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Summary

Clinical and experimental studies were performed to determine the role of contrast echocardio-
graphy in the diagnosis of pulmonary regurgitation (PR). The clinical cases consisted of 10 normal
subjects as control (Group 1), five patients with a Graham Steell murmur (Group II), 17 patients with
various kinds of heart disease without PR (Group III), and six young and asymptomatic patients with
congenital PR (Group IV). The diagnosis of PR was made by auscultation and external phonocardio-
graphy. The intensity of a PR murmur was a grade of Levine 3 or less in all cases.

Two-dimensional and M-mode echocardiograms of the pulmonary valve (PV) were recorded fol-
lowing a rapid injection of indocyanine green by an antecubital vein approach. The flow patterns of
contrast echoes were precisely evaluated by M-mode echocardiography. In Group I, linear contrast
echoes filled the pulmonary orifice at early to mid systole, and thereafter, within the pulmonary
truncus a part of the contrast materials reversed in direction and moved toward the PV at early
diastole. The latter flow was constantly observed in cases with pulmonary hypertension. In three cases
of Group II and one case of Group IV, reversed contrast echoes were seen to cross the PV into the
right ventricular,outflow tract during diastole (Type A). In two of Group II and three of Group III,
there was the reversed linear flow striking the PV within the main pulmonary truncus at diastole (Type
B). In three of Group II, three of Group III and one of Group IV, there were contrast materials
appearing in the right ventricle from the closed PV (Type C). High-speed M-mode echocardiograms
showed that diastolic regurgitant flow continued beyond the QRS complex of the electrocardiogram.
None of three types of patterns were visualized in Group I.

An experimental study was made by utilizing the simple model in which the spatial relationship
between the direction of the ultrasonic beam and the regurgitant flow could be manually changed.
We demonstrated that types of the contrast echoes (A, B and C) were dependent solely on the
directional relation of the beam to the regurgitation. Type A indicated the presence of PR, but Types
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B and C could not rule out PR.

In conclusion, contrast echocardiography is useful for detecting PR associated with pulmonary
hypertension, but of a limited value in the diagnosis of mild and congenital PR. Timing of PR was
fairly accurately determined. This method is an important mutual aid to phonocardiography for the

evaluation of PR.
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Normal Pulmonary hypertension

Fig. 1. Representative two-dimensional echocardiograms showing the direction of the
ultrasonic beam for contrast M-mode echocardiography.

RV =right ventricle; AV=aortic valve; PA=pulmonary artery; TV=tricuspid valve; PV=pul-
monary valve.
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Fig. 2. Diagram demonstrating the experimental model used for determining the effect
of angulation of the transducer on contrast echo pattern.

We utilize a thin and square plastic board, 4 X 20 cm in size, which has a hole of 6 mm in diameter
and can be folded in the midline. A vinyl tube with internal diameter of 3 mm is attached to the board
to inject contrast passing through the hole. The transducer is also supported by rubber strings to
the other side of the plastic board with the beam pointing toward the hole. Thus, we can change
the angle between the directions of regurgitant jet and ultrasonic beam.
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Fig. 3. Linear contrast echogram in the pulmonary artery of a normal subject.

Immediately after the valve (PV) opening, parallel contrast echoes fill the pulmonary orifice (low
1). Contrast flow is also observed to reverse in direction in the pulmonary artery (PA) and to move
toward the closed valve (flow 2). During diastole, small flow (3) occurs in the right ventricular out-

flow tract (RV).

PCG=phonocardiogram; ECG=electrocardiogram.
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Fig. 5.

associated with a Graham Steell murmur.

This tracing was recorded during quiet respiration. Variable patterns of contrast echoes are ob-
served in consecutive cardiac cycles. At diastole of the beat 1, parallel linear echoes are crossing the
pulmonary valve (PV) (Type A), but in the beat 4, contrast materials appears in the right ventricle
from the closed valve (Type C). It may be due to the directional change in the relationship between
the pulmonary valve and ultrasonic beam.
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Contrast echocardiogram and its diagram from a case with mitral valve disease
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Fig. 8. Results of contrast echocardiography.
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Fig. 9. Three different patterns of pulmonary regurgitation recorded in the experimental
model and corresponding diagrams of the contrast pulmonary valve echograms (see F ig. 2).

Despite the same flow, all types of regurgitation (A, B, C) are easily induced by changing the angula-
tion of the transducer in the model. The arrow shows the linear echoes reflected from a hole of

the plastic board.
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