Journal of Cardiography 14: 785-801, 1984

BRBEOREICLE TS P77 Real-time  two-dimen-
7 — Ebjr@ Lxa—MIiZL 5 sional Doppler echocar-
L N JEL#E L3 O BR A AL diography in congenital

heart disease : Its clinical

significance

i 7] Shunei KYO

BAx R= Ryozo OMOTO
A EH— Shinichi TAKAMOTO
EH EAN Keisuke UEDA

oA Hideto EMOTO
W Haruhiko ASANO
WE s Yuji YOKOTE

Summary

This study demonstrated the diagnostic usefulness of the newly-developed real-time two-dimen-
sional Doppler echocardiography (2-D Doppler) in congenital heart disease. Among fifty-four patients
with congenital heart disease, 18 had ASD; 16, VSD; 6, T/F; 3, PDA; 3, d-TGA; 3, ECD; and 1
each, DORV, PA, PS, Ebstein’s anormaly, and ruptured aneurysm of the sinus of Valsalva. Each
diagnosis was confirmed by cardiac catheterization and/or surgery. Forty normal cases were subjected
as the control. The study cases included 26 adults and 28 children under 15 years old, 13 infants and
seven newborns.

1. In 52 cases (96.3%) 2-D Doppler provided diagnostic abnormal intracardiac blood flow
images which were compatible with the data of cardiac catheterization and cardiac angiography and/or
patients’ cardiac anatomy observed during surgery.

2. The blood flow data obtained by 2-D Doppler facilitated determining the appropriate timing
of palliative surgery such as the Blalock-Taussig shunt procedure.

3. 2-D Doppler was effective in evaluating medical (pharmaco-echocardiography) and surgical
therapy including radical and palliative procedures for congenital heart disease.

Thus, 2-D Doppler proved a non-invasive and useful diagnostic method for congenital heart
heart disease. Our data suggest that with this technique cardiac surgery can be performed without
cardiac catheterization or cardiac angiography in some cases of congenital heart disease.
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Pulsed Doppler echocardiography
Intracardiac shunt flow

Congenital heart
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Table 1. Materials (cases)

Atrial septal defect (ASD) 18
Ventricular septal defect (VSD) 16
Tetralogy of Fallot (T/F)

Patent ductus arteriosus (PDA)
Transposition of great arteries (d-TGA)
Endocardial cushion defect (ECD)
Double outlet right ventricle (DORYV)
Valvular pulmonary stenosis (PS)
Pulmonary atresia (PA)

Ebstein’s anomaly

_e e e e W W W O

Ruptured Valsalva sinus aneurysm

Total

[
>

Fig. 1. Diagram of intracardiac blood flows
from the apical long-axis view in a normal case.

In this view flow of the left ventricular inflow is
expressed as warm color indicating flow toward the
transducer and flow of the left ventricular outflow is
expressed as cold color indicating flow away the trans-
ducer. Ao=aorta; LA=left atrium; LV=left vent-
ricle; PA =pulmonary artery; RV =right ventricle.
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Fig. 2. Diagram of intracardiac blood flows
from the apical four-chamber view in a normal
case.

In this view the inflows to both ventricles are ex-
pressed as warm color and flow of the left ventri-
cular outflow is observed along the interventricular
septum (IVS). LA=left atrium; LV =left ventricle;
RA =right atrium; RV =right ventricle.
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Fig. 3. Diagrams of shunt flows in cases of ventricular septal defect.
(A) Type 1: Septal defect is observed just below the right coronary cusp of the aortic valve in the
long-axis view. Shunt flow is observed as cold mosaic color including turbulent flow away the trans-

ducer.

(B) Type 2: Septal defect is observed in the membranous portion of the IVS from the apical
four-chamber view. Shunt flow is observed as warm mosaic color including turbulent flow toward the
transducer (¢f. Fig. 10). Ao=aorta; LA=left atrium; LV =left ventricle; RA=right atrium; RV=
right ventricle.
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Fig. 4. Simultaneous pressure recording of both ventricles in a case of VSD with Eisen-

menger reaction (20 years old, male).

