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O Abstract O

Diastolic Dysfunction of Left Ventricle during Transient Myocardial
Ischemial] Usefulness of Color M-mode Doppler Echocardiography

Seung-Ho Hur, M.D., Kee-Sik Kim, M.D., Jeong-Eun Lee, M.D.,
Dae-Woo Hyun, M.D., Seong-Wook Han, M.D., Yoon-Nyun Kim, M.D.,
Kwon-Bae Kim, M.D., Ki-Young Kwon, M.D.

Division of Cardiology, Department of Internal Medicine, School of Medicine,
Keimyung University, Taegu, Korea

Background[] Left ventricular diastolic dysfunction may precede systolic dysfunction and play a
major role in producing the signs and symptoms of congestive heart failure. Ischemic heart disease
can cause impairment of left ventricular filling without any alteration in systolic function so it is very
important to evaluate relationship of left ventricular diastolic dysfunction and ischemic heart disease.
The purpose of this study is to investigate left ventricular diastolic dysfunction during transient
myocardial ischemia caused by balloon occlusion.

Method[] We prospectively studied 20 patients(11 males and 9 females, mean agel] 58.5+ 5.9
years) who had been undergone coronary angiography and confirmed significant luminal stenosis(
75%) in proximal or middle portion of left anterior descending artery. After coronary angiography,
percutaneous transluminal coronary angioplasty were performed all patients. We measured early
propagation slope of left ventricular inflow, time difference(TD) between occurrence of peak
velocity in the apical region and at the mitral tip and normalized TD(@TD) which dividing TD by the
distance of mitral opening to apical region using color M-mode Doppler echocardiography, peak
earaly diastolic transmitral inflow velocity(E), peak velocity during atrial contraction(A), E to A
ratio, acceleration time of E wave and deceleration time of E wave using pulsed wave Doppler
echocardiography, left ventricular end diastolic pressure using left heart catheterization. A color M-
mode Doppler echocardiography, pulsed wave Doppler echocardiography and left ventricular end
diastolic pressure were recorded before, during 30sec, 60sec & 90sec and after 60sec & 180sec
balloonocclusion.

Resultl] Early propagation slope of left ventricular inflow was significantly decreased during
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30sec & 60sec balloon occlusion and significantly increased after 60sec & 180sec balloon occlusion,
respectively(64.45+ 28.23cm/sec, 39.37+ 11.77cm/sec, 32.78+ 11.77cm/sec, 51.86x 19.78cm/sec,
65.05% 29.99cm/sec, p<0.05). Time difference(TD) between occurrence of peak velocity in the
apical region and at the mitral tip was significantly increased during 30sec & 60sec balloon occlusion
and significantly decreased after 60sec & 180sec balloon occlusion, respectively(60+ 20msec, 90+
30msec, 110+ 30msec, 80+ 20msec, 60+ 20msec, p<0.05). Normalized time difference(®TD) was
significantly increased during 30sec & 60sec balloon occlusion and significantly decreased after
60sec & 180sec balloon occlusion, respectively(11.24+ 3.87msec/cm, 17.76% 6.67msec/cm, 21.51+
6.67msec/cm, 15.22+ 4.00msec/cm, 12.63+ 3.59msec/cm, p<0.05). Left ventricualr end diastolic pressure
was significantly increased during 30sec & 60sec balloon occlusion and significantly decreased after
60sec & 180sec balloon occlusion, respectively(9.70+ 3.88mmHg, 14.15+ 6.49mmHg, 17.00+ 7.14
mmHg, 10.20x 3.68mmHg, 8.75+ 3.16mmHg, p<0.05). Peak early diastolic trans- mitral inflow
velocity (E), peak velocity during atrial contraction(A), E to A ratio, acceleration time of E wave and
deceleration time of E wave were not significantly different(p<0.05).

Conclusionl] These data suggest that transient myocardial ischemia can cause left ventricular
diastolic dysfunction and color M-mode Doppler echocardiography is very sensitive diagnostic
method to detect early diastolic dysfunction compare to other echocardiographic diastolic indices.

