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Summary

The genesis and clinical significance of the aortic ejection sound with a low-frequency predominance
and delayed appearance were studied. This is recorded on the phonocardiogram in some patients
with left ventricular dysfunction. Subjects studied consisted of 10 patients with a low-pitched ejection
sound and seven patients with an ordinary high-pitched aortic ejection sound. No patients had
echocardiographic findings suggestive of organic lesions of the aortic valve. Time relationships among
the ejection sounds, aortic valve echograms and carotid artery pulses, and then movements of the
aortic valve cusps and non-invasively estimated left ventricular systolic function were compared
between the two groups.

Results were as follows:

1. The low-pitched ejection sound:

1) The beginning of the sound was nearly coincident with the onset of the upstroke of the
carotid artery pulse and the initial full opening of the aortic valve cusps. 2) The beginning of the
ejection systolic murmur followed immediately after the ejection sound. 3) The amplitude of the
sound was closely related to the height of the carotid artery pulse in a case of atrial fibrillation.

2. The low-pitched ejection sound vs the high-pitched ejection sound:

1) The onset of the low-pitched ejection sound was significantly delayed. 2) The amplitude
and the velocity of the initial opening of the aortic valve cusps were significantly decreased. 3) The
preejection period (PEP) was significantly prolonged; the ejection time (ET) was significantly short-
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ened; and the PEP/ET ratio was significantly increased. 4) Left ventricular dimension increased
significantly, and the fractional shortening and the mean rate of circumferential fiber shortening (mean
Vcf) of the left ventricle were significantly decreased.

From these results, it was considered that the low-pitched ejection sound occurs in usual as-
sociation with the opening movement of the aortic valve, and that the diminution of motion energy on
initial opening of the aortic valve cusps due to decreased left ventricular contractility may be the main
contributing factor in production of the low-pitched quality of this sound.

In conclusion, the aortic ejection sound with low-pitched quality and delayed appearance can be
a clinically useful phonocardiographic sign for detecting decreased systolic function of the left ven-

tricle.
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Aortic valve
Amplitude (cm)

Opening velocity=2 X paper speed X tan a/2 (cm/sec)
Fig. 1. Schematic representation of the meth-
ods for deriving velocity and amplitude of initial
opening movements of the aortic valve cusps on
the M-mode echocardiogram.

X =completion of initial full opening of the aortic
valve cusps; a=opening angle between the right
coronary and the non-coronary cusps of the aortic
valve.
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Fig. 2. Simultaneous recording of the phonocardiogram, carotid artery pulse (CAP) and
electrocardiogram (ECG) in a patient with renal hypertension (40-year-old man).

An aortic ejection sound (Ej.) with high-pitched quality (arrows) can be seen at the apex and the
third intercostal space at the left sternal border (3L). The beginning of the sound nearly coincides

with the onset of the upstroke of the CAP.
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Fig. 3. Simultaneous recording of the phonocardiogram, carotid artery pulse (CAP) and
electrocardiogram (ECG) in a patient with left ventricular dysfunction and atrial fibrilla-

tion (74-year-old man).

An aortic ejection sound (Ej.) shows low-pitched quality and delayed onset (arrows). The begin-
ning of the sound and the onset of upstroke of the CAP are nearly synchronous in every beats. The

ejection sound is closely related in amplitude

to the CAP.

3L =3rd intercostal space at the left sternal border.
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Fig. 4. Phonocardiogram of a patient of left ventricular dysfunction with a low-pitched

aortic ejection sound (49-year-old man).

An ejection systolic murmur (SM) follows immediately after the aortic ejection sound (Ej.) with

low-pitched quality and delayed onset.

3L =3rd intercostal space at the left sternal border; 2R=2nd intercostal space at the right sternal

border; ECG =electrocardiogram.

Table 1. Temporal relationships between the
ejection sounds and aortic valve
echograms

Low-pitched High-pitched p value
sound (n=10) sound (n=7)

HR 66.9+12.7

63.8+11.9 ns

Q-Ej. (msec) 158.5+12.0 126.4x 8.5 <0.01
Q-X (msec) 158.4+18.1 120.9+11.1 <0.001

Values are mean+SD.

Q-Ej.=interval from the onset of QRS on the elec-
trocardiogram to the beginning of the aortic ejection
sound; Q-X=interval from the onset of QRS to the
completion of initial full opening of the aortic valve
cusps; n=number of cases.
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Fig. 5. Relation between the interval from the
onset of QRS on the electrocardiogram to the
beginning of the ejection sound (Q-Ej. interval)
and the interval from the onset of the QRS to
the full opening point of the aortic valve cusps
(Q-X interval).

phono. = phonocardiogram ;
gram ; n=number of cases.

echo. = echocardio-

Table 2. Comparisons of the velocity and am-
plitude of initial opening movements
of the aortic valve cusps between the
two kinds of aortic ejection sound

Low- High-
pitched pitched
sound sound p value
(n=10) (n=7)
Aortic valve
opening velocity 42.3+8.1 64.2+9.2 <0.001

(cm/sec)

Aortic valve
opening amplitude 1.85+0.17 2.27+0.31 <0.01
(cm

Values are mean+SD.
n=number of cases.
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Table 3. Comparisons of echocardiographic
data and left ventricular systolic time intervals
between the two kinds of aortic ejection sound

Low-pitched High-pitched p value
sound (n=10) sound (n=7)

LVDd (cm) 5.8+1.4 4.6+0.3 <0.05
LVDs (cm) 4.9+1.7 3.0+0.4 <0.01
FS (%) 17.6+10.6 35.6+5.6 <0.001
mean Vcf 0.68+0.41 1.104-0.23 <0.01
(circ/sec)
PEP (msec) 139+26 102+9 <0.001
ET (msec) 257425 314+22 <0.001
PEP/ET 0.46+0.09 0.32+0.04 <0.001

Values are mean+SD.

LVDd and LVDs=end-diastolic and end-systolic
dimensions of the left ventricle, respectively; FS=
fractional shortening of the left ventricle; mean Vcf=
mean rate of circumferential fiber shortening of the
left ventricle; PEP =preejection period; ET =ejection
time; n=number of cases.
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Fig. 6. Simultaneous recordings of the aortic valve echogram (echo) and phonocardiogram
(PCG) in patients with a high-pitched aortic ejection sound (panel A) and with a low-pitched

aortic ejection sound (panel B).

Both panels show exact coincidence between the beginning of the ejection sounds (Ej., arrows) and
completion of initial full opening of the aortic valve cusps. The amplitude and velocity of initial
opening movements of the aortic valve cusps are significantly decreased in the latter compared to

the former.

I=first heart sound; II=second heart sound; ECG=electrocardiogram.
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