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Summary

In the present study, myocardial contrast echocardiographic enhancement was compared with left
ventricular wall motion in an experimental ischemic heart according to the degree of narrowing of the
coronary artery. Artificial blood (Fluosol-DA) was used as a contrast agent. In eight adult mongrel
dogs, ischemic hearts with 0, 50, 70 to 90 and 1009, narrowing of the coronary artery were produced
by controlling a balloon catheter in a closed-chest system. Fluosol-DA was injected into the left main
coronary artery and myocardial contrast echocardiograms were recorded. The short-axis images of
the left ventricle were subdivided into octants using a * floating > reference system to analyze wall
motion by an image analyzer (Cardias GP2000), and to evaluate density values in the echocardiogram
by densitometry (MSR Vx-50).

1. With 0 and 50% narrowing of the coronary artery, the entire circumferential myocardium
was filled with marked contrast echoes, and no change was observed in left ventricular wall motion.

2. In 70 to 90% narrowing, the perfusion area of the narrowed coronary artery was filled with
mild contrast echoes compared to the other areas showing marked contrast echoes. But no change was
observed in left ventricular wall motion.

3. During total occlusion, the perfusion area of the occluded coronary artery was not filled with
contrast echoes and a distinct difference was observed between this and the other areas. Marked ab-
normality of wall motion was also observed. The area with abnormal wall motion tended to be wider
than the area of contrast enhancement defect.

The ischemic area can therefore be more accurately confirmed by simultaneously observing the
changes in contrast echocardiographic enhancement and in wall motion abnormalities.
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B, xoay b2 MPEERCWLHA
ayv 7R bz a—RENEER, Ritsh, 20
BHREERBESA TS, Ko 3kic#Ei
EESN* F + 5 ATk Fluosol-DA (LLF
FDA) 2=+ 5 2 MpE L LTHY, BARRL
HHa v 72 bz a—RAHEHEh3Z 2R
L7, KRFETIIER, koL a—KEick
B MiMG OREEERE &, FDA #Hviclff
Way bJ 2 bxa—REIC X3 EDFEROME
Tk L OBRICHOWT, EBRAEMLLEHAWTxt
Hmat L.

&R &EFHik

L xsge roERSE (Fig. 1)

a) EHREM DL

thiE 12~17kg (F¥ 15.8 kg) DHERERAK 8 3
FHW, Ry brALEZ— (20~30 mg/kg) T
HIRERELEE, [RERNEEL, chi ATk EH
(Aika-respirator R60) iz L, |BAZERIC L S
P R, & 1T - 72.

b) #F—F VOFEEIARFEA

Mg cEEENRY v Judkins catheter # T
HIcEAL, EEBIRERTIC z0EHE: BE,
& 5z catheter /U T 2F Fogarty balloon

c) MEHEHIERE L L~ — MLk

BERTaER i EUB-10 (A8 AW
7z. WO T a2 - AMB THEE L, SLEAR
VRVICET 3 EEEHEEREY 16 mm o1 7
4 WV AICERSE L o WiE TS P I R R 2 —
L L, ERTafEFEAELLEVE S, B
FHICERELE.

d) Ao A

BEERTE L7z FDA (stem emulsion) (Table 1)
¥ ERERICRE CRMR S ¥, zhiMAmKRC &
HizgmagswTHBohi FDA 20W/V%:
Kyl %, 100% #igssks AWT BERSE
400~500mmHg 7% % T, KA OFEIC
Io@ELiz. zokdiciE L FDA #F
FHIH 2~4 HEICTETBRERBI VEAL
7z (1 [EEAEZ 10 ml).

2. FEBpyEmOOER (Fig. 1)

SFHIR (EEIHERL) P Ic$E A L7 Fogarty cathe-
ter @ balloon ¥¥iEX®3ZLick»T, Hx
DREDBEIRRAERE 2 ER L. vV TV
BHRT T, EFBNRE & # i & v 7z Judkins
catheter X 0 #E8%| (urografin) 23 AL, BE
FREE# PR L 7=. Fogarty catheter o balloon %
EE R T, BEEHBEORM~E T FHhi
WikEEZ 100% (5E£) A, 0V —EDK
1/2 % 50% ez, 50% Pese L 100% SELPAZED
FHRT, BEFASEORM~b TN D
RiEE 70~90% Pz, ~n—rEKRE Y
mWRIEZIERZE, LEREED .

