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d,l-Sotalol at Therapeutic Concentrations Facilitates
the Occurrence of Long-Lasting Non-Stationary
Reentry During Ventricular Fibrillation
in Isolated Rabbit Hearts

Yu-Cheng Hsieh, MD; Tzyy-Leng Horng, PhD*; Shien-Fong Lin, PhD**;
Tung-Chao Lin, MD; Chih-Tai Ting, MD, PhD; Tsu-Juey Wu, MD, PhD

Background The effects of d,/-sotalol at therapeutic concentrations (£10mg/L) on wavefront dynamics during
ventricular fibrillation (VF) and electrophysiological heterogeneity remain unclear.

Methods and Results By using an optical mapping system, epicardial activation patterns of VF were studied
in 6 Langendorff-perfused rabbit hearts at baseline, during 10mg/L d,[-sotalol infusion, and after washout. In an
additional 4 hearts, action potential duration (APD), conduction velocity, and wavelength (WL) restitutions were
determined. During d,/-sotalol infusion, VF was terminated in 3 of the 6 hearts. Only 1 heart developed transient
ventricular tachycardia (VT). d,I-Sotalol reduced the number of phase singularities (ie, wavebreak) during VF
(P<0.05), and it also increased the occurrence frequency (P<0.05) and lifespan (P<0.05) of epicardial reentry
during VF. These reentries were non-stationary in nature and did not anchor on anatomical structures. Restitu-
tion data showed that d,/-sotalol flattened APD restitution. Furthermore, APD dispersion and spatial heterogene-
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ity of restitutions were not enhanced by d,/-sotalol.

Conclusions d,[-Sotalol at therapeutic concentrations decreased wavebreak and facilitated the occurrence of
long-lasting, non-stationary reentry during VF. However, VT rarely occurred. The related mechanisms include:
(1) flattening of APD restitution without enhancement of spatial heterogeneity of electrophysiological properties,
causing wavefront organization, and (2) WL prolongation, preventing steady anchoring of reentry. (Circ J 2009;

73: 39_47)
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approved for the treatment of life-threatening ven-

tricular tachycardia (VT) and ventricular fibrilla-
tion (VF)!:2 It has been shown that d,l-sotalol reduces the
complexity of epicardial activation patterns and prolonged
wavelength (WL) during VF in isolated rabbit hearts?
Recently, Pak et al reported that d,/l-sotalol at therapeutic
doses (£10mg/L) effectively terminated VF/VT by flatten-
ing the action potential duration restitution (APDR) in iso-
lated swine ventricles* However, the effects of d,/-sotalol at
therapeutic concentrations on the wavefront characteristics
of VF and the genesis of electrophysiological heterogeneity
(such as action potential duration (APD) dispersion and
spatial heterogeneity of restitutions) are still not completely

() n the basis of the ESVEM trial, d,/-sotalol has been
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understood.

We previously demonstrated that 2 types of VF exist in
the same isolated rabbit heart? As APDR was flattened by
low-dose methoxyverapamil (D600), multiple-wavelet type
1 VF was converted to VT. A further increase of D600 con-
centration converted VT to a slower (type 2) VF with a
stationary or slow drifting mother rotor. During type 2 VF,
an anatomical structure (the papillary muscle (PM)), always
served as an anchoring site for the mother rotor®7 We
hypothesized that d,/-sotalol at therapeutic concentrations,
with both its effects of APDR flattening and WL prolonga-
tion, would also convert a preexisting type 1 VF into a
regular rhythm, finally leading to termination of the ven-
tricular tachyarrhythmia. To test this hypothesis, an optical
mapping system was used to record epicardial activation
patterns during d,l-sotalol infusion in isolated rabbit hearts.
The aims of this study were to determine (1) whether or not
acute administration of d,/-sotalol can effectively convert a
preexisting VF into VT before its termination, and (2) the
wavefront characteristics of VF and the electrophysiological
heterogeneity during d,/-sotalol infusion with therapeutic
concentrations.

