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Summary

To evaluate the clinical value of various Doppler techniques in detecting valvular regurgitation,
we compared the sensitivity, timing and duration of regurgitation, and the peak velocity of regurgitant
signals among conventional pulsed Doppler, color Doppler, continuous wave Doppler and HPRF Dop-
pler echocardiography.

1. Sensitivity of Doppler techniques in detecting mitral regurgitation:

Among fifty patients with mitral regurgitation confirmed by left ventriculography, mitral regurgita-
tion was detected in 48 (969%,) using color Doppler and pulsed Doppler echocardiography; in 41 (829,
by HPRF Doppler; and in 37 (749,) by continuous wave Doppler echocardiography.

In 103 consecutive normal volunteers, mitral regurgitant signals were detected in 46 (45%,) by
color Doppler, in 39 (389%) by pulsed Doppler, in 16 (169%) by HPRF Doppler, and in 8 (8%,) by
continuous wave Doppler echocardiography.

2. Timing and duration of regurgitant signals:

To assess the timing and duration of regurgitant signals, 43 patients with regurgitant signals of
short duration during systole or diastole were studied using M-mode color Doppler echocardio-
graphy. Using the latter method, regurgitant signals throughout systole and the isovolumic relaxation
period could be demonstrated in all but four patients who had regurgitant signals of short duration
during systole, but suggesting mitral or tricuspid regurgitation. In all patients with regurgitant signals
of short duration during diastole, aortic or pulmonary regurgitant signals throughout diastole could
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be demonstrated with M-mode color Doppler echocardiography. Thus, this technique is superior to
conventional pulsed Doppler echocardiography for detecting accurate timing and duration of valvular
regurgitation.

3. Peak velocity of regurgitant flow:

To compare the peak velocity of regurgitant flow by continuous wave Doppler and by HPRF
Doppler echocardiography, 20 patients with mitral regurgitation and 22 patients with tricuspid
regurgitation were examined using the both methods. In patients with severe mitral regurgitation, the
peak velocity detected by HPRF Doppler echocardiography correlated well (r=0.96) with that detected
by continuous wave Doppler echocardiography. However, in patients with mild mitral regurgitation,
the peak velocity detected by HPRF Doppler echocardiography was higher than that detected by
continuous wave Doppler echocardiography. In patients with severe tricuspid regurgitation, the peak
velocity had a close correlation (r=0.99) with the both techniques. In patients with mild tricuspid
regurgitation, the peak velocity was higher by HPRF than by continuous wave Doppler echocardio-
graphy.

In conclusion, color or pulsed Doppler echocardiography should be used for detecting valvular
regurgitation. M-mode color Doppler echocardiography is superior to conventional pulsed Doppler
echocardiography for detecting timing and duration of valvular regurgitation. Continuous wave Dop-
pler echocardiography should be used in the evaluation of the peak velocity of regurgitant flow.
However, in patients with mild regurgitation, HPRF Doppler echocardiography should be used in
evaluating the peak velocity of regurgitant flow.
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Table 1. Comparison of sensitivity by four Dop-
pler techniques in detecting mitral
regurgitation in patients with mitral
valve disease (N=50)

Color Doppler echocardiography 96%
Pulsed Doppler echocardiography 969%,
HPRF Doppler echocardiography 829,
Continuous wave Doppler echocardiography 78%

Table 2. Comparison of detection rate of mitral
regurgitation in normals by four Dop-
pler techniques (N=103)

Color Doppler echocardiography 45%
Pulsed Doppler echocardiography 39%
HPRF Doppler echocardiography 16%
Continuous wave Doppler echocardiography 8%
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Fig. 1. M-mode color Doppler (upper panel) and pulsed Doppler echocardiograms (lower
panel) from a patient with tricuspid regurgitation.
TV =tricuspid valve.
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Fig. 2. Two-dimensional color Doppler (upper left panel), M-mode color Doppler (upper
right panel) and pulsed Doppler (lower panel) echocardiogram of a patient with aortic re-
gurgitation.

Ao=aorta; LA=left atrium; LV =left ventricle; LVOT =left ventricular outflow tract.
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Fig. 3. Relationship of peak velocities between
continuous wave Doppler echocardiography and
HPRF Doppler echocardiography in patients
with mitral regurgitation.

MR =mitral regurgitation.
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Fig. 4. HPRF Doppler (left) and continuous wave Doppler (right) echocardiograms of a
patient with severe mitral regurgitation.

The peak velocity detected by HPRF Doppler is about 5 m/sec and it coincides with that detected
by continuous wave Doppler echocardiography.
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Fig. 5. HPRF Doppler (left) and continuous wave Doppler (right) echocardiograms of
a patient with mild mitral regurgitation.

The peak velocity detected by HPRF Doppler is about 4 m/sec and it is greater than that detected
by continuous wave Doppler echocardiography.
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Fig. 6. Relationship of peak velocities between
continuous wave Doppler echocardiography and
HPRF Doppler echocardiography in patients
with tricuspid regurgitation.

TR=tricuspid regurgitation.
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Fig. 7. Schematic representation of two-dimen-
sional color Doppler (left), M-mode color Doppler
(upper right) and pulsed Doppler (lower right)
echocardiogram observed in trivial atrioven-
tricular valve regurgitation.

AV VALVE =atrioventricular valve; S, =first heart
sound; S;=second heart sound; SV =sample volume.
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Fig. 8. Schematic representation of two-dimensional color Doppler (left), M-mode color
Doppler (upper right) and pulsed Doppler (lower right) echocardiograms showing eccentric

atrioventricular valve regurgitation.

AV VALVE=atrioventricular valve; ECG =electrocardiogram; PCG =phonocardiogram; PW=
pulsed Doppler echocardiogram; S, =first heart sound; S,=second heart sound; SV =sample volume.
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Fig. 9. Schematic representation of regurgi-
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gurgitation detected by continuous wave Doppler
echocardiography.

The regurgitation flow in patients with severe re-
gurgitation contains a number of red cells, and well-
defined-signals with clear peaks can be obtained. Since
the regurgitation flow in patients with mild regurgita-

tion does not contain a large number of red cells,
well-defined-signal velocities cannot be obtained.
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