KEY WORDSUO Color M-mode Doppler echocardiography * Myocardial ischemia.
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Table 1. Characteristics of 20 patients

58.5+ 5.90(40—68)
1109

81.30+ 14.31(60—-112)
SAO 10, UAO 7, AMIO 3
83.30+ 12.30(75-95)
Collateral circulation 5/20

EF, %*(range) 68.15%+ 9.40(50-82)

Age, y(range)

Sex(MOF)

HR, /min(range)

Clinical diagnosis
Stenosis of LAD, %(range)

HRO heart rate, SAO stable angina, UAO unstable
angina, AMIO acute myocardial infarction, LADO left
anterior descending artery, EFO ejection fraction,
*pby transthoracic echocardiography
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Fig. 1. Schematic illustration of levels used for analysis
of left ventricular filling in the apical 4-chamber
view. LAO left afrium, LVO left ventricle, RAO
right atrium, RVO right ventricle.
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Fig. 2. LeftO Early flow propagation slope of left ventricular inflo(arrow) was shown as a linear segment of early
filing flow from mitral opeing to left ventricular apical region using color M-mode Doppler echocardi-
ography. RightO Time difference(TD) of peak velocity(arrows) was shown as the TD between occurr-
ence of peak velocity in the apical region and at the mitral tip using color M-mode Doppler echoca-

rdiography.
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Table 2. Data of color M-mode Doppler echocardiography, pulsed wave Doppler echocardiography and left
cardiac catheterization before, during and after balloon occlusion

Balloon

occlusion Before During After
Parameters 30sec 60sec 60sec 180sec
EPS(cm/s) 64.45+ 28.23 39.37£ 11.77* 32.78+ 8.50* 51.86+ 19.78* 65.05+ 29.99*
TD(ms) 60+ 20 90+ 30* 110+ 30* 80+ 20* 60+ 20*
nTD(ms/cm) 11.24+ 3.87 17.76+ 6.67 21.51+ 6.67 15.22+ 4.00* 12.63+ 3.59*
E Vmax(m/s) 0.63+ 0.15 0.60+ 0.13 0.58+ 0.16 0.60+ 0.16 0.61+ 0.14
A Vmax(m/s) 0.74+ 0.18 0.76+ 0.17 0.75+ 0.17 0.72+ 0.17 0.74+ 0.19
E/A 0.90+ 0.33 0.85+ 0.34 0.82+ 0.34 0.89+ 0.37* 0.89+ 0.38*
AT of E(ms) 70.58+ 22.20 72.25+ 26.28 81.25+ 24.54* 76.50+ 17.48 70.30+ 19.03
DT of E(ms) 169.25+ 55.21 178.2 + 54.56 175.25+ 57.84 164.75+ 45.64 163.75+ 48.88
LVEDP(mmHg) 9.70+ 3.88 14.15+ 6.49* 17.00+ 7.14* 10.20+ 3.68* 8.75+ 3.16*

EPSO early propagation slope of left ventriculaar inflow, TDO time difference between occurrence of peak
velocity in the apical region and at the mitral tip, nNTDO normalized TD, VmaxO peak velocity, ATO acceleration
time, DTO deceleration time, LVEDPO left ventricular end diastolic pressure, *p<0.05 vs just before
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Fig. 4. Changes in early propagation slope(EPS)of the

left ventricular(LV) inflow according to before,
during 30sec & 60sec and after 60sec & 180sec
balloon occlusion. *p<0.05 vs just before.
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Fig. 5. Changes in time difference(TD) between occ-

g 11or

urrence of peak velocity in the apical region
and at the mitral tip according to before, duri-
ng 30sec & 60sec and after 60sec & 180sec ba-
lloon occlusion. *p<0.05 vs just before.
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Fig. 6. Changes in normalized time difference(nTD)
which dividing TD by the distance of mitral tip
to apical region according to before, during
30sec & 60sec and after 60sec & 180sec balloon
occlusion. *p<0.05 vs just before.

0 0 6000 80+ 20 msec, 18000 60+ 20msec
0 00 Oobobo 0oobo oboo O ooboo oo
0000 000 000 000 (@e<0.05)(Fig. 5). O
0 nTDO 0OO0O0O OO 11.24+ 3.87msecUd O
000 0 3000 17.76x 6.67msec, 6000 21.51
+ 6.67/msec JO0OO0O OOOO O 6000 15.22
+ 4.00msec, 1800 0 12.63+ 3.59 msecd OO O
Jod oob boobo 0O Oboo oobobgoo
000 000 000 (p<0.05)(Fig. 6, 7).