Methods

This research protocol was approved by the Institutional
Animal Care and Use Committee of Taichung Veterans
General Hospital and followed the guidelines of American
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APD, action potential duration; CT-!, inverse of conduction time; WL, wavelength; PCL, pacing cycle length; NA, data not available.

**Data from hearts #3 and #4 in protocol Il without statistical comparison.

"P<0.05, "P<0.01, by paired t-test when compared with baseline.

Table 1 Effects of d,I-Sotalol on the APD, CT-! and WL
*Data from heart #3 in protocol Il without statistical comparison.
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Heart Association.

Langendorff Preparation and Pseudo-ECG Recordings

The hearts of 10 New Zealand White rabbits (2.7-4.1kg)
were excised under general anesthesia. The ascending aorta
was immediately cannulated and perfused with 36.5°C
Tyrode’s solution with the following composition (in
mmol/L): 125 NaCl, 4.5 KCl, 0.5 MgCl2, 24 NaHCOs3, 1.8
NaH2POs4, 1.8 CaClz, 5.5 glucose, and albumin (40 mg/L);
it was then equilibrated with 95% O2 and 5% CO2 to main-
tain a pH of 7.43 Coronary perfusion pressure was then
regulated with a flow rate of 25-30ml/min¢ Next, the
hearts were perfused and superfused in a thermostatized
tissue bath made of transparent glass. The bath temperature
remained at a constant value within the range of 36-37°C
during the experiment. A pseudo-ECG was obtained with
widely spaced bipoles, 1 at the apex of the left ventricle
(LV) and the other at the high lateral wall of the right ven-
tricle (RV). The signals were filtered from 0.05 to 100 Hz,
and were digitized by an AxoScope with a sampling rate of
1 kHz3689 The pseudo-ECG was used to determine the
rhythm of the ventricles.

Optical Mapping

A single-camera optical mapping system was used and
has been described previouslys-¢ The hearts were stained
with di-4-ANEPPS (Molecular Probes, Eugene, OR, USA),
then excited with quasi-monochromatic light (500+40nm)
from a 250-W tungsten—halogen lamp. Fluorescent and
scattered lightwaves from the heart were collected by an
image-intensified charge-coupled device camera (Dalsa
Inc, Waterloo, Ontario, Canada). The optical signals were
gathered at 3.75-ms sampling intervals, acquired from
100x100 sites simultaneously over a 40x40-mm? area. For
each time window of recording, the optical data were
acquired continuously for 2.25s (ie, 600 frames). Phase
mapping was performed to evaluate the wavefront charac-
teristics and the location and evolution of phase singulari-
ties (PSs) during VF!0 In a typical time-embedded phase
portrait, the upstroke of the action potential corresponds to
a phase ranging from —3/4 = to —1/4 =, roughly the light-
blue color (between dark-blue and green) using color repre-
sentation?-6:8.9 Optically recorded voltage signals were spa-
tiotemporally filtered to reduce noise!! The mapped area
included parts of the RV and LV anterior walls.

Study Protocols

Protocol I: Effects of d,I-Sotalol at Therapeutic Concen-
trations on the Wavefront Characteristics and Inducibility
of VF (n=6) A hook bipolar electrode was inserted into
the RV outflow tract for pacing>-6-3-2 We used burst pacing
(cycle length (CL) 75-100ms; current 5-10mA) to induce
baseline VF. Baseline VF was defined as stable VF that
persisted for 5 min after pacing induction?-6:32 Three sets of
optical mapping data and corresponding pseudo-ECG
recordings were obtained during baseline VF. d,/-Sotalol at
a concentration of 10mg/L was then infused for 30 min to
observe changes in ventricular rhythm, such as VF/VT
transition and VF termination. Optical and corresponding
pseudo-ECG recordings were obtained every 3-5min,
including 5, 15, and 25 min of d,/-sotalol infusion. If the VF
episode persisted without termination for 30 min, it was
defined as no termination by d,/-sotalol. When the VF
episode was successfully converted to spontaneous (sinus/
idioventricular) rhythm, 3 burst pacing attempts were
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immediately performed to determine VF inducibility. VF
inducibility was defined as the ratio of the successful VF
induction instances to the number of burst pacing attempts#12
Successful VF induction was defined as VF persisting for
at least 3 min after cessation of burst pacing. d,/-Sotalol was
then washed out with drug-free Tyrode’s solution for 30 min
and VF inducibility was again determined.

