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Abstract
Objectives—To examine the effects of chronic amiodarone on the electrophysiology of canine
pulmonary vein (PV) sleeve preparations and left ventricular wedge preparation.

Background—Amiodarone is commonly used for the treatment of ventricular and
supraventricular arrhythmias. Ectopic activity arising from the PV plays a prominent role in the
development of atrial fibrillation (AF).

Methods—Standard microelectrode techniques were used to evaluate the electrophysiological
characteristics of superfused PV sleeve (left superior or inferior) and arterially perfused left
ventricular (LV) wedge preparations isolated from untreated and chronic amiodarone-treated dogs
(amiodarone, 40 mg/kg daily for 6 weeks).

Results—In PV sleeves, chronic amiodarone (n = 6) induced a significant increase in action
potential duration at 90% repolarization (APD90) and a significant use-dependent reduction in
Vmax leading to 1:1 activation failure at long cycle lengths (basic cycle length of 124 ± 15 ms in
control vs 420 ± 320 ms after chronic amiodarone [P < 0.01]). Diastolic threshold of excitation
increased from 0.3 ± 0.2 to 1.8 ± 0.7 mA (P < 0.01). Delayed and late phase 3 early
afterdepolarizations and triggered activity could be induced in PV sleeve preparations using
acetylcholine (ACh, 1 μM), high calcium ([Ca2+]o = 5.4 mM), isoproterenol (Iso, 1 μM), or their
combination in 6 of 6 untreated PV sleeves, but in only 1 of 5 chronic amiodarone-treated PV
sleeve preparations. Vmax, conduction velocity, and 1:1 activation failure were much more
affected in PV sleeves versus LV wedge preparations isolated from amiodarone-treated animals.

Conclusions—The results point to potent effects of chronic amiodarone to preferentially
suppress arrhythmogenic substrates and triggers arising from the PV sleeves of the dog.
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Introduction
Amiodarone is an antiarrhythmic agent widely used in the treatment of both ventricular and
supraventricular arrhythmias, atrial fibrillation (AF) in particular. The antiarrhythmic
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efficacy of amiodarone is thought to be due to multiple actions at the cellular level.
Amiodarone has been shown to inhibit a number of cardiac ionic currents (IKr, IKs, INa, late
INa, Ito, ICa-L, ICa-T, IK1, IK(ACh), IK(ATP)) as well as to possess α- and β-adrenoceptor
blocking activity. Although possessing properties of all 4 Vaughan Williams classes of
antiarrhythmic agents, amiodarone is often classified as a Class III antiarrhythmic.1,2

The recent work from our laboratory has shown that chronic amiodarone treatment exerts
potent atrial-predominant effects to depress INa-dependent parameters and that this action of
the drug is greatly potentiated by its ability to preferentially prolong action potential
duration (APD) in the right atrium, thus contributing to its effectiveness to suppress AF.3

Ectopic activity arising from the pulmonary veins (PV) has been shown to play a prominent
role in the development of AF.4 PV isolation is a procedure frequently used to eliminate the
triggers arising from the PV. Late phase 3 early afterdepolarizations (EADs) as well as
delayed afterdepolarizations (DADs)-induced triggered activity, originating from PV sleeves
following parasympathetic and/or sympathetic stimulation, have been proposed as potential
triggers in the initiation of AF.5-9 Few data are available concerning the effects of chronic
amiodarone on the electrophysiology of PV sleeves.

The objective of the present study was to determine the effect of chronic amiodarone
treatment on the electrophysiologic characteristics and its potential to inhibit the
development of triggered activity in canine-isolated PV sleeve preparations, and to test the
hypothesis that chronic amiodarone preferentially depresses excitability and conduction in
PV sleeves, acting to suppress the triggers and substrate for the development of atrial
fibrillation, with relatively little effect on these parameters in ventricular myocardium.

Methods
This investigation conforms to the Guide for Care and Use of Laboratory Animals published
by the National Institutes of Health (NIH publication No. 85-23, Revised 1996) and was
approved by the ACUC of the Masonic Medical Research Laboratory.

Adult mongrel dogs weighing 20-35 kg were anticoagulated with heparin (180 IU/kg) and
anesthetized with sodium pentobarbital (35 mg/kg, IV). The chest was opened via a left
thoracotomy and the heart excised and placed in a cold cardioplegic solution ([K+]0 = 8
mmol/L, 4°C).

