MEROEIR Hi2% 2% GR No. 58)

ANLFEFED AT PviFH

HALRS:  BURR RSB JERT
HetE  wmIORSE WS R
FREEX  CHET WK
¥ it

CHmp— S

F LIS

DIESEREOHBIEE & LT, ALAOBHMi A T/obid X 91 ico IeDIERMDO Z L TH B0, Bl
Ricks Tk, BHEEOMEEORG %L, BHOFUNCHIE LS 2#M7/e)jdkirlel, LELLTH
HRBIEARE D DA R H b b 2 LDl e\, FIThhvbiud, BT 25 ATHENE
DFEEMIE, & wEE (pitch) &2\ ikEE (timbre) OZMbh AN O BMAC, AL
PO REAHETH 2 LaxExl, TOHIBRE LT, ALREOEEMWEEV O3 2 HM
mb, FY Y FAR7 br 77 70T, KHERSEORMBII T2 e, EOEREBE Lic,

RS

BEABALE U, RIS TR 2 (5 R X8 il Lic, @EIE AR OOEH~1 7 kv
. EOWMIME S A NTE R, SRR A Lc, T v X —TEEL, Zhivy
VEARZ bw 57 (VA VB SG-07) THIT Lic, BRI, ZEANEEE 10585 N
¥C, AL LEINLESME, FH3MERTTH S, @miFddE, OFEBEOL, MsXUOH (£
AT P 5 50 Hz, 160 Hz, % & 0° 315 Hz, K355 18 dB/oct, 24dB/oct #s x 0 24 dB/oct) #

Spectral phonocardiograms of the prosthetic valve sounds

Motonao TANAKA, Shigemi KOSAKA, Kinjiro UNNO, Yoshio TERASAWA, Keiko NITTA,
Makoto KASHIWAGI, Haruo SUGI, *Shinichi NITTA, *Togo HORIUCHI

The Research Institute for Tuberculosis and Leprosy, Tohoku University, Hirose-machi 4-
12, Sendai 980, *Division of Thoracic and Cardiovascular Surgery, Tohoku University

School of Medicine, Seiryo-cho 1-1, Sendai, 980

— 283 —



e, AW, SRR

R Lie, MRS T,

R LT, ABirhds X ok Zsh o 46N T E s
B, ot — v (EIRBURR) ok A Lic,

oy, HERNE B

RRSLIUER
1. KEIRFES G
(AVR)

e 7THTHY, AL
FrOFEELT T Starr-
Edwards £— LT, #
Bit, silastic 2316, fib
i3 metal THDH, FoEH
WA % 24 H A 5605 H

THh %,

Figure 1 A% Al f
@0, ) 1z Starr-
Edwards f (9 A, ball,

metal) A AL, fiifk 46
HECE S Lo A2 b
TH 5,
HHE 2 Wl E k% (Kb
L, LWFR2SB), %2
il E# (Kot L,
LIF L2SB), 7245 4 Ml
Mgk (Ko F, AT
L4SB) s L On04H (JXrh
DAET) KL, 741
2 —M#% il LCEist Lic,
Figure 1B 1, AIDjER)
@23%F, &) K, M1A®D
REGIE 7] U ALF & B

~A 7 mKR Vi,

B 7> a ViRD DI, F v iiiRs L,

CH D, AR, &2, CHOGD, S

5dB A5 oy 7T
F R PlE RS L LT, HHALRED MR

R2SB 125B

AC

Vi
Figure 1A. Contour spectrograms in a case of aortic valve replacement
(Starr-Edwards metal ball valve 9A). 20 y.o. female
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Figure 2. Maximum frequency span of aortic opening sound (AO) and closure sound (AC) in a

case of Starr-Edwards metal ball valve 10 A

The comparison of the maximum frequency in each recording area was performed under the same
Longitude indicates sound frequency (Hz), abscissa (I to V)
R.SB : right sternal border, L.SB : left sternal border,

condition of recording and analysis.
indicates the intercostal space (I. C. S.).
L.ML : left mammillary line.