Protocol II: Restitution Curves (n=4) To estimate the
conduction velocity (CV), the inverse of conduction time
(CT-1, cm/s) between 2 epicardial points was measured? We
used the S1 pacing method to determine APD and CT-! res-
titutions at baseline and at the end of the 30-min infusion of
different d,[-sotalol concentrations (5 and 10mg/L) sequen-
tially. APD and CT-! restitutions were determined using 12
different S1 pacing CLs (500, 400, 300, 250, 200, 180, 160,
150, 140, 130, 120, and 110ms) in all 4 hearts studied’ To
minimize motion artifacts, an adjustable glass wall was used
to compress and restrain the heart during pacing.

Data Analysis

Fast Fourier Transform (FFT) Analysis FFTs of the
pseudo-ECGs (4s in duration) were used to determine the
dominant frequency (DF) at 5 different time points of VF
in protocol I: (1) baseline VF (no d,l-sotalol), (2) VF after
5-min d,[-sotalol infusion, (3) VF after 15-min d,/-sotalol
infusion, (4) VF after 25-min d,[-sotalol infusion, and (5)
VF after washout (ie, the re-induced VF after 30-min
washout).

Epicardial Activation Patterns During VF  We also
evaluated the wavefront characteristics of VF at the same 5
time points, analyzing 2-3 time windows of optical record-
ing in each heart studied. Each time window of optical
recording contained 600 phase maps (ie, 600 frames),
which were gathered every 3.75ms for a total of 2.25s.

To characterize the complexity of the wavefront dynam-
ics during VF, the number of PSs in each phase map was
counted manually throughout the 600 frames in each optical
recording to obtain the average number of PSsi3-15 PSs
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were defined as sites with an ambiguous phase surrounded
by pixels exhibiting a continuous phase progression from
—r to +713-15

To evaluate the characteristics of epicardial reentry, such
as life span (ie, rotations) and trajectory of core (ie, station-
ary or non-stationary), during different time points of VF,
optical mapping data were displayed frame-by-frame$ In
addition, the percentage of recording time containing at
least 1 epicardial reentry was also determined. The core was
defined as the area encircled by the reentrant wavefront.
Epicardial reentry was considered stationary when the tip
of the reentrant wavefront, which circulated around the
core, followed a closed circular or elliptical trajectory and
the periodicity was preserved everywhere outside the core!6
Otherwise, it was considered non-stationary. The location
of the core was determined by tracing the trajectory of the
tips of the wave propagation!® On the phase maps, the tip
of the reentrant wavefront was shown as a PS point.

Construction of APD and CT-! Restitution Curves by Si
Pacing Method The details of constructing the APD and
CT-! restitution curves have been reported elsewhere?
Briefly, 1 pixel at the center of the 4 quadrants in the mapped
area is used to determine the APD7o (sites a to d, see Fig 1C
in Reference 5)> APD70 was the APD measured at 70%
repolarization, and diastolic interval (DI) was the interval
between the previous APD70 point and the next initiation
point of the action potential> An APDR curve was then con-
structed by plotting the means of APD70 (ms) obtained from
the 4 sites against different S1 pacing CLs. Because CT-! at
the ventricular surface was not homogeneous, we used the
mean of CT-! along 4 evenly distributed epicardial lines to
construct CT-! restitution (lines 1-4, see Fig 1B in Reference
5)? CT-! restitution of each heart was constructed by plot-
ting the means of CT-! along the 4 epicardial lines against
different S1 pacing CLs. By using the formula APD7oxCT-!
=WL (cm), WL restitutions were constructed.