Superfused Pulmonary Vein Sleeve Preparation
PV sleeve preparations (approximately 2.0 × 1.5 cm) were isolated from left canine atria.
The thickness of the preparation was approximately 2 mm. Left superior PVs were used
preferentially in most experiments. The preparations were placed in a small tissue bath and
superfused with Tyrode’s solution of the following composition (mM): 129 NaCl, 4 KCl,
0.9 NaH2PO4, 20 NaHCO3, 1.8 CaCl2, 0.5 MgSO4, 5.5 glucose, buffered with 95% O2/5%
CO2 (35 ± 0.5°C). The PV preparations were stimulated at a basic cycle length (BCL) of
1,000 ms during the equilibration period (1 hour) using electrical stimulation (1-3 ms
duration, 2.5 times diastolic threshold intensity) delivered through silver bipolar electrodes
insulated except at the tips. Transmembrane potentials were recorded (at a sampling rate of
41 kHz) using glass microelectrodes filled with 3 M KCl (10-20 MΩ DC resistance)
connected to a high input-impedance amplification system (World Precision Instruments,
model KS-700, New Haven, CT, USA). The following parameters were measured: diastolic
threshold of excitability, take-off potential (TOP), action potential amplitude (APA), action
potential duration at 50 and 90% repolarization (APD50 and APD90), and maximal rate of
rise of action potential upstroke (Vmax). The TOP was used instead of the resting membrane
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potential because of the slow phase 3 of the action potential of the PV sleeve preparation,
which does not return to the resting potential at the shortest BCLs. The changes in
conduction time were measured between 2 microelectrodes placed along the length of the
PV sleeve. Acetylcholine (ACh, 1 μM), isoproterenol (1 μM), high [Ca2+]0 (5.4 mM) or
their combination were used to induce late phase 3 EADs, DADs and triggered activity. The
combination of parasympathetic and sympathetic stimulation or increased extracellular
calcium has been shown to facilitate the development of late phase 3 EADs in PV sleeve
preparations,5-7 whereas sympathetic stimulation is known to lead to calcium overload, a
condition responsible for the development of DADs.10,11 DADs or EADs were elicited
using stimulation trains of 20 beats introduced at progressively faster rates followed by a
pause.

Left Ventricular Wedge Preparation
In vitro experiments were performed using left ventricular (LV) arterially perfused wedge
preparations (≈3.0 × 1.2 × 1.2 cm). The methods used for isolation and perfusion of these
preparations have been described elsewhere.12 Briefly, the preparations were dissected from
hearts removed from anesthetized (sodium pentobarbital) adult mongrel dogs (20-25 kg),
untreated or treated with chronic amiodarone. The LV wedge was perfused through a branch
of the left anterior descending coronary artery. Unperfused tissue was removed with a razor
blade or scissors. The cut ventricular branches were ligated using silk thread. After these
procedures (performed in a cold cardioplegic solution, 4-8°C), the preparations were
transferred to a temperature-controlled bath and arterially perfused with Tyrode’s solution
by use of a roller pump. The composition of Tyrode’s solution was (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 ± 0.5 °C, pH = 7.35). Transmembrane action potential (AP)
recordings were obtained using standard or floating glass microelectrodes. A
pseudoelectrocardiogram (ECG) was recorded using 2 electrodes consisting of Ag/AgCl half
cells placed in Tyrode’s solution bathing the preparation, 1.0-1.2 cm from the 2 opposite
sides of the atrial or ventricular coronary-perfused preparations. Stable action potential
recordings and Vmax measurements could not be readily obtained in vigorously contracting
perfused preparations. Due to a substantial interpreparation variability, Vmax values were
normalized for each experiment and then averaged. The change in conduction time was
approximated by measuring the duration of the “QRS” complex of the wedge preparation.

Drugs
Amiodarone (Cordarone®, 200 mg TAB) was obtained from Wyeth Pharmaceuticals
(Vonore, TN, USA) and was chronically administered orally at a dose of 40 mg/kg/day for a
period of 6 weeks.

Statistics
Results are presented as means ± SD. Statistical analysis was performed using one-way
repeated measures analysis of variance (ANOVA) followed by Bonferoni’s test. Mean
values were considered to be different at a P-value of < 0.05.

