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Summary

Pulsed Doppler echocardiography combined with two-dimensional echocardiographic (2-DE)
system was performed to detect a shunt flow through a defect in the interatrial septum (IAS) in
patients with secundum atrial septal defect (ASD) utilizing right parasternal approach (RPA).

RPA is a method which provides an accurate evaluation of a defect in the IAS on a 2-DE image
by placing a transducer on the right of the sternum because the ultrasonic beam passes in a plane almost
perpendicular to the IAS.

The subjects consisted of 20 patients with ASD (25+22 yrs) diagnosed by cardiac catheterization
or 2-DE with peripheral contrast material injection, and 10 cases of healthy subjects (34+18 yrs).
Defects in the IAS were clearly visible in 19 patients with ASD on 2-DE images by RPA.

By placing the sample volume in the center of the defect, Doppler flows could be obtained in 17
of them. In 13 with sinus rhythm, except a case of Eisenmenger syndrome, Doppler signals showed
mainly a laminar flow toward the transducer (positive flow), but a transient flow of low velocity away
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from the transducer (negative flow) was also observed. The positive flow had its peaks in late systole
and atrial systole and occasionally in mid-systole, early diastole and mid-diastole. The negative flow
occurred in early systole, mid-diastole and late diastole. In a patient with Eisenmenger syndrome and
tricuspid regurgitation (TR), a negative turbulent flow was observed from early systole to mid-
diastole. In three patients with atrial fibrillation, Doppler signals were variable. The Doppler echo-
gram of a patient with atrial fibrillation but no complication showed a laminar positive flow with its
peaks in late systole and mid-diastole, and a negative flow in early systole. One patient with atrial fibrilla-
tion and TR had a systolic negative turbulent flow and a mid-diastolic laminar positive flow. In a
patient with TR and mitral regurgitation, the Doppler echocardiogram showed a laminar positive flow
throughout the entire cardiac cycle with its peaks in early diastole and mid-diastole. Doppler signals
from the left atrium (LA) to the right atrium (RA) through a defect coincided in timing with the
appearance of negative contrast echo from the defect to the RA on 2-DE image and signals from the
RA to the LA coincided with the appearance of the contrast echo into the LA from the RA through
the defect. Doppler signals disappeared after the closure of the defect in all six patients examined. In
healthy subjects, the interruption of the IAS was not observed on 2-DE images by RPA and no sig-
nificant Doppler signals were obtained near the IAS. In two patients with af who had large RA, in
whom the flow across the defect was not discernible by a usual method, the Doppler signals in the
defect could be obtained after peripheral contrast material injection (enhanced echo Doppler method).

We conclude that pulsed Doppler echocardiography combined with 2-DE by RPA provides a
precise method to detect a shunt flow through a defect in patients with secundum atrial septal defect.

Key words
Right parasternal approach Secundum atrial septal defect Pulsed Doppler echocardiography
Shunt flow Contrast echocardiogram

iz &V 2UF s - ASD B 20 4 (ASD &)

@ Lo Chp. HEBLUTHEES 106EHE. E,

Wifg.Or = = — X358 & fl /o right parasternal
approach (ASA 4A) ¥, BEFEE —LB0LETR
BICEAICART 3 »ic, ZKROBLEFREX
RIE (LT ASD L B&¥) ic 313 5 KA & ARRIC
BHT2ZLNTEBRT, BMREAFRALESAT
wWaY., FEHFBEE, ¥k, FF7—%BIcX2E
wmFEoORHIZLEL TV LEBbhs. ZOR
et 5w, bhvbhiz ASD BF 20 6%
MHELLT, BiBLza—HES LAV X -
k77— st o #HA%EL Ay, right para-
sternal approach iz X » T ASD KRRz iT 2
ERmEoRHE 2R AT

R EFHE

%43 Table 1 iZ5RT X5, DI TF—F
NEEH B WK v T 2 MFBL 2 —K

Pz, ASD BT 4L v 70 5% CLHEH 25+
22 #) (mean+SD) Bk 6 fil, Ltk 14 41, &
wEBRTITISEIY 555 (FHFER 34185
DEMESfl, LHSH TH B ASD oM
1z, Table 1 iR+ &5, A 1S H, LEM
B 5SHlchy, APHET Eisenmenger JEMFHE 1
B, SRFAGARLE CLT TR LB S 4, &
IR ASE CLT MR LEED 1 HITHS. O
By 5 —7 AV REEMEIT L 18 #ilTik, Qp/Qs
3 1.1~5.2, FHBhRICHERIE (X 23~55 mmHg <
% -7-. o3 Eisenmenger JEERED 1 HTiEh
F—F L& AE RV) $TLIHEATE R0
A (2 E=157/2mmHg), LK L 7iBIIRDOTF
1 L BIRFRAEE P o Wz L AL 2 — T &
DREREhTWS. (E@EERILFFERET
Hole.