2. 218 mt TE3 AXSI}E (Table2)
ED0 00000 D000 OO0 063+ 0.15m/sec

00 0000 O 3000 0.60+ 0.13m/sec, 600 [

0.58+ 0.16m/sec]l 00000 0000 O 6000

Balloon
-ing Before During During During Post Post
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meter
EPS 83.00 54.70 42.07 25.56 62.00 72.84
D 50 100 130 160 80 60

EPS : early propagation slope of LV inflow(cm/sec), TD : time difference between occurrence of peak velocity
in the apical region and at the mitral tip(msec). s : second

Fig. 7. Color M-mode Doppler recordings of diastolic inflow in a patient according to before, during 30sec, é60sec &
90sec and after 60sec & 180sec balloon occlusion. s second.

E Vmax E Vmax
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08 - 08 |-
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1 1 1 L 1 1 1 1
Before During During  After After Before During During  After After
30sec  60sec  60sec  180sec 30sec  60sec  60sec  180sec

Fig. 8. Changes in peak velocities of E wave(left) and A wave(right) according to before, during 30sec & 60sec
and affer 60sec & 180sec balloon occlusion.
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Fig. 9. Changes in E to A ratio according to before,
during 30sec & 60sec and after 60sec & 180sec
balloon occlusion. *p<0.05 vs just before.
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Fig. 10. Changes in acceleration time (AT, left) and deceleration time(DT, right) of E wave according to bef-
ore, during 30sec & 60sec and after 60sec & 180sec balloon occlusion. *p<0.05 vs just before.

During
30s 90s
E Vmax 0.75 0.71 0.72 0.72 0.73 0.73
A Vmax 0.69 0.64 0.66 0.68 0.68 0.67
E/A ratio 1.08 1.10 1.09 1.05 1.07 1.08
AT 70 90 90 100 70 60
DT 175 195 210 235 220 190

DT : deceleration time(ms). s : second

E Vmax : E wave velocity(m/s), A Vmax : A wave peak velocity, AT : acceleration time(ms),

Fig. 11. Pulsed wave Doppler echocardiographic recordings of diastolic inflow in a patient according to before,
during 30sec, 60sec & 90sec and after 60sec & 180sec balloon occlusion. sO second.
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Fig. 12. Changes in left ventricular end diastolic press-
ure(LVEDP) according to before, during 30sec
& 60sec and after 60sec & 180sec balloon oc-
clusion. *p 0.05 vs just before.
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Fig. 13. Changes in pressure tracings of left ventricle and aorta according to before, during 30sec & 60sec and

affer 60sec & 180sec balloon occlusion. Arrow indicates the level of left ventricular end diastolic

pressure.
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0O0. 0000 0000 0000 00 0 0000
00 OO0 000 0000 000 0000 00 O
00 OO0 0D0O000 000 000 00 0 00
0 00 000 000 00000 000 00 00
OO0 0000 000 000 0000 00 E/AQ
0O, E0DD0 00000 000 OO0 000 000 O
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0 000 0000 000 000.0 00000 O
00 000 0000 000000 00 000 O
00 000 0000 00 E/ADD EODO 0000
0 0000 000 D000 000 000 000
0 00 OO0 0000 000 000 0000 OO0
0 0000 ADD 00000 EDO 00000 O
00 0000 O 000 00 000 000 000
O00. 00 2000 D00 O 90(45.0%)0 00
00 00000 0000 00 EDD 0000 o0,
ADD 0000 00, E/AD 00000 00 00 6
0(80.0%)0 00000 0D0000 0000 OO0
EDD 0000 00, AOD 0000 OO0, E/AD
000 00 000 000 00000 00 00 O
000 0000. 00 O 0000 000 0000
000 000 000000 000 00000 00
00 OO0 000 0000 000 17020mmHg O
000 000 000 60(30.0%)00 00000
Myreng 0°%0 00 000 00000 OO0 00O
0000 00 90(@45.0%)000 000 0000
000 000 0000 17mmHg 00000 OO0
000 O 000 50(25.0%)000 000 000
0 000 000 00 000 000 000 000
00 00000 0000 OO0 000 0000 O
00 17020mmHg 0000 OO0 00000 O
00 OO0 OO0 000 0000 00000 OO0
0 00000 00000 000 000 000 O
00 000 o000,

