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Effects of amiodarone on cardiac electrophysiology
in right ventricular rapid pacing-induced heart failure dogs
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AIM: To smdy the effects of amiodarone (Aml)
on cardiac electrophysiologic properties

ventricular fibrillation threshold FVFT) in rl,ght
veniricular rapid pacing-induced congestive heart
failure (Cl-lli:'agjdogs METHODS: Dogs {n =
25) were randomly allocated into 3 gronps: A)
control group; B) CHF group induced by right
ventricular rapid pacing (4 pulses+s™!) for 4 -5
wk; C) CHF models ps Ami 300 mg-d~"' for 4
—5 wk. The electrophysiologic parameters and
VFT were evaluated by electric stimulation and
monophasic action potential { MAP) recording.
RESULTS: In CHF models, ventricular MAP
duration ( MAFPDy, ), ventricular  late
repolarization duration { VLRD ), and intra-
veniricular conduction time ( IVCT ) were
prolonged by 43 %, 318 %, and 19 %,
respectively; the ratio of ventricular effective
refractory period ( VERP) to MAPDy, { VERP/
MAPDy) and VFT were decreased by 13 % and
48 % respectively; the dispersion of ventricular
recovery time { RT-D) was increased by 185 %.
In CHF models, Ami had no effects on
ventricular MAPDy, but increased VERP/
MAPDy, IVCT, and VFT by 15 %, 10 %, and
67 % , respectively, shortened VLRD by 87 %
and decreased RT-D by 87 %. Ami had no
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ggnificant influences on the hemodynamic
parameters of the CHF dogs. CONCLUSION:

Ami normalizes the cardiac electrophysiologic
properties in CHF dogs.

One of the focuses on the treatment of
congestive heart failure {( CHF) is to search for
effective measures in preventing sudden cardiac
death (SCD). Amiodarone (Ami), a class [II
anti-arthythmic agent, is attracting attention in
the prevention of SCD in patients with CHF
because of its highly effective and wide-spetrum
anti-arthythmic  actions, low incidence of
proarrthythmia, mild or no negative inotropic
properties, and low incidence of side effects
given in lower doses, Low-dose Ami is effective
in suppressing ventricular arrhythmias, improving
ventricular function, and reducing the mortality
of patients with CHF'“?),  The effects of Ami on
cardiac electrophysiologic properties during CHF
have not been thoroughly investigated. Recent
studies have demonstrated that the CHF model
induced by ventricular rapid pacing in dogs is an
tdeal one which is very similar to the clinical
non-ischemic dilated cardiomyopathy in many
aspects, including hemodynamics, changes of
cardiac function, neurohumoral compensations,
and pathological changes in heart®*). This
model has been applied widely in mearches.
The objectives of this study were to conduct a
systematic in vive study on the effects of low-dose
Ami on cardiac electrophysiologic properties and
ventricular fibrillation threshold ( VFT) in the
CHF' model .
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MATERIALS AND METHODS

Materials Ami hydrochloride was kindly
provided by Sanofi Winthrop Inc (batch N E-
31). Twenty-five adult mongrel dogs of either
sex ( from the Experimental Animal Center of Sun
Yat-Sen University of Medical Sciences ),
weighing 13.2 + 1.6 kg, were randomly allocated
into 3 groups: A) normal controls (n =7); B)
CHF models induced by right ventricular rapid
pacing (4 pulses + s™') for 4 -~ 5 wk before
electrophysiologic studies (n = 9); C) CHF
models po (fed the dogs with meatball with Arm
tablets inside before each breakfast) Ami 300 mg
-d”! for 4 - 5 wk, beginning on d 1 after
pacemaker being implanted (n =9).

