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Summary

To evaluate left ventricular diastolic properties during acute myocardial ischemia, transmitral flow
patterns were analyzed by two-dimensional pulsed Doppler echocardiography.

In a preliminary study of transient coronary artery occlusion in anesthetized open-chest dogs, the
following results were obtained: decreased peak velocity of rapid filling, prolonged rapid filling period,
and compensatory increase in the peak velocity of atrial filling. These changes occurred nearly concom-
itantly with decreased cardiac output, elevated left atrial and left ventricular end-diastolic pressures,
and decreased left ventricular systolic pressures. With reperfusion of the coronary artery, these param-
eters rapidly returned to the base line values.

In acute and transient myocardial ischemia induced by intracoronary balloon inflation during ther-
apeutic percutaneous transluminal coronary angioplasty (PTCA) in man, similar changes in these pa-
rameters were observed, and the changes were more marked in PTCA for the left anterior descending
artery as compared with that of the right coronary artery.
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In conclusion, noninvasive two-dimensional pulsed Doppler echocardiography is of practical use
in evaluating deterioration of the diastolic function of the left ventricle during acute and transient

myocardial ischemia.
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X C &Iz

T, EEINROMITHERE & U TREEEIE
BIARFZ A7 (percutaneous transluminal coronary
angioplasty : PTCA) RER Loodh 3. AEEH
7, EIE TR ER Sh, % OXEFERC
HHAHBIMFRIMEZZ ST &b, ZOROLH
BEFHET 22 L3, FEEEROR2ME DR
B APHEOBL, DWTREEOM DIz
EETHS. LrLieds, ZoRihaRiE+4
ThdLEIEVEEW. 7z, PTCA Hiffrh ot
SR ILREE B L i, & b TESRERD
RESHETHY, TOERTDH, ZOMITEEE
bEmsz LOFEHRIKTDH 5.
TOREALPICT 3 HNT, FFETIE, I
MEREEICH L, DR L L VB TH B &
ShoIERBEREOHEL, V2 - Fy 735
—BICB T 2 EERABEELOBEICL VAL
Iz
Flezhicfesrs, FEORLHERFNTSH
T, FRERRIRIC BV CERRE 0 BEREAZER
BHEKL, ZoRoEERASEELZ KOS
HBCHRE L7

I. SEERMBRET

Vil %
10 BHOHERR R (K& : 12~20kg) % a-7 w
5 u—2 (60 mg/kg) FARPIRE ICTHREE, AL
PR ERdEE T ICERIBI U, TR [EHER: i

oyl EE & ZIBE, occluder Z¥EF L. %1z,
BEUREH* LITABIRCEET L L b, A

WEBIIRD b EE~, ELE»LEER~ *ih
ERHITF—FNERBEL S VR F 2 —¥—%3F
AL, &bRELDHIZPEERYEER FEHS
HEAV<) VETHRELT, EER—-V VS
(HE 100~120/4y) #HEfTL 72

4 X EARBLE L, 3.75 MHz @Ekipmms
FRAWTHERE LV ORBR#EMT EmE#EHL, 2
WA - Ky 77 —EoBOER 2 MERFORIC
RIE, 2 5 OEBhIRPAZER: 2> & BN S ik %
TOEERABEEELE, #% Y HEE 50 mm/sec
Ttk Lic. HBEIREUBETENE - Fv 7
S — 4 %EE SSH60A/SDS60A #{FH L. [
Bfic, EEE, F—RBHESLIOCERET&HE
L, BREEFICCLEHEZFIL 2.
EERABER L v SFEFRAE R ) o5&
v (R), mnaErsf (AT), BaERf (DT), LR
INHEE (A 3) DEETRE (A), FekirsiH (AFT),
MR OREETEDNK (AR) OIEELFHAIL
(Fig. 1). 7eis, MUFEEREE 3 EAME % BEHEE—

R
A
I AT DT I l AFT l
A/\ . ‘/\/
Fig. 1. Measurements of transmitral flow.
R=peak velocity of rapid filling; A=peak velocity
of atrial filling; AT =acceleration time of rapid filling;

DT =deceleration time of rapid filling; AFT =atrial
filling time.
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Fig. 2. Time course of the transmitral flow patterns following selective coronary occlu-
sion, and the two-dimensional echocardiogram showing the site of the sample volume.

