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Summary
The significance and usefulness of two-dimensional echocardiography (2DE) in the evaluation of

superacute phase of myocardial infarction were studied in 13 dogs with coronary occlusion, and 2DE
findings were compared with the hemodynamic indices.

Myocardial infarction was produced by the occlusion of anterior descending branch of the left
coronary artery in 13 anesthetized adult mongrel dogs. In 6 dogs, the end-diastolic area and percent
fractional shortening (%FS) in each short-axis view of the left ventricle at the level of the mitral valve,
chordae tendineae, papillary muscles, low papillary muscles and apex were measured during 60 minutes,
and end-diastolic wall thickness of infarct area situated in the transitional zone between the septum
and the anterior wall were compared with that of non-infarct area immediately and subsequent 60
minutes after occlusion. Positive dP/dt/P, time constant T and cardiac output were measured simul-
taneously with an echocardiographic study.

Severe enlargement and expansion of the left ventricular cavity (ballooning) and a decrease of
9%FS and thinning of the left ventricular wall perfused by the occluded artery occurred immediately
after occlusion and persisted during subsequent 60 minutes. Time constant T was significantly pro-
longed, while positive dP/dt/P and cardiac output were decreased immediately and continued up to
60 minutes after occlusion.

2DE findings corresponded well with the changes of cardiac function and hemodynamicsde ter-
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mined simultaneously. We concluded that the detection of the left ventricular ballooning is impor-
tant in the diagnosis of superacute phase of myocardial infarction in dogs.
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DHEEELZZHE L, ZOREBEEET 579,
DERRE, IEBERNE, HEFHTFE 8FK
&, DIEEFEERHAVb R TWSE. Zhbo

b, FERBEBEEZICBWTIE, BEM, FEH
flieLick Yy, BEREICLZ7 7 v —F 2%
BICHFILEXON B, KEOHELE, O
MoBECHET Sz Lidd i, ZOBTEIR
LraRitEshTnien. Lichi-T4E, ¥R
R &RV TERMICODHIEEL/ERL, 2o
&M (superacute phase) i2i31) 2 WERIFE
BIFTR &, LRSS & LT BAEHE R & R I
Xtttz Lick - T, LMFHEZE D superacute
phase 2B} 2 BEHEBIBR OEHE LRI L.
XNEELVHE
18~25 kg (¥ 21 kg) ofERERA 13 & =
rAnE# — 1 (30 mg/kg) iz THEEE L, Harverd
respirator {2k ZMEREHETIC, &FMos ELTh
AR L L, E%SARL v 2F Fogarty balloon
catheter # PN L7z BEIREAERABH » 5 —F
N, BEEIRE 0 .OPERIER micro tip cath-
eter (Millar pressure transducer PC-370), %
TeESERRE Y LHEERER Statham Model
SP 5005 flow directed thermodilution catheter
(Gould ) ##@A L7, X #BERT < EEHREA
ER B 7 — 7 N EEEEHIRETTITH TEER & @
SEETICHED, Z O T balloon 25 & T
EEARZ EW LIz, oSV, BIREEIIRER
BTV, ERMETHB L ERER L. EER
BAZE® » EE 2 RER LTI, Y FIALr
1~3 mglkg #@EHIRAIC HBE L L. @
TR I JEM SSH-11A EFEER

DWfERE L AL, AMEic probe &3 T
FGE ER L EREBI s 4 —REe7TH
Hty bva—F— 51 6060).

BEWNE (2DE) oz, BAEHRE LV
—2 L CREMGEBIERT5 L L bic, EHic T
i8S, MR, FLEEM, TS, LRSS v~
ERELT, zhEhoWimEics T 3Rk NE
HoE(br, PAZERIZ 100% & LTkl ¥k
FLARR HIETE & IHER HIE B 0 2 2 LR R HIE A
T L7 b D& % fractional shortening (%FS)
LLT, BA%ERT, BAZEE%, 104y, 204, 304,
454y, 60 g oERHETRDE. &6 EHiE
DOUFEEZL Y T H 3.0 P & 58 OBITH
B X UL HEESR % infarct zone, ZHITEZY L
724 fIlBEER # non-infarct zone L L, * 0L
BREICR T 2R, PN, PAEER 604
% THERA L 7.

MATEIRE 3 & OUSREDTREE & L T3, Sta-
tham cardiac output computer SP1425 (Gould
) FANTOHEHEZREL, i Hewlett
Packard #! polygraph (bioelectric amplifier 8811
A, derivative computer 8814A) # fwv T.LEX,
E=ANE, dP/dt % Mingograf 800 (Siemens
) I HGE i 100 mm/sec TEIEK L. UURE
nFeiE L LT positive dP[dt/P, F<fiLiE niREE
L LT Weiss 59, Hirota 52 3 W7=BeE$ T
R BA%ERT % 100% & LT, BEFKRHICHIET S
BATEhLERD .

