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Characteristics of ventricular electrophysiology in a right
ventricular rapid pacing — induced canine heart failure model

ZHOU Shu - xian, WU Wei, ZHANG Yu - ling, LEI Juan, ZHANG Xu — ming
( Division of Cardiology, Department of Internal Medicine, 2nd Affiliated
Hospital of Sun Yat — sen University, Guangzhou 510120, China)

[ABSTRACT] AIM: To research the characteristics of ventricular electrophysiology in right ventricular rapid pa-
cing — induced congestive heart failure (CHF) dogs. METHODS: Dogs (n =16) were randomly divided into 2 groups:
the control (n=7) and the CHF group (n =9) induced by rapid right ventricular pacing at 240 pulse - min~" for 4 to 5
weeks. The electrophysiologic parameters were evaluated by the technique of standard electric stimulation and monophasic
action potential (MAP) recording. RESULTS: (1) Ventricular effective refractory period ( VERP) , ventricular MAP du-
ration (MAPD,,) , ventricular late repolarization duration ( VLRD) and intra — ventricular conduction time (IVCT) were
prolonged by 26% (P <0.01), 43% (P <0.01), 318% (P <0.05), and 19% (P <0.01), respectively in CHF
group. (2)The ratio of VERP to MAPD,, ( VERP/MAPD,, ) was decreased by 13% (P <0.05) in CHF group. (3) The
dispersion of ventricular recovery time ( VRT — D) was increased by 185% (P <0.01) in CHF group. (4) The ventricular
fibrillation threshold ( VFT) was decreased by 48% (P <0.01) in CHF group. CONCLUSION: The abnormal electro-

physiological changes in the CHF condition may be contributing factors of lethal ventricular arrhythmias and sudden cardiac

deaths in CHF.
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Congestive heart failure ( CHF) is a complex
pathophysiologic syndrome. Complex ventricular ar-
rhythmias are noted in approximately 90% of patients
with CHF. Sudden cardiac death (SCD) as the result
of lethal ventricular arrhythmias is one of the main cau-
ses of death in CHF patients. The changes of ventricu-
lar electrophysiologic characters in the developing
course of CHF are the possible mechanisms of genesis of
ventricular arrhythmias''’. The ventricular electrophysi-
ologic abnormalities specifically related to CHF are not
clear. Recent studies have demonstrated that CHF mod-
el induced by ventricular rapid pacing in dogs is an ide-
al one which is very similar to non — ischemic dilated
cardiomyopathy in many aspects, including clinical fea-
tures, hemodynamics, changes of cardiac function,
neurohumoral compensations, and pathological changes

of the heart'> ™.

conduct a systematic in vivo study on the ventricular

The objectives of this study were to
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electrophysiologic changes associated with the develop-

ment of CHF in this model.

MATERIALS AND METHODS

1 Materials

Sixteen adult mongrel dogs of either sex (from the
Experimental Animal Center of Sun Yat — sen Universi-
ty,Grade | ), weighing (13.7 +1.8) kg, were ran-
domly divided into two groups: the control (n =7) and
the CHF group (n =9) induced by right veniricular
rapid pacing at 240 pulse *+ min "' for 4 to 5 weeks be-
fore electrophysiologic studies. The experimental proto-
cols were carried out complying with the guideline of the
local ethics committee.
2 CHF model