Cont=control.

AAGHE 0 ICEVFEL TR, SHICER
k0 & ERIGHERIE (LVSP), 72 = 9158 R 3 £
(LVEDP), ZE=FEHAKBMEZ LR (max(+)dp/
dt), ek ks (max(—)dp/dt), 7% H
(LAP: a J%, v #) &FHUIL 7.

TRT ORI T, TR CEBIIR % PHE
L, 76% Urografin o 2 {57k & B < fitipek,
Zo 4ml % pigtail catheter 7>5 304 L3
PICIEA U T EZEFLHfG L~V il i s 1 %
Dz b7 2 MMrE R L, BMERE kD
7o

HrtEahE, L T paired, BEFL
it i unpaired Student’s test T X - 7.

& 2
1. EZERARFEOEL
Fig. 2 icfiEmza 16273, R OH%EN o

56 cm/sec A5, FEE 15 f04%121% 47 cm/sec & T
WO L, Wi 120 %121 42 cm/sec L7 - -,

A FPASER, MEATEE L 7e. 10 SO % &
Ww5ne, Fig.3 oz L <, R IEBAREAZE C X Y
AMICHGE L, PAZERIRRRICEIETL,
FEGEI o [ 3 e BRAORR IR T, AifEICH L, 908
BT LKA TZIC (p<0.05) EFLTWE. A o
BRI TH - 7223, F%E 90 i aRic
(p<0.05) HEK L, TFRREGRM% L H ICHIfEICHE

L7z,

AT FRASBIC X VIRERRSAFEIC (p<0.05)
WEE LD, DT ci3fFEaTfb 28 2 o
7z. %7z, AFT [IRZETh -7 (Table 1). #
B, PR REORE TR D 22 -
-

2. ERE EEE—X#MSE EEESLUOHES
BOEL

Fig. 4 o455 L 38itdg o & & <, EBhRE %
I X Y ZESEIHEIE 0K T, AZSIEERYE O -
5., max(+)dp/dt I kO max(—)dp/dt oHaseHfi
oWy, LAP o ER#5w, i b 3HiEiic
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Fig. 3. Effects of transient coronary artery occlusion on the time course of the peak vel-
ocities of rapid filling and atrial filling.

The peak rapid filling velocity decreases rapidly following coronary artery occlusion and the peak
atrial filling velocity increases slowly and minimally. These changes are rapidly normalized after re-
perfusion.

***: p<0.001, **: p<0.01, *: p<0.05.

Table 1. Left ventricular diastolic parameters by pulsed Doppler echocardiography dur-
ing transient coronary artery occlusion

Occlusion Reperfusion
Control

307 60" 90" 1207 307 607 90”7 180" 300"

R mean 52.7 A2.5%%*  40.8%%*  40.0%*  30.7%%%  456%% 48.4%% 495+ 523 531
(cmfsec) S.D. 50 6.2 6.4 5.1 5.2 5.8 49 50 46 43
A mean 28.3 29.5 29.5 30.0*  303*  27.6 277 279 288 284
(cmfsec) S.D. 51 54 51 6.1 5.6 2.7 3.9 41 57 49
AR mean 0.54  0.69%** 0.73*** 075%* 0.76*** 0.61* 058  0.57 055 0.54
S.D. 007 011 0.12 0.13 0.13 008 008 008 008 007

AT mean 69.0 74.3 744 76.0 78.0% 674  67.6 672 675 70.0
(msec) S.D. 124 180 16.2 122 11.1 137 125 113 120 122
DT mean 65.6  67.7 66.5 67.3 68.4 660 659 650 654 657
(msec)  S.D. 160 152 16.3 149 18.5 140 140 149 139 150
AFT  mean 78.5 78.5 77.7 77.6 79.1 765 763 759 784 768
(msec)  S.D. 136 149 1126 133 14.7 112 104 128 119 148

¥, ¥ ¥**: probability <0.05, <0.01 and <0.001, respectively, by analysis of variance.
R=peak velocity of rapid filling; A=peak velocity of atrial filling; AT =acceleration time of rapid filling; DT =
deceleration time of rapid filling; AFT =atrial filling time.
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Fig. 4. Effects of transient coronary artery occlusion on the time course of left ventricular
pressure, dp/dt and left atrial perssure.

