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Summary

The significance of ultrasonic cardiorheography and contrast cardiotomography in quantitation
of the intracardiac blood flow was discussed based on the clinical and experimental data. Also the
possibility of measuring the flow velocity, velocity profile and character of the blood flow in cardiac
chambers was discussed.

In ultrasonic cardiorheography, the Doppler method in which a continuous ultrasound of 2 MHz
modulated by the M-sequence signal was utilized. The flow velocity at an arbitrary 3x 3 x2.5 mm
space and the Doppler signals from 40 small spaces in cardiac chambers along the beam direction
were detected consecutively.

The method of ultrasono-cardiotomography with a high-speed electrical scan (about 30 frames/
sec) was used in both in vivo and in vitro experiments of contrast cardiotomography. During ex-
amination, 10 to 15 m/ of saline was manually introduced into the cardiac chamber through a catheter
in patients with either atrial or ventricular septal defect, or aortic valve diseases.
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In in vitro experiments, four flow models, namely steady flow, jet flow, pulsatile flow and pulsatile
jet flow models were studied.

The results obtained and the conclusions reached were as follows:

1) In contrast cardiotomography, the direction, origin, timing of occurrence and magnitude of
the abnormal intracardiac blood flow, such as shunt or regurgitant flow, which was difficult to detect
by the Doppler method, could be visualized easily. However, quantitative evaluation of the character
of the blood flow, flow velocity and flow volume was sometimes difficult.

2) On the contrary, ultrasonic cardiorheography excelled contrast cardiotomography in the assess-
ment of flow velocity, velocity profile and localization of the abnormal blood flow in cardiac cham-
bers, etc. However, detection of the exact direction of the blood flow was difficult. When there was
no turbulent component in the abnormal blood flow, differentiation of the normal from the abnormal
blood flow, such as shunt flow in atrial septal defect, was occasionally difficult.

3) In order to measure the flow velocity and to evaluate the character of the intracardiac blood
flow by contrast cardiotomography, the present authors introduced a combination of contrast cardio-
tomography and M-mode technique.

In in vitro experiments using flow model, the echo patterns of a flow either approaching or leav-
ing the transducer were demonstrated as ascending or descending curves. The mixed pattern of the
two curves indicated the presence of a turbulent or jet flow. These results indicated that, in the con-
trast method, the character of the flow could be evaluated based on the M-mode pattern.

4) Possibility of quantitative estimation of the flow velocity and flow volume by contrast method
was investigated in comparison with the values measured from the inclination of the contrast echoes
demonstrated on the M-mode pattern and with the values of the actual flow velocity and volume
measured by the photographic technique and by volumetry with a graduated cylinder. The two values
thus obtained were in good agreement with each other.

Two-thirds of the maximum flow velocity measured from the M-mode pattern was assumed as
the mean of the flow velocity. The product of the mean velocity and the cross sectional area calculated
from the distance between the anterior and posterior wall echoes was assumed as the flow volume.
The flow volume thus obtained was also in good agreement with the actual flow volume.

These results indicated that the flow velocity and the volume could be evaluated by the combined
method which was consisted of contrast echocardiography using M-mode and cardiotomography.
The usefulness for clinical diagnosis was discussed.
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Fig. 1. Flow velocity patterns observed in the
right atrium at the site of atrial septal defect
(ASD).

A small white rectangle in the ultrasono-cardio-

tomogram (bottom figure) shows the site of record-
ing. The shunt flow (white thick arrow) has a line
spectrum pattern with two peaks in systolic phase.
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Fig. 2. Contrast cardiotomograms in a case of ASD.
Top figures 1) were taken when the contrast material (saline) was injected into the vana cava, and

bottom figures 2) when saline was injected into the left atrium. The right-to-left shunt in ASD oc-
curs during the period of early systole and the left-to-right shunt occurs from late systole to early
diastole. The thick white arrows indicate the site of defect at an atrial level and the thin white arrow
the right-to-left shunt flow. The forked arrows indicate the left-to-right shunt.
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Fig. 3. Flow velocity patterns (left) and velocity profiles (right) in a case of ventricular
septal defect (VSD).
The left-to-right shunt is found at a level of ventricle. The echo recorded has the pattern of a broad

spectrum in systolic phase (white arrows).
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Fig. 4. Contrast cardiotomograms during one cardiac cycle in a case of VSD.
Thick white arrows indicate the occurrence of left-to-right shunt.
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Fig. 5. Flow velocity patterns at various areas in the left ventricle in a case of aortic re-

gurgitation with mitral stenosis.

At the diastolic phase, the plus or minus component of the Doppler signals caused by regurgita-

tion appears alternately at the areas along the mitral leaflet in the left ventricle as observed in photo-

grams from 2 to 5. These flow patterns are frequently observed in the jet flow. The flow velocity pat-

terns of line spectrum at the areas of the inflow into the left ventricle are demonstrated in the photo-

grams 7 and 8.
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Fig. 6. Contrast cardiotomograms in a case similar to that shown in Fig. 5.
At the diastolic phase, the contrast echo (white arrow) flows into the left ventricle along the an-

terior mitral leaflet. The inflow into the left ventricle is indicated as a negative shadow.
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Fig. 7. The flow patterns in a steady flow and jet flow obtained by photographic technique

(upper) and by contrast tomography (lower).

The area between two white arrows on the upper photograms indicates the range of scanning plane
in ultrasonic tomography. The numbers shown on the left of contrast tomograms indicate the shutter
speed of camera. The contrast echo showed a dotted pattern for the flow with a high speed (77 ml/sec
as shown in left photograms). It showed a cord-like pattern for a flow with a low speed (23 ml/sec
as observed in the middle photograms). However, it was difficult to differentiate the character of
the steady laminar flow from that of the jet flow based on the echo pattern of the contrast tomogram

alone.
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Fig. 8. The flow pattern of a pulsatile laminar flow with a stroke of 80 m!/ obtained by

photographic technique (upper), M-mode method (middle) and Dopper method (lower).
No. 1 of the flow velocity pattern was taken at the central portion and No. 2 at the lateral portion

of the model tube. The flow approaching the transducer is displayed as an ascending curve on the

M-mode pattern.
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Fig. 9. A pattern similar to that as in Fig. 8 obtained for the pulsatile flow with a stroke

of 40 ml.

The inclination of the contrast echo in the M-mode pattern is smaller than that in the case of Fig. 8.
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Fig. 10. The flow patterns just under the nozzle in a pulsatile jet flow (a stroke of 80 ml)
obtained by photographic technique (upper), M-mode method (middle) and Doppler method
(lower).

Black arrows indicate the site of recording in the model tube. At the upper lateral portion of the
tube, plus and minus components of the Dopper signals are observed alternately. These findings
indicate the occurrence of eddy at this portion of the tube. At the middle of the tube, strong turbu-
lence is observed. Also the plus and minus components of the Doppler signals appear simultane-
ously.

— 660 —



DTSR L F 7 7 —DAILREIEE

30

Fig. 11. The patterns similar to those as in Fig. 10 obtained at the lower portion of the
pulsatile jet flow.
The jet flow is displayed as a mixed pattern of descending and ascending curves.
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Fig. 12. Comparison of the flow velocity and
flow volume between the value calculated from
the M-mode pattern and the value obtained by
photographic technique and by volumetry with
a graduated cylinder.
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