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Summary

To assess the hemodynamic consequences associated with ventriculoatrial (VA) conduction follow-
ing pacemaker implantation, 22 subjects with the sick sinus syndrome were studied using two-dimen-
sional echocardiography (2DE) and Doppler techniques, including pulsed Doppler (PD). Pacemakers
used were unipolar, programmable pulse generators which can operate in the DDD and VVI modes.
A simultaneous strip chart recording of 2DE, phonocardiogram and ECG was obtained in each mode.
Systolic time intervals (STI) and left ventricular diameters were measured using 2DE. Left ventricular
ejection time (LVET) was determined from the aortic valve echo, which was the interval between the
opening and closure of the cusp. Left ventricular pre-ejection period (LVPEP) was the interval between
the Q wave of the ECG and the opening of the aortic valve. Right ventricular (RV) STI were also
measured using the pulmonary valve echo in a manner similar to that used with the aortic valve echo.
Stroke volume and ejection fraction were calculated by conventional methodology.

RVET was longer than LVET; RVPEP was shorter than LVPEP. These two STIs were short-
ened using an incremental pacing rate in each mode. Similarly, the stroke volume and ejection frac-
tion decreased, depending on the pacing rate at a range of 50~110 b/min. RVET and LVET in DDD
were longer than those in VVI. RVPEP and LVPEP in DDD were shorter than those in VVI. Stroke
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volume and ejection fraction in DDD were smaller than those in VVI. There was a significant differ-
ence (p<0.05) between DDD and VVI. These differences became significantly (p<0.01) greater be-
tween DDD without VA conduction and VVI with VA conduction.

Reverse flow was recorded in right and left atrial cavities in 10 cases by PD, which was revealed
in the VVI mode associated with VA conduction but not in DDD. This phenomenon was also seen
in four cases having pacemaker implants at the sites of the inferior vena cava and hepatic vein. Aug-
mentation of these signals was observed in four cases with mitral or tricuspid valve regurgitation in the
VVI mode. Therefore, VA conduction complicating ventricular pacing caused impairment of ventric-
ular filling.

Then, to evaluate the influences of VA conduction on the diastolic phase, simultaneous recording
of the interventricular septum and posterior wall was added to the PD studies in eight subjects. In
comparisons of left ventricular diastolic volume and its maximum value, both values in DDD without
VA conduction were significantly greater than those in VVI with VA conduction. The maximum left
ventricular diastolic volumes between DDD and VVI were larger than end-diastolic volume according
to conventional methods. In measurements of peak filling rate and its intervals from the pacing spikes
to those using PD, there was a significant difference between peak filling rate in the DDD mode
without VA conduction and the VVI mode with VA conduction, but there was no significant difference
between DDD and VVI in their intervals.

In conclusion, 1) 2DE and PD are useful in analyzing hemodynamics in patients with artificial
pacing, 2) VA conduction complicated with ventricular pacing may influence not only ventricular
systole but ventricular diastole, and 3) atrioventricular sequential pacing will provide a hemodynamic
benefit to cardiac performance and should be recommended in patients with VA conduction.
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Fig. 1. Pacing rate-depending changes in ejection time (ET) and pre-ejection periods

(PEP).
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Fig. 2. Pacing rate-depending changes in stroke volume (SV) and ejection fractions (EF).
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Fig. 3. Changes in ET and PEP in DDD and VVI modes.

PR =pacing rate; VAC =ventriculoatrial conduction.
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Fig. 4. Changes in SV and EF in DDD and VVI modes.

SV =stroke volume; EF =ejection fraction.
For other abbreviations: see Fig. 3.
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Grade of reverse flow in a beat with ventriculoatrial conduction
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MRF =mitral reverse flow; TRF =tricuspid reverse flow; VAC =ventriculoatrial conduction.
Detected in the right atrium*, inferior vena cava** and hepatic vein***,
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Comparison of the left ventricular volume curve between DDD and VVI with ven-
triculoatrial conduction.
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Fig. 6. Comparison of the left ventricular dimension between DDD and VVI modes.
LVDd =end-diastolic left ventricular diameter; LVDs=end-systolic left ventricular diameter.
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