Results
Six weeks of amiodarone treatment significantly slowed heart rate from 140 ± 21 to 102 ±
16, prolonged the QT from 208 ± 20 to 248 ± 16 ms, and prolonged the QTc interval from
297 ± 17 to 314 ± 17 ms in conscious dogs. The QRS duration remained unchanged, but P
wave duration increased from 42 ± 6 to 49 ± 7 ms and PR interval prolonged from 113 ± 4
to 140 ± 3 ms (n = 12, P < 0.01). The same animals were used in a parallel study evaluating
the effect of chronic amiodarone in the coronary-perfused right atrial preparation.3
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Effects of Chronic Amiodarone Treatment in PV Sleeve Preparations
Figure 1 shows a representative example of the rate-dependent effects of chronic
amiodarone treatment on the action potential of a PV sleeve preparation (panels A and B).
Chronic amiodarone induced a prolongation of the action potential duration, a marked
decrease in Vmax and a depolarization of TOP in the PV sleeve preparation. This effect was
more accentuated at short cycle lengths. Composite data of the cycle length-dependent
effects of chronic amiodarone on APD50, APD90, TOP, APA, and Vmax recorded under
steady-state conditions in a total of 12 PV sleeve preparations isolated from 6 untreated and
6 chronic-amiodarone treated animals are shown in Figure 2. At a BCL of 1,000 ms, chronic
amiodarone induced a significant (P < 0.05) increase in APD90 (from 201 ± 25 to 289 ± 47
ms, Fig. 2A), a significant cycle length-dependent decrease in Vmax (from 314 ± 79 to 115 ±
89 ms, Fig. 2C,D) and APA (from 114 ± 3 to 100 ± 6 mV, Fig. 2E), and a significant
depolarization of TOP (from -85 ± 2 to -79 ± 4 mV, Fig. 2F). Chronic amiodarone treatment
significantly accentuated the cycle length-dependent depression of Vmax (Fig. 2D). Diastolic
threshold of excitation increased from 0.3 ± 0.2 mA to 1.8 ± 0.7 mA in preparations from
untreated and chronic amiodarone treated dogs, respectively (P < 0.01).

Effects of Chronic Amiodarone on Vmax and Conduction: PV Sleeves versus Left
Ventricular Wedge

In another series of experiments, we evaluated the effects of chronic amiodarone in the left
ventricular (LV) wedge preparation. Figure 3 summarizes a comparison of the effects of
Vmax and conduction time between PV (left, n = 6) and LV wedge (right, n = 4)
preparations. The upper left panel shows action potentials recorded simultaneously from 2
sites of a PV sleeve preparation and the upper right panel displays action potentials recorded
simultaneously from Endo, Epi, and M regions, together with a pseudo-ECG in a left
ventricular wedge preparation. The lower right panel compares the effects on Vmax,
normalized to the values at the longest cycle length (BCL = 2,000 ms). Conduction time was
measured between electrodes placed along the PV sleeve or approximated by the duration of
the “QRS” complex in the pseudo-ECG recorded in the LV wedge preparation. These data
show that the effect of chronic amiodarone to increase conduction time and reduce Vmax is
much more pronounced in PV sleeve as compared with the LV wedge preparation. Chronic
amiodarone increased conduction time following an increase in stimulation rate. In the
experiment shown in Figure 3 (upper panel), reducing BCL from 2,000 to 300 ms increased
conduction time from 10.6 to 23.6 ms (130%) in the PV sleeve preparation and from 46.3 to
51.6 ms in the LV wedge preparation (11.5%). Composite data from 4 PV sleeve and 4 LV
wedge preparations showed an increase in conduction time from 8.1 ± 2 to 16.3 ± 6 ms in
PV sleeve (101%) and from 48.3 ± 3 to 54.6 ± 2 ms (13%) in LV wedge preparations. A
change in BCL from 2,000 to 300 ms induced a 78.1% and 16.1% decrease in Vmax in PV
and LV wedge preparations, respectively (Fig. 3, lower panel). The effects on Vmax were
more pronounced at the fastest rates in both PV and ventricular tissues (P < 0.05 chronic
amiodarone vs untreated preparations). At a BCL of 200 ms, 1:1 conduction was observed in
3 of 4 LV wedge preparations, but in 0 of 6 PV sleeve preparations, isolated from
amiodarone-treated dogs.