Determination of Maximum Slope of APDR Curve by Si
Pacing Method To determine the maximum slope of the
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(A) Effect of 10mg/L d,l-sotalol on VF/VT transition and VF termination with respect to elapsed time in all 6

hearts in protocol 1. (B) Effect of 10mg/L d,/-sotalol on the mean DF of pseudo-ECG in protocol I. n=number of hearts
studied. DF, dominant frequency; VF, ventricular fibrillation; VT, ventricular tachycardia.
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Fig2. Example of the effects of d,/-sotalol on
pseudo-ECG and DF in VF (data from heart
#1). (A-E) Pseudo-ECG of VF at baseline (A),
10mg/L d,l-sotalol infusion (B), VF termina-
tion (C), VF inducibility test (D), and washout
period (E). (A’-E’) DF for corresponding
pseudo-ECG tracings in A-E. See text for
details.

Fig3. Effects of d,/-sotalol on wavefront
characteristics during different time points
of VF in protocol I. (A) Average number of
phase singularities (PSs) in each phase map.
(B) Runs of epicardial reentry observed in
each recording time window. (C) Life span
(in rotations) of epicardial reentry. (D) Per-
centage of recording time containing at least
1 epicardial reentry. n=number of hearts
studied. See text for details.

Circulation Journal Vol.73, January 2009
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(A) Example of short-lived reentry during VF before administration of d,/-sotalol (data from heart #1). In Ab-Ad,

black circles indicate the location of the core of reentry. Arrowheads indicate PSs. (B, C) Examples of non-stationary
reentry during VF with 10mg/L d,/-sotalol infusion. (B) Drifting reentry recorded 7 min after the onset of d,/-sotalol infu-
sion (data from heart #1). This run of reentry had a life span of 36 rotations, lasting from 578 to 2,250 ms. (Ba—Bi) Phase
maps showing that this reentry first drifted to the border of the mapped area (Bc), again into the right ventricle (Bd), and
finally to the interventricular septum (Be-Bi). Trajectory of the core, demonstrating a meandering nature (Bj). (C)
Another 5 examples of the trajectory of the core of non-stationary reentry (1 each from hearts #2-6, respectively). Red
colored trajectory indicates counterclockwise rotation. Blue colored trajectory indicates clockwise rotation. Aa, mapped
area; Ae, trajectory of the core; LAD, left anterior descending coronary artery; LS, life span of reentry; PS, phase singu-

larities; VF, ventricular fibrillation.

APDR in each heart, APDR curves of the 4 sampling pixels
(a to d) were re-plotted using APD70 against the preceding
DI. The maximum slope of the APDR in these 4 sites was
then calculated by first-order exponential fitting with
ORIGIN software (Microcal)? The maximum slope of the
APDR in each heart was the mean of the maximum APDR
slopes obtained from these 4 sites at baseline and with dif-
ferent d,[-sotalol concentrations.

Determination of APD Dispersion APD dispersion
(ms) was defined as the difference between the maximum
and minimum APD70 obtained from every pixel distributed
over the mapped area during S1 pacing.

Statistical Analysis

Data are presented as mean=SD. Paired or unpaired t-
tests were used to compare the results of FFT analysis and
the characteristics of epicardial reentry at different time
points of VF in protocol I. Paired t-tests were used to evalu-
ate the effects of d,l-sotalol on the APD, CT-!, and WL in
protocol II (Table1). We also used ANOVA with repeated
measurements to compare the results of the maximum slope
of the APDR, APD dispersion, and spatial heterogeneity of
restitutions at baseline and d,l-sotalol (5, 10mg/L) infu-
sion? A probability value <0.05 was considered significant.

