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Summary

To evaluate the efficacy of DDD pacing for cardiac reserve, we assessed increases in the stroke
volume and cardiac output during randomized treadmill exercise in 16 patients by DDD and
fixed-rate ventricular (VVI) pacing. The stroke volume index and cardiac index were determined
using suprasternal Doppler measurements. Ten patients who showed sinus rhythm during ex-
ercise were excluded from this study. Compared with the findings during VVI pacing, those
during DDD pacing showed: 1) a greater exercise-induced positive chronotropic response (mean
maximum heart rate 122+22 beats/min vs 70 beats/min, p<0.01), 2) a lesser increase in the stroke
volume index (3447 to 39+9 ml/m? vs 31+7 to 49+11 m//m? p<0.05), 3) a greater increase in
the cardiac index (2.43+0.45 to 4.48+1.36 L/min/m? vs 2.22+0.47 to 3.43+0.45 L/min/m?, p<0.05),
and 4) prolongation of exercise duration (6.35+2.00 min vs 5.97+1.81 min, NS). These findings
indicated that VVI pacing promoted a greater stroke volume than DDD pacing, which provides
a compensatory increase in contractility and the preload in cases without an increase in heart
rate during exercise, however, the increase in cardiac output was insufficient due to the absence
of a chronotropic response.

In conclusion, a DDD pacemaker could effectively increase heart rate, causing a significant
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increase in cardiac output and extending exercise duration.
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Fig. 1. Measurements of aortic diameter on parasternal two-dimensional echocardiogram
and ascending aortic flow by continuous wave Doppler echocardiography.

The cross-sectional area of the aorta is calculated from the internal diameter (AOD) obtained at
the level just above the sinus of Valsalva using the formula: cross-sectional area=7(AOD/2)%. The
darkest area of the flow tracing is integrated to obtain flow velocity integral (FVI), which is shown by

the dotted area.
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Fig. 2. Changes in the stroke volume index at
rest and peak exercise during ventricular-in-
hibited (VVI) pacing and DDD pacing.

The stroke volume index at rest was significantly
larger during DDD mode than that during VVI
mode. However, the stroke volume index increased
less significantly at peak exercise during DDD mode
than that during VVI mode.
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Fig. 3. Changes in the cardiac index at rest and
peak exercise during ventricular-inhibited (VVI)
pacing and DDD pacing.

The cardiac index at rest was relatively larger dur-
ing DDD mode than that during VVI mode, but not
significantly so. The cardiac index reached a signifi-
cantly greater value at peak exercise during DDD
mode than that during VVI mode.
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Fig. 4. CW Doppler tracings of the ascending aortic flow during treadmill exercise in a
70-year-old patient during ventricular demand (VVI) (top), DDD (middle) and manually-
adapted rate-responsive ventricular (VVI-A) pacing (bottom).

At rest the size of the ascending aortic flow velocity integral was larger during DDD pacing than
that during VVI pacing. In contrast, during VVI pacing, the increase in the ascending aortic flow
velocity integral was larger than that during DDD pacing throughout treadmill exercise. However,
cardiac output was larger during DDD pacing than that during VVI pacing with the maintenance of
chronotropic response (HR: 126 beats/min vs 70 beats/min). During manually-adapted rate-respon-
sive ventricular (VVI-A) pacing, the degree of the ascending aortic flow velocity integral was quite
similar to that of DDD pacing. Therefore, cardiac output was nearly the same as that of DDD pacing.
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