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Summary

Pulsed Doppler echocardiography (PDE) was performed in 10 patients with Ebstein’s anomaly,
isolated or associated with other cardiac diseases, using a ATL-500A pulsed Doppler system. For
control, 10 patients of tricuspid regurgitation associated with mitral stenosis were similarly examined.
Prior to PDE study, cross-sectional echocardiography was carried out to decide the direction of beam
and the transducer position where the Doppler tracing was well recorded in the functional right ven-
tricle (FRV), proximal and distal right ventricles (ATRYV).

1) Distal ATRV: In all patients with Ebstein’s anomaly, tricuspid regurgitant flow was recog-
nized by PDE. In this lesion with severe tricuspid regurgitation, there was a relative coherent dot pat-
tern of negative deflection, and the cases with moderate tricuspid regurgitation represented a widely
dispersed dot pattern during systole. In the cases with severe right ventricular pressure rise delay, PDE
showed a diphasic regurgitant flow pattern. The interval from the onset of QRS to that of regurgitant
flow was measured. The interval corrected for heart rate ranged from 0.10 to 0.35 with an average of
0.19+0.08. Similarly, it was measured in the subjects of tricuspid regurgitation associated with mitral
stenosis, ranging from 0.07 to 0.11. The interval was prolonged in Ebstein’s anomaly compared with
that in secondary tricuspid regurgitation.

2) Proximal ATRV: Tricuspid regurgitant flow was detected in 6 out of the 10 cases with
Ebstein’s anomaly. The disturbed flow was less apparent in the proximal ATRV than in the distal ATRV.

3) FRV: In 7 subjects with the anomaly, a right ventricular inflow pattern was recorded by
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PDE. However, no widely dispersed dot pattern was recorded.
PDE was useful to examine the various flow patterns in Ebstein’s anomaly and to assess the severity

of tricuspid regurgitation.
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Table 1. Case materials

Patients Sex Age Diagnosis

1 F.A. M 7 Ebstein + PFO

2 H.S. M 35 Ebstein

3 A.O. F 21 Ebstein + PFO

4 T.I. M 29 Ebstein

5 R.W. F 43 Ebstein

6 M.Y. F 19 Ebstein + ASD

7 M.T. F 7 Ebstein + ASD

8 K.N. F 4 Ebstein

9 S.Y. F 30 Ebstein + ASD + VSD
10 Y.N. F 3 Ebstein + PFO

M=male; F=female; PFO=patent foramen ovale;
ASD =atrial septal defect; VSD =ventricular septal
defect.
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Fig. 1. Normal flow pattern in the right atrial outflow.

At the top this tracing is a compressed M-mode recording showing position of sample volume
with respect to identifiable structures. Time interval histogram indicates the flow pattern, and the
dot above the base line shows a blood flow toward the transducer, below the line away from the trans-
ducer. A diphasic filling flow is recorded, and after atrial contraction, a negative deflection is recorded.
This is thought to be a physiological regurgitant flow due to isovolumetric contraction of the right

ventricle.

SV=sample volume; ATL=anterior tricuspid leaflet; RA=right atrium; TIH=time interval

histogram.
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Fig. 2. PDE finding of tricuspid regurgitation from a 45-year-old female with mitral steno-

sis and tricuspid regurgitation.

The spectral flow tracing shows a widely scattered dot pattern during systole due to a disturbed
flow of tricuspid incompetence. The abbreviations are the same as in Fig. 1.
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Fig. 3. Location of sampling sites.

Upper panel: Cross-sectional echocardiogram obtained from a 4-year-old female with Ebstein’s

anomaly.

Lower panel: Schematic illustration of the upper panel. The A, B and C show the sampling
sites of PDE as follows; A is located in the FRV, B in the distal ATRV, and C in the proximal

ATRYV, respectively.

FRV=functional right ventricle; ATRV=atrialized right ventricle; RA=right atrium; LV=
left ventricle; IVS=interventricular septum; IAS=interatrial septum.
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Fig. 4. PDE tracing from the same patient as in Fig. 3.
The sample volume is located in the distal ATRV as B in Fig. 3. A widely dispersed dot pattern
is recorded in systole, showing a tricuspid regurgitant flow.

Fig. 5. PDE finding in the distal ATRV from a 35-year-old male with Ebstein’s anomaly.
A relatively smooth negative flow is recorded in early systole, whereas the dot is dispersed in mid
to end-systole.
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Fig. 6. PDE in the distal ATRV obtained from a 7-year-old male with Ebstein’s anomaly
and patent foramen ovale.

The coherent dot pattern during systole directing away from the transducer is thought to represent
severe tricuspid regurgitation.

Fig. 7. PDE record in the distal ATRV from a 2l-year-old female with Ebstein’s anomaly
and patent foramen ovale.

This shows a diphasic regurgitant flow pattern; the negative deflection in early systole shows a

coherent dot pattern. On catheterization, the right ventricular pressure pulse showed a remarkably
slow rise to peak pressure.
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Fig. 8. PDE tracing in the proximal ATRV obtained from the patient as in Fig. 4.
A dispersed dot pattern is recorded during systole and is thought to represent a tricuspid regur-

gitant flow.

Table 2. PDE finding of Ebstein’s anomaly

case Sampling Sites -R
Distal ATRV  Proximal ATRV VB=R

1 F.A. + + 0.29
2 H.S. + N.D 0.20
3 Aa.o. + N.D 0.35
4 T.I. + + 0.21
5 R.W. + N.D 0.14
6 N.Y. + + 0.19
7 M.T. + N.D 0.10
8 K.N. + + 0.12
9 Ss.Y. + + 0.24
10 Y.N. + + 0.14

Mean %+ S.D. 0.19 + 0.08

A tricuspid regurgitant flow in the distal ATRV
is detected in 10 pateints with Ebstein’s anomaly.
However, in the proximal ATRYV, it is recognized in
6 out of all the patients.

ATRYV = atrialized right ventricle; Q-R = interval
from the onset of QRS to that of a regurgitant flow;
R-R=R-R interval of the electrocardiogram in PDE
tracing.
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Fig. 9. PDE finding in the proximal ATRV from the same patient as in Fig. 5.
In the proximal ATRYV, a tricuspid regurgitant flow is obscure, compared with in the distal ATRV

(Fig. 5).

A

fodades b

T
=
l., .
oot
| i
1
|
I
I

Fig. 10. PDE record in the FRV obtained from the same patient as in Figs. 4 and 8.
This represents a relatively smooth flow from the ATRV to the FRV.

FRV=functional right ventricle.
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