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Summary

To develop ultrasonic cardiac tissue characterization, serial changes in intensity of backscattered
ultrasound from the normal and infarcted myocardium were studied in vitro, with frequency-domain
analysis. As an index of backscattered signal intensity, quantitative integrated backscatter {[(10Xx log-
S./S1)] (dB), S; and S,=areas of power spectra of digitized (sample rate=100 MHz, 8 bits) ultrasonic
signals from a perfect reflector and good specimens} were calculated for 60 regions of the myocardium
(N=20, MI=40) excised from 10 dogs 3 days, 1, 2, and 4 weeks after coronary artery ligation in 2, 3,
3, and 2 dogs, respectively. The myocardial specimens and a stainless steel reflector were mounted at
the focal distance of a newly-developed wide-band transducer having a center frequency of 4.0 MHz,
in a water bath filled with degassed physiological saline. Tissue concentrations of hydroxyproline (HP)
were also established using a HPLC (Hitachi amino acid analyzer model 835).

The results obtained were as follows:

1. No significant changes in the integrated backscatter of the normal myocardium were observed
throughout the experimental period (3 days=—52.5+0.7, one week=—53.6+1.8, two weeks=—51.6+
0.8, four weeks=—52.8+1.4 (dB) (mean=+SE).
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2. Integrated backscatter of the infarcted myocardium [3 days=—47.34+0.6, one week=—49.2+
1.3, two weeks=—40.7+1.3, four weeks=—39.6+2.0 (dB)] was significantly increased compared with
the integrated backscatter of the normal myocardium in the early stage of myocardial infarction, before
tissue concentrations of hydroxyproline increased, as well as in the chronic stage of myocardial infarc-

tion.

3. Results of histological examinations suggest that minute changes in structure, such as intersti-
tial edema or neovascular proliferations, may be the cause of an early increase in integrated backscatter.

The results suggest that quantitative integrated backscatter is a sensitive parameter for detec-
ting both early and old myocardial infarction by cardiac tissue characterization.
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Fig. 1. A system employed for measurement of backscattered ultrasound.

A': reflector and specimen holder, B: transducer holder, C: water bath, D: tank for degassing and
warming water, E: vacuum pump, F: B-mode image display, G: ultrasonic wave recording and proc-
essing unit, H: temperature monitor, I: transducer controller, J: digital memory, K: oscilloscope.
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Table 1. Integrated backscatter in the canine
myocardium at several intervals after

coronary artery ligation

Time after No. No. lgr;f:i%rciiigr
ligation o, o (dB)
£S sites mean-+SE
3 days 2
normal 5 —52.5+0.7
infarcted —47.3+0.6*
1 week 3
normal 7 —53.6+1.8
infarcted 13 —49.24+1.3*
2 weeks 3
normal 7 —51.6+0.8
infarcted 11 —40.7+1.3*t
4 weeks 2
normal 4 —52.8+1.4
infarcted 6 —39.64+2.0*t

*p<0.01 vs normal; Tp<0.01 vs infarcted (3 days).
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Table 2. Changes in hydroxyproline concen-
tration of the normal and infarcted myocardium

Hydroxyproline concentration

Time after ligation (% wet weight)

(mean+SE)

3 days

normal 0.057+-0.004

infarcted 0.055+0.009
1 week

normal 0.047+0.003

infarcted 0.049+-0.003
2 weeks

normal 0.059+0.006

infarcted 0.198+0.011}
4 weeks

normal 0.056 +-0.005

infarcted 0.24140.035¢

tp<0.01 vs normal.

—52.8+1.4 dB (mean+SE)] (Table 1, Fig. 4).
—%, BERLHFEBIT BT vLFy K-
RNy Axyv&—ix, 3 HE —473+0.6dB,
188 —49.2+13dB, 2 B —40.7+1.3dB,
43EE —39.6+2.0dB (Table 1, Fig. 4 &,
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RNy 7 Z2F% v &=L, SABIC1IERD {FE
O &L, BRI BERE (ZhTh p<
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EhBEME R L 2B : 0.198+0.011; p<
0.01, 4588 : 0.24140.035; p<0.01) (Table 2,
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Fig. 2. Backscattered RF-signals and their power spectra from the normal (upper) and
infarcted (lower) myocardium.
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Integrated Backscatter = 10 log ( S2 / S1 )

Fig. 3. Calculation of integrated backscatter.
S1 and S2 are the areas of power spectra of the backscattered RF-signals from the stainless steel
reflector (upper) and the myocardial tissue (lower).
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Fig. 4. Serial changes in integrated backscatter from the normal (solid line) and infarcted
(broken line) myocardium after coronary ligation.
Fig. 5). &L, BoERAMIC RS fTRbhiEd TV 5.

3. REE&MRE

% 3 B H OO TE, MRRZE LY
T, MBBZEH DMK, SHEREE, Hifik e
DFRBRA LN, 1 BB CTRBEIERLTVWS
b DD, BRHELFHIRECHA M DBEBED bh
D, wFhbas—FuiEomsEdBigsh
BRhote. —F, 2BIXV4BHTEas—Fy
HHEDH b A2 B Tz, BEELE T4
BB B TREFTRIBD AR ol

z #®

BEBABIERBEN, EROL= 2 —REe
F 77 —MEBEEICIZ, BEROBZHETE O
ERRMEREEEICH LY 2 b0 L UTHiFfK

L L, BFRLEKOB TOMEEREZ, Fi
=i, K, #EL, B Y, BELREEORY
i, WERRENRFEIEBZBELTORNOR
BRTH 2. FBRIEEETIWE THET» S
wWicw, Zhh o RLERERESY S AERKE
HERBHHE V2RO IO LT3R, BOHT
WEETH o, Zhicxt L, AFZE TRIEESRE
FRERAWEEFHIMES 2 v X —0ERLIC
Xy, DFEERBL Y, EEOFLBEDOE
EERERLD BREEMEERT L L LI, a5—F
ViR L, BAEELEBRET 2EFICon
THYETOBEEMA 2.

. AVF0VL4FYF -NyIXFrysy—
AVFITVvAT YR - Ny xF v v F—13,

— 804 —



% 3 normal
0.4 I infarcted

: (meant SE)
x=
== *
= P<0.01
=
—
[
= 0.3
\’ *
-
2
= .
oc
= 0.2
frw
[
=
=
[ ]
dd
=
=
e= 0.1
[~
>
>
[=—}
[~
[—]
>
=

0

2weeks 4weeks

| TIME AFTER CORONARY LIGATION
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