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Summary

To investigate the localization of tricuspid regurgitant flow in Ebstein’s anomaly, pulsed Doppler
echocardiography (PDE) was performed on nine patients with or without associated cardiac lesions.
The equipment used was characterized by the real time frequency analysis of Doppler signals obtained
from the sampling sites confirmed on the cross-sectional images.

We employed the apical four-chamber view or right ventricular inflow view in order to facilitate
the sampling of Doppler signals from the three right-sided heart chambers of this lesion. Doppler
signals were recorded from several points in the functional right ventricle, atrialized right ventricle
and right atrium. The PDE recording was made in conjunction with M-mode echocardiography at a
paper speed of 50 mm per second.

In eight of the nine patients, a systolic disturbed flow of wide band pattern was maximally located in
the atrialized right ventricle in the vicinity of the tricuspid valve leaflets and had a delayed onset,
which were seemed to be the findings characteristic of tricuspid regurgitation in Ebstein’s anomaly.
In the remaining one, a turbulent flow due to this lesion was obscured by a systolic jet of the asso-
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ciated ventricular septal defect in the vicinity of the tricuspid valve leaflet.
In the right atrium, no disturbed flow of wide band pattern existed or only a faint abnormal blood
flow was observed during systole. In the functional right ventricle, a smooth blood flow of the right

ventricular inflow was recognized in diastole.

In contrast, 15 patients with secondary tricuspid regurgitation revealed a holosystolic disturbed
flow of wide band pattern maximally in the right atrium in the vicinity of the tricuspid valve
leaflets. In eight healthy subjects, there was no systolic disturbed flow in the right atrium.

Pulsed Dopper technique combined with two-dimensional echocardiography is thought useful to
detect the localization of the disturbed flow in Ebstein’s anomaly, thus contributing to the diffe-
rentiation of various causes of tricuspid regurgitation.
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Table 1. Case materials and localization of a systolic disturbed flow

Localization of the maximal

No. Name Age Sex Diagnosis systolic disturbed flow
1 R.W. 46 f Ebstein’s anomaly ATRV near the TV
2 Y.S. 39 m Ebstein’s anomaly ATRYV near the TV
3 J.N. 42 m Ebstein’s anomaly ATRV near the TV
4 M.S. 32 f Ebstein’s anomaly ATRV near the TV
5 Y.N. 6 f Ebstein’s anomaly ATRV near the TV
6 M.T. 10 f Ebstein’s anomaly+ ASD ATRV near the TV
7 F.A. 10 m Ebstein’s anomaly+PFO ATRV near the TV
8 S.Y. 33 f Ebstein’s anomaly+VSD not interpretable
9 A. 1. 25 f Ebstein’s anomaly+PFO ATRV near the TV

In eight of nine patients, a systolic disturbed flow with delayed onset is maximally recorded in the atrialized
right ventricle (ATRV) in the vicinity of the tricuspid valve (TV). In the remaining one, a systolic jet due
to associated VSD close to the TV masked the disturbed flow of delayed onset in the ATRV.

ASD =atrial saptal defect, PFO=patent foramen ovale, VSD =ventricular septal defect.

B-mode M-mode & Doppler
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Fig. 1. Block diagram of the pulsed Doppler unit combined with an electronic sector
scanning system.

This study is characterized by a simultaneous display of two-dimensional echocardiograms and
pulsed Doppler signals by the real time spectral analysis,
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Fig. 2. Pulsed Doppler echocardiogram obtained from the atrialized right ventricle (ATRYV)
in a patient with Ebstein’s anomaly (Case 2).

Panel A shows a cross-sectional echocardiogram encompassing the right-sided heart. The sample
volume (SV) is placed in the atrialized right ventricle (ATRV). Panel B demonstrates a simultaneous
recording of the pulsed Doppler echocardiogram sampled from the SV with the M-mode echocardio-
gram. A smooth blood flow of narrow band pattern (N) is noted in early systole directing away from
the transducer followed by a disturbed flow of wide band (W). Such a delayed onset of the turbu-
lent flow is characteristic of Ebstein’s anomaly.

ATL=anterior tricuspid leaflet, RA=right atrium.
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Fig. 3. Another example of the pulsed Doppler echocardiogram taken from the same
patient as in Fig. 2.
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Panel A shows a four-chamber view describing clearly the displacement of the septal tricusped
leaflet (STL) into the right ventricle. The sample volume (SV) is placed in the middle of the atrialized
right ventricle (ATRV). Panel B depicts the pulsed Doppler echocardiogram from the SV in con-
junction with the M-mode echocardiogram. In early systole, there is a laminar flow of narrow band
(N) sharply directing away from the transducer, and then a disturbed flow of wide band (W) is seen
in mid-to-late systole toward the transducer. This finding seems to correspond to the whirling of blood
in the ATRV, which is confirmed by contrast two-dimensional echocardiography in this case.

FRV=functional right ventricle; other abbreviations as in Fig. 2.
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Fig. 4. Pulsed Doppler echocardiogram taken from the tricuspid valve annulus of the
same patient as in Fig. 2.

Panel A indicates the sample volume (SV) at the tricuspid annulus in a cross-sectional image. In
panel B, a blood flow of narrow band (N) directs away from the transducer in early systole, whereas
there is no disturbed flow of wide band pattern.

ATL=anterior tricuspid leaflet, STL=septal tricuspid leaflet, ATRV =atrialized right ventricle,
RA =right atrium.
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Fig. 5. Blood flow pattern in the right atrium from the same patient as in Fig. 2.

The four-chamber view (panel A) indicates the sample volume (SV) in the vicinity of the tricuspid
valve ring. There is neither sharp narrow band flow nor delayed disturbed flow of wide band pattern
in the right atrium (panel B).

Abbreviations as in Fig. 4.
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Fig. 6. Pulsed Doppler echocardiogram taken from a patient with Ebstein’s anomaly
(Case 3).
In the atrialized right ventricle (ATRV), there is a smooth blood flow (N) in early systole followed
by a disturbed flow of wide band (W) directing away from the transducer.
SV =sample volume, JUG.=jugular pulse, PCG=phonocardiogram.
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Fig. 7. Pulsed Doppler echocardiogram obtained from a 78-year -old patient with tricuspid
regurgitation associated with atrial septal defect.

Panel A: The sample volume (SV) is shown in the right atrium in the vicinity of the tricuspid valve
ring.

Panel B: In the right atrium, there is a holosystolic turbulent flow of wide band (W) directing
toward and away from the transducer.

ATL=anterior tricuspid leaflet, TV=tricuspid valve, RA =right atrium.
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