176 —



PNV A e KT =R X D0 T R KB O AR R HY

Table 1. Two-dimensional, Doppler echocardiographic and hemodynamic data
ECG 2-DE by RPA Cathe. data
Age (yrs) R
Case & Complication H. Defect Negative Dominant Dop- PAP:
Sex Rhythm ( /min‘) IX]S _contrast pler ﬂow‘m Qp/Qs max/min
in the RA  the defect (mmHg)
1 7F PLSVC S.R. 80 Yes Yes Positive flow 2.0 41/17
2 21 F S.R. 72 Yes Yes Positive flow 4.7 23/19
3 7 F MVP S.R. 105 Yes Yes Positive flow 4.4 35/17
4 5 F S.R. 102 Yes Yes Positive flow 1.6 40/12
5 4 F MVP S.R. 120 Yes Yes Positive flow 1.3 23/15
6 S F MVP S.R. 97 Yes Yes Positive flow 2.2 23/10
7 10 F MVP S.R. 86 Yes Yes Positive flow 2.1 25/12
8 8 F Flat chest S.R. 97 Yes Yes Positive flow 1.1 23/10
9 21 F S.R. 79 Yes Yes Positive flow (=) (=)
10 14 F Scoliosis S.R. 77 Yes Yes Positive flow 2.3 38/12
11 10 M S.R. 103 Yes Yes Positive flow 2.8 40/17
12 42 F MVP S.R. 83 Yes Yes Positive flow 3.2 30/13
13 16 M S.R. 80 Yes Yes Positive flow 2.9 40/11
14 33 F Eisenmenger S.R. 70 Yes No Negative flow (=) RVP
syndrome, TR (157/2)
15 17 M Af. 98 Yes Yes Positive flow 3.2 25/6
16 66 F TR A.f. 84 Yes Yes Positive flow 5.2 47/26
17 57 F MR (MVP), TR Af. 72 Yes Yes Positive flow 2.2 35/13
18 70 M MVP, TR Af. 87 Yes Yes Contrast 2.3 55/15
enhancement
19 61 M Lutembacher Af. 82 Yes Yes Contrast (=) (=)
syndrome, MVP, TR enhancement
20 33 M S.R. 65 No No No 2.3 28/14

F=female; M=male; PLSVC =persistent left superior vena cava; MVP=mitral valve prolapse; MR =mitral
regurgitation; TR =tricuspid regurgitation; S.R.=sinus rhythm; A.f.=atrial fibrillation; 2-DE = two-dimensional
echocardiogram; RPA =right parasternal approach; IAS=interatrial septum; RA =right atrium; positive flow=
Doppler flow directed toward the transducer; negative flow=Doppler flow directed away from the transducer;
contrast enhancement=Doppler flow obtained by contrast enhancement; Qp/Qs=pulmonary to systemic flow ratio;
PAP =pulmonary artery pressure; RVP =right ventricular pressure.
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Fig. 1. Two-dimensional echocardiographic image and the schematic representation of
a defect in the interatrial septum by right parasternal approach (Case 17).

A white line on the image indicates the direction of the ultrasound beam for the recording of the
Doppler signals, and a white spot indicates the position of the sample volume (SV).

RA =right atrium; LA =left atrium; IAS =interatrial septum.
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Fig. 2. Doppler echocardiograms in three patients of sinus rhythm.

Sampling sites are shown on the two-dimensional and M-mode echocardiograms.

The Doppler signal directed toward the transducer (left-to-right shunt) is defined as a positive flow,
and the signal away from the transducer (right-to-left shunt) is defined as a negative flow.

Panel A (Case 2) shows a laminar positive flow with its peaks in end-systole and atrial systole
and a negative flow in early systole and atrial systole.

Panel B (Case 6) demonstrates a laminar positive flow throughout the entire cardiac cycle with
its peaks in end-systole and atrial systole. The Doppler signal velocities increase in expiration.

Panel C (Case 13) also demonstrates a laminar positive flow with its peaks in mid-systole, early
diastole, mid-diastole and atrial systole, and a negative flow in early systole and mid-diastole.

