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Summary

The genesis of a musical systolic murmur produced by systolic anterior motion (SAM) of the
mitral apparatus was investigated in four patients using phonocardiography and echocardiography.
Two patients (Case 1 and 3) had hypertrophic cardiomyopathy (one, the obstructive type; the other,
the nonobstructive type) and the remaining two (Case 2 and 4) had redundant chordae tendineae.

1. In every patient, regular oscillation of the SAM was observed, coinciding in time with the
musical systolic murmur, which was simultaneously recorded. The fundamental frequency of the
musical systolic murmur was recorded as integrally multiplied numbers of the SAM. Such regular
oscillation was not observed in the echograms of other cardiac structures. In a patient with hyper-
trophic obstructive cardiomyopathy (Case 1), both the amplitude and oscillation of the SAM were
increased by amyl nitrite inhalation, and were decreased by angiotensin II infusion. Correspondingly,
the intensity of the musical murmur showed similar reaction. No findings suggestive of mitral valve
prolapse or mitral regurgitation were found in any patients. Therefore, the oscillation of the SAM
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produced by blood ejected from the left ventricle was considered the source of the musical systolic

murmur in these patients.

2. Two patients with redundant chordae tendineae had no clinical abnormalities except for
chordal redundancy ; therefore, the musical murmur in these cases was considered to be functional.
Particularly, one of them was compatible in character with the so-called Still’s murmur.

In conclusion, the regular oscillation of the SAM may be the source of the musical systolic mur-
mur, and they must be taken into consideration as part of the genesis of Still’s murmur.
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Table 1. Subjects

Case Age Sex Diagnosis

1. H.S. 57 (yrs) F HOCM

2. Y.M. 18 F Red. chordae
3. M.K. 30 M HCM

4. O.S. 30 M Red. chordae

F=female; M=male; HOCM =hypertrophic ob-
structive cardiomyopathy; HCM =hypertrophic non-
obstructive cardiomyopathy; Red. chordae=redun-
dant chordae tendineae.
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Fig. 1. Phonocardiograms of Case 1.

A loud musical murmur with the peak in mid- to
late systole is noted at the apex and the 3rd left inter-
costal space (3L).

Filter characteristics of the phonocardiogram: L
(low: 0-50 Hz), M1 (medium low: 50-100 Hz), M2
(medium high: 100-200 Hz), and H (high: 200-
400 Hz).
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Fig. 2. Parasternal long-axis two-dimensional
echocardiograms of Case 1.

Note the prominent systolic anterior motion (arrow)
of the mitral apparatus (Top: systole) and the
marked hypertrophy of the interventricular septum
(Bottom: diastole).
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Fig. 3. Simultaneous recordings of the mitral valve echogram and the apical phonocar-
diogram in Case 1.

Regular oscillation, which coincides in timing with musical systolic murmur, can be seen on the
systolic anterior motion (SAM) of the mitral apparatus at the 1st and 3rd beats (arrows). The degree
of oscillation changes proportional to the intensity of the musical murmur in each beat.

Right lower figure is a magnified echogram of the 3rd beat.

AMYV =anterior mitral valve; PCG=apical phonocardiogram; ECG =electrocardiogram.
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Fig. 4. Simultaneous recordings of phonocardiogram and mitral valve echograms at rest
(control), 20 sec after amyl nitrite (AN) inhalation, and 60 sec after intravenous injection of
angiotensin II (Angio. II) (Case 1).

The intensity of the musical systolic murmur, the amplitude of systolic anterior motion (SAM)
and the degree of oscillation of the mitral apparatus increase synchronously after AN inhalation and
decrease after angiotensin II injection. Lower figures are magnified echograms.

ECG =electrocardiogram; PCG =phonocardiogram; AMV =anterior mitral valve.
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Fig. 5. Phonocardiograms of Case 2.
A low-pitched musical systolic murmur, which is

compatible in character with the so-called Still’s mur-
mur, can be seen at the apex (top). A systolic ejection
murmur with noisy character is shown at the 3rd left
intercostal space (3L) (bottom). Abbreviations are as
in Fig. 1.
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Fig. 6. Parasternal long-axis two-dimensional echocardiograms (panel A) and simultaneous
recordings of the mitral valve echogram with apical phonocardiogram (panel B) (Case 2).
Small systolic anterior motion (SAM) formed by chordae tendineae is recorded (A: white arrow).

Regular oscillation (black arrow) of the SAM is seen synchronously with the musical systolic mur-

mur (B).

AMYV =anterior mitral valve; ECG =electrocardiogram; PCG =apical phonocardiogram.
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Fig. 7. Apical phonocardiogram (panel A) and mitral valve echogram (panel B) (Case 3).

Early systolic peaked and diamond shaped musical murmur and 4th heart sound are shown (A).
Regular oscillation (B: arrow) is noted on the small anterior motion of the mitral apparatus only

in early systole. Lower figure is a magnified echogram.

ECG=electrocardiogram; AMV =anterior mitral valve. Other abbreviations are as in Fig. 1.

Table 2. Comparisons of oscillation frequen-
cies of the musical murmur, and
SAM, and other structures with
regular oscillation

Oscillation
Case S Origin
PCG ECHO

1. H.S. 125 Hz 120 Hz Chordae, MV, IVS
2. Y.M. 92 46 Chordae

3. M.K. 330 110 Chordae, MV

4. O.S. 300 60 Chordae

MYV =mitral valve; IVS=interventricular septumj;
PCG =phonocardiogram; ECHO =echocardiogram;
SAM =systolic anterior motion of the mitral appara-
tus.

¥, AR Ry 75— T HEERYERE KR
HTERhrolz. iz, ZOMOLNEEYICE
WTh, FEEFORREEABIRETALbhAR
Mol

Table2 |z, FiR4GlicB T2 BETHRETS X
U SAM DIES 0 B EEROE, B XUIEE 2R
D ILNEE E T

e =3

BEROHET T, FIEMEICE L ONEED Y ML
WL VIEBILTAE T b EELLRATY
100, I AR IR I HE 3, —HERERTI
Osler 52z X W #EShTLE, Z0EIFKIZL
SMELELLRTWED, 196645, Leon 5130

482 —



SAM DiRB)IC X % BE RIS

Fig. 8. Apical (panel A) and pharmacodynamic (panel B) phonocardiograms (Case 4).

An early to mid-systolic musical murmur is shown (A), and 30 sec after amyl nitrite (AN) in-
halation, the musical systolic murmur shows marked intensification with poor transmission to the basal
region (B).

ECG =electrocardiogram; CAP=carotid arterial pulse; 3L.=3rd left intercostal space. Other ab-
breviations are as in Fig. 1.
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Fig. 9. Two-dimensional (panel A) and M-mode
(panel B) echocardiograms (Case 4).

Parasternal long-axis view shows systolic anterior
motion (SAM) of the chordae tendineae with in-
creased echo intensity (A: arrow). Regular oscilla-
tion (B: arrow) of the SAM is seen synchronously
with the musical systolic murmur.

AMYV =anterior mitral valve; PCG =apical phono-
cardiogram: ECG =electrocardiogram.

Fig. 10. Phonocardiogram and carotid pulse
tracing (CAP) of a case having aortic stenosis
with regurgitation.

A musical murmur with an early to mid-systolic
peak is noted over an entire precordium from the
apex to the 2nd left intercostal space (2L).

4L =fourth left intercostal space; ECG =electrocar-
diogram. Other abbreviations are the same as in Fig.

1.
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