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Summary

Musical murmurs are probably related to the vibrations of some structures in the cardiovascular
system, and this may be reflected in the characteristic stripes which are recorded by the fast Fourier
transformation (FFT) of the pulsed Doppler echocardiography (so-called FFT stripe).

In the present study, we demonstrated new stripes by color Doppler echocardiography, which
were composed of multiple warm and cold color bands which we termed color Doppler stripes (CD
stripe).

An experiment was performed to obtain Doppler signals from the surface of a vibrating tonometer
at a frequency of 128 Hz. When the CD stripe was obtained, a similar FFT stripe was also recorded
from the same sampling site.

Fourteen patients with musical murmurs were selected from 2,000 consecutive phonocardiographic
records made during the last one and a half years. The CD stripe was obtained in three and the FFT
stripe in six. When both stripes were obtained, the FFT stripe was always obtained if we set carefully
the sample site in the CD stripe, and these two were consistent in timing.

We concluded that, in view of the close correlation between the CD stripe and the FFT stripe,
the newly observed CD stripe is also a characteristic finding reflecting a regularly vibrating structure.
The technical feasibility of color Doppler echocardiography to detect fine movements of structures
may be helpful in the study of musical murmurs.
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— 690 —



RERMEE

Fig. 1. Phonocardiogram and FFT stripe of Case 2.

L=flat; M=100 Hz/12 dB filter; H=400 Hz/24 dB filter; 2L =phonocardiogram recorded in the
second intercostal space at the left sternal border; LA =left atrium.

Arrows indicate FFT stripes.

Table 1. Subjects with cardiac murmurs associated with musicality (14 of 2,000 consecutive
phonocardiographic records: Oct. 1983—-Mar. 85)

Case Age Sex Cardiac murmurs with musicality Etiology of musical murmurs

1 57 F Mitral regurgitant murmur Rheumatic MSR
2 54 M ditto Prosthesis
3 37 M ditto LV dilatation
4 59 F ditto Mitral valve prolapse
5 73 M ditto Unknown
6 52 M Aortic regurgitant murmur Unknown
7 56 F ditto Unknown
8 84 M Systolic ejection murmur Sclerotic
9 78 M ditto Unknown

10 76 F ditto Sclerotic

11 3 F - ditto Still’s murmur

12 76 F ditto Sclerotic

13 62 M ditto Sclerotic

14 68 F Late systolic murmur Unknown

M=male; F=female ; MRS =mitral stenosis and regurgitation ; LV =left ventricle.
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Table 2. Phonocardiographic findings of 14 pa-
tients with musical murmurs

Cace PCG Frequency
T be
: &=

20
4 < — 400

5 =M, — 200

MB murmur 3

lig
6 SO 400

AR murmur Is lig
7 500
g <t 150

vg

R L
0 <o - 100

Ejection SM _
1 . 720
12 &> 80

13 it 150

late SM 14— - 200

Musical components are striped.
PCG =phonocardiogram; MR murmur=mitral re-

gurgitant murmur; AR murmur=aortic regurgitant
murmur; Ejection SM=ejection systolic murmur;
Late SM=late systolic murmur; OS=opening snap
of the mitral valve; Is=first heart sound; IIs=second
heart sound; IIIs=third heart sound; IVs=fourth
heart sound.

6 IRTML, | AOBEEFRE— L3812k
VIERLEN, Bl OE—LDERTHE, FEZO
F~ L2 BEESH, 52 0 —LDFRKIC
AD. 4 KOBERE—LTIOEDL 7L —4
N5E+5. Lo o> T, NIVA- Lb—FhF H»B
4,000 Hz oZcfh T, H2HMOE—LBROK
B~ 5 DICET 5 EMEH 2msec ThY, —
%, 128 Hz 0B X OIRBYFH3H 8 msec TH %

Transducer

Tonometer
128 Hz

Fig. 2. Methods of experimental study using a
tonometer.

Upper panel shows the relationship of the position
of a transducer and a tonometer.

D =distance between the trasducer and the tonome-
ter.

Lower panel shows a FFT-like pattern which is ob-
tained by setting a sample site of FFT in the position
of the CD stripe in two-dimensional display.

Fig. 3. Color Doppler (CD) stripe.
The CD stripe consists of the repetition of warm
and cold color bands.
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Fig. 4. Doppler findings of Case 6.
Arrows represent the CD stripe-like pattern (left) and FFT stripe (right).

o, TEROEEHO 1 FEHOMICE — 534 4 [ gtk Vv HESh?tE2bh5 (Fig.7). +
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Fig. 5. CD stripe-like pattern of Case 13.
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Table 3. Doppler echocardiographic findings of 14 patients with musical murmurs

FFT stripe CD stripe
Case MR signal AR signal
Position Phase Position Phase
1 +
2 + MV Systole
3 =+ ditto ditto
4 + ditto ditto
5 + ditto ditto
6 + AV Diastole AV Diastole
7 + ditto ditto ditto ditto
8 = =
9 = e
10 —- —
11 — —
12 — —
13 — — AV Systole
14 — —

AR signal=pulsed Doppler FFT signal or color Doppler signal of aortic regurgitation; MR signal =
pulsed Doppler FFT signal or color Doppler signal of mitral regurgitation; MV =mitral valve; AV=

aortic valve.
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Fig. 6. Schema illustrating the mechanism of
the genesis of the CD stripe.

Upper panel shows the relationships among pulse,
beam and frame. One beam is composed of 8 pulses,
and 64 beams constitute one frame. Lower panel shows
the relationship of the motion of the surface of the to-
nometer and the directions of the beams. The motion
of the surface of the tonometer approximates simple
harmonic. If the surface moves toward the transducer
(forward), warm color is displayed ; if backward, cold
color is displayed.
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ERLY, AE—H—0IEE% y=sin ot &
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¢ : Frame angle

Ff : Frame rate

Fp : Pulse rate

Ft : Frequency of tonometer

Nb : Number of beams constituting a frame

Np : Number of pulses constituting a beam

D : Distance between tonometer and transducer

Va : Velocity of sound wave in the air

Vb : Velocity of sound wave in the body

X : Width of a band of the CD stripe
L=DxVb/Va
X =D6#VbFp/2NbNpVaFt=D§VbFf/2VaFt
1/Ff=n-1/Ft — fixed CD stripe
1/Ffxn.1/Ft — shifting CD stripe

Fig. 7. Parameters of CD stripe.
Parameters which regulate CD stripe are shown.
n=natural numbers.
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BAFETAZ L 2 EK T 5. LarL, FFT
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