Table 2. Left ventricular pressure, left atrial pressure and cardiac output during transient
coronary artery occlusion

Occlusion Reperfusion

Control = — : —= =

30”7 60” 90” 1207 30” 60" 90” 180”7 300”
LVSP mean. 133 123%%F 123+ 122%%%  121%¥F 130 134 134 134 133
(mmHg) S.D. 19 20 22 22 23 26 21 19 19 19
LVEDP mean 4.2 6.6* 6.6* 6.7* 6.8% 4.9 4.6 4.5 4.2 4.2
(mmHg) S.D. 2.1 3.3 3.3 3.6 34 2.4 24 2.3 2.1 2.1
max(+)dp/dt  mean 14.5 11.3%*  11.1*%* 11.3%* 11.4%* 13.4 147 14.5 14.6 143.
(%100 mmHg/sec) S.D. 3.7 3.0 2.7 2.9 3.0 34 3.1 3.8 3.6 3.8
max(—)dp/dt  mean —10.2 —7.0%* —7.9%% _7.9%* _78* 97 —-10.1 —10.3 —10.3 -—10.1
(%100 mmHg/sec) S.D. 29 28 2.8 3.1 2.9 3.3 2.9 2.6 2.9 2.9
LAP—a wave mean 5.7  7.7* 7.9*% 7.9* 8.0* 6.0 5.9 5.9 5.8 5.7
(mmHg) S.D. 22 3.5 3.7 3.6 3.7 2.4 2.3 2.3 2.2 2.2

LAP—v wave mean 6.8  8.0% 8.2% 8.1* 8.2% 7.0 7.1 6.9 6.8 6.8

(mmHg) S.D. 20 26 2.8 3.0 2.9 2.0 2.1 2.2 1.9 1.9

CO mean  1.58  1.36%%% 1.34%%% 128%%% 126%** 152  1.58 1.54 154 1.54

(1/min) S.D. 0.44 0.46 0.4 0.48 0.46 0.55 047 041 0.45 045

* %k %% probability <0.05, <0.01, and <0.001, respectively, by analysis of variance.
LVSP=left ventricular systolic pressure; LVEDP=left ventricular end-diastolic pressure; LAP =left atrial pres-
sure; CO=cardiac output,
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Fig. 5. Myocardial contrast echogram.

This image shows a defect in the perfused area of the distal portion of the left circumflex coronary

artery (arrows).
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ZEE A (R B R P JERE 1 02 & 0 30 FPR
HER (p<0.001) KTF, IEERMETARIC
(p<0 05) EHLU, W#ERICX YL bl

e U e

max(+)dp/dt 1X[HZE 30 Bl aEIC (p<
0.01) &F, max(—)dp/dt ZfkEERRcEscz

#Lxﬂulmubt’ﬁ R L TIRIE—IE & 7

s FRREDRE 30 BbR Ik Wi & b Rk & AR
% 73? {7g ot

ZEHIE G PZER G S0 R ©, a RIS kv v K
ELIAEIC (p<0.05) EH Len, oz
a WTEVERHThH -7 WF L LFRHERICEY
EbicHEIL k.

DRI PAZER, AE (p<0.001) 2>
tﬁTL,H%$@ILM@LLM,N%%ﬁ@
B XL TH - .

3. D3V bS5 R MEICK DEMEM O

FEEEFLEA v VT o 20~30% o KR
WY, FEFEICOBMBR O * MR L&A
(Fig. 35).

N &

HENRFERICZ Y, Sz Ry X5 —#Eok
HHRANGICHE T 25 R ok T L0 AT ol
O #ED 1. = o R ofEa4s 028k ik max
(—)dp/dt oZfpiceBBRTHIEL, Z oA
FEIERMIE, EBRES LR Lens, S5 A
DO FEEMERZE WD LTnie. A oKk
FRAMICHER L, £5F a o LA 2R,
DRI O B BERGE oI 72 <, A K
OB BN TH - 7o DHARREEEICKT L
fo. T ORI BISEMRRRIC X % FRRERRE IS

E R A S [EIE L 7.