The marked use-dependent depression of INa, as reflected by the cycle length-dependent
decrease in Vmax, led to activation failure in chronic amiodarone-treated animals (Fig. 3,
lower left panel). Activation failure was observed at much longer cycle lengths in PV
preparations (n = 5), as compared with LV wedge (n = 4) preparations. In PV preparations,
activation failure occurred at a BCL of 124 ± 15 ms versus 420 ± 320 ms in preparations
isolated from untreated and amiodarone treated dogs (P < 0.05), whereas in the LV wedge
preparation activation failure occurred at a BCL of 150 ± 4 ms in preparations from

SICOURI et al. Page 4

J Cardiovasc Electrophysiol. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



untreated dogs versus 220 ± 42 ms in preparations isolated from amiodarone-treated dogs
(Fig. 4, P < 0.05).

Effects of Chronic Amiodarone on Early and Delayed After depolarization (EAD and DAD)-
Induced Triggered Activity

In another series of experiments, we determined the effects of chronic amiodarone on DADs
and late phase 3-EADs-induced triggered activity elicited by exposure of the PV sleeve
preparations to acetylcholine (ACh, 1 μM), isoproterenol (1 μM), or high [Ca2+]o (5.4 mM)
or their combination when stimulated at short cycle lengths (BCL < 300 ms). In the example
illustrated in Figure 5 (upper panel, untreated PV), isoproterenol induced prominent rate-
dependent DAD activity at BCLs of 300 and 200 ms and DAD-induced triggered response
at a BCL of 120 ms. In the lower panel of Figure 5 (PV preparation from chronic
amiodarone treated dog), isoproterenol is shown to induce no DADs at 300 or 200 ms and
activation failure was observed at a BCL of 120 ms. Figure 6 illustrates the effect of
combined ACh and high extracellular calcium to markedly shorten the action potential
during fast pacing (BCL of 200 ms) and induce late phase 3 EAD and triggered activity
following fast pacing (2-second pause) in a preparation from an untreated dog (panel A) but
not in a preparation (panel B) from a chronic amiodarone-treated dog. DAD- and EAD-
induced triggered activity following ACh, high extracellular calcium and isoproterenol or
their combination occurred in 6 of 6 and 1 of 5 PV preparations from untreated versus
chronic amiodarone-treated dogs. The lack of shortening of AP during fast rates following
ACh was a constant feature in PV sleeves preparations isolated from dogs chronically
treated with amiodarone. This effect may play an important role in the antiarrhythmic effect
of chronic amiodarone in supraventricular arrhythmias, AF in particular.

Discussion
Ectopic activity arising from the PV sleeves is thought to be an important source of triggers
and in some cases substrate for the development of AF.13-15 Over the past decade,
radiofrequency ablation has become the treatment of choice for drug-resistant AF.
Segmental PV isolation and circumferential PV ablation are surgical procedures now
commonly used to suppress refractory atrial arrhythmias including AF.16

The results of the present study indicate that in PV sleeve preparations, chronic amiodarone
treatment induces rate-dependent depression of Vmax and excitability, prolongation of the
action potential duration, slowing of conduction, and 1:1 activation failure at rapid rates of
stimulation. In addition, chronic amiodarone induced a significant prolongation of PR
interval. The data also show that atrial PV preparations are much more sensitive than
ventricular preparations to the effects of chronic amiodarone to depress excitability and
conduction. Moreover, our results indicate that chronic amiodarone is capable of preventing
the appearance of DADs, late phase 3 EADs, and triggered activity induced in PV sleeves.
Additionally, chronic amiodarone was observed to prevent ACh-induced marked shortening
of the action potential.

