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Assessment of Myocardial Perfusion During Acute Coronary Occlusion
and Reperfusion by Myocardial Contrast Echocardiography
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Department of Internal Medicine, College of Medicine, Korea University, Seoul, Korea

Background : Myocardial contrast two-dimensional echocardiography(MC-2DE) has been
known to have the real time capabilities for repeat in vivo assessment of ischemic risk areas
and for evaluation of the myocardial perfusion. The aims of this investigation are (1) to evaluate
the feasibility of MC-2DE for the delineation and quantitation of the area at risk. (2) to
determine the relationship between the extent of the echocontrast defect area(EDA) during
reperfusion and the size of myocardial infarction as determined by post-mortem tissue examina-
tion, and (3) to observe serial changes in the time echo-intensity characteristics of MC-2DE
during coronary occlusion and reperfusion.

Methods . Myocardial contrast echocardiographic images were made by injecting bolus 5ml
of two-syringe-agitated mixture of sodium meglumine ioxaglate(Hexabrix®) and normal saline(2
: 3 by volume) into the aortic root before and during coronary occlusion of the left anterior
descending coronary artery. distal to the first diagonal branch, and during reperfusion on eight
open-chest dogs. Two-dimensional echocardiographic short axis views were obtained at four
anatomic levels  the apex. the low papillary muscle, the high papillary muscle and the mitral
valve. The changes in EDA and echo-intensity, with its wash-out half time(WHT) at the high
papillary muscle level during coronary occlusion and reperfusion, were measured every 15
minutes. The total EDA was measured by planimetry at 3 minutes after coronary occlusion
and at 60 minutes after reperfusion. Evans blue or methylene blue were used for the measure-
ment of the anatomic area at risk and triphenyl-tetrazolium chloride(TTC) for the measurement
of the infarct area.

Results - The EDA measured 30 minutes after coronary occlusion(19.6%) was smaller than
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that at 3 minutes after coronary occlusion(24.0%, p<<0.01). The EDA at 3 minutes occlusion

was strongly predictive of the anatomic extent of area at risk(EDA=048 Area at risk+ 1695,

r=0.84. p<<0.05). The EDA at 60 minutes after reperfusion, which showed an irregular margin

and was located within the subendocardium of the area at risk, also correlated well with the
infarct area(IA) (EDA=0.78 IA+3.32. r=0.82, p=0.09). The peak echo-intensity in the ischemic
area during coronary occlusion was significantly low(14.2% 6.5 vs 73.8% 31.7 in the non-ischemic

area. p<<001). and the WHT was delayed more in the ischemic area than in the non-ischemic
area(232% 2.8 sec vs 8.1% 33sec, p<0.01). During the period of reperfusion, WHT in the pre-
viously ischemic area was markedly delayed compared to that in the non-ischemic area (p<C0.

01), although the peak echo-intensity in the ischemic area at 3 minutes after reperfusion increa-

sed modestly compared to that in the non-ischemic area(80.9+ 228 vs 727+ 84), suggesting

the impairment in the transit of microbubbles is probably due to microvascular damage after

reperfusion. There were no adverse hemodynamic or electrocardiographic effects after injection

of the contrast agent.

Conclusion : These findings suggest that myocardial contrast echocardiography was useful
as a non-invasive technique, first, to delineate the area at risk in vivo during coronary occlusion

and. after reperfusion, the infarct area, and secondly, to evaluate indirectly the state of myocardial

perfusion during coronary occlusion and reperfusion.

KEY WORDS : Coronary occlusion - Reperfusion - Myocardial contrast echocardiography.

X,
i)
B
glo
i
K1
rir

e Qb
et
oX
o
)
2
2
>
o)
B

(myocardial perfusion) A& H7} RS B
7Hsd Aot et ol HESAER
A9 7%l tste] Aol #R/E H7st7] ¢
AZgRe] A2zd 220224 APFEAA
WFENE HAATE dFAIFY LTI R
7| EE 7H 2FAE FHsHE B ASUHR
O mAVIEE 2ETe AERE FTHAA
YA vdehdte v @i/71 gle slg@ddde
Fge] Wil gleng P4 sE4Te #F

ERE
T wedata SN AT 23e dayely
AAENZY U FAULE o8 H2ZAES

o2 £33 A ¥ A (area at risk) 7} A9
X gcha 3! P YFT AT o)
4 ARG L FHd=d e FE8702 &
P %qw.n-lx)‘

