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Abstract

The clinical significance of right-to-left (R-L) shunt flow dynamics in atrial septal defects (ASD) were
investigated using transesophageal color and pulsed Doppler echocardiography in 30 patients with ASD
of the ostium secundum type, including 20 with systolic pulmonary artery pressures (sPA) less than
40 mmHg, 4 with sPA of 40 to 60 mmHg, 3 with sPA of 90 mmHg or greater, 2 with pulmonic stenosis
and 1 with Ebstein's anomaly. R-L shunting was detected by a shunt flow signal across the defect during
a cardiac cycle. The timing of the R-L shunt was compared with various parameters obtained by
echocardiography or cardiac catheterization.

R-L shunt flow at the onset of ventricular contraction or closing phase of the tricuspid valve was
detected in five patients with isolated ASD associated with increased mean right atrial pressure, but no
severe pulmonary hypertension.

R-L shunt flow during systole was detected in five of 26 patients with isolated ASD and tricuspid
regurgitation and in one patient with Ebstein’s anomaly. The tricuspid regurgitation signals in three of the
five patients were directed toward the defect, while the other two had massive tricuspid regurgitation.

R-L shunt flow during mid-diastole was detected in three patients without pulmonary hypertension.
Massive left-to-right shunt flows occurred during the phase from end-systole to early diastole.

R-L shunt flow during atrial systole was detected in three patients with severe pulmonary hypertension
and two with pulmonic stenosis. The severe pulmonary hypertension patients, in particular, showed the
aliasing signal as a high speed shunt flow, and in two of these, R-L shunt flow continued from atrial
systole to early ventricular systole, and was also observed in early diastole.

R-L shunt flow was detected in ASD patients with and without pulmonary hypertension, and was
influenced by right atrial pressure at the phase of tricuspid valve closing, volume or direction of tricuspid
regurgitation, rebound flow due to massive left-to-right shunt flow, grade of right ventricular distensibility
or pulmonary hypertension, and other cardiac complications.
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Table 1 Patients in this study

No. of Age (yrs)
patients (mean+SD)
Atrial septal defect 30 43+ 14

Without PH  (sPA<40mmHg) 20 43*14
With mild PH (sPA of 40-60mmHg) 4 48+21
With severe PH (sPA =90mmHg) 3 33+8
With PS 2 44+*14
With Ebstein’s anomaly 1 52

PH=pulmonary hypertension;
pressure; PS=pulmonic stenosis

sPA =systolic pulmonary artery
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Table 2 Clinical characteristics of 30 patients with atrial septal defect

Catheterization
Patient  Age Diagnosis RVD RA DS TSI R-L sPA LR R-L TR
No. (yrs) (cm) (cm?) (cm) (cm) by CDE (mmHg) (%) (%) (m/sec)
1 42 ASD | 2.0 14 1.0 24 38 24
2 36 ASD 3.8 23 25 25 ICT, MD 32 77 0 34
3 66 ASD 39 16 1.1 32 -
4 41 ASD 3.0 15 04 40 *
5 65 ASD 44 22 1.0 48 *
6 15 ASD 2.7 15 22 19 AS *
7 52 ASD 33 17 1.3 58 32 73 50 2.1
8 32 ASD 2.5 18 1.0 46 30 73 04 23
9 64 ASD 3.1 22 1.2 40 34 48 6.6 23
10 4 ASD 32 15 1.0 27 TR (ES) 22 13
11 20 ASD 33 20 0.8 34 ICT, TR (ES), MD *
12 54 ASD 23 14 0.8 50 39 53 13 2.7
13 55 ASD 4.6 25 1.3 51 39 62 20 2.8
14 51 ASD 3.6 12 13 33 *
15 44 ASD 4.8 26 29 22 ICT, TR (LS) 31 2.0
16 24 ASD 2.8 12 1.3 43 ICT 21 71 0 14
17 55 ASD 3.6 21 1.9 36 22 40 48 24
18 32 ASD 34 21 1.9 32 ICT, TR (ES), MD 23 38 0 2.7
19 25 ASD 22 15 1.1 31 22 69 1.8 *
20 60 ASD 3.1 18 0.8 28 38 24
21 37 ASD+PH (m) 48 21 23 23 4 2.7
22 30 ASD+PH (m) 3.0 12 1.2 61 40 25
23 44 ASD+PH (m) 2.9 13 0.5 46 44 ¥
24 n ASD+PH (m), Af 4.0 23 2.5 28 56 32
25 33 ASD+PH (s) 42 23 2.6 10 AS-ES,ED 121 3 0 44
26 25 ASD+PH (s) 5.6 27 19 15 AS-ES, ED 90 53 6.0 29
27 40 ASD+PH (s), Af 3.0 20 2.3 21 AS, TR (LS), ED 100 43 6.8 44
28 34 ASD+PH (s), PS 3.6 21 1.5 22 AS 40 56 5.7 23
29 54 ASD, PS 33 18 14 15 AS 35 64 21.2 29
30 52 ASD, Ebstein 35 1.1 S 24 29 7.1 1.8