Effects of Chronic Amiodarone: PV Sleeves versus Right Atrial Preparation
In a parallel study, we evaluated the effects of chronic amiodarone in coronary-perfused
isolated canine right atrial preparations.3 Chronic amiodarone produced qualitatively similar
but less accentuated use-dependent depression of sodium channel parameters in the
coronary-perfused isolated canine right atrial preparations when compared to the results
reported here for PV sleeves.3 At BCLs of 500 and 300 ms, Vmax was 58 and 65% smaller
in right atrial preparations isolated from chronic amiodarone-treated versus untreated dogs.
In contrast, in PV sleeves, Vmax was 71% (87 vs 294 V/s) and 79% (52 vs 251 V/s) smaller
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in preparations isolated from chronic amiodarone-treated versus untreated dogs at BCls of
500 and 300 ms, respectively. As the BCL was reduced from 500 to 300 ms, conduction
time (measured between 2 microelectrodes in PV sleeves and approximated by the duration
of the “P wave” in the coronary-perfused right atrium) was 26% longer (45 vs 35.7 ms) in
right atrial preparations, but 39% longer (16.3 vs 11.7 ms) in PV sleeves preparations
isolated from dogs treated with chronic amiodarone (P < 0.05). The shortest BCL permitting
1:1 activation was 72% longer (222 vs 129 ms) in right atrial preparations but 238% longer
(420 vs 124 ms) in PV sleeves preparations isolated from chronic amiodarone-treated versus
untreated animals (P < 0.05). The effects of chronic amiodarone on the action potential
duration were qualitatively similar although less accentuated in right atrial preparations. At a
BCL of 500 ms, APD90 was 44% longer (248 vs 172 ms) in PV sleeves but only 14% longer
(256 vs 225 ms) in cristae terminalis and 17.5% longer (245 vs 202 ms) in right atrial
pectinate muscle isolated from chronic amiodarone-treated versus untreated dogs.3

The effects of chronic amiodarone treatment to depress sodium-channel activity, reduce
excitability, increase conduction time and to induce conduction block in PV sleeve
preparations are qualitatively similar to those recently reported for the effects of ranolazine
in canine atrial tissues.17,18

Effects of Chronic Amiodarone on EAD and DAD-Induced Triggered Activity in PV Sleeves
Late phase 3 EAD and DAD activity has been reported by Chen and coworkers in canine-
and rabbit-isolated single PV myocytes,10,11 by Patterson and coworkers in isolated canine
PV sleeve preparations,6,7 and by Burashnikov and coworkers in canine coronary-perfused
right atrial preparations.5,19 In isolated rabbit and dog myocytes, isoproterenol was shown
to increase automaticity and induce spontaneous as well as EAD or DAD-induced triggered
activity.10,11 The present study shows that late phase 3 EADs and DADs, although readily
induced in PV sleeve preparations from untreated dogs following the addition of
isoproterenol, ACh, high extracellular calcium alone or in combination, are only rarely
observed in preparations from chronic amiodarone-treated animals.

Ionic Mechanisms and Pharmacologic Profile of Amiodarone
Although possessing properties of all 4 Vaughan Williams classes of antiarrhythmic agents,
amiodarone is often classified as a Class III antiarrhythmic.1,2 It is a predominantly
inactivated-state sodium channel blocker with rapid binding and unbinding kinetics (similar
to a Class IB agent).1 Acute amiodarone has been shown to inhibit IKr, whereas chronic
amiodarone also leads to a reduction of IKs.20 The effects of acute amiodarone on
ventricular APD are controversial, given that prolongation, abbreviation, and no effect have
been reported.1 Chronic amiodarone, on the other hand, consistently prolongs ventricular
APD and QT intervals.1,21 Intravenous administration of amiodarone generally produces
more conduction delay and less prolongation of refractoriness than chronic therapy.22,23
Both acute and chronic amiodarone prolong the effective refractory period more than APD,
due to development of postrepolarization refractoriness.24,25 Whereas acute amiodarone
reduces Vmax and blocks INa in practically all studies (for review see1), chronic amiodarone
was reported to either depress Vmax26,27 or, in most studies, to cause no or little changes in
Vmax in superfused ventricular muscle and Purkinje fibers.1,21,28 Ventricular conduction
velocity is slowed and QRS duration is prolonged in both acute and chronic amiodarone-
treated humans and animals in vivo.28-30 However, the duration of the QRS complex was
significantly prolonged only at relatively rapid pacing rates (e.g., at CL of ≤ 500 ms in
humans), displaying a nonstatistically significant prolongation at normal or slow heart rates,
21,30 consistent with our results in the canine heart. In rabbit atrial superfused tissue
preparations, acute amiodarone produces an abbreviation of APD and a reduction in Vmax,
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whereas chronic amiodarone has been reported to prolong APD and cause little change in
Vmax.31

Chronic administration of amiodarone has also been shown to decrease transmural
dispersion of repolarization (TDR) in canine multicellular preparations.27 Acute
amiodarone as well as the new antiarrhythmic agent dronedarone has been shown to reduce
transmural dispersion of repolarization and eliminate (acute amiodarone) or reduce
(dronedarone) EADs and triggered activity originating in M cells of the canine ventricle.32