CHF model The dogs ( Experimental
Animal Center, Sun Yat-Sen University of
Medical Sciences, Grade 1) were anesthetized
with ip 3 % pentobarbital sodium 30 mg
'kg'l[SJ. The right femoral vein was
cannulated for infusing 5 % glucose in normal
saline 500 ml. + benzylpenicillin sodium 4. 8
MU. A unipolar pacemaker lead ( from
Guangdong Xinhui Kuangming Pacemaker Co)
was placed in the right veniricular apex under a
fluroscope  { Gentle Merate Co) via the left
extemal jugular vein. The pacing threshold was
0.3-0.5 V. the amplitude of R wave was 4 —
10 mV and the resistance was 0.3 -1 kf}. A
small subcutaneous pocket was created between
the scapulae for the implantation of the
pacemaker generator { Guangzhou Radio Res
Inst). The pacemaker lead was comnected to
pacemaker generator through a subcutaneous
canal. The pacemaker generator was set at 4
pulses = s7', 5.0 V, and pulse width 0.5
mst4 . The electrophysiologic study was made
4 — 5 wk after right ventricular rapid pacing.

Hemodynamics A Swan-Ganz catheter
was passed through right atrium and right
ventricle into pulmonary artery via the external
jugular vein. The following hemodynamic
parameters were measured with a Spectramed
P23XL transducer on Marquette Transcope 12
monitor: right atrial pressure ( RAP). right
ventricular pressure { RVP), pulmonary arterial
pressure { PAP), and pulmonary capillary wedge
pressure { PCWP ) by balloon occlusion.
Cardiac output ( CO) was determined by the
thermodilution technique. A 6F catheter was

inserted into the right femoral artery io measure
the arterial blood pressure ( ABP). Stroke
volume { SV ) was calculated as CO/heart rate
(HR), cardiac index {CI) as CO/body weight
(BW) . and tofal peripheral resistance {(TPR) as
mean ABP/Cl x 1007, The hemodynamic
parameters were measured under closed chest
before the implantation of pacemaker and
electrophysiologic study. 30 min after cessation of
pacng in CHF and CHF + Am groups
separately .

Electrophysiologic study

Dogs  Afier being anesthetized with ip
3 % pentobarbital sodium 30 mg-kg™', the dogs
were intubated and mechanically ventilated
{ Shanghai Medical Instrumenu Factory) with
humidified air. A 6F catheter was placed in the
right femoral vein for infusion {about 1 L), The
heart was exposed through a median sternotomy
and cradled in the pericardium. A pair of
stainless steel-wire electrodes {diameter 125 pm,
5 mm apart) were inserted into the right atrial
appendage for cardiac pacing. Two pairs of
electrodes were inserted into right ventricular
outflow tract, right ventricular anterior wall, left
ventricular anterior wall, left ventricular lateral
wall and the apex, respectively for cardiac pacing
and recording. Standard lead I ECG.
ventricular bipolar electrograms, together with
ventricular epicardial MAP were recorded
simutaneously wusing a 7-channel. ink-jet
recorder ( Mingograf 7, Siemens) at a paper
speed of 100 mm-s~ '{Fig 1).

o
MAP
A4

Fig 1. Simwhameous recordings of sarface ECG,
ventricular bipolar electroprams { V), emd monophasic
action potentials (MAP) .

Ventricular  bipolar  electrograms  were
subjected to band-pass filtering (50 — 500 Hz).
MAP were recorded using a nonpolarizable
contact electrode in conjunction with a DC-
coupled differential preamplifier. The electro-
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physiologic studies were begun 30 min after
cessation of pacing in CHF and CHF + Ami
groups. Each experiment lasted <35 h.
Electrophysiologic measurements (1)
Sinus cycle length (SCL). (2) Intra-ventricular
conduction time (IVCT). I was represented by
QRS duration of ECG. (3) The ventricular
refractory effective period ( VERP). VERP was
measured by programmed stimulation ( Medtronic
5325) at twice diastolic pacing threshold, with a
duration of 1.8 ms during basic ventricular drive.
The longest S;5; interval that did not evoke a
ventricular depolarization was defined as the

VERPY). (4) Ventricular activation time
(AT, (5) Ventricular recovery time
(RTY.  (6) Dispersion of ventricular RT
(RT-D). RT-D was defined as the difference

between the earliest and latest ventricular RT
(right ventricular outflow tract, right ventricular
anterior wall, left ventricular anterior wall, left
ventricular lateral wall, and apex) at the same
cycle length. Pammeters (2) — (6) were
measured during atrial or veniricular pacing at
cycle lengths of 375 ms and 400 ms,
respectively .