ASD=atrial septal defect; m=moderate; s=severe,

Af=atrial fibrillation;

RVD=right ventricular dimension by M-mode

echocardiography; RA =area of right atrium at the horizontal view by transesophageal two-dimensional echocardiography; DS =defect size at

the horizontal view by transesophageal two-dimensional echocardiography;
TR =tricuspid regurgitation;
ED=cearly diastole;

pulsed Doppler echocardiography;
diastole; AS=atrial systole; LS =late systole;
*=minimal TR. Other abbreviations as in Table 1.
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ICT=isometric contraction time;

TSI=total left-to-right shunt flow velocity integral by transesophageal
ES=early systole; MD=mid-

S=ventricular systole; CDE=color Doppler echocardiography;
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Fig.1 Color flow images of transatrial jet in a patient with atrial sep-
tal defect without pulmonary hypertension

Right-to-left shunt flow across the defect is observed at the on-
set of ventricular contraction or closing phase of tricuspid
valve.

RA=right atrium; LA=left atrium; RV =right ven-
tricle; R-L=right-to-left shunt; TV =tricuspid valve
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HT—Fv 75 —WEBHEICXBEBETIE, Wi+l
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FREDRERII VA - Ky 7I—FEI2L o THEE
SN, LEIHEERIC BT A A-LEELTTY 7 Vi
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MDA T, LEIFERICE TR 246K
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Fig.2 Color flow images (upper) and pulsed

Doppler echocardiogram (lower) of
transatrial jet in a patient with atrial sep-
tal defect and tricuspid regurgitation

R-L shunt flow by tricuspid regurgita-
tion is observed during late systole. The
pulsed Doppler echocardiogram also
indicates R-L shunt flow at isometric
contraction time (ICT). Left-to-right
shunt flow occurs during atrial contrac-
tion and ventricular systole.
AC=atrial contraction; S=ventricu-
lar systole. Other abbreviations as in
Table 2, Fig. 1.

Color flow images (upper) and pulsed
Doppler echocardiogram (lower) of
transatrial jet in a patient with atrial
septal defect and Ebstein’s anomaly

R-L shunt flow across the defect is ob-
served during ventricular systole.
D=left-to-right shunt flow during mid-
diastole.

Abbreviations as in Figs. 1, 2.
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Color flow images (upper) and

pulsed Doppler echocardiogram
(lower) of transatrial jet in a patient
with a large atrial septal defect

R-L shunt flow is observed during
mid-diastole, and is the rebound flow
after massive left-to-right shunt flow
during ventricular systole(S) and
diastole(D).

Bo, WTNOREELHEONLEROEBEMLED 5\
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Mol EDHEETHS.
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BEEDSEMICRE TE 2 L V) HEIHARE, BAE
77U —FIZ LB E— AFEHLEFRICH L TER
THEWIFEE, ChSOFEH L) EEEDOBT
LEMTFELELR-oTNS,

—HRE\Z, AFEIZ BV B U AR LG O J5T & R I
MOEBESEZICEVRESNL D, ZORERT L
LTiE, 1) BEEEZEDOMENY (distensibility) D7,
2) B L UHiEIRARDE & (capacitance) NDZE, 3) =
RFVROBEB LAV EETHL L SN T
B0 E 512, TNHEDOEFOHTIHEHDOA-LE
IR IS ZRF I DFEAE RN - FEIRROBEREZEC
HEIN, WRMOA-EEALRIEEZEOMELED
VIS MEAHFOREICHEINDS Z L5\,

- MTENRE IC DO W TR T TIZE L DIED
b, TOMmEERANE, DR S IREPHB X
LB BT 5 2 1§/ 85 — 212, & 5 \WidL

Abbreviations as in Figs. 1, 2.
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Fig. 5 Color flow images (upper) and pulsed Doppler echocardiogram (lower) of transatrial jet in a patient with atrial septal defect
and systolic pulmonary pressure of 121 mmHg

R-L shunt flows are observed as a mosaic signal during atrial systole (AS) to early systole (ES), and as a red signal during
early diastole (ED). Pulsed Doppler echocardiogram indicates the aliasing (al) signal as a high-speed shunt flow during atrial

systole to early systole.
Abbreviations as in Figs. 1, 2.
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Fig. 6 Pressure tracing of the right atrium and left atrium and the pres-
sure difference across the defect in the same patient as Fig. 5

Instantaneous pressure difference curve across the defect coin-
cides with the shunt flow direction shown by color Doppler im-
aging.

Abbreviations as in Figs. 1, 2.
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Fig.7 Color flow images (upper) and pulsed
Doppler echocardiogram (lower) of
transatrial jet in a patient with atrial
septal defect and pulmonic stenosis

R-L shunt flow across the defect is
observed during atrial systole.
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(mmHg)
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Fig. 8 Pressure tracing of the right atrium and left atrium and pressure
difference across the defect in the same patient as Fig. 7

Instantaneous pressure difference curve across the defect coin-
cides with the shunt flow direction shown by color Doppler
imaging.

Abbreviations as in Figs. 1, 2.
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Abbreviations as in Figs. 1, 2.
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