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Summary

Flow velocity pattern in the right atrium and pulmonary artery in patients with the defect of the
interatrial septum (ASD) was noninvasively analyzed with a compound use of the ultrasonic pulsed
Doppler technique and cross-sectional echocardiography. The subjects consisted of 18 cases with
secundum ASD, in which 2 had pulmonary hypertension (PH), and 2 were endocardial cushion defect
(ECD) of partial form. The sampling sites of the Doppler signals were determined in reference to the
cross-sectional image visualizing the four cardiac chambers.

1) Flow velocity pattern in the right atrium was characterized by the presence of 3 phases of
flow. The first phase of flow directing toward the transducer appeared from early systole to early
diastole with its peak very close to the aortic second heart sound (S wave). The second phase of flow
toward the transducer was seen in mid-diastole (D wave) and the remaining one away from the trans-
ducer from end-diastole to early systole (R wave). The S wave was found in all, the D wave in 9 and
the R wave in 9 of 20 cases, regardless of the type of the defect. These waves were never seen in 10
healthy subjects examined.
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2) The peaks of the S and D waves occurred later than those of the systolic and diastolic in-
flows in the inferior caval vein, respectively, indicating that both waves were not related to the flows
from the caval vein. Mapping of the S and D waves on the cross-sectional echocardiogram demon-
strated that area of both waves extended from near the defect to mid part of the right atrium.

These results indicated that the S and D waves represent L-R shunt flows through the defect.
While, the R wave directing toward the opposite direction to those of the S and D waves might rep-

resent R-L shunt.

3) Other 2 waves were also observed in the right atrium in early diastole and presystole (RF
and A waves), corresponding to the flows into the right ventricle during rapid filling phase and atrial
contraction, respectively. However, there remained the possibility that L-R shunt occurred also in
into diastole and presystole, and the RF and A waves near the defect were due to both increased flow

early the right ventricle and L-R shunt flow.

4) Flow velocity pattern in the pulmonary artery was dependent on PH. The pattern in cases
without PH was about the same as that in healthy subjects, exhibiting monophasic pattern with a peak
in mid-systole. On the other hand, 2 cases with PH showed a two-peaked pattern with its maximum

velocity in early systole.
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Fig. 1. Flow velocity pattern in the right atrium of healthy subject (26 y.o. male).

Upper panel: cross-sectional echocardiogram visualizing four cardiac chambers. A white line
represents a direction of the ultrasound beam and a white arrow the sampling site of the Doppler sig-
nals. Lower panel: from top to bottom, M-mode echocardiogram, phonocardiogram (PCG), the
Doppler signals and electrocardiogram (ECG). Doppler signals below and above the base line rep-
resent the flow directing toward and away from the transducer, respectively.

RV =right ventricle; LV=left ventricle; RA=right atrium; LA=left atrium; SV in M-mode
echocardiogram =sampling volume of the Doppler signals.
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Fig. 2. Flow velocity pattern in the right atrium of a patient with secundum atrial septal
defect (40 y.o. male, Qp/Qs=2.9, mean PA pressure=22 mmHg).

Right upper panel represents the recording along line 1 and right lower panel along line 2 shown
in the cross-sectional echocardiogram in mid-systole (left panel). The S wave is detected in an
area encircled by white dots in the cross-sectional image.

IAS =interatrial septum; A=A wave in presystole; S=S wave from early systole to early diastole;
RF=RF wave in early diastole; D=D wave in mid-diastole; R=R wave from end-diastole to early
systole. RV, LV, RA, and LA: the same as in Fig. 1.
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Qp/Qs: 5.6, mPAP: 21 mmHg Qp/Qs: 3.9, mPAP: 15 mmHg

3 secundum ASD 4 ECD (partial form)

Qp/Qs: 2.1, mPAP: 16 mmHg Qp/Qs: 1.8, mPAP: 20 mmHg
Fig. 3. Flow velocity patterns near the interatrial septal defect.

Note the two phasic flow pattern (the S and D waves in Case 1), occasional fusion of the S and
RF waves (the second heart beat in Case 2), the R wave following the A wave (Case 3) and flow pat-
tern in ECD of the partial form not different from secundum atrial septal defect (Case 4).

Abbreviations: see Fig. 2.
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Fig. 4. Similitude of an area of the S wave in the Doppler study and a non-contrast-con-
taining area in the right atrium produced by L-R shunt flow in contrast echocardiography
(37 y.o. female, Qp/Qs=2.1, mean PA pressure=16 mmHg).

Upper left panel: the Doppler signals near the defect, upper right panel: an area of the S wave

in the right atrium encircled by white dots. Lower panel: contrast echocardiogram in early systole

(left) and mid-systole (right). Note an apperance of the non-opacified area in the right atrium in

mid-systole due to the non-contrast-containing blood flowing through the defect. White arrows

indicate the interatrial septal defect.
Abbreviations: see Fig. 1.
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Fig. 5. Relation of the timing between peaks of flows in the right atrium and in the in-
ferior caval vein and the internal jugular vein (the same patient as in Fig. 2).

Upper panel: the recording in the right atrium. Middle panel : the recording in the infeiror caval
vein. Lower panel: the recording in the internal jugular vein.

s=systolic inflows in the veins; d=diastolic inflows in the veins; o=reversed flows in the veins.

S, RF, A, and D: the same as in Fig. 2.
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Fig. 6. Flow velocity pattern in a patient with
secundum atrial septal defect before and after
operative closure of the defect (the same patient
as Case 2 in Fig. 3).
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Fig. 7. Flow velocity pattern in the pulmonary artery.
Left: healthy subject. Middle: 17 y.o. female, secundum atrial septal defect. Right: 38 y.o. fe-
male, secundum atrial septal defect.
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