A22Y 2594=7t A28 299 a7E
A%t AdA o yetrt AW BRE A Fs)
g & e dsiMe ofF] =do] o) 4
Sl 2GAZE wAUste el 2 A
ol JHE wtddAo T AziEe] 34 dxA
(videodensitometer) 2 &A% AW 2P}
oje] Ajzte] wE wW3l7l ¥R HEH AEI}
2 & S-S oy HuolA AALg} gmbie
ololltf gt AT A3 Folnt

wAE H42 A48 HEEF AFBFAIE
HAHAD FHE /71 AMEdSE F99
233 v g de &4 s AFAF 270
ZAE AT F99 27MER AEoE Ve
FH7F FAl AstE o] A& 7HeAol den=
P79 dHTtez o] F HE TEYSF ge
A7F Y30 YAF 27l A22F 2e9

oM AZ#Fe vt oy FFog v

- 191 -



Uil AlZPE e w2 wstel] #IAME ofF #
g A A Fe el

olo] Bty AA WFEYW HMFE 6083
Azzg 2gasyd 29 A& ¥H9 F.9%
AHe] A7E ZA3 AZE A wa} ol €]
A717} o|%A WHI=AE BRFoZH F4 A
Z7R3Me] Z7)d) sPEANTY AV]9 WHEE #F
s o E4 ABF 0E7HA A2xF 9
N 7E A1t BTl mhet o] QA WA o A9
AMA7Y 29 4¢ YR WgHeAE ¢
st AA FFEH A ABFEL Azt
we} 7] 29 dEU e Z9H = (echo-intensity) 9
o] o] Aol A W} 7t= Al ZH(washout time) o]
olgA Wets AE Hol olme] AW #TF9
H3lE Bz g dA, 4229 22359
A S HEEQ oA HAESInA 3}

Al
=

]

JERTE

1. dEZE2 =d|

8 vlEle] FF 7 (15~25Kg) 9l sodium pentobar-
bialg HF kgT 30mg FHFALSA utHE K
T3 7|AAB/E ABF Harvard FF7)(udal
volume ! 20ml/kg, £33 123))2 3FS Al#HT.
AREF vtANEHE T8 A3t AF kgD
5~10mg9] sodium pentobarbital& v} o] Hx 7}
RolA e Aol ALH F7E FHAFALE{TH
T A/ g3 SuFHE =EA7L 8
AYTE ¥ eF pignl= @S At s
2GR A gEd 4HE VIS

HAEE lead I1E 7|23l 0oH Autee AAE

Al
o] RR HA g o] &3l P LEXRCZ MNE

w31 #AF A5s5ARE AFdn e
el A4S =3ANF HE AL VS
1

s
317] 98t Aoz =g A9 dF
w9}, 2H4lubek& VR-12 multichannel recorder( ] =
HoneywellAD) 2 &3 3t¢ith #4359 HA& 9%
Z 2] 7 (snare) & HFEHGIE B7] gslo 2A
HFEH S deEstg o v 9 FH2 3
FAE 9o zeheE Fvskth

1) S H2HY YRR
e Ade JFH NS 608 HH
1% 6087 AWF AT BYEH HA)
F2 A F e AYHY FHAE o
1 913t 2% lidocaineg A5 kg 1.5mg &
hdlol] WAL 58] FHA &3 BFEHe
A1 RZAEA HslRolA HAA T olo] £ 1
mgo 2 A ARAVNEN NEHo=E Fuy F¢Y

==

o
N
m

2) AZXYHe Fd|Y MESutzel IS
dEdst 3830 294 FH9E At dE9
Ho) pigail EBS Wi AZRSHERE o] ¢
g glstgon ol LAFHF ZIAE F
3t 29 A= sodium-meglumine ioxaglate(He-
xabrix®) 9} Q2] AH-E 2139 v &2 Eetn
Tei§o] FHE Wl A3 10cc FA7] 2
7§ E 3-way stopcockdl] AATF £o 2 waA o
2~387 W MR FTIE vHEI FARA
71e wyez nA7IE7 44 sk o9
2ol Jg3T 2JAF LS oozl T
Ut AujZ oz 400u) st #A3PoH &
Alokell Al 71 8] A7 MY B& HIEE AHA
e 7 RS FAYR AFs ol
WO R oy AJokE S8 o 18 #Fd}o 7|2
a7ie Aokd & AN A FEI 7|2
e Aok 50~7070 QL vl A7) A7)E 5~
35um(18+ 6um, meant SD) O 8 0] 5ccE $hH o)
o3kt

A1 %2835 = Hewlett-PackardAF2] 77020A 717]
o} SMHzEE7]E ARR3te] HAY 95943
Z1gstd e A4 A7 T 250 G4 =
(gain, reject, brightness)5& UA3A stgon
Z9A FoH 302 HEH EAF 1£ 71X Panasonic
AG 6300 recorderd]] =3}ttt BAEW HHAF
3T AAF 60FNT 459 (HFE, #5238
5§52 AE $EE) Y AAH E59%E
1o A3 HAF 158, 308, 458,