The dogs were anesthetized with ip 3% sodium pen-
tobarbital 30 mg - kg ™', The right femoral vein was can-
nulated for infusing 5% glucose in normal saline 500 mL
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with sodium benzylpenicillin 4. 8 million units. A uni-
polar pacemaker lead ( from Guangdong Kuangming
Pacemaker Co. ) was placed in the right ventricular a-
pex under fluroscopy ( Gentle Merate Co. ) via the left
external jugular vein. The pacing threshold was 0.3 -
1.5 V, the amplitude of R wave was 4 — 10 mV and the
resistance was 0.3 - 1.0 k). A small subcutaneous
pocket was created between the scapulae for the implan-
tation of the pacemaker generator ( Guangzhou Radio
Research Institute). The proximal end of the pacemak-
er lead was connected to pacemaker generator through a
subcutaneous canal. The pacemaker generator was set
at 240 pulse + min~', 5.0 V, and pulse width 0. 5 ms.
The electrophysiologic study was made 4 —5 weeks after
right ventricular rapid pacing. Serum electrolytes (K™,
Na*, Cl™, Ca’", Mg*") concentrations were moni-
tored postoperatively. The surface ECG was checked
weekly to assure constant pacing. The animals were
kept under close monitoring daily in general appear-
ance, appetite, activity and respiratory rate.
3 Hemodynamics

A Swan — Ganz catheter was passed through right
atrium, right ventricle and into pulmonary artery via the
external jugular vein. The following hemodynamic pa-
rameters were measured with a Spectramed P23XL
transducer on Marquette Transcope 12 monitor
(Marpuette Co. ) ; right atrial pressure (RAP), right
ventricular pressure ( RVP), pulmonary arterial pres-
sure (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 to
measure the arterial blood pressure ( ABP). Stroke vol-
ume (SV) was calculated as CO/heart rate (HR),
cardiac index ( CI) as CO/body weight (BW) , and to-
tal peripheral resistance ( TPR) as mean ABP/CI x
100,

under closed chest before surgery and electrophysiologic

The hemodynamic parameters were measured

study, 30 min after cessation of pacing in CHF groups.
4 Electrophysiologic study

4.1 After being anesthetized
with the method used in making CHF model, the dogs

Animal preparation

were intubated and mechanically ventilated ( Shanghai

Medical Instrument Factory, China)with humidified air

1

at a rate of 10 — 12 breath - min~ and tidal volume of
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12 to 13 mL - kg™ ".

right femoral vein for infusion during the operation ( a-

A 6F catheter was placed in the

bout 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 append-
age for cardiac pacing. Two pairs of electrodes were in-
serted into right ventricular outflow tract, right ventricu-
lar anterior wall, left ventricular anterior wall, left ven-
tricular lateral wall and the apex, respectively for cardi-
ac pacing and recording. Standard lead Il ECG, ven-
tricular bipolar electrograms, together with ventricular
epicardial MAP were recorded simultaneously using a 7
— channel, ink — jet recorder ( Mingograf 7, Siemens,
Sweden) at a paper speed of 100 mm + s~'. Ventricu-
lar bipolar electrograms were subjected to band — pass
filtering (50 — 500 Hz). MAP was recorded using an
unipolarizable contact elecirode in conjunction with a
DC - coupled differential preamplifier. The electrophys-
iologic studies were begun 30 min after cessation of pa-
cing in CHF groups. Each experiment lasted no more
than 5 h.

4.2 Electrophysiologic measures (1 Sinus cycle
length (SCL). (@ Intra — ventricular conduction time
(IVCT). It was represented by QRS duration of ECG.
3 The ventricular effective refractory period ( VERP).
VERP was
( Medtronic 5325, USA) at twice diastolic pacing

measured by programmed stimulation
threshold, with duration of 1.8 ms during basic ventric-
ular drive. The longest S1 S2 interval that did not evoke
depolarization was defined as the
VERP"!. @ Ventricular activation time ( VAT). VAT
was the interval from the onset of the standard lead II

ECG QRS complex to the point where the rapid deflec-

a ventricular

tion of the largest deflection of the local ventricular bi-
polar electrograms crossed the baseline'®. (5) Ventricu-
lar recovery time ( VRT). VRT was the sum of local
VAT and local VERP at each ventricular site at the
same cycle length'®). (@& Dispersion of VRT ( VRT -
D). VRT - D was defined as the difference between the
earliest and latest VRT (right ventricular outflow tract,
right ventricular anterior wall, left ventricular anterior
wall, left ventricular lateral wall, and apex) at the
same cycle length. Parameters (2) — (6) were measured

during atrial or ventricular pacing at cycle lengths of
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375 ms and 400 ms, respectively.