Circulation Journal Vol.73, January 2009

Results

Protocol 1

VF/VT Transition and VF Termination During d,l-Sotalol
Infusion Baseline VF was successfully induced by burst
pacing in all 6 hearts studied. With 10mg/L d,I-sotalol infu-
sion, VF was eventually terminated in 3 (#1, #4, and #5).
The mean elapsed time for VF termination was 12.3+5.9 min
(ranging from 8 to 19 min); 2 of the 3 hearts showed abrupt
VF termination without a transition to VT. Only heart #5
showed a transient VT (3min in duration) 1 min after the
initiation of d,/-sotalol infusion, which was followed by a
6-min VF that subsequently terminated. The VF inducibil-
ity was 0% in all 3 hearts immediately after VF termina-
tion; however, it increased to 100% in each heart after the
30-min washout. Fig 1A summarizes the effects of 10 mg/L
d,l-sotalol on VF/VT transition and VF termination with
respect to elapsed time. FFT analyses of the pseudo-ECG
showed that d,/-sotalol significantly reduced mean DF even
during the washout period (20.6+2.1, 17.2+1.5%, 16.8+1.8%,
10.9+0.2*, and 11.2+0.9* Hz for baseline, 5-min, 15-min,
25-min d,[-sotalol infusion, and washout, respectively;
*P<0.05 when compared with baseline) (Fig1B). Fig2 is a
clear example, showing the effects of d,/-sotalol on the
pseudo-ECG and DF in VF. With the infusion of 10mg/L
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d,l-sotalol, the DF of the pseudo-ECG progressively
decreased from 21.1 (baseline, Figs2A,A’) to 15.8 Hz (10-
min d,/-sotalol infusion, Figs2B,B’). At 19 min after the
onset of d,l-sotalol infusion, this VF episode abruptly ter-
minated with a DF of 9.3Hz (Figs2C, C’). Burst pacing
immediately after VF termination failed to induce any VF
episode (Fig2D). After washout, burst pacing again easily
induced VF with a corresponding DF of 11.8 Hz (Figs2E,E’).

Epicardial Activation Patterns During VF We analyzed
47 time windows of optical recording obtained at 5 different
time points of VF: (1) baseline VF, 13 windows from 6
hearts; (2) VF after 5-min d,/-sotalol infusion, 14 windows
from 6 hearts; (3) VF after 15-min d,l-sotalol infusion, 8
windows from 4 hearts; (4) VF after 25-min d,/-sotalol infu-
sion, 6 windows from 3 hearts; and (5) VF after washout, 6
windows from 3 hearts. In these windows, a total of 149
runs of epicardial reentry (24, 63, 25, 30, and 7 runs for
baseline, 5-min, 15-min, 25-min d,l-sotalol infusion, and
washout, respectively) were identified and studied.

Number of PSs In the baseline VF, optical mapping
showed multiple wandering wavelets and short-lived
reentry. The average number of PSs in each phase map was
2.3+0.2. After d,l-sotalol infusion, the epicardial activation
pattern became more organized with the occurrence of long-
lasting non-stationary reentry. The average number of PSs
in each phase map significantly decreased during d,/-sotalol
infusion (1.4+0.1%*, 1.6+0.1*, and 1.6+0.3* for 5-min, 15-
min, and 25-min d,/-sotalol infusion, respectively; *P<0.05
when compared with baseline). After washout, optical
mapping again showed multiple wandering and short-lived
wavelets with an average PS of 2.3+0.1 (P=NS) (Fig3A).

Occurrence of Long-Lasting Non-Stationary Reentry

Compared with baseline (1.8+0.3 runs/time window), infu-
sion of d,l-sotalol significantly increased the occurrence of
epicardial reentry in each time window of optical recording
(4.6+0.8%*, 3.8+0.8%*, and 5.0+0.9%* runs/time window for 5-
min, 15-min, and 25-min d,/-sotalol infusion, respectively;
*P<0.05 when compared with baseline). During the washout
period, the frequency of epicardial reentry returned to the
baseline level (1.8+0.4 runs/time window, P=NS) (Fig3B).

