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Abstract : This paper considers the acoustical characteristics of the closing click sounds of the mechanical valves employed in
an implantable biventricular assist device (BVAD) and their relevance to the physical states of the valves. Bjork Shiley
Convexo Concave tilting disk valve was chosen for the study and acoustic measurement was made for the BVAD operated in a
mock circulatory system as well as implanted in an animal (sheep). In the BVAD operated in the mock circulatory system,
three different states of the valve were examined, ie. normal, mechanically damaged. pseudo-thrombus attached. Microphone
measurement for the BVAD implanted in the animal was carried out for five days at a regular time interval from one day
after implantation. Characteristic spectrum of the sound from the valve was estimated using Multiple Signal Classification
(MUSIC) in which the optimal order was determined according to Bayesian Information Criterion (BIC). It was observed that
the mechanical damage of the valve resulted in changes of the structure of the acoustic spectrum. In contrast, the thrombus
formed on the valve did not change much the basic structure of the spectrum but brought about altering the spectral peak
frequencies and energies. Maximum spectral peak (MSP) with the greatest energy was seen at 2 kHz for the normal valve and
it was shifted to 3 kHz for the valve attaching the pseudo-thrombus. Unlike the normal valve, strong spectral peak appeared
around 7 kHz in the sound from the valve mechanically damaged. In the case of the BVAD implanted in the animal, as the
thrombus grew, acoustic energy was reduced relatively more in the low frequency components ({ 2 kHz) and the frequencies of
the 1st, 2nd and 3rd MSP were increased little. The thrombus formation would result in reduction in both the variability of
the 1st, 2nd and 3rd MSP and the value of the BIC optimal order.

Key words : BVAD. Mechanical valve, Thrombus. Sound. Acoustic. Artificial heart, MUSIC
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Fig. 1. Experimental setup for measuring sounds from
the valve of an implantable biventricular assist device
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Fig. 2. Photographs of the Bjork Shiley Convexo Concave
tilting disk mechanical valves used in the study. (a) the
valve on which thrombus was formed, taken out from an
experimental animal, (b) the valves attached with the
pseudo-thrombus made of glue
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Fig. 3. A typical acoustic signal measured from the

Bjork Shiley Convexo Concave tilting disk valves of the

BVAD operated in the mock circulation system. a: aortic

valve, b: left atrium valve, ¢: aortic valve
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Fig. 4. Closing click sounds from the aortic valve with
different physical states. (a) Normal valve, (b) mecha-
nically damaged valve, (c) valve attached with the pseudo-
thrombus made of glue
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Fig. 9. MUSIC spectrum of closing click valve sounds from the BVAD implanted in a sheep. (a) spectrum, (b) two
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(a) Comparison of the cases of the normal valve and pseudo-thrombus attached valve of the BVAD

(b) Variation with days after
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