
1 For reasons described in a companion paper,2
the drug was found to have desirable cardiac antiarrhythmic
properties. Patch clamp studies showed that vanoxerine po-
tently blocked IKr (hERG), L-type calcium and sodium chan-
nels with IC50 values of 0.8, 320, and 830 nm, respectively,
and that block increased greatly with increased frequency
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of pacing, especially for calcium and sodium channels.2 Al-
though vanoxerine is a more potent blocker of hERG than
Class III antiarrhythmics, unlike them, in the arterially per-
fused canine ventricular wedge preparation, it does not pro-
long action potential duration, nor does it alter transmural
dispersion of repolarization or QT interval.2 Clinical studies
in healthy human volunteers3 showed no adverse cardiovas-
cular effects of vanoxerine at concentrations studied in the
in vitro tests described above. Importantly, the electrophysio-
logical properties of vanoxerine in myocardium are similar to
those of amiodarone, suggesting that vanoxerine might be an
effective antiarrhythmic agent. Therefore, to study its poten-
tial as an antiarrhythmic agent, we tested the hypothesis that
vanoxerine would terminate induced atrial fibrillation (AF)
and atrial flutter (AFL) in the canine sterile pericarditis (SP)
model. We also studied the effect of vanoxerine on selected
electrophysiological properties.

Methods

Nine adult mongrel dogs weighing 18–23 kg were stud-
ied in both the closed and open chest states after creation
of SP. In the closed chest state, the effects of intravenous
vanoxerine on induced AF or AFL and on selected elec-
trophysiological properties were studied in the conscious,
nonsedated state during 8 episodes of AF and 8 episodes
of AFL in 9 dogs (Table 1). In the open chest state, the ef-
fects of vanoxerine on termination of induced AF/AFL and
their reinduction were studied using simultaneous multisite
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Figure 1. Continued.

a minimal, but insignificant, effect on the QT and QTc inter-
vals (Table 2).

Effects of vanoxerine on electrophysiological properties
(n = 16)

We compared the stimulus threshold, atrial ERP, and con-
duction times between pre- and postvanoxerine for each

TABLE 2
Effects of Vanoxerine on Selected Parameters in the Closed Chest State;

n = 16

Parameter Predrug (ms) Postdrug (ms) % Change P-Value

PR∗ 105 ± 10 106 ± 11 (1) NS
Paced QT (400 ms) 219 ± 21 229 ± 19 (5) NS
QT∗ 233 ± 22 242 ± 25 (4) NS
QTc∗ 318 ± 23 323 ± 25 (1.5) NS
QRS∗ 44 ± 7 45 ± 7 (1) NS
∗Measured during sinus rhythm.

pacing CL at each pacing site on postoperative days 1, 2,
and 3.

Stimulus Thresholds

Vanoxerine increased the mean stimulus threshold for
atrial capture at all CLs at all sites. This increase was statis-
tically significant at all CLs at BB, 2/3 of the CLs at RAA
and 1/3 of the CLs at PLA. However, the actual changes
(Table 3) in the threshold were minimal at each site (mean
0.7 mA), and probably not “clinically meaningful.” When we
analyzed the data for each pacing CL site and postoperative
day separately, atrial threshold was significantly different at
a drive CL of 200 ms at each pacing site on postoperative
days 2 and 3 comparing predrug and postdrug states. A rep-
resentative example of atrial threshold determined at the BB
site is shown in the top panel in Figure 2. Vanoxerine did not
significantly change RV threshold measured during pacing
at CLs of 400 and 333 ms (from 1.1 ± 0.5 to 1.1 ± 0.3 mA,
and 1.0 ± 0.3 to 1.1 ± 0.3 mA, respectively; P = NS at each
pacing CLs).
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TABLE 3
Change of Atrial Threshold in the Closed Chest State

