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Summary

The purpose of this study was (1) to analyze the factors responsible for errors in the two-dimen-
sional Doppler echographic measurements of cardiac output (C.0.) and (2) to establish a noninvasive
method for measuring C.O.

The subjects were 50 cardiac patients who had neither aortic valve disease nor intracardiac shunts.
The C.O. was calculated using the following formula:

. . .
C.0. (!/min.)=mean flow velocity (cm/sec) X z( aortic rmg dlameter ) (cm?) x _16(%_

Left ventricular ejection flow velocity was recorded in the center of the aortic ring from the apical
approach. Mean velocity was calculated by integration of instantaneous mean velocity in the ejection
phase divided by the cardiac cycle length, and was corrected by the Doppler incident angle. The inner
diameter of the aortic ring was measured in the parasternal long-axis view at the time of the maximum
ejection flow velocity.
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The following results were obtained:

1. Sources of error in the measurement of cardiac output

1) Accuracy of instantaneous mean velocity calculating circuit: This calculating circuit was
accurate in model experiments using pulsatile flow.

2) Effect of high-pass filter: In model circuits, application of high-pass filter overestimated flow
velocity. The higher the cut-off frequency of the high-pass filter, the larger the overestimation. This
was probably due to the parabolic flow velocity profile in the circuit.

3) Flow velocity profile in the aortic ring: The flow velocity profile seemed to be flat in the aortic
ring except near the anterior aortic wall. Therefore, the effect of the high-pass filter was considered
to be negligible in case of clinical application.

4) The effects of shift and size of sample volume: The location of sample volume relative to the
aortic valve ring shifted about 7 mm during systole. However, the shift and size of sample volume
seemed to have little effect on the measured C.O., because the flow velocity profile was nearly flat in the
aortic ring.

5) Ultrasound beam incident angle: From a practical viewpoint, it was necessary to set an incident
angle of less than 50° for minimizing the error. We were able to set the angle within 50° in all but one
of patients.

6) Diameter of the aortic ring: Two-dimensional echographic measurement of the aortic ring
diameter was not so accurate; it seemed to become a major source of error in the calculation of C.O. The
diameter measured from the two-dimensional echocardiogram was 2.2 mm smaller than that from the
left ventriculogram.

2. Clinical application

By correcting the aortic ring diameter by adding 2.2 mm to the measured value, significant cor-
relation was observed between C.O. measured by Doppler (x) and by thermodilution technique (y)
with a correlation coefficient of 0.90 (y=0.98x+0.05).
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Fig. 1. Measurement of cardiac output by two-dimensional Doppler echocardxography
Upper left panel: Apical left ventricular long-axis view. The beam direction for Doppler is indicated

by a dotted line and the sampling volume (SV) for Doppler by a white arrow.
of the aortic ring at the time of the peak ejection flow velocity.
Doppler beam and the longitudinal axis (white line) of the ascending aorta.

SV is set in the center

0 is the incident angle between the

Upper right panel: Measurement of internal diameter of the aortic ring (D) in the parasternal left

ventricular long-axis view.

Lower panel: Doppler flow signal recorded at SV shown in the upper left panel. The dots of Doppler
flow signal show instantaneous mean flow velocity. Mean Doppler frequency is calculated by integra-
tion of instantaneous mean velocity throughout the ejection phase (S) divided by cardiac cycle length (L).

Abbreviations: LV =left ventricle; LA =left atrium; Ao=ascending aorta; PCG =phonocardiogram;

ECG =electrocardiogram.
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Fig. 2. Accuracy of an instantaneous mean ve-
locity calculating circuit in the measurement of
flow velocity.

This panel shows the relationship between flow
volume by messcylinder and by Doppler determina-
tion using an instantaneous mean velocity calculating
circuit.
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Fig. 3. Effect of high-pass filters examined by the foregoing model experiment showing
the relationship between flow volume measured by messcylinder and by Doppler.
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Fig. 4. Schema of the peak flow velocity profile
in the aortic ring.
Abbreviations as in Fig. 1.
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Fig. 5. Effects of shift and size of sampling
volume.

Left panel shows the location of sampling volume
relative to the aortic valve ring shifted during systole
as indicated by arrow. Right panel shows the schema
of the size of sampling volume in the depth of 10 cm
from the transducer.

Abbreviations as in Fig. 1.
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Fig. 6. Relationship between ultrasonic beam
incident angle @ (abscissa) and degree of error (%)
in 1/cos @ when 6 is underestimated by 5°
(ordinate).

In order to minimize the error to less than 109%,
incident angle should be set at less than 50°.
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Fig. 7. Comparison between aortic ring dia-
meter measured from angiocardiogram (Angio.)
and from two-dimensional echogram (Echo).
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Fig. 8. Correlation between cardiac output (CO)
measured by Doppler and by thermodilution
method (catheterization).
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