4.3 Ventricular MAP duration (MAPD)”) (D
MAPD,, was the interval, along a line horizontal to the
diastolic baseline, from the onset of activation to the
90% repolarization level. (2)Ventricular late repolariza-
tion duration ( VLRD, the difference of local ventricular
MAPD,, and VERP at the same cycle length). (3 Ratio
of VERP to MAPD,,( VERP/MAPD,, ). The above pa-
rameters were measured during atrial or ventricular pa-
cing at cycle length of 375 ms and 400 ms.

4. 4
(VTA)

tained ventricular tachycardia, sustained ventricular

Experimental ventricular tachyarrhythmias
Inducibility of VTA (including non — sus-

tachycardia and ventricular fibrillation) was determined
using programmed stimulation at basic pacing cycle
lengths of 400 ms, 375 ms, 300 ms and 250 ms and up
to three extrastimuli. The second extrastimulus ( S3)
was started with the S1S2 interval fixed at 30 ms longer
than VERP. The S2S3 interval was set at 80% of basic
pacing cycle length, with use of 5 ms scanning decre-
ments until S3 failed to induce activation. If double ex-
trastimulation failed to induce arrhythmia, a third ex-
trastimulus ( S4) was added with a similar scanning
procedure®’.
4.5 Ventricular fibrillation threshold ( VFT)
VET was measured by a train of constant current pulses
that scanned the T wave at a stable right atrial pulses
cycle length of 400 ms'™®'. VFT was defined as the least
amount of current required to elicit ventricular fibrilla-
tion. Ventricular fibrillation was terminated 15s after its
onset by DC shock [ (5 -15) W + S] delivered directly
to the surface of the heart.
5 Pathologic evaluation and heart morphology
Pericardial effusion, pleural effusion and the
change of the lungs were evaluated qualitatively after
sternotomy. A postmortem cardiac examination was con-
ducted and the following indexes were measured: 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 atrioven-
tricular valvular ring to the apex), right veniricular
transverse diameter (RVTD, the right ventricular diam-
eter at the halfway from the atrioveniricular 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 half-
way from the atrioventricular valvular ring to the a-
pex'?). Fresh left and right ventricular tissue was fixed
in formalin and paraffin sections were stained with he-
matoxylin and eosin (HE).
6 Statistical analysis

Data were expressed as ¥ +s. The difference be-
tween baseline study and restudy was analyzed with the
paired ¢ test. The student ¢ test was used to compare
mean values between the control and the paced group.
The relation between electrophysiologic variables and
hemodynamic, heart morphologic parameters was evalu-
ated by analysis of stepwise regression. Two — sided

tests were used.

RESULTS

1 Clinic, hemodynamics, and pathology in CHF
dogs

1.1 Clinic All dogs had clinical characteristics of CHF,
such as anorexia, hypokinetics, tachypnea, and pedal ede-
ma 4 — 5 weeks after right ventricular rapid pacing. Re-
spiratory rate increased from (18 +1) times - min~' to
(40 +3) times + min~' (P <0.01) with many moist
rales. BW did not change much [ (13.7 + 1.8) kg us
(13.6 £ 1.0) kg, P>0.05].

1.2 Hemodynamics
mean RAP (mRAP), mean RVP (mRVP) , mean PAP
(mPAP), and mean PCWP (mPCWP) (P <0.01)
with decrease of CO, CI, and SV (P <0.01) 4 -5

weeks after right ventricular rapid pacing (Tab 1).

There was an increase in the

TPR was increased in the CHF dogs ws controls
[(10 133 £3733) kPa - min™' - kg™ - L™ s (4 800
+1333) kPa-min~' - kg' - L', P<0.01].