The pressure curves of the left and right ventricles cross four times in a cardiac cycle, suggesting
shunt flow through VSD changes its direction four times in a cardiac cycle (¢f. Fig. 11). LVP=
left ventricular pressure; RVP=right ventricular pressure; It — rt=left to right shunt; rt — It=

right to left shunt.
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Fig. 5. Diagram of intracardiac blood flows
from the apical long-axis view in a case of
tetralogy of Fallot.

Right ventricular hypertrophy and the overriding
aorta are observed, and the aortic blood flow is ejected

from both ventricles during systole as expressed as
cold color indicating flow away the transducer. Ao=
aorta; LA=left atrium; LV=left ventricle; RV=
right ventricle.
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Fig. 6. Diagram and 2-D Doppler blood flow image in the short-axis view at the aortic
valve level in a case of pure valvular PS.

The jet blood flow through the stenotic valve is observed in the main pulmonary artery in early
systole. Ao=aorta; PA=pulmonary artery; RV =right ventricle.
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Fig. 7. Diagram of intracardiac blood flow in
a case of incomplete type of ECD (¢f. Fig. 13).

Shunt flow through primum ASD is observed as
warm color in diastole and tricuspid regurgitation
(grade 2) in systole as cold mosaic color. LA=left
atrium; LV =left ventricle; RA=right atrium; RV=
right ventricle.
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(B)

Fig. 8. Diagrams of the shunt flows through PDA.
(A) Shunt flow in the long-axis view, and (B) in the aortic arch view by the suprasternal approach
(¢f. Figs. 14 and 15). Shunt flows through PDA are observed as warm mosaic color of continuous

signals.
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Fig. 9. Diagrams of shunt flows through ASD before and after balloon atrio-septostomy
(BAS) (A), and the shunt flow images through PFO before BAS (B), and through ASD after
BAS (C).

(a) A small amount of shunt flow through the patent foramen ovale (PFO) is observed before BAS,
but it remarkably increases after BAS. LA =left atrium; LV =left ventricle; RA =right atrium; RV
=right ventricle.

0



Fe R FROERK KON 7 — F 77 —FR

Fig. 10. VSD type 2 (E.D., 11 months old, male).

Shunt flow through the membranous septum de-
fect is observed as warm mosaic color from the apical
four-chamber view (¢f. Fig. 3-b). LA=left atrium;
LV=left ventricle; RA=right atrium; RV =right
ventricle.

— 795 —



wORA, WA, @

Fig. 11. VSD with Eisenmenger reaction (M.K., 20 years old, male).

M-mode and FFT sampled at the center of VSD from the apical four-chamber view demonstrate
that the direction of shunt flow changes four times in a cardiac cycle which is compatible with the
cardiac catheterization data (¢f. Fig. 4). LV =left ventricle; RV =right ventricle.
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Fig. 12. ASD secundum type (F.K., 4 years old,
male).

Shunt flow through large ASD is observed from the
apical four-chamber view as with warm color indicat-
ing turbulent flow toward the transducer. LA =left
atrium; LV =left ventricle; RA =right atrium; RV=
right ventricle.
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Fig. 13. ECD of incomplete type (K.E., 29 years
old, female).

Shunt flow through primum ASD is observed from
the apical four-chamber view as warm color in systole
(¢f. Fig. 7). LA=left atrium; LV =left ventricle;RA=
right atrium; RV =right ventricle.
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Fig. 14. PDA (H.Y., 6 years old, male).

Shunt flow through PDA is observed in the long-
axis view. The blood flow in the main pulmonary
artery is turbulent due to shunt flow through PDA
(arrow) (¢f. Fig. 8-A). Ao=aorta; PA=main pul-
monary artery; PDA =patent ductus arteriosus.
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Fig. 15. Pulmonary atresia with PDA (Y.Y., 2
days old, male).

Shunt flow through the ductus is clearly observed
leftward and inside of the aortic arch by the supra-
sternal approach. Ascending aortic flow is observed
as warm color indicating flow toward the transducer
and the descending aortic flow is observed as cold
color indicating a flow away the transducer. A narrow
black space is observed at the top of the aortic arch,
because cos @ is very close to zero. Ao = aortic arch;
PDA =patent ductus arteriosus.
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