
N=5 per each condition. Cycle length, 500 ms. The data were obtained from right atrial preparations with a rim of the right ventricle. *<0.05 vs 
control.
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disease.1 More recently, the safety of flecainide in patients 
with nonobstructive and stable coronary artery disease 
has been reported.24–26 The use of ibutilide is associated 
with a substantial risk of acquired long-QT syndrome 
and associated life-threatening tachyarrhythmias.2 In our 
experiments, the TdP score increased from 0 in control 
to 4 in the presence of ibutilide and dropped to 1 follow-
ing the addition of flecainide, denoting no or low risk for 

the development of TdP with the drug combination.10 The 
electrophysiological protection mechanism of the drug 
combination against TdP is most likely due to the action 
of flecainide to inhibit late INa.

7 Inhibition of late INa under 
conditions of reduced repolarization reserve (ie, due to 
reduction of IKr and augmentation of late INa) acts to pro-
tect against the risk of excessive prolongation of QT and 
induction of TdP.5,6

Figure 6. Drug-induced cardioversion of atrial fibrillation (AF) and its mechanism.
A, A typical example of AF cardioversion by the flecainide and ibutilide combination. AF cardioversion was preceded by the conversion 
of AF to atrial tachycardia. B, Apparent prime mechanism of AF termination with flecainide and ibutilide combination: rate-dependent 
depression of excitability. The recordings were simultaneously obtained following the termination of AF (in the presence of acetylcholine 
[ACh]+flecainide+ibutilide). The data were obtained from right atrial preparations with a rim of the right ventricle. AP indicates action potential.

Figure 5. An example of self-terminating atrial fibrillation (AF) episodes preceding the induction of a nonself-terminated AF 
(lasting >1 h) in the presence of acetylcholine (0.5 µmol/L).
All AFs were induced by a single premature stimulation. Shown is a pseudo-ECG recording. The data were obtained from right atrial 
preparations with a rim of the right ventricle.
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Clinical data on the combination of class IC and III anti-
arrhythmic agents for cardioversion and prevention of AF 
are limited. Hongo et al27 reported the efficacy and safety 
of IV ibutilide to acutely cardiovert AF and atrial flutter 
in 71 nonresponder patients receiving class IC agents 
long-term (oral flecainide or propafenone; daily for >3 
months). Ibutilide was shown to cardiovert AF/atrial flut-
ter in 48% of these patients (within 1 hour). This was 
within the range of AF/atrial flutter cardioversion reported 
with ibutilide alone.4,28 However, one patient developed 
sustained TdP and another nonsustained polymorphic 
VT following ibutilide administration and AF cardiover-
sion.27 In these 2 patients, ibutilide caused a significant 
QT prolongation (to QT values ≥500 ms versus 437±62 
ms on average in all patients).27 The incidence of adverse 
effects with the use of ibutilide on top of class IC agents 
was similar to that with ibutilide alone.27 It is notewor-
thy that the administration of class I agents was chronic 
(daily pills) and not simultaneous with IV ibutilide. Consid-
ering these factors and a much briefer TMax for IV ibutilide 
(minutes) versus oral flecainide/propafenone (hours), 
ibutilide plasma concentration is expected to be relatively 
high compared with that of the class I agent soon after 
ibutilide administration, resulting in an increased risk of 
ventricular proarrhythmia. It seems that for optimal effi-
cacy and safety in the clinic, the application of ibutilide 
and flecainide combination should be designed to sig-
nificantly overlap the concentration levels of the drugs in 
blood. In this study, ibutilide increased QTc by a mean of 
20 ms,27 generally less compared with that resulting from 
the administration of ibutilide in the absence of sodium 
channel blockers in other investigations (in the range of 
20–90 ms).4,11,29 This attenuation of ibutilide-induced QTc 
prolongation was attributed to the inhibition of late INa 

by flecainide.27 In another study, IV administration of ibu-
tilide rapidly cardioverted AF/atrial flutter (with a mean 
time of 39 min) in 66% of patients (67/104) in whom 
oral propafenone had not cardioverted the arrhythmias 
(propafenone was administrated at time 0 and 6 hours 
and ibutilide was administrated at 8 hours).30 Only 1 of 
these 104 patients developed a nonsustained episode of 
TdP.30 Reiffel et al.31 investigated the effect of IV ibutilide 
on QTc in patients in whom therapy with class IC agents 
(propafenone or flecainide; pills once a day) had been 
initiated (for purposes of sinus rhythm maintenance) and 
steady state had been achieved. In this study, pretreat-
ment with class IC agents reduced the ibutilide-induced 
prolongation in QTc, and it was attributed to the inhibition 
of late INa by the class IC agents.31