Ventricular MAP duration (MAPD)(®
(1) MAPDy was the interval, along a line
horizontal to the diastolic baseline, from the
onset of activation to the 90 % repolarization
level. (2 ) Ventricular late repolarization
duration ( VLRD, the difference of local
ventricular MAPD 90 and VERP at the same
eycle length) . (3) Ratio of VERP to MAPTDy,
(VERP/MAPDy;) . The above parameters were
measured during atrial or ventricular pacing at
cycle length of 375 ms and 400 ms.

Ventricular fibrillation threshold (VFT)
VFT was measured by a train of constant current
pulses that scanned the T wave at a stable atrial
paced cycle length of 400 mst®) . VFT was
defined as the least amount of current required 1o
elicit ventricular fibrillation.

Pathologic evaluation and  heart
morphology Pericardial effusion, pleural
effusion and the change of the lungs were
evaluated  qualitatively  after  sternotomy.
Postmortem examination: heart weight ( HW),
ratio of HW to BW (HW/BW ), free wall
thickness of the left and right ventricles { LVFWT
and RVFWT ), left ventricular longitudinal

diameter ( LVLD, the left ventricular diameter
from the atrioventricular valvular ring to the
apex ), might veniricular transverse diameter
( RVID, the right ventricular diameter at the
halfway from the atrioventricular valvular ring to
the apex), and left ventricular volume (LVV ==
x LVLD x RVTD?) + 6. LVFWT and RVFWT
were measured at the point on the free ventricular
wall halfway from the atrioventricular valvular
ring to the apext’. Tresh left and right
ventricular tissue was fixed in formalin and
sections were stained with hematoxylin
and eosin (HE) .
Serum Ami concentrations Serum Ami
concentrations were measured using HPLC® .
Statistical analysis Data were expressed

as ¥ + s. Paired ¢ test and one-way ANOVA
were used.
RESULTS

Clinic, hemodynamics, and pathology in
CHF dogs

Clinic  All dogs had clinical characteristics
of CHF, such as anorexia, hypokinetics,

tachypnea, and pedal edema 4 — 5 wk after right
ventricular rapid pacing.  Respiratory rate
increased from 18 + 1 times * min™' to 40 + 3
times*min~'( 2 < 0.01) with many moist rales.
BW did not change much (from 13.7+1.8 kg to
13.6+1.0kg, P>0.05).

Hemodynamics There was an increase in
the mean RAP (mRAP), mean RVP (mRVP),
mean PAP ( mPAP ), and mean PCWP
(mPCWP) (P < 0.01) with decrease of CO,
Cl, and SV (P < 0.01) 4 — 5 wk after right
ventricular rapid pacing (Tab 1). TPR was
increased in the CHF dogs vs controls (10 133 +
3 733 kPa-min-kg L' zs 4800 + 1333 kPa*min
‘kg-L-', P<0.01).

Pathology All CHF dogs had pulmonary
congestion and edema. Pericardial effusion,
pleural effusion, and ascites were seen in most
CHF dogs. There were increases of HW, HW/
BW, LVLD, RVID, and LVV (P <0.05, P<
0.01) with decrease of RVFWT ( P < 0.05).
There was a tendency of decreasing in LVFWT
(P>0.05) (Tab2). Histologic examination of
veniricle revealed cardiac cell edema, fat
degeneration, focal necrotic cardiac myofibers,
interstitial edema, neutrophils and lymphoeytes
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Tab 1. Effects of right ventricular rapid pacing (4 pulses-s~! for 4— 5§ wk) on hemodynamic parameters in dogs and effects of
amiodarone (300 mg+d—! po for 4— 5 wk] on haemodynantic parameters in CHF dogs. n=9, T s.
P <0.01 vs before pacing. %P >0.05, ‘P < 0,05 CHF + Ami group after pacing vs CHF group after pacing.