60%-7 A TF 3%, 158, 308 B 5% ol #52

- 192 —



5o F44 BEP4T 7St
3) A2z AgmTol 24

(1) 29 A% (echo-intensity) %
(washout half-time) 2] &3
7128 94L& 1/2 inch B]H| L B Yo 71231
2819 34 P B4 713 (off-line videodensitome-

ter system, Contrast and Stress Echo Analvzer, Color-

SERERE

Cardiology Work station, Freeland System) & ©]
£33l A AT AutEH FAl FEEHE WS
(beep sound)o]u} M Axel Rz o] MHF7E
Ao 7t AF 7oA 7T F4e Az
Rujo} AX|3HHEA 44 WHel 7 & FAY
oz A A Aejuhg wet 18 A
THH G Pl ol & 128 -2 YFAth 2Y o)
A% AAFATS BT AARYE 9A
THOE o] AALEL R A2 128 H 9
Az om ol Alzte] XF, %A
} Aoz vehdA dto Hu
2 be EHsTh 7 2
o 32 AF7e 7
o B A Fo] 5 32
1

7N EA

!
Oft

L lo

Y

N

= orr
2

N
tl;, M
r\l

SERE.S%

P
o)
of

lo

o

ro (O
[T

NP N

o of A K¢
HoH
e
M2

A1 A
U

BN
tlo of

oA Wro 2 H& ALY
tH(Fig. 1).

N
2 7 1

N

}

P

+

ne
32

c

Echocontrast Defect Area .

k=]
ol
%S|

e ‘ﬁ

71 B8] FEHE 43S J9aF 43
Aelets Auiets wEt 2dF I Aozt A
HHOo 2 o 422y AERH(EDAE A
cHFo R YEge] Zt §99 AoHAT %
EDA 2 393 AA 42 EDA(% EDA for total
V)& g3 go] 7ttt

7} 7-9]¢] EDAY &

7} B91e] MA9]

EDA : echocontrast defect area

% EDA fortotal LV=

X100

MA ! myocardial area
LV : left ventricle

3. gofErN 5%

WAL, HADISL A5 FPe BYEY
A AAF 52, 152, 0%, 452, 6087 AVF
3%, 158, 30%, 458, 60%o] 2z &yom uj
7o) YA FAF 302Ul 2T

4. ZZ|9| XX|

AAd 98 AHE T30l A8t A2 =29
2505 A 9% B Y3 RS
3027 AHAHAZF 2% Evans blue £ methy-
lene blue 0.5cc/kgE pignil ©AE 3l i
2o #95Ack £ 2025 93} 7] & (KC)
¥} sodium pentobarbital-& Fod3le] A | A)7
FAZE AAS Yz E e AATE AHTE
HAHTE Zesdd. £ #YdE HA F
AL ZA 3% Freon(liquid refrigerant) & 2 & 4:3)
d)z AHFAM  A|FEe  BAZRZ(AV
groove)ol] H&3tA] 8~10mme] FAZ AU3E

echointensity
- 1 ) =
\2) °
qnp L WHT
| . - i L sw
End diastolic frame Subdivision into Time—-echointensity
12 segments curve

Fig. 1. Time-echointensitv analvsis of mvocardial contrast echocardiogram WHT : washout halftime.
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Fig. 2. Two-D echocardiographic short axis views of the high papillarv musdle level before and after injection

of contrast agent after occlusion of proximal left anterior descending coronarv arterv. The echocontrast
defect areas(9 to 12 O’clock) become smaller with time.
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Fig. 3. Change of the echocontrast defect area(EDA,
% LV) during coronarv occlusion.
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Fig. 4. Two-dimensional echocardographic short axis views of the high papillarv muscle level before and after
injection of contrast agent after reperfusion. The echocontrast defect area(9 to 12 o’clock) was delineated

after 30 minutes reperfusion(arrows).
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Fig. 5. A, C. The echocontrast defect area(EDA) at post-occlusion 3 minutes(A) and at post-reperfusion 60
minutes(C) (arrows) in the high papillary muscle level.
B. Slice of the heart at the same level showing an area at risk after staining with Methvlene blue
and scattered necrosis after staining with TTC in the area at risk.
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Fig. 6-1. Relation between echocontrast defect area at
post-occlusion 3 min(EDA PO 3 min) and
area at risk measured bv dve(AR, %LV).
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Fig. 6-2. Relation between echocontrast defect area at
post-reperfusion 60 minutes(Rep 60 min) and
infarct area(IA) with TTC stain.

TTC : Triphenvl tetrazolium chlorde.
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Fig. 9. The washout halftime(WHT) during coronary occlusion and reperfusion in the ischemic area(segment

1) and nonischemic area(segment 7).
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