Atrial Selectivity and Ventricular Proarrhythmia
In our current and previous studies,32 flecainide caused 
atrial selective prolongation of ERP and depression of 
excitability in healthy canine cardiac preparations, com-
parable to those caused by ranolazine.8 The combination 
of flecainide and ibutilide produced even more impres-
sive atrial selective alteration of these sodium channel-
mediated parameters (Figures 2 and 3). In our previous 
experience, INa blockers causing atrial-selective depres-
sion of sodium channel–mediated parameters (such as 
ranolazine and amiodarone)8,33,34 have no or little risk 
of ventricular proarrhythmia, including in the setting of 
structural heart disease.13,35 This is apparently due to 
the relatively mild effects of atrial-selective agents on 
ventricular sodium channel-mediated parameters.8,33,34 
Propafenone is less atrial-selective, causing a major 
depression of sodium channel–mediated parameters in 
the ventricles,36 and propafenone is known to induce 
ventricular proarrhythmia in structurally compromised 
hearts.3 Flecainide can cause ventricular proarrhythmia 
in patients with ischemic and structural heart disease,1 
despite causing atrial selective depression of sodium 
channel-mediated parameters (Figures 2 and 3). Class 
IC agent-induced proarrhythmia remains poorly under-
stood. The risk of induction of ventricular proarrhythmia 
by class IC agents may be related to the superimposition 
of acute ischemia on structural heart disease.1

Limitations
Our experiments were conducted in isolated nonremod-
eled canine cardiac preparations perfused with Tyrode 
or Krebs-Henseleit solution. Thus, numerous factors/
conditions commonly present in patients with AF (such 
as autonomic influences and atrial electrical and struc-
tural remodeling) cannot be assessed in our prepa-
ration, and hence, the interpretation of the data here 
described should take these limitations into account. 
Another limitation of our study is that we did not assess 

Figure 7. Representative midmyocardial (M) cell and 
epicardial (Epi) action potentials and pseudo-ECG recordings 
simultaneously obtained from a left ventricular wedge 
preparation under control conditions, after ibutilide (50 
nmol/L), and following the addition of flecainide (1.5 µmol/L) 
to the perfusate containing ibutilide.
Cycle length, 2000 ms.
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the negative inotropic effect of flecainide, which is a 
safety concern in patients who undergo acute cardio-
version of AF. It would have been relevant to investigate 
this potential adverse action of flecainide in the pres-
ence of ibutilide.

CONCLUSIONS
Our experimental data demonstrate that a combina-
tion of flecainide and ibutilide significantly improves 
pharmacological cardioversion of AF and prevention of 
AF recurrence compared with monotherapies, and this 
combination has little or no risk of long-QT–mediated 
ventricular proarrhythmia. We propose that the com-
bination of flecainide and ibutilide could be safer and 
more effective than the individual drugs alone to ter-
minate episodes of recent onset AF and prevent AF 
recurrences in patients without significant structural 
heart disease.

ARTICLE INFORMATION
Received September 6, 2023; accepted November 30, 2023.

Affiliations
Lankenau Institute for Medical Research, Wynnewood, PA (A.B., J.M.D.D., B.P., 
C.A.). Sidney Kimmel Medical College, Thomas Jefferson University, Philadelphia, 
PA (A.B., C.A.). InCarda Therapeutics, Inc, Newark, CA (D.S.E., L.B.). Lankenau 
Heart Institute, Main Line Health System, Wynnewood, PA (C.A.).

Sources of Funding
This work was supported by a grant from InCarda Therapeutics, Inc.

Disclosures
Drs. Belardinelli and Echt are employees of InCarda Therapeutics, Inc. The other 
authors report no conflicts.

REFERENCES
 1. Echt DS, Ruskin JN. Use of flecainide for the treatment of atrial fibrillation. 