Group Before After
HR./bpm CHF 178+ 18 136 £ 21°
CHF + Ami 170 + 20 132 & 2044
mRAP/kPa CHF 0.19£0.20 1.120.4°
CHF + Ami 0.15:0.29 0.75+£0.23>
mRVP/kPa CHF 0.9£0.7 2.0:1.0°
CHF + Ami 1.1+0.6 2.0£0.79
mPAP/kPa CHF 1.1+£0.8 2.3:1.1°
CHF + Ami 1.8+ 0.7 2.7£0.74
mPCWP/kPa CHF 0.2£0.2 1.220.6°
CHF + Ami 0.4+0.3 1.08x0.17¢
COvLemin~ ! CHF 3.9%0.7 1.520.3°
CHF + Ami 4.7+£0.7 1.720.54
CLL:min~ kg~ CHF 0.22:0.06 0.109x0.027°
CHF + Ami 0.3410.06 0.14+0.04%9
SV/L-beat ™! CHF 0.023 +0.005 0.0112 £ 0.0024°
CHF + Ami 0.027 +0.005 0.013 + 00.003%
TPR./kPa* min*kg-L"! " CHF - 101333783
CHF + Ami - 8 533 £ 2 000d
SBP/kPa CHF - 14.0£2.7
CHF + Ami - 15.8+1.9¢
DBP/kPa CHF - 9.322.1
CHF + Ami - 10.022.44

Tab 2. Effects of right veniriculer rapid pacing (4 pulses
-s~! for 4 — 5 wk) on heart anatomy in dogs. ¥ £ 5.

p=0.05, "P<0.05, "P<0,01 vs contrd. 9P >0,05,
*P<0.05 vs CHF.

Corztrel CHF CHF + Ami

(n=7) (=9 (n=9
HW g 121 £ 28 146 13° 159 4 149
HW/BWrg-kg™! 9.4x1.5 11514 11.0¢1.2%
LVFWT/ mm 13.3£2.0  10.7+£2.3* 11.2£2.5%
RVFWT/mm 7.4£0.9 542158 6.3:1.5¢
LVLD/tum 42+ 6 55140 50 1 4%
RVTD/ mm 43+ 4 52435 514 3%
LVV/mL 39+ 11 781 17° 68+ 107

infiltration, and vascular congestion.

Cardiac electrophysiologic parameters in
CHF dogs

SCL and IVCT  SCL and IVCT were
prolonged by 31 % and 19 %, respectively in
the CHF dogs s controls ( 2 <0.01). There
were insignificant changes in SCL in the treated
group vs the CHF group ( 2>0.05). IVCT
was prolonged by 10 % (P <0.05) (Tab 3).

Tab 3. Effects of amiodarone (300 mg'd ! po for 4 — 5 wk)
on cardiac electrophiysiclogic properties at paced cyde length
of 375 ms except VERP/MAPDy, and VFT at 400 ms and SCL
at sims rhythm in CHF dogs. X+ +«.

“P»{.05, °P <0.05, P <0.01 y5 control.

9P 50.085, *P<0.05, 'P<0.00 s CHF.

Control CHF CHF + Ami

{n=7) (n=9) {n=9)
SCL/ms 337+ 38 440 £ 81° 453+ A1M
INCT/ms MEAER T0 £ 4° TT 29
VERF/ms 15912 213+ 38° 206+ 137
AT/ms 10%5 20+ 10P 18 + 6
RT/ms 178 £ 15 234 3 44° 224 & 15%
RT-Dv'ms 3x4 37 £ 15° 18+ 5%
MAPDy /s 169 1 24 242 1 37° 214 + 1]
VLRD~ms 11%15 46 + 41° 6+ 9
VERE/MAPDy, 0.9520.08 0.83+0.17° 0.95+0.08%
VFT/mA 3R2xS 18 £ 10¢ 30+ 8%

VERP, AT, RT, and RT-D VERP,
AT, and RT were prolonged by 26 %, 100 %,
and 32 %, respectively and RT-D was increased
by 185 % in the CHF group us controls { 2 <
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0.01). There were insignificant changes in
VERP, AT, and RT ( P > 0.05) with a decrease
(87 %) in RT-D in the treated group wvs the
CHF group (P <0.01). There was no marked
difference in RT-D between the treated groups
and controls ( P >0.05) (Tab 3).

