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Summary

The high-frequency vibrations of the first heart sound (S1) have been reported to be associated
with the closure of atrioventricular valves. However, the genesis of the low-frequency component (LFC)
preceding S1 remains controversial. In order to investigate the genesis of the production of this LFC,
we recorded phonocardiograms simultaneously with M-mode echocardiograms in 10 healthy subjects
and 26 patients with various diseases including mitral valve replacement. The apical phonocardiograms
were recorded using a 100 Hz/12 dB high-pass filter and a commercially available acceleration micro-
phone. Patients with rheumatic mitral valve disease and bundle branch block were excluded from this
study. The electrocardiograms demonstrated sinus rhythm in 23, atrial fibrillation in nine, complete
atrioventricular block in two and atrial flutter in two. The P-R interval in sinus rhythm ranged from
130 to 200 msec.

The LFC occurred an average of 24 msec after the QRS complex, but 38 msec before the first
high-frequency component of S1. The final fast closing movement of the mitral valve echogram started
following the onset of LFC in sinus rhythm or the arrhythmias. Coaptation of the mitral valve leaflets
was coincident with the first high-frequency S1. In 23 cases with the visible tricuspid valve, the valve
closure occurred 28 msec after that of the mitral valve. The onset of the LFC was almost synchronous
in timing with, or very close (10 msec or less) to the initial upstroke of apex cardiograms simultaneously
recorded in 10 cases. The amplitude of the LFC was constantly smaller than that of S1 in all cases, but
it was variable in atrial fibrillation or complete atrioventricular block. The LFC became loudest after

HIRKFEEFS F=HF The Second Department of Internal Medicine,

FILERSUR X A4S 7-3-1 (T113) Faculty of Medicine, University of Tokyo, Hongo
7-3-1, Bunkyo-ku, Tokyo 113

Presented at the 24th Meeting of the Cardiography Society held in Tokyo, March 23-24, 1982

Received for publication June 5, 1982

— 655 —



TH, K&, KB, @»

a short RR interval and then ventricular systole was coincided in time with the rapid filling of the left
ventricle, or when atrial systole was very close in time to an expected time of ventricular systole. It
is certain that antegrade mitral blood flow was decelerated at that time, though the mitral valve was
in the rapidly closing process.

We conclude that the LFC is produced by the vibration of cardiohemic system, or the acceleration
of the left ventricular mass plus the deceleration of blood flow, and that atrial activity and atrioventri-
cular valve tension are not prerequisite to the production of this soft apical vibration preceding S1.
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Fig. 1. Representative phonocardiogram show-
ing the low-frequency component of the first
heart sound (LFC) (arrow).

The first and second vertical lines correspond to
the onset of the QRS complex and the low-frequency
component, respectively. R. Car.=right carotid artery
pulse; 2L =second intercostal space at the left sternal
border.
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Table 1. Summary of patient data
Case Age/Sex Diagnosis /II’_IHII}I IE s?c le's'g:c Qm[:SCG IVs r?lslx:[ Msg
Sinus rhythm
1 18/M Normal 86 150 25 25 - 55 25
2 20/M Normal 60 150 20 — - 60 30
3 29/F Normal 71 140 30 — - 50 20
4 44/F Normal 68 170 40 — - 60 —
5 21/M Normal 54 180 20 — - 60 40
6 24/F Normal 78 140 20 — - 55 25
7 25/M Normal 60 170 30 — - 60 30
8 35/M Normal 75 140 15 — — 55 —
9 45/F Normal 67 160 30 — + 65 —_
10 23/M Normal 59 190 20 15 - 60 45
11 22/M Sinus bradycardia 43 150 15 — - 55 25
12 15/M Systolic click 68 150 20 — - 50 35
13 34/M Behget’s disease 57 190 45 — + 80 10
14 31/M Hypertension 80 170 20 — + 45 —
15 52/M Angina pectoris 77 160 10 — - 40 —
16 25/M Myocarditis 80 160 25 25 + 75 25
17 43/M Nephrotic syndrome 91 200 20 — + 65 0
18 23/M Systolic click 48 160 20 — — 70 40
19 26/F Aortitis syndrome 61 180 30 — — 65 —
20 28/F Pulmonary tbc 69 170 25 — - 50 —_
21 35/M MR 57 170 30 — 4+ 65 —
22 42/F AR 59 130 30 30 — 65 —
23 23/M Systolic click 60 160 30 — - 60 —
Atrial fibrillation
24 70/F Lone 67 — 30 30 - 65 25
25 69/F Lone 72 — 30 — — 70 30
26 60/F PSS 88 — 20 20 — 55 35
27 37/F MVR 75 — 15 15 - 55 30
28 38/F MVR, AVR 79 — 20 30 - 75 25
29 64/F MR, TR 44 — 30 20 — 60 35
30 46/M DCM 75 — 20 — - 70 —
31 56/F Hypertension 79 — 30 — - 60 —
32 32/M MR 80 — 30 — — 70 30
Complete atrioventricular block
33 58/M Hypertension 27 — 0 — + 65 —
34 29/M MVP, TVP 34 — 5 — + 80 0
Atrial flutter
35 41/M Lone 78 — 40 30 — 75 35
36 71/M Lung cancer 133 — 35 — - 80 55
Mean 37.6 68.3 163.2 24.3 24.0 62.4 28.0
+ + + + + + + +
SD 16.1 18.4 18.1 9.3 6.1 9.7 12.8