Am J Cardiol. 2020;125:1123–1133. doi: 10.1016/j.amjcard.2019.12.041
 2. Kowey PR, VanderLugt JT, Luderer JR. Safety and risk/benefit analysis 

of ibutilide for acute conversion of atrial fibrillation/flutter. Am J Cardiol. 
1996;78:46–52. doi: 10.1016/s0002-9149(96)00566-8

Figure 8. Effect of ibutilide (50 nmol/L) following by the combination of ibutilide (50 nmol/L) and flecainide (1.5 µmol/L) on 
repolarization and electrocardiographic parameters in left ventricular wedge preparations.
The symbols in each graph are individual data points, and the horizontal lines indicate the mean values. N=5 for each. Cycle length, 2000 ms. 
Epi indicates epicardial region APD90; and midmyocardial action potential duration (M APD90), M cell region APD90. *P<0.05 vs control and vs 
ibutilide. **P<0.05 vs ibutilide.

D
ow

nloaded from
 http://ahajournals.org by on February 1, 2024



Burashnikov et al Flecainide and Ibutilide Combination for AF

Circ Arrhythm Electrophysiol. 2024;17:e012454. DOI: 10.1161/CIRCEP.123.012454 January 2024 33

 3. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-Lundqvist C, 
Boriani G, Castella M, Dan GA, Dilaveris PE, et al; ESC Scientific Document 
Group. 2020 ESC guidelines for the diagnosis and management of atrial 
fibrillation developed in collaboration with the European Association for 
Cardio-Thoracic Surgery (EACTS): the task force for the diagnosis and 
management of atrial fibrillation of the European Society of Cardiology 
(ESC) developed with the special contribution of the European Heart 
Rhythm Association (EHRA) of the ESC. Eur Heart J. 2021;42:373–498. 
doi: 10.1093/eurheartj/ehaa612

 4. Ellenbogen KA, Stambler BS, Wood MA, Sager PT, Wesley RC Jr, 
Meissner MC, Zoble RG, Wakefield LK, Perry KT, VanderLugt JT. Efficacy 
of intravenous ibutilide for rapid termination of atrial fibrillation and atrial 
flutter: a dose-response study. J Am Coll Cardiol. 1996;28:130–136. doi: 
10.1016/0735-1097(96)00121-0

 5. Antzelevitch C, Belardinelli L. The role of sodium channel current 
in modulating transmural dispersion of repolarization and arrhyth-
mogenesis. J Cardiovasc Electrophysiol. 2006;17:S79–S85. doi: 
10.1111/j.1540-8167.2006.00388.x

 6. Burashnikov A. Late INa inhibition as an antiarrhythmic strategy. J Cardiovasc 
Pharmacol. 2017;70:159–167. doi: 10.1097/FJC.0000000000000510

 7. Belardinelli L, Liu G, Smith-Maxwell C, Wang WQ, El-Bizri N, Hirakawa R, 
Karpinski S, Kornyeyev D, Li CH, Hu L, et al. A novel, potent, and selec-
tive inhibitor of cardiac late sodium current suppresses experimen-
tal arrhythmias. J Pharmacol Exp Ther. 2013;344:23–32. doi: 
10.1124/jpet.112.198887

 8. Burashnikov A, Di Diego JM, Zygmunt AC, Belardinelli L, Antzelevitch C. 
Atrium-selective sodium channel block as a strategy for suppression of 
atrial fibrillation: differences in sodium channel inactivation between atria 
and ventricles and the role of ranolazine. Circulation. 2007;116:1449–
1457. doi: 10.1161/CIRCULATIONAHA.107.704890

 9. Burashnikov A, Sicouri S, Di Diego JM, Belardinelli L, Antzelevitch C. 
Synergistic effect of the combination of dronedarone and ranolazine to 
suppress atrial fibrillation. J Am Coll Cardiol. 2010;56:1216–1224. doi: 
10.1016/j.jacc.2010.08.600

 10. Liu T, Brown BS, Wu Y, Antzelevitch C, Kowey PR, Yan GX. Blinded valida-
tion of the isolated arterially perfused rabbit ventricular wedge in preclinical 
assessment of drug-induced proarrhythmias. Heart Rhythm. 2006;3:948–
956. doi: 10.1016/j.hrthm.2006.04.021