MAPDy, VLRD, and VERP/MAPD,
MAPDy; and VLRD were prolonged by 43 % ( P
<0.01) and 318 % (P < 0.05), respectively
and VERP/MAPDy, was decreased by 13% in
the CHF dogs vs controls. In the treated group,
there was little prolongation in MAPDg ( P >
0.05) with shortening (87 %) in VLRD (P <
0.05) and increase (15 %) in VERP/MAPD,
(P <0.05) ws the CHF group. There were
little differences in VLRD and VERP/MAPDy,
between the treated groups and controls ( P >
0.05) (Tab 3).

VFT VFT was decreased by 44 % in the
CHF group = contrals ( P < 0.01). In the
treated group, VFT was increased by 67 % (P
<0.01) to an extent similar to that in controls
(P>0.05) (Tab 3).

Hemodynamic parameters in CHF dogs
In the treated group, mRAP was decreased
(P<0.05) w5 the CHF group. There were
little changes in mRVP, mPAP, and mPCWP
(P >0.05). CO, CI, and SV tended io
increase (P >0.05) (Tab 1).

Serum Ami concentration Serum Ami
level in the treated group was 1.3 £ 1.1
mg-L~".

DISCUSSION

In this study, we successfully established
CHF canine models by right ventricular rapid
pacing for 4—5 wk. The clinical character-
istics, hemodynamics and cardiac pathological
features of the models were similar to the findings
revealed in previous studies®-*)

We noted in this study that MAPDy; and
VERP in CHF dogs were obviously prolonged.
This is well consistent with the previous
repart!’®).  Qur study also showed that VERP/
MAPDy, was decreased in CHF dogs although
VERP was prolonged. It is suggested that
MAPDy, prolonged much more than VERP in
CHF dogs.

In this study Ami insignificantly prolonged

MAPDy; and VERP in CHF dogs, but increased
VERP/MAPIL,,, which is consistemt with the

previous report[llj It suggested that a compo—
site of time-dependemt as well as vol
dependent effects of Ami pmlonged of VERP'!
A mark prolongation in VLRD, which is
composed of relative refractory period and
suppernormal period, was observed in CHF dogs
in this study. Ami shortened VLRD in CHF
dogs.

We noted that ventricular RT-D was
increased and both IVCT and AT were prolonged
in CHF dogs. It has been established that
reentry is facilitated by conduction from an area
with a short RT to an area with a long RT, that
is, a unidirectional block caused by prolonged
RT. In addition, prolongation of ventricular
conduction time results in extension of excitable
gap, which facilitates the occurrence of reentry.
In this study Ami significantly diminished RT-D
in CHF dogs. It is suggested that Ami has the
effect of rendering ventricular repolarization
synchronoisly and homogenecusly. which can
finally eliminate unidirectional block and
suppress the occurrence of reentry.

The incidence of ventricular fibrillation was
increased mm CHF dogs induced by right
ventticular rapid I;)a«cing“‘J . We also noted that
VFT of CHF dogs was decreased while VFT of the
treated group was increased. It suggested that
Ami had antifibrillation effect.

Ami is a vasodilator with mild or no negative
inotropic effect. In this study Ami had no
negative influence on hemodynamics. It has
been confirmed that low-dose Ami has beneficial
effects on cardiac function in CHF patients'"? .

In conclusion., this study showed that Ami
increased VERP/MAPDy, and VFT, prolonged
IVCT, shortened VLRD, and decreased RT-D in
CHF dogs. Ami normolizes the cardiac
electrophysiologic properties without negative
influence on the hemodynamic parameters in CHF
dogs. It suggested that Ami had potential value
on the prevention and treatment of ventricular
arrhythmias and SCD in CHF.
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