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Summary
Noninvasive determination of the ratio of the pulmonary to systemic blood flow (Qp/Qs) was
attempted in 31 cases with intracardiac shunt using two-dimensional pulsed Doppler echocardiography.
The Qp/Qs of these cases was ranged from 0.99 to 4.55 with an average of 2.63 by cardiac catheterization.
Technical problems in the measurement were also studied. Seventeen cases with no shunt were served
as controls.
1. Systemic and pulmonary flow volumes, Qp and Qs (m//min), were calculated by the following
equation:
Q (ml/min)=mean flow velocity (cm/sec)x cross sectional area of the semilunar valve
ring (cm?) X 60
Here, the sample volume was set in the center of the valve ring at the phase when the flow velocity
attained its peak in a pulse period. The mean velocity was obtained by dividing the integration of in-
stantaneous mean frequency in the sample volume for a pulse period by RR interval. The ultrasonic
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incident angle was measured on the echocardiogram. The velocity profile at the valve ring was assumed
to be a plane wave. The diameter (D) of the valve ring was measured on the echocardiograms of the
long-axis view of the outflow tract. To make a correction referring to the value obtained by angiocardio-
graphy, 0.22 cm was added to the value obtained on the echocardiogram (D). The cross sectional area
of the valve ring was calculated according to the following formula:

Cross sectional area (cm?)=xz X [(D+0.22/2)]2

2. The Qp/Qs ratio by the Doppler method in the cases with no intracardiac shunt was 1.11
(8.D.=0.21) on an average and the Qp/Qs in the cases with an intracardiac shunt was well correlated
with that by catheterization (r=0.82). These results suggested the feasibility of the clinical application
of the Doppler method for noninvasive determination of Qp/Qs.

3. In 17 cases, pulmonary and systemic flow volumes measured by the direct Fick method were
compared with those by the Doppler method, respectively. Considerable differences were observed
between them. There was a tendency that both pulmonary and systemic flow volumes were under-
estimated by the Doppler method in cases with a large shunt.

4. The changes of the flow velocity and velocity profile due to pre and post valvular dilatation
and bending of the flow pathway at the pulmonary valve ring, the influences of the relative shift of
the sample volume with heart beat, and the difficulty of the precise measurement of the pulmonary
ring diameter may be the responsible factors for errors in the determination of flow volumes by the
Doppler method, especially in cases with a large shunt.
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Fig. 1. Measurement of mean flow velocity and dxameter at the aortic valve rlng

The flow velocity is determined from the apical approach and the diameter from the parasternal
approach. In the Doppler flow velocity curve, the first two waves on the left show velocity component
spectra and the succeeding two waves indicate the instantaneous mean velocity waves, i.e., the time-
sequence of the instantaneous mean of the velocity components in the sample volume. S indicates
an integration of the instantaneous mean velocity in the sample volume in terms of time.

) =ultrasonic incident angle; D=diameter; LV =left ventricle; AO=aorta; LA=left atrium; SV
=sample volume; TOWARD =flow components toward the transducer; AWAY =
away from the transducer.
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Fig. 2. Measurement of mean flow velocity and diameter at the pulmonary valve ring.
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Fig. 3. The pulmonary valve ring in a case
with a large shuat.

Pre and post valvular dilatation of the blood flow
pathway is seen. D, is the diameter of the ring and
D, is that of the portion of the right ventricular out-
flow tract just below the valve ring. Such dilatation
of the valve ring makes rather difficult to decide a
strict value of the diameter of the ring.
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Fig. 4. Pulmonary and systemic blood flow ratio (Qp/Qs) by the Doppler method against

that by catheterization.

Note that Qp/Qs is overestimated when D2 (see Fig. 3) is used for the diameter.
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Fig. 5. Pulmonary and systemic blood flow volumes by Doppler and the direct Fick methods.
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Fig. 7. Relation between the grade of a shunt
by catheterization and the difference between
the values obtained by the Doppler method and
that by the direct Fick method.
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Fig. 11.
is shown by a pair of lines on the M-mode echocardiogram, is moved from the pulmonic
valve to the right ventricular outflow tract.
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