The life span (rotation) of each of these reentries was
also significantly increased by d,/-sotalol (1.8+0.7, 6.9+3.3%,
4.5+1.1*%,3.5+0.7*, and 1.4+0.5 rotations for baseline, 5-min,
15-min, 25-min d,/-sotalol infusion, and washout, respec-
tively; *P<0.05 when compared with baseline) (Fig3C).
Similarly, the percentage of recording time containing at
least 1 reentry was significantly higher during d,/-sotalol
infusion (20£8%, 72+18%%*, 47+8%*, 53+13%* for base-
line, 5-min, 15-min, and 25-min d,/-sotalol infusion, respec-
tively; *P<0.05 when compared with baseline). After
washout, this percentage again returned to the baseline
level (23+11%, P=NS) (Fig3D).

With d,[-sotalol infusion, the reentries were non-station-
ary in nature. They always drifted in and out of the mapped
area. Figs4B and C show typical examples of organized
reentry with a drifting core (1 from each heart in protocol I).

Protocol I

Effects of d,I-Sotalol on APD, CT-!, and WL Restitutions
The Effects of d l-sotalol on APD, CT-!, and WL restitu-
tions in the 4 hearts studied were similar and are summarized
in Tablel. d,/-Sotalol progressively lengthened the APD70
with increasing concentration throughout all pacing CLs.
However, there was no significant effect of d,/-sotalol on the

Circulation Journal Vol.73, January 2009



d,l-Sotalol and Non-Stationary Reentry

CV (estimated by CT-!) with increasing concentration in
any pacing CL. Therefore, the infusion of d,/-sotalol led to
the prolongation of WL, especially at 10mg/L. (Tablel).
Fig5 shows the effects of 5 and 10mg/L d,l-sotalol on APD,
CT-1, and WL restitutions. Increasing the d,/-sotalol concen-
tration from 5 to 10mg/L progressively prolonged APD7o,
shifting the APDR curve upwards (Fig5Aa); however, the
CT-! restitution curve remained flat (Fig5Ab). The WL res-
titution curve, therefore, subsequently shifted upwards as a
result of the prolongation of APD with increasing concentra-
tion of d,[-sotalol (Fig5Ac).

Using the S1 pacing method, the maximum slope of the
APDR decreased progressively with increasing d,l-sotalol
concentration (1.36+0.26, 1.03+0.06, and 0.90+0.16 for
baseline, 5, and 10 mg/L d,/-sotalol infusion, respectively;
P=0.015). Figs SBa—c shows an example.

Effects of d,I-Sotalol on APD Dispersion and
Spatial Heterogeneity of Restitutions

APD Dispersion In all 4 hearts studied, APD70 pro-
longed progressively with increasing d,/-sotalol concentra-
tion; however, the d,/-sotalol had no significant effect on
the spatial dispersion of APD70. APD70 dispersion at an St
pacing CL of 300ms was 52+6, 56+11, and 55+8ms for
baseline, 5, and 10mg/L of d,/-sotalol infusion, respectively
(P=0.735). Similarly, APD70 dispersion at an S1 pacing CL
of 250ms was 64+10, 59+6, and 61+5ms for baseline, 5,
and 10 mg/L of d,/-sotalol infusion, respectively (P=0.666).

APD Restitution At baseline, the maximum slope of the
APDR was similar among the 4 recording sites (site a, 1.11+
0.49; b, 1.52+0.72; c, 1.50+0.28; d, 1.32+0.15; P=0.592).
This heterogeneity remained insignificant with 5 mg/L (site
a, 1.15+0.04; b, 1.25+£0.45; c, 0.81+0.45; d, 0.93+0.18; P=
0.277) and with 10mg/L (site a, 0.90+0.52; b, 0.91+0.22; c,
0.67+0.14; d, 1.10+0.25; P=0.341) d,I-sotalol infusion.

CT-! Restitution “Maximum CT-! reduction” was used
to estimate the heterogeneity of CT-! restitution (cm/s)? It
was defined as the difference in CT-! at the longest and the
shortest S1 pacing CLs (see figure 6B in reference 5)? There
was no significant difference in the maximum CT-! reduc-
tion along the 4 different lines at baseline (line 1, 17+8; line
2, 10+7; line 3, 8+4; line 4, 7+3 cm/s; P=0.101). Heteroge-
neity remained insignificant with Smg/L (line 1, 13+6; line
2, 8+6; line 3, 8+2; line 4, 8+6cm/s; P=0.466) or 10 mg/L
(line 1, 4+5; line 2, 3£3; line 3, 5+4; line 4, 106 cm/s; P=
0.164) d,I-sotalol infusion.