= 2
13 gErp 60 ¥REAETFE L, +o BT E G 3R
CEILDIFO6TETH -1z

Fig. 1 3% p <o THIREAZERT, 54, 30
43, 60 o ERREHETESR, BX OTILBEG L
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Fig. 2. Sequential changes of end-diastolic area of the left ventricle at the levels of the
mitral valve, chordae tendineae, papillary muscles, low papillary muscles and apex before
and after coronary occlusion in the same case as in Fig. 1.

A sequential change of end-diastolic area of the left ventricle is expressed as a percent change to
the value (100%) of pre-occlusion. A significant enlargement is observed at the levels of the papillary

muscles, low papillary muscles and apex.

XA TOEMNEGR TH 50, TEHIRFAERICE
HARLBOIEKLBEENR LN, HIlchbERML
EREE LT, e 3z 0k 5 2Bk E
ballooning LHKH L. Fi THLEHF v _E
HTROND L Y IC, YKEBIRZEFIR T3

D A 7R EE DIEFEL B bh T,

Fig. 2 iZRIFI 0% LRV IZE T 3R R HIEH
DEAL Z FAERIEEL 100% L LTRLICLDTH
%%, LM, TEEEM, LRV T, FAEER
X 0 1043z h i) TEB R ERL, 2 0% b 60
SETHEFE L. ZoflRENTITRENT, &
METCEDEENRATNE LD LEZ DN,

Fig. 3 i » %FS ofbi Rl TH
WREAZEE# X v, FLEAMS, TILBEM, LRvv
T, EHLETAROONSE. LrLEzo®, #
WS, MBEE, TLEEMG LV~ CIIRE O FE AR
bh, Z OE(ITEER T O REMEINKE R E
TR L.

Fig. 4 RF o MITERE B X O OHRERE D

BtThHs», EZMEHEIRERELALL
Fe¥¥, EEFERYPE T 6 mmHg Xy 24
mmHg ~¢ FR L. OHHE, positive dP/
dt/P i3, FAEERKICThZTHh 65%, 86% % TIK
TL, Z20%ITIELAEELEFTIEBA L. £
ReEs T 3E%» 5 10 Hichir T 128%, 157%
LERIIIERL, Z0%60453%% TR L.
Fig. 5 iz 6 HoMMIES, BHE, FLEH, TIL
B, DR VRNVICR T AIRERPEE ORI &,
BIZERTE % 100% & LT, ZnEHER L OELE
HMETRLELDTH SN, FEERICENER,
107+10%, 114+10%, 120+18%, 154+17%,
174£17% L HFLBWEERL, 103%X D %
0 (A ez 23: 012 J Ry o

Fig. 6 26D FL_icBiF 3 %FS o
{LEFHE B LV BEERETRLELDTH S,
I CRYFIBHIROXE LR ZITBLELD
NBILFEG, TILE, LRV TREAEER
Iy, 48+1 25 33+39%, 53+2 Hh b 18+3%,
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Fig. 3. Sequential changes of % fractional shortening (%FS) at each level before and after
coronary occlusion in the same case as in Fig. 1.
%FS: end-diastolic arga—epd-systolic area
end-diastolic area
A significant decrease of %FS is observed at the levels of the papillary muscles, low papillary
muscles and apex immediately after coronary occlusion.

LVEDP LVSP
% (mmHg)  (mmHg)
3 ——— LVEDP Time constant T
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Fig. 4. Sequential changes of cardiac functional and hemodynamic indices before and

after coronary occlusion in the same case as in Fig. 1.

Sequential changes of cardiac output, positive dP/dt/P and time constant T are expressed as a
percent change to the values of pre-occlusion. Values of LVEDP and LVSP are expressed by an
absolute value. LVEDP: left ventricular end-diastolic pressure.

LVSP=Ileft ventricular systolic pressure.

