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Summary

Using pulsed Doppler echocardiography, the blood flow dynamics in the left ventricular cavity
were studied in 52 cases with mitral regurgitation (MR) (32 cases of grade 1 or 2 and 20 cases of grade
3 or 4 according to the Sellers’ classification) were studied to quantify the severity of MR. Twelve
healthy subjects served as the control. The results were as follows:

1. At the mitral orifice, systolic laminar flow toward the left atrial cavity was observed in 17
cases with grade 3 or 4 MR. This flow was shown to begin at the isovolumic contraction phase and
it had a higher velocity in end-systole. Thus, it could easily be differentiated from ejection flow observed
in the left ventricular outflow tract.

2. 'The duration of systolic blood flow in the mid-ventricle was significantly prolonged over that
in the outflow tract in cases with grade 3 or 4 MR compared to those with grade 1 or 2 MR (grade 1
or 2: 4+27 msec, grade 3 or 4: 65435 msec, p<0.001), indicating that MR continued even after the
end of left ventricular ejection.

3. The velocity of early diastolic left ventricular inflow was estimated for cases having isolated
MR (16 cases with mitral chordal rupture and one case of mitral valve prolapse syndrome). In the
healthy subjects and cases with grade 1 or 2 MR, the velocity was less than 84 cm/sec. The velocity
was increased more than 100 cm/sec in grade 3 or 4 MR.

These observations indicated the clinical potential of abnormal blood flow dynamics in the left
ventricular cavity in the semi-quantification of MR.
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Fig. 1. Schematic illustration of the sampling
sites.

By displaying the apical long-axis view of the
two-dimensional image, blood flow patterns in the left
ventricular cavity were investigated.

LV =left ventricle; LA =left atrium; Ao=aorta.
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Fig. 2. Doppler signals in the left ventricular cavity obtained from a case with grade 4
mitral regurgitation.

At the mitral orifice (upper panel), systolic laminar flow toward the left atrial cavity is observed,
indicating high grade mitral regurgitant flow (arrows). This flow begins at the isovolumic contraction
phase and has the highest velocity in end-systole. Moreover, the peak velocity of this flow is higher
than that of ejection flow in the left ventricular outflow tract (lower panel, arrows).

Doppl=Doppler; ECG =electrocardiogram; PCG =phonocardiogram; UCG =echocardiogram;
SV =sample volume. For further abbreviations, see Fig. 1.
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Fig. 3. Doppler signals in the left ventricular cavity obtamed from a healthy subject.
To analyze the end of systolic blood flows towards the aorta and left atrial cavity, the intervals

between Q-wave on the electrocardiogram and the end of systolic blood flow are measured in the
outflow tract (To) and the center (Tc) of the left ventricular cavity.
L.VOT =left ventricular outflow tract. For further abbreviations, see Fig. 2.
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Fig. 4. Intervals between Q-wave and the end of systolic blood flow in the outflow tract
(To) and the center (Tc) of the left ventricular cavity.

a) In the outflow tract, the differences of To between each groups are not significant.

b) In the center, Tc in the group with grade 3 or 4 mitral regurgitation is significantly longer than

that in the other 2 groups.
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Fig. 5. Doppler signals in the left ventricular cavity obtained from a case with grade 4

mitral regurgitation.

The interval between Q-wave and the end of systolic blood flow is apparently longer in the center

(Tc) than that in the outflow tract ('To).
Abbreviations as in Figs. 2 and 3.
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Fig. 6. Differences of duration between systolic
blood flow in the center (Tc) and the outflow
tract (To) of the left ventricular cavity (Tc-To).
In the group with grade 3 or 4 mitral regurgitation,
Tc-To is significantly longer than that in the other
2 groups.
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Fig. 7. Doppler signals at the mitral orifice in the left ventricular cavity obtained from
two cases with mitral regurgitation.

In cases with grade 4 mitral regurgitation (MR) due to chordal rupture of the posterior mitral leaflet
(lower panel), in which systolic laminar regurgitant flow can not be detected, early diastolic rapid-
filling low (arrows) has a higher velocity than that in cases with grade 2 MR (upper panel), and presents
aliasing of the Doppler signals (open arrows).

Abbreviations as in Fig. 2.
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Fig. 8. Doppler signals at the mitral orifice in the left ventricular cavity obtained from
the same case as in Fig. 2.

At the early phase of systolic regurgitant flow, notch formation (arrows) is observed, indicating the

peak of isovolumic contraction flow.
Abbreviations as in Fig. 2.
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