Figure A : 33 y. o. male, Figure B : 33 y. o. female.
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Contour spectrograms in cases of mitral valve

— 287 —



Hrp, &, WY, SR, CHOED, WK 2, CHOGD, WA

fiho disc, derlin 4T LEP LA x— v &R LTW5, Figure 3 o (2) oy, Fif
p 6 EILH Bkt BE (5F, ) THD, ZOFCRTY, S h s AMEEEE, MC, MO
L b ok#ERL, k@i 3,500Hz i TH B, LL, mIOBEDCH 2SR, (1) OF& Ak
i, 500Hz (¥ To=x1F -2 b AkZ\a, 500Hz ~ 1,000 Hz oA CIRBELE A AE L,

TR D @ RBEE X I 2 D ET 2, Lo 2 ik W T LD A2 b TH -
foo Figure 3 o (3) 1k, Tihin b 34ET7 2 Afkpicdhnr, MC, MO & it ~Hipiix 30dB

1} I

4000 1800 MC | MO
3500 3500
3000 000
200 2500
2000 2000
1500 1500
wo{ 4 1000
RSB “RSB
500 L— y = 500
I Il m v v I I m v VICS I 1 m v v I I m v VICS
(A (B)

Figure 4. Maximum frequency span of mitral closure sound (MC) and opening sound (MO)
See the legend of Figure 2. Figure A : Starr-Edwards disc derlin valve 4M, Figure B : Kay-
Shiley valve (#6: disc, derline).

Figure 5. Autopsy speci-
men in a case of prosthetic
mitral valve (Kay -Shiley
silastic disc valve). 47 y. o.
female

The patient died of ma-
lfunction of the prosthetic
valve 5 months after repla-
cement. The contour spec-
trogram is shown in the

following figure.
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Figure 7. Frequency-intensity analysis of mitral
closure sound (MC) and opening sound (MO)

Solid line : a case of good risk, broken line : a case of
fair risk presented in figure 5 and 6. Both cases had
Kay-Shiley valve of the same size. Note the decreased

intensity in the high-frequency range in case of fair

risk. Average declines of MC and MO in case of good
risk are 3.3 dB/500Hz, whereas those of MC and MO in
case of fair risk are 5.8 dB/500Hz and 4.6 dB 500Hz,

respectively.
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Figure 9. Contour spectrogram in a case of multiple valve prosthesis
Aortic valve : Starr-Edwards silastic ball valve, mitral valve : Kay-Shiley

Figure 6 (Xl # 431 valve.
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Summary
Frequency-intensity analysis was performed in 29 cases with prosthetic artificial valve
(aortic : 7, mitral : 18, tricuspid : 1, both aortic and mitral : 3 cases), with the use of sound
spectrogram. The filters used were 50/18, 160/24 and 315/24 dB/oct and the spectrogram
was displayed by contour of 5dB step. The recordings were made from 13 precordial
areas which included both sternal margin of the first to fifth intercostal space and the
third to fifth intercostal space at the left mid-clavicular line.

Like ordinal heart sounds and murmurs, artificial valve sounds contained predominantly
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low-frequency vibration, and the vibratory energy progressively declined towards high-
frequency range. However, fairly high-frequency vibrations were detected up to the
frequency of 2,500 to 4,800 Hz (occasionally up to 8,000Hz), whenever the preferential
recording site was selected.

Sound spectrum of the artificial valve showed different pattern depending on the site
(aortic, mitral or tricuspid) and the sort, structure and material of the valve. Several
examples were demonstrated by the contour spectrograms (Figure 1,3,6,8 and 9), and the
characteristic pattern of the contour was pointed out. The maximum frequency span in a
given patient was different depending on a recording site and an artificial valve (Figure
2 and 4).

In case of fair risk (Figure 5), the thrombus formation of the valve was suspected by
the abrupt decline of the high-frequency vibrations (Figure 6,7) compared with the case of
good risk having the same artificial valve, though the same tendency of high-frequency
decline was observed in the latter. Sound spectrogram seems to be a useful tool to detect
the ball variance, thrombus formation and tissue infiltration in the early stage of the pros-

thetic valve replacement.
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