 11. Stambler BS, Wood MA, Ellenbogen KA, Perry KT, 
Wakefield LK, VanderLugt JT. Efficacy and safety of repeated intravenous 
doses of ibutilide for rapid conversion of atrial flutter or fibrillation Ibuti-
lide repeat dose study investigators. Circulation. 1996;94:1613–1621. doi: 
10.1161/01.cir.94.7.1613

 12. Nattel S, Carlsson L. Innovative approaches to anti-arrhythmic drug ther-
apy. Nat Rev Drug Discov. 2006;5:1034–1049. doi: 10.1038/nrd2112

 13. Antzelevitch C, Burashnikov A, Sicouri S, Belardinelli L. Electrophysi-
ological basis for the antiarrhythmic actions of ranolazine. Heart Rhythm. 
2011;8:1281–1290. doi: 10.1016/j.hrthm.2011.03.045

 14. Burashnikov A. Investigational anti-atrial fibrillation pharmacology and 
mechanisms by which antiarrhythmics terminate the arrhythmia: where 
are we in 2020? J Cardiovasc Pharmacol. 2020;76:492–505. doi: 
10.1097/FJC.0000000000000892

 15. Coumel P, Chouty F, Slama R. Logic and empiricism in the selection of anti-
arrhythmic agents the role of drug combinations. Drugs. 1985;29:68–76. 
doi: 10.2165/00003495-198500294-00014

 16. Reiffel JA, Camm AJ, Belardinelli L, Zeng D, 
Karwatowska-Prokopczuk E, Olmsted A, Zareba W, Rosero S, Kowey P; 
HARMONY Investigators. The HARMONY trial: combined ranolazine and 
dronedarone in the management of paroxysmal atrial fibrillation: mechanis-
tic and therapeutic synergism. Circ Arrhythm Electrophysiol. 2015;8:1048–
1056. doi: 10.1161/CIRCEP.115.002856

 17. Reiffel JA, Robinson VM, Kowey PR. Perspective on antiarrhyth-
mic drug combinations. Am J Cardiol. 2023;192:116–123. doi: 
10.1016/j.amjcard.2023.01.035

 18. Anno T, Hondeghem LM. Interactions of flecainide with guinea pig 
cardiac sodium channels. Importance of activation unblocking to the 
voltage dependence of recovery. Circ Res. 1990;66:789–803. doi: 
10.1161/01.res.66.3.789

 19. Follmer CH, Colatsky TJ. Block of delayed rectifier potassium current, 
IK, by flecainide and E-4031 in cat ventricular myocytes. Circulation. 
1990;82:289–293. doi: 10.1161/01.cir.82.1.289

 20. Hilliard FA, Steele DS, Laver D, Yang Z, Le Marchand SJ, Chopra N, 
Piston DW, Huke S, Knollmann BC. Flecainide inhibits arrhythmogenic 
Ca2+ waves by open state block of ryanodine receptor Ca2+ release chan-
nels and reduction of Ca2+ spark mass. J Mol Cell Cardiol. 2010;48:293–
301. doi: 10.1016/j.yjmcc.2009.10.005

 21. Yang T, Snyders DJ, Roden DM. Ibutilide, a methanesulfonanilide antiar-
rhythmic, is a potent blocker of the rapidly activating delayed rectifier K+ 
current IKr in AT-1 cells. Concentration-, time-, voltage-, and use-dependent 
effects. Circulation. 1995;91:1799–1806. doi: 10.1161/01.cir.91.6.1799

 22. Lee KS, Lee EW. Ionic mechanism of ibutilide in human atrium: evidence for 
a drug-induced Na+ current through a nifedipine inhibited inward channel. 
J Pharmacol Exp Ther. 1998;286:9–22.

 23. Burashnikov A, Belardinelli L, Antzelevitch C. Inhibition of IKr potenti-
ates development of atrial-selective INa block leading to effective sup-
pression of atrial fibrillation. Heart Rhythm. 2015;12:836–844. doi: 
10.1016/j.hrthm.2014.12.033

 24. Turturiello D, Cappato R. The many NOs to the use of class IC antiarrhyth-
mics: weren’t the guidelines too strict? Eur Heart J Suppl. 2022;24:I47–
I53. doi: 10.1093/eurheartjsupp/suac073