3. D= a—mEERLoFE (Fig. 2)

FDA #BEALTELAILHAN= TR B
= a2 - oL, WIRMBIEICM, BEgAENT
PRI EERE (MSR Vx-50) # v CLffi==—
WELLE: EBLE. 16mm v X7 4 LA
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Table 1.

AL AW LMHEN=2 Y b5 R bz a—Rk

Ventilator

SNl Er’fﬁ\\ L;fy

udkms cath
Injector of
contrast agents

Fogarty

Composition of Fluosol-DA

-balloon cath.

1.

Stem emulsion (400 ml)
FDC (perfluorodecalin)

FTPA (perfluorotripropylamine)

Pluronic F-68
Yolk phospholipids
Glycerol

Annex solution-C and H
[Annex solution-C]

KCl
NaHCO,

[Annex solution-H]
NaCl
CaCl,
MgCl,
Glucose
Hydroxyethyl starch
Fluosol-DA
Perfluorodecalin
Perfluorotripropylamine
Pluronic F-68
Yolk phospholipids
Glycerol
NaCl
KCl
MgCl,
CaCl,
NaHCO;,
Glucose

Hydroxyethyl starch

17.5

7.5
34
0.5
1.0

wv%
w[v%
wiv%
w/v%

wive

0.567 w/v%

3.50

4.28

wiv%

wiv%

0.200 w/v%
0.144 w/v9%

1.28
21.44

14.0
6.0
2.7
0.4
0.8

wiv%

wiv%

w/v%
w/v%
w/v%
wiv%

wiv%

0.600 w/v%
0.034 w/v%
0.020 w/v9%,
0.028 w/v9%,
0.210 w/v%
0.180 w/v%,

3.0

w/v%

probe

\\\\ — Ultrasonic apparatus
_ﬁ* Drip infusion
.C.G.

Pentobarbital

. Schema of the experimental set-up.
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4 ExESESHRE OFE (Fig. 3)
EEERAREREIC 3 2 EEESHRE
13, WIRMBIEICM, TrRom< B&k Uk
U7e. DoMSHE T 6 #% 47 35 8 Cardias GP-2000
(NAC #)) ZHwv, 16 mm o %7 4 LA IZEREFES
Nz ZEZE AT R O ILEEH (ED) 3 X OUHE
A (ES) 0% 2 DLIME, LAEE bLr—2x 1L,
ThEDOf T o —EEE Lo FHE L Rk 8 HE
iZE4L7z. ED X0t ES Tof4HHEIZH T3
DfREEE (TH) B X otiskmsg (A) 2 FHIL,
InkERBEE RN 4dTh (%thickness change):
(I I BE IR — HEARIC R BEIR) | HEARAE S BEIS)
x 1009

L EZENIEEmRENE/ N 4A (% area change):
(LR A b T B — AR T T ) / SIERAG A
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Fig. 2. An example of the short-axis contrast image of total occlusion of the LCX and mean
density value of octants determined by the image-analyzing densitometer (MSR Vx-50).

A: Reduced enhancement is observed in the posterior area, and increased enhancement is in the
other areas.

B: The density values of the LCX area are decreased markedly.

LCX=left circumflex coronary artery; IVS=interventricular septum; Ant.=anterior wall; Lat.=
lateral wall; Post.=posterior wall; LV =left ventricle.

DIASTOLE SYSTOLE

Fig. 3. Schematic diagrams of the left ventricular wall motion analysis in the short-axis
image, 9, area change and 9, thickness change, determined by the cardiac function
analyser (Cardias GP-2000).

End-diastolic and end-systolic left ventricular outlines are subdivided into octants to measure
regional contraction.

AA: 9, area change; 4Th: 9, thickness change.
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Fig. 4. Contrast-enhanced two-dimensional echocardiograms of the left ventricle by
injection of FDA into the LMC.

A: Control.

B: After injection of FDA into the LMC, the entire circumference of the left ventricular myocardium
is filled with contrast echoes.

LMC =left main coronary artery; [VS=interventricular septum; Ant.=anterior wall; Lat.=lateral
wall; Post. =posterior wall; LV =left ventricle.

