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Spectral Analysis of Heart Valve Sound
for Detection of Prosthetic
Heart Valve Diseases

Sang Hyun Kim', Hee Jong Lee’, Jac Man Huh',
and Byung Chul Chang3

The spectral analysis of heart valve sound is a noninvasive diagnostic method known to be
useful in evaluating the state of the heart valve function. This may provide early detection of
valve calcification, thrombus or destruction, since previous studies have shown that the dominant
Jfrequency peak moved to a high frequency area when natural heart valve leaflets were calcified,
stiffened or destroyed. However, it is important for a heart valve sound diagnostic system to
find a proper spectral analysis method on phonocardiography. Until now, conventional frequency
analyses such as the Fourier transform or autoregressive spectral estimation technique have been
used to estimate spectral components of a phonocardiogram, but they are inappropriate because
the signal frequency is assumed to remain constant during the transform interval. To overcome
this problem, in this study, FOS (Fast Orthogonal Search) & MUSIC (MUltiple Signal Classifi-
cation), which both appeared suitable for the analysis of biological data, were applied to pros-
thetic heart valve sound as the new heart valve sound spectral analysis methods. Five subjects
with normally functioning mechanical heart valves and a patient with a malfunctioning one were
selected to collect the heart valve sound signals. As a result, the second dominant peak frequency
proved to be important along with the first dominant peak frequency in identifying the valve
Junction. This study showed that the new heart valve sound spectral analysis method presented
in this paper may be an effective method in heart valve sound analysis. Further study using
this system in a large population of patients will aid in providing a diagnostic method in the
early detection of valve failure.
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A number of patients who receive prosthetic heart
valves are still subjected to replacement of the im-
planted valves or thrombolytic therapy because of
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valvular malfunction. It is important, therefore, to
clearly detect malfunction as soon as possible. Until
now, phonocardiograpy, echocardiograpy, and cine-
fluoroscopy have been used as noninvasive proce-
dures for evaluating valvular integrity. However,
sometimes these methods may be sensitive only to
malfunction of an advanced nature and as a result
are not totally reliable for early detection.
Spectral analysis of a heart sound offers another
means for diagnosis of valvular integrity. It is a
noninvasive technique which has been found to be
an effective method for monitoring the integrity of
native and prosthetic heart valves, as well as for in-
vestigating the relationship between the sounds of
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the heart and cardiovascular events. Since early de-
tection of valve thrombosis is imperative, sound
spectral analysis of prosthetic heart valves has been
studied extensively (Joo et al. 1983; Durand et al.
1986; Durand et al. 1990; Sava and McDonnell.,
1996). These studies demonstrated that sound spec-
tral analysis is an extremely useful diagnostic tool
for early detection of thrombosis in prosthetic heart
valves. Finding an appropriate spectral algorithm for
the early detection of valve failure is the most
important thing in spectral analysis of a heart valve.
However, standard frequency analyses such as the
Fourier transform or autoregressive spectral esti-
mation technique are inappropriate because the sig-
nal frequency is assumed to remain constant during
the transform interval.

Recently, the MUSIC (MUTtiple SIgnal Classifica-
tion) method (Korenberg, 1985; Korenberg, 1989)
and FOS (Fast Orthogonal Search) method (Kaveh
and Barabell, 1986) have been used for spectral
analysis, in which both appeared suitable for the
analysis of biological data. The earlier studies re-
ported that these methods were effective with short
data records and could cope with noisy, missing and

Table 1. List of patients

unequally-spaced data. But until now, these methods
have not been used in estimating spectral compo-
nents of a phonocardiogram. Therefore, in this study,
these methods were applied to prosthetic heart valve
sound as the new spectral analysis methods to over-
come the limits of conventional methods.

MATERIALS AND METHODS

Five patients with normally functioning heart
valves and one patient with a malfunctioning valve
were selected to collect heart valve sound signals.
The abnormal patient had a thrombus formation on
the mechanical heart valve and was subjected to
thrombolytic therapy. All patients had mitral valve
replacement and Table 1 shows the list of patients.

Recording procedure of heart sound
Fig. 1 schematically describes the recording pro-

cedure of the system. Heart sounds were recorded
during quiet respiration with the patient in a supine

Patient No. Birth year Sex

Valve type

Condition

Size
1950 F Hancock 29 mm normal

2 1961 F St-Jude 29 mm normal
3 1963 M St-Jude 27 mm normal
4 1934 M St-Jude 29 mm normal
5 1952 F Carbomedics 33 mm normal
6 1929 | Carbomedics 29 mm abnormal
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Fig. 1. Process of recording the heart valve sounds
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