PLEoRE B, ARAFETEEIR O 2 20—
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IL. ESPRAYRRES
HWREBVIZHE

PTCA o@EEHITHY, »oBEFRE VA -
F v 7° 5 — I CFHliFTHE R EZERA KT & &k
L1872 5 4l CE394EH - 56 5%, P44, &1
) xRk & L.

R2%F#ENERE=%—TFiz, 25MHz #&%k
Befh i X 0 ORI IS E 2 #i, EERFR
Wwicy v A EREL, PTCA EAi» L #&
T 120 B % T, 15~20 B8 I IR ICEETRA
B & 4k v BB S0 mm/sec iC TR L.
BixA X CTORFFLEARO S OEFEAL, ok
Y B OYLIRIFEFEEE & FH L 7.

F72, 2 flickwc PTCA #f7Hic Swan-
Ganz 5 —F NV EMBIRICEBL, FBIIRER
FUOBFEREC I 2LBEHEZAEL .

¥ S

1. EERABEEOEL

BEHEANVZ - Ky 75— X 5 EEHMARK
i, Fig. 6 o2& <, EHINRMICHE L 7 bal-
loon o inflation iz & % &MERE AR 121X R JHOR
B, BIO A kolMigEz@Ey, zhboZbix
balloon o deflation iz X » ERLhIZEIT LTx.

Fig. 6. Time course of transmitral flow patterns
during PTCA (inflation period).

BB EHNREAZER o f2 2 A BB

O R BEOBIRARPHRAT ORELIIE
x#E<, AMEmic X 5/&% compliance DT
ZESLC LT, A FolEE—ERHER#RED
rHOREEELEEL bR, SEFF7EO
PTCA oo B EMB TR+ 5 &,
BT BT R AREBIRIESTAIC X, R
BEORBEB I A FoEFEOBRENKEWER
¥@Ewi (Fig. 7). %7, AT QiEECERLE
2, WITIEF L sEIHAL»TEERL, DT B
XU AFT BRERETH- .

2. DA%, OIESLTCORABREOEL

PTCA #474, balloon inflation iz X % 5@ Bhfk
BAZEIC X 0 DHRBGTIRESEM L, KRERE KT
L. Fig. 8 iR L7z 1 HloEBOZ L <&, filish
WRICFERAE 1 balloon inflation iz X v #REEAYIC
ERL, DEHEZETLE ch b oBix
deflation 7, HEL»ICEME L. fho 1o %
ILLEETH - 7z

N 5

PTCA 147 o —@ M BINR ML ¥ERH X v,
FBHARIEIRBIE © LR/, KBAREQCKT, #EEFK
R Ry 77—t L BESBRAEEO R ¥
DEEB IV A FoEEERD . & bi, EHi
TATEETH <, AEBIRETHAIE Y & R &
DBENEHTH » 1.

% %

1935 42, Tennant & Wiggers 5 BhfiREETLME
BT BIFERE OREV LR, 2UBED DWW
RFTREENE IC AT A IS I S V. O R
RIS ABEREEL L T, EBlRER 30~
60 4% DI T BHIIZ B W T BEIC BEBIRYINKE A3
MEL, LUkER bulge KHEF LS hTW
329, IAREAGHRE b BRI EEIh D Z &M
KRR & h Y, B R Sl gL &
n32, IESBRICE L caRBP R, +4
IR & T VAR

PSR, DRI I 36 1) % 22 SR PLAR R AR ST I
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Fig. 7. Effects of balloon inflation on the time course of the peak velocities of rapid filling
and atrial filling during PTCA.