Cardiac output and positive dP/dt/P are significantly decreased, and time constant T is significantly
prolonged after coronary occlusion.
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------ Mitral valve —— Low papillary muscle
—— Chorda tendir —— Apex

—— Popillary muscle
occlusion
200 e

100
(%)

before immediately  10(min) 20 30 45 60
after

Fig. 5. Sequential changes of end-diastolic area of the left ventricle at each level before

and after coronary occlusion in 6 dogs.
A sequential change of the end-diastolic area is expressed as a percent change to the values of pre-

occlusion. (meanzstandard error)

occlusion

------ Mitral valve —-— Low papillary muscle
‘@ n=6 —— Chorda tendin —— Apex
—— Papillary muscle
(%)
50 1
25
0 T T T T T T T
before immediately 10(min) 20 30 45 60
after

Fig. 6. Sequential changes of %FS at each level before and after coronary occlusion in 6
dogs. (mean=+standard error)
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T h \__//- Papillary muscle
o \._\ I
1 NS 7 ~ o T~e— Low papillary muscle
\- N *- -T2 $oS5ETS Papillary muscle
10+ 101 Chorda tendin,
N - Mitral valve E
"~=:~e Chorda tendin
Papillary muscle
7 \\\\.\- Low papillary muscle
__ e Apex ]
51 5
=% =
(mm) ~T T T T N T T N
before immediately 60 (min) before immediately 60 (min)
after after
Infarct Non-infarct

Fig. 7. Sequential changes of end-diastolic thickness of the left ventricular wall at each
level before and after coronary occlusion in 6 dogs.

Left panel shows the end-diastolic thickness in infarct zone. Right panel shows the end-diastolic
thickness in non-infarct zone.

n=06 .
occlusion

Time constant T

U —— @ dp/dt/P

______ Cardiac output

200~ I-\[-\‘I

100- .
S
T‘}{————}I” . _'ih:':—' -‘-'-:If ----------- i:[
(%(7)) before immedliately ]b Zb 3‘0 4l5 6,0

after (min)

Fig. 8. Sequential changes of cardiac functional and hemodynamic indices before and
after coronary occlusion.

Values of cardiac output, positive dP/dt/P and time constant T are expressed as a percent change
to the values of pre-occlusion. (mean=+standard error)
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632 75 12449 LELCETL, 203
LAEERET, EiESF, BRLALToORE
B Thol.

Fig. 7 134 v~ o infarct zone, non-infarct
zone 2R BILER 0 BEE # FA%ERT, PAEE
#%, 60 3% Tk L7z b D Th B A, non-infarct
zone izxtL, infarct zone TIXBH S 7 BEDIE
HEBED bhi.

TDESI, DHFEEICSVY TRRBEERE
Y, W IEWTE L, L8 3K & 8&3R (ballooning),
%FS o fLicRoh 3 X ) RINEOIKT, 7
TR EC RIS T 0L EE DJERIL A 38 » b h,
ZhHDFRICE > TS TREMI VREEZ
LES LD EE R,

Fig. 8 (3MfTEIAE & X O OBEREFRIE & LTl
# L&, positive dP/dt/P, BsE$ T o
%, FAERIELZ 1009% L LT, 6EHDNEHSB
TOEERECRLELOTHS. OHHERA
EE%, 10 HgiczhEh 65+9%, 40+£8% &
{ETF L, positive dP/dt/P R L & 73+£6%,
A4+7% LIETFL, ZOBREITELTNWSE. 0
ibx %FS KRLNBZEOIKT & ik+h
i, MATEIEER X CISREDTEIE S, BEE Lo
TLE DV RRENS OO, R VHALEERICE
LMWL ZITITWE Z L BbR3.

sk T 3, BUE, FRHIOUEEREEZ R
50IRERLLDLLTHEL ORIFICAVWERT
w3, Lal, BFEL&ECET 2AEERD
BT, 169+15%, 10 434%, 20 agicizzh
#h 184+18%, 190£219% LEHRIERERL,
FENREAEER LV, T CTRAVWILEREENHER
FrboLEXONE. ORI, BTEEE
|, ballooning BR.6N 5 Z LiX, ZOEHE
SofERECHET 2 b0 LEX LK.

% ES

DMEEEE <3, BEEREC XY EBILHO
EEES R (asynergy), IUHEHIBEEEMER o B
B, DfEREDIEHA L, T o —JEE OHERERAD

N, ERAMEL L OLEE, KELEE OF
PR, DAME, LEGHR, LEHLALE
PRHENEZI L YiChol. ThiZk VAESR
HEoRELEEL, TREH#EETSLET, L=
- bVERREEP 1oL LTHVW LGN
BIRE->TWS., L LERREOHEL REE
BoBECETIHEIVLRL, FOBEEFRR

Lo Eh TS LiIvnziev.

