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Summary

In atrial fibrillation, it is known that hemodynamics vary according to the preceding R-R intervals.
However, the informations of blood flow dynamics have not been available because of the metho-
dological limitations. In this study, blood flow dynamics of atrial fibrillation were assessed using pulsed
Doppler echocardiography.

The subjects were 160 consecutive patients with atrial fibrillation and without left ventricular
asynergy. Using a commercially-available pulsed Doppler instrument (Aloka SSD-910), blood flow
patterns in the left ventricle were investigated from the apical long-axis view. The results were as
follows:

1. In 22 of the 160 cases (14%,), systolic blood flow in the central or apical region of the left
ventricle directed towards the apex (termed “back flow ).

2. In the cardiac cycle with *“ back flow ”’, the preceding R-R interval was shorter ; whereas it was
longer when ‘“ back flow ”’ was absent (591+103 vs 817+179 msec, p<0.01). Moreover, when a
long R-R interval (PPI) followed by a short R-R interval (PI) was observed (greater PPI/PI ratios),
the next beat showed distinct “back flow ”.

3. Left ventricular ejection fraction decreased significantly in patients with *‘ back flow ”’ com-
pared to those without it (42415 vs 66+12%,, p<0.01).

4. On left ventriculography, the motion of the base of the heart was preserved; however, with
“back flow ”, the motion of the apical area was abnormal, extending towards the apex along the
longitudinal axis. .

5. Left ventricular ejection flow at the outflow tract disappeared in 13 of the 22 cases with *‘ back
” in cardiac cycles with short preceding R-R intervals.

These results suggest that, in atrial fibrillation, * back flow ”” in the left ventricular central or
apical area may occur during cardiac cycles with shorter preceding R-R intervals, and especially in
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with impaired left ventricular pump function. This abnormal flow is considered to be caused by left
ventricular asynchrony due to the localized wall motion abnormality in the apical area.

In patients with “ back flow ”’, left ventricular ejection flow may resolve in cardiac cycles with
short preceding R-R intervals, and result in pulse deficit.
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Fig. 1. Schematic illustration of the sampling
sites.

Sampling sites are set on the apical long-axis view
of the two-dimensional echocardiogram.

1) outflow tract; 2) apical area; 3) central area.
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Fig. 2. Doppler signals at the central area obtained from a case with atrial fibrillation.
Laminal systolic ejection flows directing towards the outflow tract, which varies in velocity depending

on the preceding R-R interval, are recorded.
DOPPL=Doppler; PCG =Phonocardiogram; ECG =electrocardiogram UCG =ultrasound car-
diogram; SV =sampling volume.
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Fig. 3. Doppler signals at the central area obtained from a case of atrial fibrillation.
Systolic backward flow, termed ‘“back flow”, is observed in the cardiac cycle with a short preced-

ing R-R interval (arrow).

PPI=pre-preceding R-R interval; PI=preceding R-R interval. For other abbreviations, see Fig. 2.
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Back flow

Normal

Fig. 4. Schematic illustrations of systolic blood
flow patterns in cases of atrial fibrillation.

Left ventricular ejection flow in the cardiac cycle
with a long preceding R-R interval is directed towards
the outflow tract (left). In the cardiac cycle with a
short preceding R-R interval, flow directing towards
the apex is seen at the central or apical area (right).

LA=left atrium; Ao=aorta; LV=Ileft ventricle
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Fig. 5. Comparison of preceding R-R interval
between the cardiac cycles with or without
“back flow” in two cases with atrial fibrillation.

In the cases with alcoholic cardiomyopathy (ACM),
the preceding R-R interval (PI) in the cardiac cycles
with ‘‘back flow” is significantly shorter than that
without it (p<0.01). In the cases with mitral stenosis
(MS), however, the difference of PI with or without
‘‘back flow” is not significant.
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Fig. 6. Comparison of pre-preceding R-R in-
terval |/ preceding R-R interval (PPI/PI) between
the cardiac cycles with and without “back flow”
(the same cases as in Fig. 5).

The value of PPI/PI in the cardiac cycles with ‘‘back
flow” is significantly greater than that without it in
both cases (p<0.01).
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Fig. 7. Relation between ejection fraction and
“back flow’ in cases with atrial fibrillation.

Ejection fraction is significantly decreased in cases
with ‘‘back flow >’ as compared with cases without
1t.
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Fig. 8. Doppler signals at the outflow tract obtained from a case with atrial fibrillation
and central ‘“back flow”.

Left ventricular ejection flow disappears in the cardiac cycles with short preceding R-R intervals

after a long pre-preceding R-R interval (arrows).

Abbreviations as in Fig. 2.
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Fig. 9. Comparisons of preceding R-R intervals and pre-preceding R-R interval | preceding
R-R interval (PPI/PI) of the cardiac cycles with and without ejection flow, obtained from
the same case as in Fig. 7.

Left ventricular ejection flow disappears in the cardiac cycles with short preceding R-R intervals (left).
In addition, PPI/PI is significantly increased in the cardiac cycles without ejection flow (right).

After long R-R interval After short R-R interval

- - - End-diastole, —— End-systole

Fig. 10. Left ventriculographic observations in a case with atrial fibrillation.

In the cardiac cycle after a long preceding R-R interval, left ventricular wall motion is good (left).
In the cardiac cycle after a short preceding R-R interval, however, it is impaired, especially at the
apical region, showing outward movement along the longitudinal axis (right).
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