Discussion

This study has the following major findings. (1) d,/-
Sotalol at therapeutic concentrations flattened the APDR,
decreased the number of PS (ie, wavebreak), and facilitated
the occurrence of long-lasting non-stationary reentry, there-
fore reducing the complexity of VF activation; however,
VT rarely occurred. (2) d,/-Sotalol prolonged the APD70
and WL without enhancing APD dispersion or the spatial
heterogeneity of restitutions.

Complexity of VF Activation Reduced by d,l-Sotalol

The PS in phase maps has been used as a valid alternative
of wavebreak, which serves as a source of VFI3-15 In the
present study, therapeutic concentrations (10mg/L) of d,I-
sotalol significantly decreased the average number of PSs in
each phase map, which indicated that d,/-sotalol effectively
reduced wavebreak during VF. Also, administration of d,I-

Circulation Journal Vol.73, January 2009

45

sotalol facilitated the occurrence of long-lasting reentry and
increased the percentage of recording time containing orga-
nized reentry during VF, leading to a reduction in wavefront
complexity. Several possible mechanisms may contribute to
this anti-fibrillatory effect.

APD and WL Prolongation The WL hypothesis posits
that reentry excitation is only possible if the WL of the prop-
agating wave is shorter than the reentry path length!7.18 As
shown in this study (Table 1), d,/-sotalol progressively length-
ened the APD70 and WL with increasing concentrations.
Therefore, the same amount of cardiac tissue could support
fewer reentrant circuits than at baseline, leading to reduced
complexity of VF activation and the cessation of VF.

Inconsistent with this notion, APD prolongation may
adversely enhance wavebreak and increase wavefront com-
plexity. It has been reported by Yamazaki et al that nifeka-
lant, an Ixr blocker, increased the average number of PSs
during spiral-type reentrant VT in 2-dimensional rabbit
ventricular myocardial tissue preparations, because the
wave front frequently encountered its own tail!® Although
that phenomenon (ie, enhancement of wavebreak because
of APD prolongation) was not observed in the present study
using 3-dimensional tissue preparations and therapeutic
concentrations (£10mg/L) of d,/-sotalol, it is possible that
further lengthening of the APD with higher concentrations
(>10mg/L) of d,I-sotalol may facilitate wavebreak via wave
front—tail interaction and thus increase the complexity of
VF activation.

APD Restitution Flattening A steep APDR predisposes
the spiral waves of VF to break up into multiple wavelets
and facilitates the maintenance of VF20 By modifying the
APDR characteristics, drugs that can flatten the APDR
show anti-fibrillatory activity?!-22 However, previous exper-
imental studies provide conflicting evidence about the
effects of sotalol on APDR#23.24 which may be related in
part to the different animal species$24 concentrations of d, -
sotalol4 isomers of sotalol (d-sotalol or d,l-sotalol)#2425 and
different cardiac tissues (atrium or ventricle)#2426 Pak et al
have demonstrated that 3-blockers significantly reduce the
VF CL and flatten the APDR!2 The /3-adrenergic blocking
activity of racemic sotalol is almost entirely derived from
the l-isomer?7-30 so d,l-sotalol may have a greater APDR
flattening effect than d-sotalol#.24

It has been reported by Pak et al that d,/-sotalol at thera-
peutic doses (<10mg/L) flattened the APDR in isolated
swine RV tissues; however, a higher concentration (20mg/L)
adversely steepened the APDR and enhanced VF inducibil-
ity4 Similar to their findings, we found that that d,/-sotalol
at 5-10mg/L also decreased the maximum slope of APDR
in isolated rabbit ventricles. APDR flattening by d,l-sotalol
per se may decrease the break-up of spiral waves and
enhance the occurrence of long-lasting organized reentry,
thereby reducing the complexity of VF activation.