The effect of chronic amiodarone treatment to prevent DAD and late phase 3 EAD activity
is best explained by its actions to reduce late INa and intracellular calcium loading secondary
to its effects to inhibit INa and ICa, as well as its sympatholytic action. It is noteworthy that
acute amiodarone has been shown to prolong APD, induce EADs, and increase transmural
dispersion of repolarization under conditions in which late INa is enhanced. Inhibition of late
INa under these conditions suppresses the development of EADs, reduces TDR, and prevents
the development of Torsade de Pointes arrhythmias.33

The effect of chronic amiodarone to prevent marked shortening of AP following ACh may
be due to the effect of amiodarone to inhibit IK-ACh in atrial tissues1,34 and thereby
contribute to the antifibrillatory effect of chronic amiodarone. The lack of ACh-induced
shortening of AP in PV sleeves suggests the possibility of altered distribution/density of G-
protein-gated inward rectifier potassium channel subunits, including Kir3.1 and Kir3.4.

Atrial Selective Effects of Chronic Amiodarone on Sodium Channel Activity
Our data indicate that chronic amiodarone treatment produces use-dependent depression of
Vmax, excitability and conduction velocity preferentially in PV compared to ventricular
preparations (Figs. 4 and 5). The effects of chronic amiodarone that we describe in PV
sleeves preparations appear to be more prominent than those observed in arterially perfused
right atrial preparations.3

The atrial selective effects of chronic amiodarone to depress peak INa and associated
parameters, such as impulse conduction velocity, excitability, and postrepolarization
refractoriness,35-37 have been shown to result from a more negative steady-state
inactivation relationship for INa as well as the much slower action potential phase 3 in atrial
versus ventricular cells.17 The slow phase 3 repolarization in atrial cells potentiates the
effect of chronic amiodarone at rapid activation rates by abolishing the diastolic interval and
preventing full repolarization, which leads to a more positive take-off potential for the next
beat and reduced availability of sodium channels. Another factor that contributes to the
reduced availability of peak INa in atria is the more depolarized resting membrane potential
of atrial versus ventricular cells.17 Intrinsic atrioventricular differences in the resting
membrane potential slope of late repolarization are largely explained by a smaller IK1 in
atrial versus ventricular cells.38

Clinical Implications
In the clinic, acute and chronic amiodarone are widely used in the management of atrial and
ventricular arrhythmias.2,39,40 Chronic amiodarone is still considered the most effective
pharmacological agent currently available for the maintenance of sinus rhythm following
termination of AF.2 The antiarrhythmic efficacy of chronic amiodarone has been related to
the multiplicity of effects on ion channel activity (Class I, II, III and IV actions), resulting in
the reduction of dispersion of repolarization, induction of postrepolarization refractoriness,
prolongation of the excitable gap, suppression of triggered activity and attenuation of atrial
remodeling.2,25,27,39,41,42
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Clinical and experimental studies have highlighted the role of PV in the triggering of atrial
arrhythmias, AF in particular.4,11 The results of the present study suggest that the PV-
selective depression of INa-related parameters contributes prominently to the action of
chronic amiodarone to suppress the development of AF and that the effect of chronic
amiodarone to prolong the duration of the PV sleeve action potential potentiates this effect
of the drug. These effects of chronic amiodarone suppress the development of
arrhythmogenic substrates and triggers in the PV sleeves. The actions of chronic amiodarone
to produce potent block of the sodium channels in the atria are similar to Class IC
antiarrhythmic agents such as propafenone and flecainide. However, unlike the IC
antiarrhythmics, the effects of chronic amiodarone are atrial selective,3 similar to the actions
of ranolazine.17 Our data also point to an anticholinergic effect of chronic amiodarone,
which can contribute to its effectiveness in the management of AF. Finally, the data confirm
an atrialpredominant effect of chronic amiodarone,3 in this case for the PV sleeves.

