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Summary

Alterations in size and form, and the characteristics of mechanical movements of the heart in
cases with pericardial effusion were investigated by means of ultrasono-cardiotomography, and by
the combination of ultrasono-cardiotomography and ultrasound cardiography (UCG).

Also the mechanisms of the occurrence of an abnormal movement (pendulum motion) of the
heart in such cases and the role of the pericardium in relation to the cardiac function were
discussed on the basis of the data of experimental pericardial effusion in animals (dog).

On ultrasono-cardiotograms obtained along the long axis of the left ventricle, the pericardial
cavity, in the presence of effusion, was represented as a crescent-shaped echo-free space behind the
1eft ventricular wall and/or around both ventricles.

In cases with a small amount of effusion, the echo-free space was narrow in width and localized
at the middle behind the left ventricle.

On the contrary, in the presence of a large amount of effusion, the echo-free space completly
surrounded the heart (ventricle). The echo-free space was especially wide at the apical area and
the heart was very small.

The amplitude of the pendulum motion of the heart, which was one of the characteristics of
the mechanical movements in pericardial effusion, is in proportional to the amount of the effusion.

A decrement in distance of descent of the posterior portion of the mitral ring, where the
posterior leaflet was attached, was another characteristic. The distance of descent decreased with
the increment in amount of pericardial effusion. The interval between the time of the occurrence
of the maximum posterior displacement of the left ventricular wall during one cardiac cycle and
Q of ECG signal also increased in proportion to the amount of effusion. These three findings
mentioned above were related to the amount, but independent of the character of the fluid
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accumulated in the pericardial cavity.

Thus it was likely that the pendulum motion was generated by the contraction of the left

ventricle and a fraction of the force produced by the contraction of the heart muscle contributed

greatly to the occurence of the pendulum motion.
the ejection of the intraventricular blood in systole.
in preventing the pendulum motion of the heart.

Presumably the pendulum motion hinders
In this regard the pericardium was useful
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and tomo kymograms obtained in cases
with pericardial effusion

No. 1 1is a case with a large amount
and No. 4 with a small amount of effu-
sion. No. 2 and 3 are cases with a
moderate amount of effusion. The peri-
cardial cavity is represented as a wide
crescent-shaped, echo-free space in the
severe case of No.l. The dotted lines on
tomogram show the level of the poste-
rior part of the mitral ring at the end
of the diastolic phase and the white
lines that at the end of the systolic
phase.
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Figure 4. Utrasono-cardiograms in the case with a large amount of effusion.
These UCG are recorded when the ultrasonic beam is projected along the direction

of the white line on ultrasono-cardiotomogram

The amplitude of the ventricular wall echo at the apex area is larger than that

at the basal area of the ventricle.
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Figure 5. Ultrasono-cardiograms in a case with a small amount of effusion
The echo pattern suggesting the presence of pericardial effusion observed on
UCG was obtained only when the ultrasonic beam was projected along the

direction towards the middle of the ventricle.
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Figure 6. Relationships between UCG
pattern and severity of pericardial
effusion. The ultrasonic beam was pro-
jected along the direction towards the
left ventricle as shown by the white
arrow on ultrasonc-cardiotomogram

The time intervals from the Q wave
g of ECG to the time of the occurrence
of maximum backward displacement
increased in proportion to the amount
of the effusion.
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¥ ¢ Figure 7. Ultrasono-cardiotomograms
and tomo-kymograms obtained in the
animal experiments (dog). Correlation
between the amount of the infused
fluid and the size of the pericardial
"y cavity or that of the heart is demon
i' strated

The downward displacement of the
posterior part of the mitral ring in
systole diminished in proportion to the
amount of fluid as shown in the patients.
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Figure 8.

25¢cc

Alterations in UCG pattern when the amount of infused fluid was increased. These UCUG were
obtained when the ultrasonic beam was projected towards the left ventricle as shown by the white arrow

on the tomogram
The time intervals between Q wave of ECG and the time of occurrence of the maximum backward displace-

ment of the heart became prolonged in proportion to the amount of fluid as observed in the patient.
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VIF: Volume of the infused fluid, OTMBD : Time
of occurrence of the maximum backward displacement
of the heart, Q-TI : Time interval between Q wave
and T wave of ECG, R-RI : Time intervals between
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successive R waves of ECG, DDMR :

descent of the posterior mitral ring.
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Figure 9. Correlation between the amount
infused fluid and the values which were measured
on UCG and on tomogram in animal experiment
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Figure 10. Schematic representation of the move-
ment of the heart and the pendulum motion in
pericardial effusion

Figure above : in a small amount of effusion, Figure
middle : in a large amount of effusion, Figure below :
schematic representation of the mechanisms of the
occurrence of pendulum motion
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