Fig. 5. Mpyocardial contrast echocardiograms under total occlusion of the LAD and LCX.
A': Reduced enhancement is observed in the anterior area, and increased enhancement is observed

in the other areas.

B: Reduced enhancement is observed in the posterior area, and increased enhancement in the other
areas.

LAD =left anterior descending coronary artery; LCX =left circumflex coronary artery.
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No narrowing

50% narrowing

70~90% narrowing Total occlusion

Fig. 6. Relationship of myocardial contrast echocardiograms and the density values of
octants to the degree of coronary artery narrowing.

Top: degree of narrowing of the LCX. Middle: short-axis images of the contrast-enhanced two-
dimensional echocardiograms after injection of FDA. Bottom: diagrams of density values of octants.

Wi ki £) < 100%

wokw iz, EENENERNE NSRRI, float-
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Fig. 5 3 2@ BRI FATHR X O RlfEsse 4
FAEROLFNa v I 2 bz a—KTH 5. &
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70~90% narrowing Total occlusion

Fig. 7. Relationship of myocardial contrast echocardiograms to wall motion abnormalities

of octants.

Top: Short-axis images at end-diastole and end-systole on each degree of narrowing of the LCX.
Bottom: Schematic diagrams of 9, area change and 9, thickness change calculated by the Cardias

GP-2000.
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2

Fig. 8. Relationship of myocardial contrast echocardiograms to density values and wall

motion abnormalities of octants.

Top: Short-axis images after injection of FDA on each narrowing degree of the LCX.

Bottom: Schematic diagrams of density values
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(A)
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(B)

Fig. 9. Mpyocardial contrast echocardiogram and the corresponding slice of the left

ventricular myocardium.

A: A short-axis image at the papillary muscle level is obtained after the LCX occlusion and injection

of FDA.

B: To determine the perfusion area, the left ventricular myocardium is stained by injection of a
Parker ink into the LCX. The extent of a two-dimensional echocardiographic contrast defect is consis-

tent with that of the Parker ink stain.
LCX =left circumflex coronary artery.

A

i) FDA i2Xx3=a—34HHF

Foxd 543 Bl HABRBFESRET, MhEL
gL T FDA MEHAha s bS5 2 METHB Z
LERELRY. FDA ck23av b7 2 M4
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BRc BT, i BRI T L [
Thd. AT, LEBEESERE RO
T o —FEEE AR & 0 JAEEEE IC b7 B IS B
D, EIBEE, WIEOHBL Y LIREOPAET
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T OWKFMOJRE & LT, Kerber 513, %

— 685 —



Wik, RE, SR

REFEEICE VT, HmFRICEEREET S
FERMFIROEESRE X, BLFRick T 5%
B2 BEE B R KT L L RBME TR ARV
LiRRTn3.

ABFFEIZR T B %area change & %thickness
change & T, #EDOHFVRBTOEEEL XY
Giic R L, IERERH B LEX R, FHE,
systolic thickening X JHFT.LMF » fiber shorten-
ing KELHEFB2LtvwbhTERY, LEHE
T RFERIC X BB RO S IR ZIT v
72»Y, EEEEHIHMEL BREFEVLEZ
bhs. Ll ZOEREMEIZ-oWTIE, Lieber-
man 57 3RO T 2 —FEEIC X 5 BRI TE
DI, systolic wall thickening ™53 en-
docardial motion * ¥ & ERETH 3 43, @A
LetTWneERRELTWS.

3. ODER= YRS R b a— kL EEEEE
BIRE L DL

1) RO b >V T

Armstrong 183 gelatin-encapsulated micro-
bubbles # v CTERBB IO OLHHN= v b 7
Z b a—RFEET, B0l EES) &
DHav IR VIROFVERTH - e BE
LTwW3. ¥/ Kemper 52 4 R4z, hydro-
gen peroxide IZX B0y FI Az a—
Rz #HEITL, 2> b7 2 PIRRBERILEE
HREFEES SOEEFRR L —& L, BEHRE
BRI TR R E RS L OEEFER X BT
flishs @R bofc HELTWS. Zhbd
X, a v IR NBZEREDD, FHFEDORK
BerXETraboLELxONRS.

i) BMmBEOFMEiz>WT

ARFFEIC BT 300 T 2 —BERIEEEEE
BHRE D Sh B LB O RBMEREICISWTTT
KHABATWS. ZOMERE, LFEMLEE
ORFEICEL oL a—EIC X 3ERVEE
EEESMM LV VOB TH 3 LB b —
F, #koOLT a2 —HBZRERS S5, dEEK
TRAEC XM BMEBECRKRT S HDT

bB. Lichi-THEEHFATI ZLICLY, D
HREMAERES X BLEEE & ) ERICKRIEL S
3rExbhi.

