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Summary

An attempt was made to analyse hemodynamic features of pulmonary regurgitation by the use of
pulsed Doppler echocardiography. In last two years about 1,200 patients were examined by pulsed
Doppler echocardiography in our laboratory, and in 60 cases abnormal Doppler signals were detected
in the right ventricular outflow tract, which were considered to be related to pulmonary regurgitant
flow. Pulsed Doppler echocardiograms of these 60 cases were analysed.

The underlying condition was rheumatic valvular diseases in the left heart in more than a half
of the cases examined, and congenital heart diseases and pulmonary valve lesion in the remainder.

The equipment used was a system of the combined use of pulsed Doppler flowmetry with two-
dimensional echocardiography. The ultrasonic beam direction and the site of sample volume of the
Doppler flowmeter was superimposedly displayed on the two-dimensional echocardiogram. Some
of the cases studied were examined using only M-mode echocardiography as a position monitor. The
Doppler examination was transcutaneously performed from the precordial approach.

The results obtained were as follows:

1) The abnormal Doppler signals were detected in the right ventricular outflow tract in dia-
stole, which were never observed in healthy subjects.

2) They exhibited a uni-directional flow pattern, the direction of which coincided with the di-
rection of regurgitation from the pulmonic orifice into the right ventricular outflow tract. The flow
pattern showed a wide band continuous spectrum which suggested that the flow was turbulent.

3) There were two types of flow pattern, in one of which the maximum velocity component was
about the same through entire diastole, and in another it was gradually slowing from early diastole to
end-diastole. The former was designated as sustaining pattern and the latter slowing pattern.

4) The sustaining pattern was revealed in cases with pulmonary hypertension of various origins
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such as rheumatic valvular diseases, atrial septal defect, ventricular septal defect and patent ductus
arteriosus. The slowing pattern was revealed in cases with normal pulmonary artery pressure such
as organic pulmonic valve lesion and idiopathic pulmonary artery dilatation. Therefore, the Doppler
flow pattern of pulmonary regurgitation may be useful for screening for pulmonary hypertension.

5) Pulsed Doppler echocardiography was compared with phonocardiography in the present
series concerning the detection of pulmonary regurgitation. In 31 cases among 60 cases in which pul-
monary regurgitation was detected with the Doppler technique, pulmonary regurgitation was diagnosed
also by phonocardiography. In 6 cases, the diastolic regurgitant murmur was diagnosed as that of aortic
regurgitation or could not be differentiated from the latter, while aortic regurgitation was never revealed
by pulsed Doppler echocardiography. In 15 cases, a pulmonary regurgitant murmur was masked by
the coexistent murmur of aortic regurgitation or patent ductus arteriosus. In the remaining 8 cases,
no diastolic regurgitant murmur was noted by phonocardiography, while abnormal diastolic Doppler
signals in the right ventricular outflow tract suggested pulmonary regurgitation.

Thus, pulsed Doppler echocardiography proved to be more sensitive and more specific than phono-
cardiography in detecting pulmonary regurgitation.
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Fig. 1. Schematic diagram of the detecting system used in the present study.
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Fig. 2. Doppler flow signals in the right ventricular outflow tract.

A: A healthy subject. The Doppler signal of the systolic ejection flow exhibits a dome-shaped
pattern. There is also a slow flow in diastole, the direction of which is the same as the ejection flow.

These flow signals show a narrow band velocity spectrum, suggesting the flows are laminar.
B: A case with pulmonary regurgitation. The systolic ejection flow with a narrow band velocity

spectrum is revealed, being followed by a reverse flow in diastole with a wide band velocity spectrum,
suggesting that the flow is turbulent.
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Fig. 3. Various patterns of abnormal diastolic Doppler signals in the right ventricular
outflow tract in cases with pulmonary regurgitation.

A: Abnormal diastolic Doppler signals continue from the pulmonic component of the second heart
sound to the beginning of the next ejection, sustaining the high velocity.

B: The sample volume is displaced from the distal side of the pulmonic valve to the proximal side
with recording the Doppler signals. Abnormal Doppler signals continuing from early diastole to
next ejection is revealed only just beneath the pulmonic valve.

C: The diastolic reverse flow exhibits a peak in early diastole, followed by the gradual reduction
in its instantaneous maximum velocity.
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Fig. 4. Distribution of abnormal Doppler signals in the right ventricular outflow tract.
A: The two-dimensional image is recorded along the RV-PA route. A white line on the image

indicates the ultrasound beam direction for the recording of the Doppler signals on the right, a white

dot on which indicates the sampling site (arrow). The abnormal Doppler signals are recorded only

at the above sampling site just beneath the pulmonic valve.
B: Another case. Abnormal Doppler signals are recorded in a wide area which are encircled by

the white dots on the two-dimensional image on the right.
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Fig. 5. Relation between the regurgitant flow
pattern and mean pulmonary artery pressure.
A =intermittent type.
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Fig. 6. Pulsed Doppler echocardiogram of a case of patent ductus arteriosus with a Graham

Steell murmur.

A: The sampling site is indicated on the two-dimensional image along the RV-PA route (left),
and at this site abnormal Doppler signals are recorded.
B: A diastolic decrescent murmur recorded in the third intercostal space at the left sternal border.
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Fig. 7. Doppler echocardiogram and phonocardiogram in a post-operative case of tetralogy
of Fallot.
A: Abnormal Doppler signals exhibit the peak velocity in early diastole and disappear in late diastole).
B: A crescent-decrescent type of a diastolic murmur is recorded only in early diastole.
Note: The paper speed for the phonocardiogram is doubled to that for the Doppler echocardiogram.
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Fig. 8. Doppler echocardiogram and phonocardiograms in a case of pulmonary regurgita-
tion associated with aortic and mitral valvular lesions.

A: Abnormal Doppler signal recorded in the right ventricular outflow tract in diastole indicate
pulmonary regurgitation.

B and C: A diastolic decrescent murmur is recorded in the second and third intercostal spaces
at the left sternal border. Pulmonary regurgitation is difficult to diagnose on the basis of these phono-
cardiograms.
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Fig. 9. Doppler echocardiogram and phonocardiogram in a case of idiopathic pulmonary

artery dilatation with pulmonary regurgitation.

A: The Doppler echocardiogram exhibits the slowing pattern in diastole.

B: The phonocardiogram exhibits no murmur in diastole.
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Fig. 10. Phonocardiographic findings of the 60
patients with pulmonary regurgitation diagnosed
by the Doppler method.
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