 25. Kiani S, Sayegh MN, Ibrahim R, Bhatia NK, Merchant FM, Shah AD, 
Westerman SB, De Lurgio DB, Patel AM, Thompkins CM, et al. The fea-
sibility and safety of flecainide use among patients with varying degrees 
of coronary disease. JACC Clin Electrophysiol. 2023;9:1172–1180. doi: 
10.1016/j.jacep.2022.12.021

 26. Reiffel JA. The safety of flecainide for atrial fibrillation in patients with sta-
ble coronary artery disease - fact or fallacy. Am Heart J. 2022;248:163–
164. doi: 10.1016/j.ahj.2022.01.001

 27. Hongo RH, Themistoclakis S, Raviele A, Bonso A, Rossillo A, Glatter KA, 
Yang Y, Scheinman MM. Use of ibutilide in cardioversion of patients with 
atrial fibrillation or atrial flutter treated with class IC agents. J Am Coll Car-
diol. 2004;44:864–868. doi: 10.1016/j.jacc.2004.05.051

 28. Stambler BS, Wood MA, Ellenbogen KA. Antiarrhythmic actions of intrave-
nous ibutilide compared with procainamide during human atrial flutter and 
fibrillation: electrophysiological determinants of enhanced conversion effi-
cacy. Circulation. 1997;96:4298–4306. doi: 10.1161/01.cir.96.12.4298

 29. Stambler BS, Beckman KJ, Kadish AH, Camm JA, Ellenbogen KA, 
Perry KT, VanderLugt JT. Acute hemodynamic effects of intravenous ibu-
tilide in patients with or without reduced left ventricular function. Am J 
Cardiol. 1997;80:458–463. doi: 10.1016/s0002-9149(97)00395-0

 30. Chiladakis JA, Kalogeropoulos A, Patsouras N, Manolis AS. Ibutilide added 
to propafenone for the conversion of atrial fibrillation and atrial flutter. J Am 
Coll Cardiol. 2004;44:859–863. doi: 10.1016/j.jacc.2004.04.056

 31. Reiffel JA, Blitzer M. The actions of ibutilide and class Ic drugs on the slow 
sodium channel: new insights regarding individual pharmacologic effects 
elucidated through combination therapies. J Cardiovasc Pharmacol Ther. 
2000;5:177–181. doi: 10.1054/JCPT.2000.8690

 32. Burashnikov A, Antzelevitch C. Mild elevation of extracellular potassium 
greatly potentiates the effect of sodium channel block to cardiovert atrial 
fibrillation: the Lankenau approach. Heart Rhythm. 2023;20:1257–1264. 
doi: 10.1016/j.hrthm.2023.05.005

 33. Burashnikov A, Barajas-Martinez H, Hu D, Nof E, Blazek J, Antzelevitch C. 
Atrial-selective prolongation of refractory period with AVE0118 is due 
principally to inhibition of sodium channel activity. J Cardiovasc Pharmacol. 
2012;59:539–546. doi: 10.1097/FJC.0b013e31824e1b93

 34. Burashnikov A, Di Diego JM, Sicouri S, Ferreiro M, 
Carlsson L, Antzelevitch C. Atrial-selective effects of chronic amiodarone 
in the management of atrial fibrillation. Heart Rhythm. 2008;5:1735–1742. 
doi: 10.1016/j.hrthm.2008.09.015

 35. Burashnikov A, Di Diego JM, Barajas-Martinez H, Hu D, Zygmunt AC, 
Cordeiro JM, Moise NS, Kornreich BG, Belardinelli L, Antzelevitch C. Rano-
lazine effectively suppresses atrial fibrillation in the setting of heart failure. 
Circ Heart Fail. 2014;7:627–633.

 36. Burashnikov A, Belardinelli L, Antzelevitch C. Atrial-selective sodium channel 
block strategy to suppress atrial fibrillation: ranolazine versus propafenone. J 
Pharmacol Exp Ther. 2012;340:161–168. doi: 10.1124/jpet.111.186395

D
ow

nloaded from
 http://ahajournals.org by on February 1, 2024


	Effect of Flecainide and Ibutilide Alone and in Combination to Terminate and Prevent Recurrence of Atrial Fibrillation
	Let us know how access to this document benefits you
	Authors

	Effect of Flecainide and Ibutilide Alone and in Combination to Terminate and Prevent Recurrence of Atrial Fibrillation