Abbreviations: HR=heart rate; Q-LFC=interval between the Q wave of the electrocardiogram and the onset of
low-frequency component (LFC) of the first heart sound; Q-ACG=interval from the Q wave to the onset of
upstroke of apex cardiogram; IVs=the fourth heart sound or an atrial sound; Q-M=interval from the Q wave
to the coaptation of mitral valve leaflets; M-T=time interval between mitral and tricuspid valve closures; thc
=tuberculosis; MR =mitral regurgitation; AR=aortic regurgitation; PSS=progressive systemic sclerosis; MVR,
AVR=mitral and aortic valve replacement; TR=tricuspid regurgitation; DCM=dilated cardiomyopathy; MVP,

TVP=mitral and tricuspid valve prolapse.
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Fig. 2. Phonoechocardiograms demonstrating the time relationship among the low-
frequency component (arrow), mitral valve (MV) closure, tricuspid valve (TV) closure,
and apex cardiogram (ACG).

Panel A is echograms recorded in a normal subject and panels B and C are from patients with
aortic regurgitation and systemic hypertension, respectively. The onset of LFC is coincident with
the beginning of rapid closing movement of the MV echogram (point B), and the first high-frequency
component of the first heart sound is synchronous with the coaptation of MV leaflets (second vertical
line in the left panel). Note that T'V closure occurs after MV closure. In panel B, the onset of systolic
upstroke of ACG also corresponds to the onset of LFC. In panel C, the fourth heart sound (IVs)
occurring at the peak of the A wave of ACG is shown which precedes the QRS complex of the electro-
cardiogram. This case is not included in this study because of the lack of LFC. The phonocardiograms
with a high-pass filter of a frequency response of 100 Hz/12 decibel are used for the determination
of timing of the sounds in this study (the second row with arrows). The phonocardiograms with a
filter of 50 Hz/6 decibel shown in the first row are used for the reference. Dot intervals are 1 cm,

and time intervals are 40 msec apart.
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Fig. 3. The low-frequency component of the first heart sound recorded in two cases with

lone atrial fibrillation.

The mitral valve (MV) closes following the onset of this apical soft sound, which coincides with
the initial upstroke of the apex cardiogram (ACG). It is demonstrated that a loud low-frequency
component is produced at a critical time of the third heart sound (IIIs) occurring just before the next
first heart sound as shown in the right panel. Note also that there is a maximally opened position
of MV leaflets at the time of the loud sound. II=the second heart sound.
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Fig. 4. Phonoechocardiogram of a patient with complete atrioventricular block with

sinus rhythm.

The second P wave is followed by two atrial sounds (small arrows). An abbreviated P-R interval
(110 msec) is shown to induce a loud low-frequency component (left large arrow) during the rapid
closing motion of the mitral valve (MV) in the first cardiac cycle. This apical soft sound is of small
amplitude when it is not preceded by the P wave (right arrow), but is augmented when an atrial sound
occurs critically at the early systolic phase and becomes blended in with the low-frequency com-
ponent. This event occurs just before, but not after the MV closure.
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Fig. 5. Phonoechocardiograms of complete atrioventricular block (A), and atrial flutter (B).

In complete heart block in which critical P-R intervals are not recorded, the low-frequency com-
ponent is constantly present without the change of its loudness in every beat. This sound occurs at
the time of a nearly closed position of the mitral valve (MV) independent of atrial sounds (panel A).
The low amplitude deflections are also observed independent of the timing of the F wave of the electro-

cardiogram in atrial flutter (panel B).

24 msec

ECG

LV pressure

- A

1Vs
S1
Fig. 6. Schematic representation of the timing
G of the low-frequency component (arrow) in
'A \ LA pressure relation to the first heart sound (S1), fourth
98 nisec heart sound (IVs), mitral valve (MV) echogram,
A - and intracardiac pressure tracings.

The IVs occurs at the time of the A wave of the MV

echogram, but before the QRS complex. The LFC
begins at the upstroke of left ventricular (L'V) pressure
MV echogram and before the initial high-frequency mitral compo-

nent of the S1. The coaptation of MV leaflets (point C)
corresponds to the C wave of left atrial (LA) pressure

tracing.
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Fig. 7. Phonoechocardiogram (left) and pulsed Doppler echocardiogram (right) obtained
from a case of atrial fibrillation.

The left panel shows the low-frequency component (arrow) occurring during the mitral valve (MV)
closure. In the right panel, a small backward flow (large arrow) is recorded at the left ventricular
outflow tract. A small arrow shows the low-frequency component in the phonocardiogram recorded
simultaneously. The time lag between two arrows is attributed to be inherent to fast Fourier trans-
formation of this pulsed Doppler echo system®”. Area of sample volume is shown by the straight

line in the right panel.
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