Abbreviations as in Fig. 1
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Fig. 3. Doppler echocardiogram in Case 14 with Eisenmenger syndrome and tricuspid

regurgitation.

A sampling site is shown on the two-dimensional and M-mode echocardiograms. A negative Doppler
signal characterized by a turbulent flow from early systole to mid-diastole is demonstrated.
Abbreviations as in Fig. 1. PA =pulmonary artery.
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Fig. 4. Doppler echocardiogram (upper panel) and peripheral contrast two-dimensional
echocardiograms in one cardiac cycle (lower panel) in Case 15 with atrial fibrillation.

A sampling site is shown on the two-dimensional and M-mode echocardiograms. The tracing
demonstrates a laminar positive flow with its peaks in end-systole (labelled as No. 1) and mid-diastole
(labelled as No. 2), and a negative flow in early systole (labelled as No. 3). In the two-dimensional
echocardiograms (2-DE), contrast echo fills the RA (large white arrow in No. 1) and the negative contrast
echo from the defect to the RA is observed in end-systole (small white arrow in No. 1) and mid-
diastole (white arrow in No. 2), and a flow of contrast echo to the LA (large white arrow in No. 3)
is observed in early systole. The positive flow on the Doppler echocardiogram (No. 1 and 2) coincides
with an appearance of negative contrast echo on the 2-DE (No. 1 and 2), and the negative flow on
the Doppler echocardiogram (No. 3) coincides with the flow of contrast echo into the LA (No. 3).

Abbreviations as in Fig. 1.
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Fig. 5. Doppler echocardiogram (upper panel) and peripheral contrast two-dimensional
echocardiograms in one cardiac cycle (lower panel) in Case 17 with atrial fibrillation, mitral

regurgitation and tricuspid regurgitation.

A sampling site is shown on the two-dimensional (¢f. Tig. 1) and M-mode echocardiograms.

The tracing demonstrates a laminar positive flow throughout the entire cardiac cycle with its
peaks in early diastole and mid-diastole. In the two-dimensional echocardiogram (2-DE), negative
contrast echo from the defect to the RA (small white arrows) is also observed throughout the entire

cardiac cycle.

The 2-DEs labelled as No. 1, 2, 3 and 4 are recorded at the time of No. 1, 2, 3 and 4 on the

Doppler echocardiogram, respectively.
Abbreviations as in Fig. 1.
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Fig. 6. Doppler echocardiograms in Case 5 before and after operative closure of a defect.
Sampling sites are shown on the two-dimensional and M-mode echocardiograms.
A Doppler signal is observed in the defect before the operation (panel A). After the operation,
the Doppler flow is not detected near the IAS in the RA (panel B). The repaired IAS is also observed

on the two-dimensional echocardiographic image.

Abbreviations as in Fig. 1.
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Fig. 7. Doppler echocardiogram in a 28-year-old healthy male.

Sampling sites are shown on the two-dimensional and M-mode echocardiograms. Panel A shows
Doppler signals obtained near the IAS in the RA. Panel B shows Doppler signals obtained in the
IAS itself. Panel C shows Doppler signals obtained near the IAS in the LA. No significant Doppler

signal can be observed in all these Doppler echocardiograms.
Abbreviations as in Fig. 1.
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Fig. 8. Doppler echocardiograms before (panel A) and after peripheral contrast material
injection (panel B) in Case 18 with atrial fibrillation and tricuspid regurgitation.

Sampling sites are shown on the two-dimensional and M-mode echocardiograms.

No significant Doppler signals can be obtained in panel A. In panel B, there appears positive and
negative Doppler signals which are consistent with the directions of linear contrast echos in the M-
mode echocardiogram (arrows), respectively. Note the long distance (about 105 mm) between the
transducer and the defect.

Abbreviations as in Fig. 1.
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Fig. 9. The distance between the transducer
and the defect of the IAS estimated by the right
parasternal approach and parasternal 4 chamber
view in the 19 cases in whom Doppler signals
could be obtained.

The distance from the transducer to the defect is
significantly shorter in the right parasternal approach
than in the parasternal 4 chamber view (p<0.01).

Solid circles in right parasternal approach indicate
cases in whom Doppler signals in the defect could be
obtained without contrast enhancement (Case 1~17).
Double open circles indicate cases in whom contrast
enhancement was necessary to obtain Doppler signals
(Case 18 and 19).
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