PEX b, AT Fluosol-DA % v 7ol
HNav b5 R bza—Ekig, EoRBs
THHLVWREED—DY I B3 LEL LI

® ¥

ATk Fluosol-DA # Fvy, iRz + 5
2 b= a—REIC X 5 EMES OO T 2 —EEE
Bloe, #koiTa -k X 5 EEEEHR
DRI OVWTHRET L 7.

HRERASHE AV, MM CEBIIRIAETRE
BRI E 2 B EER L, ERBIRER
Hry FDA 25A, LNy 7R bxa—
M#% L& L. EXEUMIE- = —X% 8 5E
L, a2yt a—#—Hic CAEEEER % Ml L
fe. &bic, ASKHED= Y MT R MNREMHEER
Wi ZOREER, RofEwmzeE:.

1. Z[EfER 50% HETIE, LHN=2 v FT
2 b= o — S B RIC B W T, FERAERE L Rl
2, EELA LB ICHEERR KBRS
h, EEEEHICEEIRBD Lol

2. 70~90% PeiEcid, = OXEEOME,
BEEORY R RO, EREEEICKERE
{BIz@ED o7z,

3. SELRMETIE, ZOXEHEROE XA
L, BEMELERALRD B, TOHEROEE
BLELIET Lic. ¥7c, EEEEGHREFEFIR
X, OFR= Y TR bx o —ROREELER
v LEBmEICHIBEMIZH - 2.

LizioT, DFNav T2 bz a—Hkic
Xa0ra—mEELL, koL a—EIiC
X 3 ERBEER O FRFBIERIC X - T, RMmERS
FRECEBTEZ LEX L.

Wz dichicd, HEE HEHEEEDY £LL
Kk HEEdR B OEEGR ETH REURICIRE R B
FERLET. i, A5 SHEEEVWALEE LY
AT, PHERmELICE RSB LET.

— 686 —



X

1) Kerber RE, Marcus ML, Ehrhardt J, Wilson R,

2

3

)

)

4)

5

6

7

8

9

)

)

~

)

~

Abboud FM: Correlation between echocardio-
graphically demonstrated segmental dyskinesis and
regional myocardial perfusion. Circulation 52:
1097-1104, 1975

Sasayama S, Franklin D, Ross JR, Kemper WS,
McKown D: Dynamic changes in left ventricular
wall thickness and their use analyzing cardiac
function in the concious dog. Am J Cardiol 38:
870-879, 1976

Corya BC, Rasmussen S, Feigenbaum H, Knobel
SB, Black M]J: Systolic thickening and thinning
of the septum and posterior wall in patient with
coronary artery diesease, congestive cardiomyo-
pathy, and atrial septal defect. Circulation 55:
109-114, 1977

Wpyatt HL, Forrester JS, DaLuz PL, Diamond
GA, Chagrasulis R, Swan HJC: Functional ab-
normalities in nonoccluded regions of myocardium
after experimental coronary occlusion. Am J
Cardiol 37: 366-372, 1976

Heng MK, Lang TW, Toshimitsu T, Meerbaum
S, Wyatt HL,, Lee SS, Davidson R, Corday E:
Quantification of myocardial ischemic damage by
two-dimensional echocardiography. Circulation 56
(Suppl III): I11-125, 1977 (abstr)

Wyatt HL, Meerbaum S, Heng MK, Rit J,
Gueret P, Corday E: Experimental evaluation of
the extent of myocardial dyssynergy and infarct
size by two-dimensional echocardiography. Circu-
lation 63: 607-614, 1981

