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Summary

A fourth heart sound (S4) was clearly recorded by averaging the low-frequency phonocardiogram
in 77 of the 78 patients with chief complaints of cardiovascular system, aged 12 to 80 years (mean=+
standard deviation, 49.7+18.3 years). In a patient with angina pectoris a positive correlation was
obtained between S4 amplitude and the number averaged. There was a parallelism of recording ability
of S4 between conventional and averaged phonocardiograms. The extracardiac and intracardiac phono-
cardiograms were simultaneously recorded in a patient with myocardial infarction and these were aver-
aged: 5S4 on the averaged phonocardiogram showed a close similarity in configuration to that on the
conventional phonocardiogram, while the beginning of the former showed some delay compared with
that of the latter. There were no significant correlations between P-S4 and age, body surface area,
RR interval, systolic and diastolic blood pressures, LVET/PEP, DDR or CTR. There were positive
correlations between S4-Q interval and age, RR interval or CTR. There were negative correlations
between (P-S4)/(S4-Q) and RR interval or CTR. S4 amplitude showed positive correlations with
LVET/PEP or DDR. Multiple regression analysis showed that S4-Q or (P-54)/(S4-Q) is more sensitive
parameter than P—S4. There was no statistically significant correlation between S4 amplitude and
S54-Q interval. The above results suggest that the computer averaged phonocardiogram is useful in
quantitative analysis of S4. S4 may be a valuable parameter for ventricular compliance or cardiac
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decompensation if the careful consideration on its amplitude and timing, and age of its appearance

is done.
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Block diagram for the computer averaged phonocardiogram.
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Fig. 2. Conventional phonocardiogram in a

patient with angina pectois (44-year-old male).
A possible S4 with small vibrations is seen in the

upper tracing, but it can not be identified by the

simple amplification because the signal to noise ratio
is not improved. In this case 95% stenosis of LAD
was demonstrated by coronary angiography.
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Fig. 3. Averaged phonocardiogram in the same
patient as shown in Fig. 2.

In each panel, the upper tracing shows phonocar-
diogram and the lower tracing shows lead II elec-
trocardiogram. The number on the left upper corner
in each panel shows the number averaged. When the
number averaged is increased, S4 becomes clear.
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Fig. 4. Relationship between S4 amplitude and
the number averaged in the same patient as
shown in Fig. 2 and 3.

There is a positive correlation between S4 ampli-
tude and the number averaged.
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Fig. 5. Comparison of amplitude of S4 between
conventional and averaged phonocardiograms.

On conventional phonocardiogram recording ability
of S4 was classified into four grades. (—): not visible,
(#£) : not clear, (+): clear, and () : very clear. The
amplitudes of S4 on averaged phonocardiogram (mean
+S.D. (mm)) in each grade are 5.94+4.0, 7.8+2.9,
8.1+5.1, and 22+11.0, respectively. Bars in the
figure show the mean+standard deviation.
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Fig. 6. Relationship of timing between S4 and mitral valve echocardiogram in a patient

with mitral insufficiency (15-year-old male).

S4 on the conventional phonocardiogram corresponds to that on the averaged phonocardiogram
and it also corresponds to A in the mitral valve echocardiogram.
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Fig. 7. Relationship of timing between S4 and mitral valve echocardiogram in a patient

with myocardial infarction (55-year-old male).

S4 on the conventional and averaged phonocardiogram corresponds to B in mitral valve echocardio-

gram.
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Fig. 8. Simultaneous recording of extracardiac and intracardiac phonocardiograms
(myocardial infarction, 45-year-old male).

Left figure shows conventional phonocardiogram and right figure shows averaged phonocardiogram.
Note the similar configuration of S4 by both recording methods.

Table 1. Correlation between timing or amplitude of S4 and age, body surface area,
RR interval, blood pressure, DDR, CTR or SV,+RV;

Age BSA RR Sys.BP  Dias.BP ET/PEP  DDR CTR SV1+RVS
s n 45 27 45 38 38 42 28 26 10
r -0.1327 0.1793 -0.2665 =-0.1262 =-0.0356 =-0.0932 0.3607 -0.2231 -0.4961
sig n 45 ] 27 45 38 38 42 28 26 10
r 0.2894" -0.1645 0.3877°" 0.1082 0.0750 0.0548 =-0.3218 0.5029 0.3418
o n 45 27 45 38 38 42 28 26 10
s r -0.1775 0.2347 -0.3452"" 0.0269 -0.0038 -0.1460 0.3183 -0.4771" -0.2020
n 45 27 45 38 38 42 28 26 10

S4 Amplitude - .
r -0.1613 0.3642 0.2201 -0.1893 -0.1112 0.3234 0.5057 =-0.2405 -0.3644

#+ p<0.01

* P <0.03

Table 2. Multiple correlation coefficients between P-S4, S4-Q
or (P-S4)/(S4-Q) and age, RR interval, systolic blood pressure,
ET/PEP, CTR and DDR

p-s4 = £ ( Age, RR, Sys.BP, ET/PEP, CTR, DDR ) R= 0.6956 ( N.S.)
s4-Q = £ ( Age, RR, Sys.BP, ET/PEP, CTR, DDR ) R= 0.8451 ( P <0.05 )
% = f ( Age, RR, Sys.BP, ET/PEP, CTR, DDR ) R= 0.8622 ( P <0.05 )
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