SEOBFFE T, BRE, JERICEECEBT S
L% 2 bh 3 EEBRAT T 1THPAZE © EERAVIRES
TV, Z0BEFHEMBITROBHERX, 7t 2
DL DHEE B X O MITENERRRE L L T,
ZOEHERA T LD THS. 2BV T, &
BIREAEE®R L Y, BEDLZVIHFH LV X
Y HRICE BBMDEE DK L B3E (ballooning)
L, %FS oL TtRbEN 3 IWHKEOKT 2B
b, YEHLEBIARSKE SR T 0L HEE DFEHE L A
R ohie. Stefan 5%, Kerber 645 3#8EF K%
* AV e EREVRE T, O BRI M - 7258,
BFLEAYELICEERHREVRONS Z LERE
L2, FHx oRFTL REOEL»FBHoh,
KL, ZOBHOBTERICXST v —F K
KaRoZH FERL VB LD LE X

—7, Savage 59, Heger &7 L. 0MEHEZERIEE
RECB T 3HROLRTRERH ML T
30, SEOMTITHRAEERTH, Fig. 1 i
T, DIBOTFAL LA TV ballooning
DBRON, DRETRILERYERE %FS &b
KELEBWEEZIT T, 4 X T, THR
o4, WIRImITE I LigvW EEE SR S h
TWB 5, ERBIRATT 1T D.LRE T OB
BHLATHA I LEXDND. EZDLKHE
FEERMICII R LH LEEVWRMLTH 22, 41X
T AR IC RS LS T,

B DEEEIC W T, IR o BEE BN
ROBIZHONWTEZL ORESO RN A2 IhTH
D, ZOEYB XL, EREZRTELESE
2bhTn3. SEIOKRNTIE, LERMICRT
3 BEJE ¥ BI%ERTL <, infarct zone, non-infarct
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zone 1243 T B #3472 4%, infarct zone T
L 2 BRI BB b, ZoBkiE,
Eick 30 BoHBICHETsboLELLN
5.
FIRRICHIE L7z OB RERIE 0 5 b, INHEH ot
L LT Az positive dP/dt/P 3EEE—K
#WaThsd dPldt e, EBRNE~DKEEL
HELIEAIENORETHS. hE@ER
WREELEDOIFEOIIETH S %FS L3fHL T
3L, BEELEOIREET HL0EITL, BhT
DR L TOIURERT A o TR Y, L
HENEL L —hicwizLTwa. dP/dt d/h&
WHEETIRIZLACHEEBEZTRWEEL ST
BY, SEOEROHERIL, BEEMHEPIENZ L
FRTHIRATLH .

PEHOEEL LTHWeRER T & Weiss
BV k ViR Eh, BELEHO FEETTH
HiEBLLT, BAOoREA RIS TH 5.
Weiss LV 3B S 0 BEERICEERER ZR
&L, %k Mann oW 3B REREIC
pacing 2TV, BMER T PERT L E
WEL TS, Fx ORFICBW TR, TEIARE
EicB| & T EH2 T OIERMFED LN, T
Dk 5 EREAEEICSY T, B VL
WEREENE S b LEX LR, ZHhICHE
THREENBHA L LTROALERZOED
fik L B3R (ballooning) 1%, AEREERICH
FEEELFRLE L.

B ¥

HAERA Z Y, BREE BT ICEEEIARATT
ITHESBETEHAEL CUHEEZIERL, 20
HBEEWE 2DE) &, RFIRFICRIE L 7oA
B X OMITEEIEE L &b LT, FEBEMH
(superacute phase) 1275 2DE FrR» B
&, AEoFRAKICOERET L.

2DE 3, fEEhic CfEiES, B®K, FLEW, T
HFR, LROSVRVERELT, FLr_No
ik #AE AL, % fractional shortening (%FS)

LB HEEOBERBTERT R

[(HER AR S B — U R A ) (YRR $ i #) 2
60 HREERAYIC L, ®ih, DHEEZYE
Tdh B LEPIE & HIEEOBITERR X DR RITEED
% infarct zone, ZhIZHY L & W LA 2
non-infarct zone & LT, #OfLEERIIDBEEL
1bx& Ric.

DHSEE B X O MATEIRERHE L L T3, positive
dP/dt/P, BeE3k T, OAHE% 2DE gE&kicst
S LIZRER TR 7.

2DE F, HEBIIRFAEE® X Y, YUHEHIRE
BEEEEPLE L ERRLBE O K &L B
(ballooning) & %FS DIEFRR 5, HLIRFKH
BEE LR LT,

2DE piRL LT, EBIRFAEERL Y Roh
7z ballooning, %FS D{ET & X OMHEEFEHL
1%, FIRFICHE L 7o ORE S & Ol TBIREREHR L
XSRS L {bERL, & < ballooning i
EEEZRRTAHAL LT, SEAMH 02
Wrds & OYRREIRIB EEE LR LB X .
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