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Summary

In order to examine the production mechanism of the mid-systolic click in cases of mid-systolic
click with late systolic murmur, the relationship between the click and the motion of the mitral apparatus
was studied by means of ultrasono-cardiotomography and the simultaneous recording of phonocardio-
grams and ultrasono-cardiograms (UCG). It was found that the systolic click occurred in exact coinci-
dence with the time at which the hump of the echo of the unusual early systolic anterior motion (early
SAM) took its backmost position. This coincidence was found when the click was shifted either by postural
changes or inhalation of amyl nitrite.

The present ultrasono-cardiotomographic study demonstrated that the echo source of the early SAM
could be attributed to the systolic protrusion of the slackened and elongated chordae tendineae into the
left ventricular outflow tract.

The anterior leaflet moved suddenly to the position of maximal prolapse when the slackened chordae
tendineae were stretched taut in mid-systole. In other words, the mid-systolic click occurred when the
anterior leaflet prolapsed and the tension exerted on the chordae tendineae was at its maximum.
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Figure 1. Phonocardiogram.

There is usually one click but occasionally there are two clicks. When there
are two clicks, the intensity of the second click exceeds that of the first onc
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Figure 2. Simultaneous recording of UCG and phonocardiogram.
There is an unusual early systolic anterior motion (early SAM) of the mitral apparatus on the UCG. The
time at which the early SAM comes to its backmost position coincides with the mid-systolic click.
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Figure 3. Relationship between the mid-systolic click and the early SAM on the UCG in postural

changes.
The systolic click always coincides with the time at which the early SAM takes its backmost position in

spite of a shift in the time of the appearance of the click due to changing the posture of the patient.

Proapsed Mitral Valve After amyl nitrite

P B i . L
60sec. 3 min.
Figure 4. Relationship between the mid-systolic click and the early SAM on the UCG after

inhalation of amyl nitrite.
The click is coincident with the time at which the early SAM takes its backmost position in spite of a

shift in the timing of the click after inhalation of amyl nitrite.
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Figure 5. The echo source of the early SAM.

The UCT and UCG of the same magnifications are compared in order to confirm the echo source of the
early SAM on the UCG. The early SAM as shown in UCG-2 is related to the slackened elongated chordae
tendineae. The echoes behind the early SAM emanate from the chordae tendineae and from the anterior
mitral leaflet. The prolapse of the anterior mitral leaflet is shown as a mid-systolic buckling on the UCG.
The mid-systolic buckling of the chordae tendineae to a minor degree does not suggest a prolapse.

A

—: prolapsing anterior mitral leaflet. 1 : elongated chordae tendineae.
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Figure 6. The changes in the shape and the motion of the chordae tendineae
and the anterior mitral leaflet in one cardiac cycle.

The chordae tendineae protrude gradually toward the left ventricular outflow tract
during the course of systole and approach the ventricular septum at midsystole (4). The
anterior mitral leaflet has already begun its prolapsing movement when the chordae
tendineae are at their position of maximal protrusion. The course of systole progresses
in the order 1, 2, 3, 4, and 5.

—: prolapsing anterior mitral leaflet, % : elongated chordae tendineae
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Figure 7. The relationship between the chordae tendineae and the anterior mitral

leaflet at the position of maximal prolapse.

This figure shows the UCT’s of a heart section different from the one in Figure 6. The prolapse
of the anterior leaflet is already appreciably detectable in the early systolic phase (2). At midsystole,
the anterior leaflet comes abruptly to a maximal prolapse. At the same time the slackened chordae
tendineae are stretched taut toward the left atrium by a pull from the prolapsing anterior mitral

leaflet (3).
1 : prolapsing anterior mitral leaflet.
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Figure 8. UCG findings of the prolapsed anterior mitral leaflet with
elongated chordae tendineae.

The prolapse of the anterior mitral leaflet is shown as a mid-systolic buckling
on the UCG-3, 4. The mid-systolic buckling of the chordae tendineae to a
minor degree does not sugesst a prolapse (UCG-4).

The abrupt appearance of the small early SAM is due to the protruding tip of
the chordae against which the ultrasonic beam hits (UCG-2).

Multiple echoes within the early SAM are recorded because the beam hits
against the elongated chordae tendineae almost a right angle. The amplitude
and the timing of occurrence of the early SAM is larger and earlier in the apex
than the basis of the heart. The small hump or the two echoes in late systole is
based on the tip of the protruding chordae tendineae or the protruding chordal
tip and the anterior mitral leaflet (UCG-1). An amplitude of as much as 3 cm
of the early SAM and a maximal downward velocity of 350 mm/sec of the
chordae tendineae are almost the same as those of the anterior mitral leaflet
in normal individuals.

1 : anterior mitral leaflet prolapse, % : elongated chordae tendineae.
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