CLs (ms) Predrug (mA) Postdrug (mA) % change P-Value

RAA
400 1.2 ± 0.7 1.5 ± 1.0 (32) NS
300 1.2 ± 0.7 1.6 ± 1.1 (39) 0.037
200 1.5 ± 1.0 2.2 ± 1.5 (52) 0.024

BB
400 0.7 ± 0.7 0.8 ± 0.8 (17) 0.019
300 0.7 ± 0.8 0.8 ± 1.0 (13) 0.038
200 0.8 ± 1.0 1.0 ± 1.4 (26) 0.046

PLA
400 3.3 ± 3.2 3.6 ± 3.7 (12) NS
300 3.2 ± 3.4 3.5 ± 3.7 (12) NS
200 3.2 ± 3.2 3.7 ± 3.7 (19) 0.048

ERPs

Vanoxerine did not significantly change the atrial ERP
measured at the RAA or PLA sites at any pacing CL, but
significantly prolonged the atrial ERP (from 133 ± 14 to
141 ± 19 ms; P < 0.05) at the BB site, although only during
pacing at a CL of 200 ms. In addition, when we analyzed
the data for each of the 3 pacing CLs, each site, and each
postoperative day separately, atrial ERP was not significantly
different between predrug and postdrug state. Vanoxerine
significantly prolonged RV ERP measured during pacing CLs
at 400, 333 ms (from 176 ± 16 ms to 182 ± 16 ms, from
173 ± 11 ms to 178 ± 10 ms, respectively; P < 0.05 at each
pacing CL). A representative example of the atrial ERP data
obtained from the BB site is shown in the bottom panel of
Figure 2.

Conduction Times

Intraatrial conduction times from each of the 3 atrial sites
were determined during pacing at CLs of 400, 300, and 200
ms before and after administration of vanoxerine. Vanoxerine

Figure 2. This figure demonstrates the
change at the BB site of atrial stimulus
threshold and ERP after vanoxerine ad-
ministration. DAY 1, 2, and 3 indicate
the postoperative day. BB = Bachmann’s
bundle; ERP = effective refractory pe-
riod; mA = milliamps.

did not affect the intraatrial conduction times between any
sites at any pacing CLs.

Studies in the Open Chest State

During 3 episodes of induced, sustained organized AF
and 3 episodes of induced, sustained AFL, simultaneous,
multisite, epicardial mapping was performed before and dur-
ing vanoxerine infusion through to termination of AF or
AFL. Termination of AF and AFL occurred in all 6 episodes
(Table 1). Vanoxerine significantly prolonged the mean CL
of both AF and AFL prior to termination (from 125 ± 12 ms
to 166 ± 22 ms; P < 0.01), and 158 ± 16 ms to 177 ± 23
ms; P < 0.01, respectively.

Figure 3 is from a representative example of induced, sta-
ble AFL in dog 8. Panel A shows the isochronous map of
double-loop reentrant AFL at a CL of 176 ms before admin-
istration of vanoxerine. A functional line of block in the RA
represented by a black, dashed line extends from the infe-
rior vena cava (IVC). The reentrant wave front traveled in an
inferior-to-superior direction in the atrial septum, with epi-
cardial breakthrough at BB area (asterisk). The wave front
then propagated in a superior-to-inferior direction in the an-
terior right atrial free wall, fusing with a reentrant wave front
that traveled around the IVC, and reentered the atrial septum
(black diamond) to travel again up the atrial septum. Panels
B and C show the isochronous maps immediately before and
at termination of AFL, and panel D shows atrial electrograms
from selected epicardial sites of the beats recorded just be-
fore and through AFL termination during administration of
vanoxerine. Note the variability of the beat-to-beat CL so
often seen just before termination of AFL.11,12 Compared
with baseline (panel A), the map of the beat before termina-
tion (panel B) shows that marked crowding of isochronous
lines has occurred in the low right atrial free wall associated
with a 50 ms prolongation of conduction time between sites
D and E. Also, marked shortening of the functional line of
block had occurred. Termination of the AFL occurred when
the reentrant wave front blocked in the area of slow con-
duction (between sites D and E) (panels C and D). Similar
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Figure 3. A, B, and C show schematics of 3 atrial activation maps during baseline AFL (A), the beat before AFL termination (B), and at AFL termination
(C) in dog 8. Isochronous lines are drawn at 10 ms intervals. Dark gray lines (thick and dashed) with arrows indicate the course of the double-loop reentrant
circuit. The asterisk (∗) indicates epicardial breakthrough of septal activation; the black diamond (�) indicates endocardial entry from the epicardium to the
atrial septum of the circulating reentrant wave front. Thick black dashed line identifies a line of block that attaches to the IVC. D shows the electrograms
from epicardial recording sites A through F (see maps B and C) in the maps immediately before and at termination of AFL. Note the marked slowing of
conduction in the low right atrial free wall (map B) and block of the last reentrant activation wave front (map C) between sites D and E, with remarkable
shortening of the line of block. BB = Bachmann’s bundle; IVC = inferior vena cava; PV = pulmonary veins; RAA = right atrial appendage; Ref = reference
electrogram; SVC = superior vena cava. See text for discussion.