Study Limitations
Experiments were performed in canine PV sleeves but not in other part of the canine left
atrium; consequently, we are unable to contrast changes in PV versus left atrium
electrophysiology. The oral dose of amiodarone used in our study (40 mg/kg/day) is larger
than that used in the clinic, where the loading dose of amiodarone ranges from 800 to 1,600
mg/day (which is up to 20-25 mg/kg/day). Similar dosage regimens have been used in
previous studies reflecting the relatively lower sensitivity of dogs to amiodarone.43 It should
be noted, however, that loading doses are not given to patients for 6 weeks duration, but
typically for 1-2 weeks. Plasma or tissue concentrations of amiodarone were not measured
in this study. However, tissue concentrations were measured in a previous study using
similar dose of chronic amiodarone in a dog experimental model.27 The tissue concentration
of amiodarone in ventricular epicardium (17-22 ng/mL) persisted over a 6-hour period and
was smaller that the tissue concentration of amiodarone found in humans following chronic
amiodarone treatment (40 ng/mL);44 amiodarone treatment in this study was 600 mg for 1
week, followed by 200 mg for a period of 7 weeks.
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Figure 1.
Rate-dependent effects of chronic amiodarone on the maximum rate of rise of action
potential upstroke (Vmax) and action potential characteristics in a pulmonary vein (PV)
sleeve preparation. A-B: Action potentials recorded at different basic cycle lengths (BCLs)
from PV sleeves isolated from untreated (panel A) and chronic amiodarone-treated dogs
(panel B). Chronic amiodarone induced a prolongation of the action potential duration, a
marked decrease in Vmax, and a cycle length-dependent depolarization of the take-off
potential.
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Figure 2.
Cycle length-dependent effects of chronic amiodarone on action potential duration measured
at 90 and 50% repolarization (APD50 and APD90, panels A and B), maximum rate of rise of
action potential upstroke (Vmax), expressed in absolute as well as normalized values (panels
C and D), action potential amplitude (APA, panel E), and take-off potential (TOP, panel F)
recorded from pulmonary vein (PV) sleeve preparations isolated from untreated (n = 6) or
chronic amiodarone-treated dogs (n = 6). Chronic amiodarone induced a significant
prolongation of APD90, a significant decrease in Vmax and APA, and a significant
depolarization of TOP. Data are expressed as mean ± SD. *P < 0.05 chronic amiodarone
versus control.
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Figure 3.
Comparison of the effects of chronic amiodarone on maximum rate of rise of action
potential upstroke (Vmax) and conduction time between pulmonary vein (PV) (left, n = 6)
and left ventricular (LV) wedge (right, n = 4) preparations. A: Action potentials (APs)
recorded simultaneously from 2 sites of a PV sleeve preparation. B: APs recorded
simultaneously from endocardial (Endo), epicardial (Epi), and midmyocardial (M) regions
together with a pseudo-ECG in a LV wedge preparation. Lower panels show the rate
dependence of Vmax normalized to the value at a basic cycle length (BCL) of 2,000 ms. Data
are expressed as mean ± SD. *P < 0.05, chronic amiodarone versus control.
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Figure 4.
Composite data of the effect of chronic amiodarone on basic cycle length (BCL) at which
1:1 activation failure occurred in pulmonary vein (PV) sleeve (n = 5) and left ventricular
(LV) wedge (n = 4) preparations isolated from untreated and chronic amiodarone-treated
dogs. Chronic amiodarone induced a significant increase in the BCL at which activation
failure occurred in PV sleeve and LV wedge preparations, but the effect was much more
pronounced in PV sleeves. Data are expressed as mean ± SD. *P < 0.05, chronic amiodarone
versus control.
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Figure 5.
Chronic amiodarone prevents the development of isoproterenol-induced delayed
afterdepolarizations (DADs) and triggered activity in a pulmonary vein (PV) sleeve
preparation. A: PV sleeve preparation from untreated dog: isoproterenol induces prominent
DAD activity at basic cycle lengths (BCL) of 300 and 200 ms. DAD reaches threshold and
induces a triggered beat followed by a DAD at a BCL of 120 ms. B: PV sleeve from chronic
amiodarone-treated dog: isoproterenol fails to induce DAD activity at 300 and 200 ms and
1:1 activation failure occurs at BCL 120 ms.
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Figure 6.
Chronic amiodarone prevents the development of late phase 3 early afterdepolarizations
(EADs) and triggers activity in a pulmonary vein (PV) sleeve preparation. A: PV sleeve
preparation from untreated dog: acetylcholine (ACh) and high calcium combined markedly
shorten action potential (AP) during fast pacing (basic cycle length, BCL = 200 ms) and
induce late phase 3 EAD (middle panel) and triggered activity (lower panel) upon return to a
BCL of 2,000 ms. B: PV sleeve from chronic amiodarone-treated dog. ACh and high
extracellular calcium do not shorten AP at fast rates and fail to induce late phase 3 EAD and
triggered activity.
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