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Summary

Left atrial booster pump function produces variable effects on cardiac output. Generally, cardiac
output decreases by only 15-209, when atrial fibrillation occurs, however, in some cases, hemodyna-
mic collapse occurs through loss of left atrial contraction. We evaluated the relative significance of left
atrial booster pump function in acute or chronic load and in myocardial ischemia using the left ven-
tricular volume curve. Blood entering into the left ventricle during the left atrial contraction phase
(FVLA) represents the left atrial volume work, and the ratio of FVLA to the left ventricular filling
volume during one cardiac cycle (%FVLA) represents the relative significance of left atrial booster
pump function in cardiac output.

In dog experiments, we calculated the change in FVLA and 9%FVLA by measuring the left ven-
tricular internal minor axis diameter and using Pombo’s method. We also measured the change of the
left atrial segment length as a direct indicator of left atrial contraction. In the acute change in preload,
FVLA changed with stroke volume, but %FVLA remained unchanged. The change in FVLA corre-
lated with the direct indicator of the left atrial excursion; the extent of the left atrial segment length
(LASL). During acute change of left ventricular afterload, both FVLA and % FVLA were unchanged.
In regional myocardial ischemia, both FVLA and 9%FVLA were increased, suggesting an increase in
the left atrial booster pump function.

In clinical study, we calculated FVLA and 9%FVLA from the left ventricular diameter using M-
mode echocardiography. In chronic volume overloading (aortic regurgitation), FVLA increased while

ERESREAFEFT NRIERIERE Cardiopulmonary Division, Department of Internal
HIE XS IRET 35 (T160) Medicine, Keio University School of Medicine,

Shinanomachi 35, Shinjuku-ku, Tokyo 160
Received for publication February 6, 1990; accepted July 6, 1990 (Ref. No. 37-32)

—481—



®EE A, wE @

%FVLA was maintained unchanged. The same FVLA-9%FVLA relationship was observed in acute
volume loading. In cases of left ventricular hypertrophy (LVH) and old myocardial infarction (MI),
both FVLA and %FVLA were increased, suggesting the increased left atrial booster pump func-
tion. In these cases, the left ventricular rapid filling velocity decreased, suggesting that impair-
ment of rapid filling caused the increase of left atrial preload and hence increased left atrial volume
work.

The results of this study show that in old MI and in LVH, both left atrial volume work and the
relative significance of left atrial booster pump function increase. We concluded that prevention of

atrial fibrillation may be very important in these diseases.
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Fig. 1. Experimental preparation.

Left ventricular internal minor-axis diameter was measured by a pair of ultrasonic crystals placed
on the anterior and posterior endocardial surfaces of the left ventricle. Left atrial segment length was
measured by a pair of crystals inserted into the anterior surface of the left atrium.
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Fig. 2. Schematic diagram of changes in left ventricular internal minor axis diameter
and left atrial segment length during the typical cardiac cycle.

A =left ventricular internal minor-axis diameter at end-diastole; B=Ileft ventricular internal minor-
axis diameter at end-systole; C=left ventricular internal minor-axis diameter at the onset of atrial
contraction; D =left atrial segment length just before atrial contraction; E=left atrial segment length
at the end of atrial contraction; FV=left ventricular filling volume during one cardiac cycle; FVLA
=left ventricular filling volume by atrial contraction; %FVLA =the ratio of FVLA to FV; JLASL=
the extent of shortening of left atrial segment length.
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Fig. 3. Measurment method of left ventricular
volume change (bottom) based on the simul-
taneous recordings of the electrocardiogram
and left ventricular echocardiogram (top).

A=left ventricular volume at end-diastole; B=
left ventricular volume at end-systole; C=left ven-
tricular volume at the beginning of the atrial con-
traction; D=left ventricular volume at the end of
the left ventricular rapid filling phase.

R —% 3L EERETRT L EFE
xR & B REF OHBIZY 7z - T3 Student
@ unpaired t test v, p<0.05 # b ->TH
BLHEL

& e

1. ERER

a v b u =B X OCARREELR O M1TEIE
% Table 1 iZ7R L7, = v b m — RO KA %
KRR ML —2 & Fig. 5 iR —EE

EDRET—2 4 —Ry FEEORE

ED ED

Fig. 4. Illustration of the measurement method
based on the simultaneous recordings of the elec-
trocardiogram (EKG) and left atrial echocardio-
gram.

Ao=aorta; LA=left atrium; A=anterior wall of
the left atrium; B=posterior wall of the left atrium;
A-B=distance between A and B represents the left
atrial diameter at the beginning of the atrial contraction.
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Table 1. Hemodynamic variables in animal experiment
LVEDP (mmHg) LVSP (mmHg) LA a wave (mmHg) FV (ml)
Control 10.3+8.9 147.1+25.7 9.2+4.2 18.1+11.5
PRE 4.3+4.9* 92.8+39.1* 3.44+2.4% 5.8+ 7.9%
INF 14.2+5.0 154.1+47.7 13.44+5.4* 23.9+14.0*
AOB 10.0+£5.3 182.4+28.6* 10.2+5.8 17.0+ 9.2
LVI 14.8+7.5* 138.9+49.2 13.2+5.9* 16.1+11.5
Mean+SD

* p<0.05 (vs control)

LVEDP =left ventricular end-diastolic pressure; LVSP=Ieft ventricular peak systolic pressure; LA a wave
=peak pressure of left atrial a wave ; FV=left ventricular filling volume during one cardiac cycle ; PRE =preload
reduction ; INF=200m!/ Dextran solution infusion; AQB=aortic constriction; LVI=left ventricular regional
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Fig. 5. Representative experimental tracing from a dog during the control state.
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Fig. 6. Change in FVLA and %FVLA during
various loading conditions in dogs.
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Fig. 8. FVLA and %FVLA in normal subjects
and patients with diseased heart.

NL=normal controls; AR=aortic regurgitation;
LVH=left ventricular hypertrophy; MI=o0ld myo-
cardial infarction.
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Fig. 9. The velocity of left ventricular filling
(V-RF) during the left ventricular rapid filling
phase.

For abbreviations: see Fig. 8.
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Fig. 10. Relationship between left atrial dia-
meter at the onset of atrial contraction and
FVLA in normal hearts and those with various
diseases.

LAD=left atrial diameter at the onset of atrial
contraction. For other abbreviations: see Fig. 8.
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