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Abstract

Ultrasonic tissue characterization of the myocardium has become very important because the require-
ment for evaluating local cardiac function has increased. In the present study, the acoustic properties of
the tissue elements in myocardial infarction were measured by a specially developed scanning acoustic
microscope (SAM) system, and the echo intensity of the infarcted myocardium was assessed.

Ten samples of infarcted myocardium obtained at autopsy were formalin-fixed, paraffin-embedded and
cutinto 10 um thick slices. The SAM system was operated in the frequency range of 100 to 200 MHz. The
values of the attenuation constant and sound speed were measured in five tissue elements, normal myocar-
dium, degenerated myocardium, fibrosis, granulation, and hemorrhage by comparing the optical micro-
scopic image and acoustic images. The density of each tissue element was measured by the CuSOs
method, and the specific acoustic impedance was calculated by multiplying the sound speed and the den-
sity of each tissue element. The specific acoustic impedance was 1.75 X 10° Ns/m? in normal myocardium,
1.69 X 10° Ns/m? in degenerated myocardium, and 1.85 X 10¢ Ns/m? in fibrosis.

The intensity of the reflected ultrasound at the interface between two different tissue elements was
calculated by the difference of specific acoustic impedance. Using the sensitivity changing method in
clinical echocardiography, the intensity of myocardial scar was — 15 dB compared to the pericardial echo.
The corrected ideal ultrasonic reflection between degenerated myocardium and fibrosis was calculated as
—15.4 dB. The results suggest that measurement of acoustic properties is very important to provide basic

data for ultrasonic characterization of myocardium tissue.
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Table 1 Profiles of patients with myocardial infarction

No.  Age (yrs) Gender Lesion  Time course Appendix
1 53 F RCA 3 days
2 71 M . RCA 6 days
3 77 M LAD 20 days
4 72 F LAD 48 hrs OMI
5 65 F LAD 48 hrs OMI
6 62 M LAD 12 hrs LV rupture
7 54 M LAD 10 hrs LV rupture
8 49 M RCA 40 hrs
9 71 M LAD 18 days

10 71 M LAD 20 days
F=female; M=male; RCA=right coronary artery; LAD=left

anterior descending artery; OMI=old myocardial infarction; LV=

left ventricle
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Fig.1 Block diagram of the scanning acoustic microscope system
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Fig. 2 Optical microscopic image (X 40, Elastica-Masson’s trichrome stain) and acoustic images (left : attenuation con-
stant, right : sound speed) of acute myocardial infarction tissue

The hemorrhagic lesion appears red in the attenuation image and yellow or magenta in the sound speed image. The
values of attenuation constant and sound speed are represented by color coded scales (Table 2).
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Table 2 Relationship between color coded scale and values of attenu-
ation constant and sound speed

Attenuation constant Color Sound speed
(dB/mm/MHz) (m/sec)

1.9= Red 1,690~
1.7~1.9 Magenta 1,670~1,690
1.5-#1.9 Orange 1,650~1,670
1.3~1.5 Brown 1,630~1,650
1.1~1.3 Yellow 1,610~1,630
0.9~1.1 Green 1,590~1,610
0.7~0.9 Olive green 1,570~1,590
0.5~0.7 Cyan 1,550~1,570
0.3~0.5 Royal blue 1,530~1,550
0.1~0.3 Blue 1,510~1,530
~0.1 Black ~1,510
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NOR=normal myocardium; HEM=hemorrhagic lesion;
DEG =degenerated myocardium; GRA =granulation; FIB
=fibrosis
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Table3 Values of sound speed, density, and calculated specific
acoustic impedance of three tissue elements (mean=+SD)

Tissue type Sound speed Density Specific acoustic
(m/sec) (g/cm?) impedance (Ns/m®)
Normal 1,6202+ 82  1.082+0.02 1.75X10¢
Degenerated  1,572.4+10.6  1.074%0.04 1.69 X 10¢
Fibrosis 1,690.3+ 9.1  1.092+0.02 1.85X10¢

Table4 Intensity of ideal ultrasonic reflection between two different
tissue elements in myocardial infarction (dB)

Normal Degenerated Fibrosis Blood
Normal * —352 —31.1 —30.6
Degenerated —35.2 * —26.0 —384
Fibrosis —31.1 —26.0 * —249
Blood —30.6 —384 —249 *

Table 5 Corrected echo intensity between two different tissue ele-
ments in myocardial infarction (dB)

Normal Degenerated Fibrosis Blood
Normal * —24.6 —20.5 —20.0
Degenerated —24.6 * —154 —27.8
Fibrosis —20.5 —15.4 * —143
Blood —20.0 —278 —143 *
% =
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