Tab1 Hemodynamic parameters in dogs before and after
-1

right ventricular rapid pacing (240 pulses - min
for 4 -5 weeks. X 5. n=9)
Before pacing After pacing

mRAP(kPa) 0.187 +0.200  1.120 £0.413*
mRVP(kPa) 0.880+0.680  1.960 £0.960 "
mPAP(kPa) 1.093+0.773  2.307 +1.093"
mPCWP(kPa) 0.227 £0.227  1.173 £0.627"
CO(L - min™") 3.900 £0.700  1.500 +0.300*
CI(L-min~' - kg™') 0.289+0.057  0.109 +0.027"
SV(mL - beat™") 23.200 +4.900  10.700 +2.100*

* P <0.01 vs before pacing.



1.3 Pathology All CHF dogs had pulmonary con-
gestion and edema. Following abnormal findings were
found in CHF group: pericardial effusion and pleural ef-
fusion in all dogs, ascites in 6 dogs. There were increa-
ses of HW (P <0.01), HW/BW (P <0.05), LVLD
(P<0.01), RVID (P <0.01), and LVV (P <0.01)
with decrease of RVFWT (P <0.05) in CHF dogs.
There was a tendency of decreasing in LVFWT
(P >0.05) in CHF dogs (Tab 2). Histologic examina-
tion of ventricle revealed cardiac cell edema, fat degen-
eration, focal myocardial necrosis, interstitial edema,
neutrophils and lymphocytes infiliration, and small vas-

cular congestion.

Tab 2 Effects of right ventricular rapid pacing (240 pulses
- min ' for 4 —5 weeks) on heart anatomy in dogs

(¥ +s)

Control(n=7) CHF(n=9)
HW(g) 121.0 +28.0 145.0+13.0*"
HW/W(g - kg™') 9.4+1.5 11.5+1.4"
LVFWT( mm) 13.3£2.0 10.7 £2.3
RVFWT( mm) 7.4+0.9 5.4x1.5"
LVLD(mm) 42.3+5.6 55.3+£4.0""
RVTD(mm) 43.0+3.5 51.6+4.8"
LVV(mL) 38.6 £11.2 77.8 £16.5*"

*P<0.05, " P<0.01 vs control.

2 Cardiac electrophysiologic parameters in CHF
dogs

2.1 SCL and IVCT As compared with that before
pacing, SCL and IVCT were prolonged by 31% [ (440
+81) ms vs (337 £38) ms, P <0.05] and 19%
[(69+ 4) mswvs (59 £6) ms, P <0.01] respectively
in the CHF dogs (Tab 3).

2.2 VERP, VAT, VRT, and VRT -D As com-
pared with the controls, VERP, VAT, and VRT were
prolonged by 26% (P <0.01), 100% (P <0.05),
and 32% (P <0.01), respectively and VRT — D was
increased by 185% in the CHF group (P <0.01) (Tab
3).

2.3 MAPD,,, VLRD, and VERP/MAPD,, As
compared with the controls, MAPD,, and VLRD were
prolonged by 43% (P < 0.01) and 318% (P <
0.05), respectively and VERP/MAPD,, was decreased
by 13% in the CHF dogs (Tab 3).

2.4 Incidence of experimental VTA

group, ventricular fibrillation was only induced in one

In control

dog. Three dogs were induced ventricular fibrillation in

CHF group. There was no incidence of other VTAs in
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either group. There was no significant difference in the
incidence of experimental VTA between control and
CHF group (P >0.05).