The peak rapid filling velocity decreases and the peak atrial filling velocity increases during balloon
inflation, then both return to the base line immediately after balloon deflation. These changes are

greater in cases of left anterior descending artery lesion (@) than in cases of right oronary artery
lesion (A).

co
mmHg L/min
40 6.0
30 5.0
20 4.0
10 Balloon Inflation 3.0

L—— DI |

C 15 30 45 60 15 30 45 60 sec

Fig. 8. Effects of balloon inflation during PTCA on pulmonary artery diastolic pressure
(PADP) and cardiac output (CO) (ST-T segment changes are also shown).
@®: PADP; O: CO.
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X, EEEFRKRHEEME (max(—)dp/dt) 3
FzhicEs<KEERSAnbhTns. max(—)
dp/dt DEHEDRL, B L OERIRKRHE D
ERELTKRBEhHHEREEZEOMF L L T,
/o pafko Catt Ry FoEEIC X5 Ca?t SijE
DEE, IWHEBHE»> D Ca2t REREARLICX
HHARIEE, 3 XOIEREILAY stiffness DK
Lah3%. AtlmrkcE L sE-FEMBRO E
5 ~DIRALP 1, /gD & o Cat JiER
EFETB I 724K TR L b,
Bz X 2EENS 23 ATP o IcfE S i
INaEoREER, Mgl Ca®t HmeBEbs T
JRREEY 2T 5FEEIREA TV 5.
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WROEME, A >—iftk D PRI B W T TiRER
AT L 72

I OFER, BEEALVA - Ky 75 —Hick3
ERHRAEE CE, RioRs, ATEER, Ao
HERED DAL, ZhbdoB(bidBE g
BECRONWAFAOW LEKETH-72. R FEo
BEtblkbTHETFE LTI, HIAROR 21,
BAFFOHKY, A= compliance D& T 7
ERD BN, FERZTRIOLBEERIR—-Y I
IV —ETHY, HIAFIEZIERPES LA
o LAAKLIEEEZONRD. £k, FEHR
DRERIERNL A2 EHEB SR A BEIE S & 9 KA
BThY, DM IR MECIVERSh
MR b3 <, EIERPAFA 2L AL U pliE
ool LEN-T, ¥EETEARE
U ERICHE D BEER T BRI T b 5 L 5
L, EZEIEHEOKT 2k hiE, AR
OELEFSLHTLLIER L ZEL O
U Eo&RG s FEERAE BE Licz
Lk, AU fpRiiLic ks < £5% compliance o
KT amEEPEVWEZELONS.
DERFEERE, Zo2FERAMBAEEICL 3
WRBEHERROLRDO DI, DENPRAZ—Y
VIR o THE TS EELON, Fhitk

ST BHIRPAZERS D EEE A BN

W AR BERHICEATS. &biz, REEAY
2R3 MAEE O BE L EO®EAE L o M,
PTCA ByopkfEs o, BIEMNH 5 ATHEM AR
&hiz. Ly, HicEHEOLHEEESRE
JERRLOHEEBRE LB W, R IEoBE 28 T,
EFENCEEL EERARER & 24 556 L3R
HEhTBYY, Z2pRitoKMEDL 5.

—%, Theroux 5%, FEFrF® R XOEETF®
TOEBIRER%, JEEICEH (10~208%)
max(—)dp/dt DOEHLRET 2R, UgERE
ML Tb EIEERTFER T L B/ELTRY,
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BRI O IUAEH A bulge & IEMEMAIRIC B 1)
BIEOEE R 50K L, FEk 30~60 F
IR MBS (X 2UHER] bulge # 2 L, JEREM
FEIRICB T M ENRELIEEL, “hic—
B L max(—)dp/dt REEF B2 &2 b, R
EEEB OIEFHESRE L B S h Tn a2,

fth )5, ZEZEFRAMGE O BMEMEF OELIZ O
TOEBRHIBEIRV. FEROASLVR - Ky 7
I —HEIC X 2 EERAMTE ORI TI1X, SEHA
¥ DB EBIRRS Bt B 2 B iR
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max(—)dp/dt DL AR Fy FTF—ET
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M, OHEHEZ U, max(—)dp/dt <
HEIEELRETHY, EELEBLLTOMELR
CRBELTWS LB bhiz. LiehoT, FESMm
HCHEELRFREZELRAN LR - Fy 75—k
2 & 5 EEHRALREBEE OB, 20K
Bz 37 2 IESA K ETEE L L<Eh
boThrEEZLNS.
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