Figure 4. (A) Sequence of activation of maps during 4 consecutive 120 ms windows (total of 480 ms of analysis) from an episode of sustained, organized
AF before administration of vanoxerine. Dark gray lines with arrows indicate locations of stable driver, a putative reentrant circuit. Light gray lines with
arrows indicate the daughter waves. Thin lines represent isochrones at 10-ms intervals. Thick, dashed, black lines represent lines of functional block. Asterisk
indicates epicardial breakthrough of the putative reentrant circuit. Black square indicates epicardial breakthrough of a wave front from the RA endocardium.
Gray regions indicate atrial areas that were not activated during the 120 ms window. Anatomic landmarks are as in Figure 3. CL of the putative regular,
reentrant circuit is 120 ms. (B) Electrograms recorded from four sites (A through D) along putative reentrant circuit in the left atrium shown in 5A, windows
1 through 4. Electrograms E through H are recorded from the right atrial free wall. Electrograms with arrows indicate relative activation sequence, and
correspond to activation windows 1 to 4 in Figure 4A. See text for discussion.
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CLs. Furthermore, vanoxerine interrupted AFL by causing
block of the circulating reentrant wave front in an area of
slow conduction. We think this block was likely due to fail-
ure of the safety factor for conduction in the AFL reen-
trant circuit rather than prolongation of refractoriness, i.e.,
it was not due to the head of excitability hitting the tail of
refractoriness.11,12

Figure 5. (A) Sequence of activation of maps during 7 consecutive 150 ms windows of AF termination 20 minutes after administration of vanoxerine. The CL
of the driver (a putative regular, reentrant circuit) has increased to 164 ms immediately before driver-driven AF terminates. Thus, the functional line of block
at the intercaval region gradually shortened and disappeared following termination of the driver. (B) All electrograms represented by arrows correspond to
windows 1 to 7 in Figure 5A. After termination of the drivers there is random reentry until the AF finally terminates. See text for discussion.

Regarding the mechanism of termination of organized
AF, that is, AF due to a stable driver (a putative reentrant
circuit),13,14 although it may be similar to that of AFL, this
was not established. Nevertheless, it was clear that when the
driver disappeared, so, too, did the sustained AF. Because we
did not map any disorganized AF episodes, we do not know
the mechanism of termination of this type of AF. However, if
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Figure 5. Continued.

the mechanism was due to the presence of multiple, unstable
reentrant circuits of short CL (unstable drivers) that sponta-
neously terminate and reform,5 it is likely that the vanoxerine
prevented their reformation, resulting in termination of the
sustained, disorganized AF.

Limitations

We were unable to map the entire course of the putative
reentrant circuit (the driver) during organized AF, and there
were no opportunities to map the effect of vanoxerine on
disorganized AF, as it was not induced in any of the dogs
studied in the open chest state. Also, we do not know about
the efficacy and safety of vanoxerine in models of persistent
AF, or in the setting of ischemia.

Clinical Implications

This study demonstrated that vanoxerine is highly effec-
tive in terminating AF or AFL in our model. Its quite modest
effects on ventricular refractoriness, QT, and QTc intervals
also suggest a low potential for ventricular proarrhythmia.
This is consistent with prior studies in humans.3,15,16 This
combination of efficacy and safety demonstrated in studies to
date suggests that vanoxerine, a drug with multi-ion channel
blocking effects similar to amiodarone (vanoxerine potently
blocks cardiac hERG, sodium, and calcium channels; block
is strongly frequency dependent, especially for sodium and
calcium channels; and transmural dispersion of ventricular
repolarization is unaffected) has the potential to become a
valuable antiarrhythmic agent. Further studies are needed to
test this potential.
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