Lieberman AN, Weiss JL, Jugdutt BI, Becker LC,
Bulkley BH, Garrison JG, Hutchins GM, Kallman
CA, Weisfeldt ML : Two-dimensional echocardio-
graphy and infarct size: Relationship of regional
wall motion and thickening to the extent of
myocardial infarction in the dog. Circulation 63:
739-746, 1981

Nieminen M, Parisi AF, O’Boyle JE, Folland ED,
Khuri S, Kloner RA: Serial evaluation of myo-
cardial thickening and thinning in acute experi-
mental infarction: Identification and quantification

using two-dimensional echocardiography. Circula-
tion 66: 174-180, 1982

Weiss JL, Bulkley BH, Mason SJ: Two-dimen-
sional echocardiographic quantification of myo-
cardial injury in man: Comparison with post-

mortem studies. Circulation 58 (Suppl-I1I): II-
153, 1978 (abstr)

10) Weiss JL, Bulkley BH, Hutchins GM, Mason SJ:

11)

12)

13

~

14

2

15)

16)

17

~

18)

19)

20)

— 687 —

ALMEERWZLHEAa Y b5 2 b a—FE

Correlation of real-time two-dimensional echo-

cardiography with postmortem studies. Am J
Cardiol 41: 369, 1978 (abstr)

Weiss JL, Bulkley BH, Hutchins GM, Mason S]J:
Two-dimensional echocardiographic recognition
of myocardial injury in man: Comparison with
postmortem studies. Circulation 63: 401408, 1981
Heger JJ, Weyman AE, Wann LS, Rogers EW,
Dillon JC, Feigenbaum H: Cross-sectional echo-
cardiographic analysis of the extent of left ventri-
cular asynergy in acute myocardial infarction.
Circulation 63: 1113-1118, 1980

Parisi AF, Moynihan PF, Folland ED, Feldman
CL: Quantitative detection of regional left ventri-
cular contraction abnormalities by two-dimen-
sional echocardiography. II. Accuracy in coronary
artery disease. Circulation 63: 761-767, 1981
Mason SJ, Weiss JL, Weisfeldt ML, Garrison ]JB,
Fortuin NJ: Exercise echocardiography: Detec-
tion of wall motion abnormalities during ische-
mia. Circulation 59: 50-59, 1979

DeMaria AN, Bommer W], Riggs K, Dajee A,
Keown M, Kwan OL, Mason DT': Echocardio-
graphic visualization of myocardial perfusion by
left heart and intracoronary injection of echo
contrast agents. Circulation 62 (Suppl-III): III-
143, 1980 (abstr)

WEYeE, FFET, STHERN, FiE % R
E, WA, BB &, N & BHEER &
R BERELCRIV PR b - 2 a—FEED
R BHBERFERBIE 41: 331-332, 1982
Yasui K, Matsumoto M, Shimazu T, Maeda T,
Nakajima S, Fukushima M, Hori M, Inoue M,
Abe H, Satoh H, Minamino T': Visualization of
intramyocardial blood flow distribution with
contrast echomyocardiography. J Cardiography
12: 895-903, 1982 (in Japanese)

Armstrong WF, Mueller TM, Kinner EL, Tickner
EG, Dillon JC, Feigenbaum H: Assessment of
myocardial perfusion abnormalities with contrast-
enhanced two-dimensional echocardiography. Cir-
culation 66: 166-173, 1982

Tei C, Sakamaki T, Shah PM, Meerbaum S,
Shimoura K, Kondo S, Corday E: Myocardial
contrast echocardiography: A reproducible tech-
nique of myocardial opacification for identifying
regional perfusion deficits. Circulation 67: 585-
593, 1983

Kemper AJ, O’Boyle JE, Sharma S, Cohen CA,
Kloner RA, Khuri SF, Parisi: Hydorgen peroxide
contrast-enhanced two-dimensional echocardio-
graphy: Real-time in vivo delineation of regional



A RE, 8K

myocardial perfusion. Circulation 68: 608-611, AARES: 24: 231-238, 1984

1983 22) R ek, FomFER: ATMm#K (perfluorochemi-
21) REFRE: DAY T2 b a—RICET 50 cals) OBIRIYEENRER (cineangioraphy) ~D &

72: AT (Fluosol-DA) & {th#] & o HikiREt. FA. 1EEEI% 3: 66-77, 1982

— 688 —