2.5 VFT VFT was decreased by 44% in the CHF
group vs controls (P <0.01) (Tab 3).

Tab 3 Changes of electrophysiologic properties in CHF
dogs (X x5)

Control(n=7) CHF(n=9)
SCL(ms) 337 +£38 440 +81°
IVCT(ms) 59 +6 69 4"
VERP(ms) 169 £ 12 213 £38**
AT(ms) 10 5 20+10"
RT(ms) 178 £15 234 +44**
RT - D(ms) 13 +4 3715
MAPD,, (ms) 169 +24 242 +37**
VLRD(ms) 1115 46 £41°
VERP/MAPD,, 0.945 +0.084 0.831 +£0.169"
VFT(mA) 31.8 4.9 18.0£10.4""

*P<0.05, **P<0.01 vs control. All parameters were meas-
ured at paced cycle length of 375 ms except SCL at sinus rhythum
and VERP/MAPD,, and VFT at 400 ms.

3 Correlation with hemodynamics and heart mor-
phology

VERP positively correlated with mRVP (r =
0.3340, P <0.05) and RVTD (r=0.4055, P <0.05).
VRT positively correlated with mRVP (r =0.4733, P <
0.01). VRT - D correlated inversely with CI (r =
-0.4739, P<0.01) and LVFWT (r= -0.5149, P<
0.01).
4 Serum electrolytes concentration

There were no marked changes in serum electro-
lytes concentrations between baseline study and restudy
in two groups. There were no significant differences be-
tween control and CHF groups in electrolytes concentra-

tions.

DISCUSSION

MAPD,, and VERP were obviously prolonged in
CHF in this study. This is well consistent with previous
experimental study and clinical study'®'®). Over load of
intracellular Ca’* resulting from the reduction of intra-
cellular Ca*>* transport in CHF may be one of the main
causes of ventricular repolarization prolongation''.

Our study showed that VERP/MAPD,, was de-
creased in CHF dogs. This suggested that MAPD,, pro-
longed much more significantly than VERP in CHF

dogs. Marked prolongation of VLRD was found in CHF
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dogs in our study. Prolongation of VLRD facilitates the
occurrence of reentry which results from prolongation of
phase Tl block period, and early after depolarization
(EAD). Tt has been reported that EAD was recorded
with prolongation of action potential duration in CHF

models and patients''*).

We noted that VRT — D was increased and IVCT
were prolonged in CHF dogs. The decreased resting
membrane potential and slowed V___ of phase O of action
potential may contribute to conduction slowing[g’m It
has been established that reentry is facilitated when
VRT - D was increased. In addition, prolongation of
IVCT results in extension of excitable gap, which facili-
tates the occurrence of reentry.

Li et al"® reported that the incidence of ventricular
fibrillation was increased in CHF dogs. We also noted
that VFT in CHF dogs was decreased. Overexcitation of
sympathetic nerve and heterogeneity of sympathetic in-
nervation in myocardium may contribute to the decrease
of VFT.

In this study, the incidence of experimental VTA
was similar in both groups. It has been reported that the
inducibilities of VTA by programmed stimulation in non
— ischemic cardiomyopathy patients were lower than
that in ischemic cardiomyopathy . It has been estab-
lished that reentry is the common initiating mechanism
of ventricular arrhythmia in both cardiomyopathy, but
the reeniry substrates are different. Reentry circuits in
patients with ischemic cardiomyopathy are often rela-
tively large and stable, but in patients with non — ische-
mic cardiomyopathy, the electrophysiologic characters
are affected by many variable factors that produce non —
fixed reentry circuit. The ventricular tachycardia is not
inducible easily by programmed ventricular electrical
stimulation.

Some electrophysiologic parameters correlated with
hemodynamics and heart morphology parameters in our
study. It has been demonsirated that there is contraction
— excitation feedback in heart. This could be an impor-
tant potential cause of arrhythmias in patients with CHF
since a direct electrophysiological change may be in-
duced by alterations in ventricular size, pressure, or
function, factors common to all types of CHF regardless
of aetiology'™*’.

Our study suggested that abnormal electrophysiolog-
ical changes might be contributing factors of lethal ven-
tricular arrhythmias and sudden cardiac deaths in CHF.
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