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Summary

To evaluate the usefulness of physiologic cardiac pacing, the transmitral flow velocity was recorded
using the pulsed Doppler method combined with 2-D echocardiography in 14 patients in whom a DDD
pacemaker was implanted.

DDD pacemakers were programmed to atrioventricular (AV) sequential pacing with AV intervals
of 50, 100, 150, 200 and 250 msec, and VVI pacing modes at a heart rate of 70 bpm. The time-velocity
integral (TVI) of the left ventricular (LV) inflow curve was obtained by digitizing the outline of the
tracings and expressed in the percentage of that of AV sequential pacing with AV interval of 150 msec
(the percent LV filling volume). The percent LV filling volume was 759, for 50 msec, 899, for 100
msec, 96%, for 200 msec and 909, for 250 msec of an AV interval in AV sequential pacing. It was sig-
nificantly smaller at AV intervals of 50, 100 and 250 msec than at an AV interval of 150 msec. It was
significantly smaller (68%,) in VVI pacing than at AV intervals of 100, 150, 200 and 250 msec in AV
sequential pacing. The left atrial (LA) contribution to LV filling was assessed in terms of the fraction
of TVI during LA contraction to that during total LV filling at the optimal AV interval (A/Fmax).
The optimal AV interval was defined as the interval at which the maximum LV filling volume was
achieved in individual patients. The A/Fmax showed a positive correlation with the percent increase of
LV inflow volume, with conversion from VVI to AV sequential pacing with the optimal AV interval. It
also showed a positive correlation with age. These results suggested that the LV inflow volume was
greater in AV sequential pacing with the optimal AV interval than in VVI pacing, especially in patients
with a large A/Fmax.
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In conclusion, pulsed Doppler echocardiography could be a useful, non-invasive technique to de-
termine the indications for implanting a DDD pacemaker and the optimal AV interval in patients in

whom DDD pacemakers are implanted.
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Fig. 1. The sampling sites for LV outflow and inflow velocities.
While monitoring two-dimensional echocardiogram, LV outflow and inflow velocities is recorded
just below the aortic valve and at the center of the mitral ring, respectively. LV =left ventricle; LA=
left atrium; Ao=aorta.
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Fig. 2. Percent changes in LV inflow volume on conversion of the pacing mode and alter-
nation in AV intervals.

The LV inflow volume is significantly smaller at AV intervals of 50, 100 and 250 msec than at an
AV interval of 150 msec. The LV inflow volume is significantly smaller in VVI pacing than in AV
sequential pacing with AV intervals of 100, 150, 200 and 250 msec.
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Fig. 3. Correlation between the A/Fmax and the
percent increase in LV inflow volume on mode
conversion from VVI to DDD with an optimal AV
interval.

A positive correlation is shown between the A/Fmax
and the percent increase in LV inflow volume with
mode conversion from VVI to AV sequential pacing
at the optimal AV interval.
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Fig. 4. Correlation between the A/Fmax and
age.

The A/Fmax shows a positive correlation with the
ages of the subjects.
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Fig. 5. LV outflow and inflow velocities during sinus rhythm, VVI pacing and AV sequential
pacing with various AV intervals in Case 1 (67-year-old man).

The LV outflow velocity is slower in AV sequential pacing in the AV interval of 50 msec than in
sinus rhythm because LA contraction flow is interrupted prematurely by the onset of LV contraction.
AV sequential pacing with AV intervals of 100, 150 and 200 msec shows nearly the same velocity as
sinus rhythm because of no interruption of LA contraction flow.
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Fig. 6. LV outflow and inflow velocities during VVI pacing in Case 1 (67-year-old man).
When the P wave precedes the ventricular pacing spike, LA contraction flow is shown in LV
inflow velocity recordings. LV outflow velocity is larger in beats with a preceding P wave than in those

without it.
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Fig. 7. LV outflow and inflow velocities during AV sequencial pacing (DDD) with various

AV intervals in Case 2 (29-year-old woman).

LA contraction flow is smaller in AV sequential pacing than in Case 1. Therefore, the LV outflow
velocity shows no significant changes with alterations in AV intervals. At an AV interval of 250 msec,
atriogenic diastolic reflux due to LA relaxation is shown in late diastole.
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Fig. 8. LV outflow and inflow velocities during VVI pacing in Case 2.

LV inflow due to LA contraction is observed after a P wave appearing in diastole, but LV outflow
velocity remains nearly unchanged irrespective of the presence of a preceding P wave, probably due
to small LA contraction flow. Atriogenic diastolic reflux is also seen in long PR intervals (first and

second beats).
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Fig. 9. LV inflow velocity during AV sequential pacing with a myocardial pacing elec-

trode (DDD epicardial pacing, 74-year-old man).

A long time delay of approximately 80 msec from the ventricular pacing spike to the onset of QRS
complex is shown. The maximum time-velocity integral of LV inflow is obtained with an AV interval

of 100 msec.
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Fig. 10. Changes in ejection time and LV dlastollc dimension durmg VVI pacing.

LV diastolic dimension is larger and ejection time is longer in beats with preceding P waves than
in those without.

P | Fl om0l Gl
O L A T AR

VVI DDD (AAI]) sinus
Fig. 11. Hepatic venous flow velocities in VVI, AAI and sinus rhythm.
In VVI pacing, retrograde P waves and large retrograde flow into the hepatic vein due to RA con-

traction during RV contraction phase (large white arrows) are shown. In AAI pacing and sinus rhythm,
only a small retrograde flow is detected (small arrows).

73~85% L#EshTwa®, ZoEwE, — CE Y, BHFLLOMBEAENL AW L&
5, pacemaker HH3A A T O HHIHE O TUHKEE & 5 Wik Lz, 9513 SR & %5 vid pacemaker
RBIHi 5 2 ERREECTH D 2 LICERT D L SEEREOFEDS DDD pacemaker oA AL & &
26N 5. ODEEREIR T HIT OO I o HER A 7 WhHEWI N, ZhBOFFEL pacemaker fEiA
BN L L & ¥, Stewart 57 1, pacemaker HENTEND = L3RS TR,

HHIA 2 BT e BRI SR O Ltﬁ[fﬂﬁ* VVI 7 JEESEM T 31T B L FEIUHE 0 B O R & fi A
5 DDD ~R_—yv v/ - F—FeLWLicZ & FTHHRTFE LT, Hak, wEs™i 1\77—'&*&

— 1233 —



O M, FREL 3

VVI pacing, CTR: 599%, July 20, 1983

DDD pacing, CTR: 52%, Octber 27, 1983

Fig. 12. Resolution of cardiomegaly with conversion from VVI to DDD pacemaker.

Cardiac silhouette has become progressively larger during VVI pacing (left). With conversion from
VVI to DDD pacemaker, the cardiothoracic ratio (CTR) becomes smaller from 599, to 529, (right).
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