No Enhancement of APD Dispersion and Spatial Het-
erogeneity of Restitutions It is well known that d-sotalol
increases the transmural QT dispersion, mimicking the
HERG defect in long QT 2 syndrome, and predisposes the
ventricular substrate to the formation of VF3132 However,
d,l-sotalol at therapeutic concentrations has not been
reported to accentuate APD dispersion in either canine
atria®3 or rabbit ventricles3* Consistent with those findings,
in the present study the use of 5 or 10mg/L d,I-sotalol did
not increase the spatial dispersion of APD. Furthermore,
the spatial heterogeneity of the APD and CT-! restitutions
was not enhanced by d,/-sotalol.
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Presence of Long-Lasting Non-Stationary Reentry Before
VF Termination

To the best of our knowledge, the wavefront characteris-
tics of VF during d,/-sotalol infusion have not been explored
using an optical mapping system. A novel finding of our
study is that d,/-sotalol at therapeutic concentrations facili-
tated the occurrence of long-lasting non-stationary reentry
during VF. This finding is different from that reported by
Chorro et al®> who used a similar concentration (20xmol,
6.18mg/L) of d,I-sotalol and an electrode mapping system
with a relatively small mapped area. In their report, d,/-
sotalol produced no significant variation in the life span (con-
secutive rotations) of reentry when compared with control3

We have reported that both D600 and propranolol can
flatten the APDR and convert a multiple-wavelet VF into a
slower focal-source VF (ie, type 2 VF) in isolated rabbit
hearts®!2 During type 2 VF, the mother rotor always
anchored on the PM%7 In the present study using the same
animal model, d,/-sotalol also enhanced the generation of
epicardial reentry during VF; however, instead of anchor-
ing on the PM, these reentries drifted before VF termina-
tion. It has also been reported that nifekalant causes a pre-
existing reentry to meander drastically!9-35 The presence of
non-stationary reentry can be partly explained by the WL
hypothesis!7-18 As the WL is prolonged by d,I-sotalol, the
tip of the reentrant wavefront had to move in a much wider
pattern to maintain a sufficient excitable gap, resulting in
meandering. On the other hand, as the WL is shortened by
D600¢ the reentry can stably anchor on the PM with an
adequate excitable gap in the same amount of ventricular
tissue, leading to the formation of either VT or type 2 VF.

With nifekalant infusion in a 2-dimensional layer of rabbit
ventricular myocardium!® meandering reentrant wavefronts
can be extinguished by 2 mechanisms: (1) collision of the
drifting reentry with an anatomical boundary, and (2) trap-
ping of the reentry tip in a region surrounded by refractory
tissue. Although we did not exactly record the activations
immediately before VF termination in this study, it is possi-
ble that these mechanisms contributed to the termination of
VF during d,[-sotalol infusion.

Study Limitations

Firstly, the 30-min washout data showed that the DF of
VF was still significantly lower when compared with base-
line, which suggests that a 30-min washout period may not
be sufficient to completely eliminate the effect of d,/-sotalol
from rabbit ventricular tissues. Secondly, it is unclear
whether or not the findings of this study are applicable to
VF in larger and/or diseased ventricles, because geometry
and tissue mass influence the dynamics of spiral reentry.
Functional remodeling of ion channels and calcium-han-
dling proteins in diseased hearts may also modify the
dynamics of functional reentry. Finally, this study only
used therapeutic concentrations (<10mg/L) of d,/-sotalol.
Higher concentrations (>10mg/L) of d,l-sotalol steepen the
APDR and further lengthen WL# Both of those effects may
potentially enhance wavebreak!9-20 and subsequently increase
wavefront complexity. Therefore, the effects of d,l-sotalol
at higher concentrations (>10mg/L) on wavefront dynam-
ics of VF may be different from those at therapeutic con-
centrations and deserve further investigation.
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