000 000 00000 O 00 0000 OO0
000 0O MO 000 00000°20 ooo o
00 000 000 000 00 00 00 0000
00000 0000 0000.0 MO 000 OO0
0000 0000 000 00000 00000 O
0 00000 OO0 000 000 O(two phase)
0 0000 000 000 Stugaard 00 000
00 000 00 0000 40%00 0000 O O
O O(@wo phase)d OO0 O(initial phase)d OO
000 OO0 0000 00 0000 000 000
0 00 0000 000 00 000 000 000
0O OO0 OO0 (regional difference)d OO 00O
OO0 OO0 O(second phase) OO0 OOO O
0000 0O0000. 0 00000 000 00 O

god 0b0 oobbo oob bo goob bodg
000 O(second phase) 00O OOOO early
propagation slope, TD O nTDO O0O0OOO. Jac—
obs 030 00 OO 0O O0ODO OOOOOD O M
0 000 ooobooo ooobo ooo oog o
000 Oo0oO00 ooog flow propagationd 00O
000 00 ooboo ooooo o oooo go
0000 00 0 000 boo booo ooo o
goodo. obo obog boo bog bogo
00000®*® 0oo 0000 0O 000 0000
000 flow propagationd OO0 OO0O0O OO0
000 Bonow 0°0 Herve 0%¥0 00 0OO
gooob b0o0dbO Oobbdo 0 gobb booo
0. 00 Courtois 0°0 0DO0O0DD 00 0000
000 O OO0 00 O0O0O boooob boo o
00 0000 oboboboo Oobob oooo oo o
0 000obO 000 ooob boooo boooo
Stugaard 00 0O0O0O0 O 0OOOOO 00O
0 00 0000 00 ooobobo ooooo o
00 000 OO0 Ooooo boo oo ooo
oo ooa.

0 MO OO0 ODOO0OODO ODOOO Oooo oo
0 o0 0b0d0o Obbo 00 O oob boo
0 000 000 0oboo oooo oooo go
Jod 00 000 000 oboooboob booo
(TD)D 0000 OO00. Stugaard 00 MO
cursorl] 000 OO0 OO0 OO0 OOOO O
Ogodd o TDO nTDO OOOO OO0O OO0O O
0 00 TD O nTDO O0O0O0O O0OOOO OO0O
Jodd 0dd boo0o ooob oobobg. ogo
000 ODOOOO early propagation sloped OO
00 000 Brun 020 TDO OO OO0 OO O
00 00 O 00 OO OO0 oooog earlypr—
opagation slopel 0000 OOOOO OOO time
constant of isovolumic relaxation(Tauw)d O OO0
0 00O oooo ooo oooo, oo, ogo
goobobd booobob 0Ob Oobb obogo
early popagation slopel OOO0O OOOOO. O
00000 000 OOO0O00 early propagation
slope, TD O nTD OO0 OOOOOO OOO OO
0 0oob oooooo oo ood ooo go
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000 000 O0OO000 early propagation slope

0 000 TD O nTDO OO0 OO0 000 OO0
00 00 00000 000 slopeDd OO0 TD O
nTDO OO0 O 000 OO0 0000 0000 O
000 0 0 0000 00000 00 O 0000
000000 000 000 OO0 Stugaard O,
Brun 090 OO0 OO0 OOO. 00 0OO0OO
000 000 0000 000 000000 000
00 00000 000000 00000 000 O
00 000 0000 OO0 00 0000 0000
0000 00000 00000 00 O 0000
000000 000 000 000 O 000.

0000 000 000 0000 000000 O
0 0000 000 000 000 000 000 O
D000 0000 0 0 0000 000 000 O
0000 00000 00 0O MO 000 00000
0 000 00000 0000 000 000 OO0
0000 00 0000 000 000 00 000
0 000000 000 000000 00000.0
00 000 OO0 0000 00 0000000
0000 OO0 O 000 00000 00000
00000 000 000 00000 000 000
00000000 00000 000 000 00
0 00000 0000 00000 000 00O
0000 0O 00000 0O 0 000.

Ao Mg

0 0000 OO0 00000 oooo oooo
000 000 LVEDPO OO0 OO0 DOOOO
00000 0 000 0O 0 000 0oo ooo oo
O 00000 O00(peak negative dP/dt), time
constant of isovolumic relaxation(Tau)dd OO O
0000 00 000 00O 0 00 00 ooooo
0 000 000.00 0 00000 00 o000
O EPS(early propagation slope)d TD(time diffe—
rence between occurrence of peak velocity) 00O
000 OO0 0000 000 ooooo oo oo
0 000 0O 00 OO0 0000 o0ooo ooo
000 000 0o0o oooo.
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000 000 O0O0O00 000 ooo oooo
000 0000 0000 00000 000 ooo
000 00000 oo0oO0o0oo 0oobo oooo o
00 00 000 O0O0O0 OooOO 0ooo oooo
00 00000 OO0 o000, 00 O ooooo
000 000 o000 oooo o, oooo o,
0000 00 00 0O MO OO0 oOoOOO, 00
0 000 000000 0000 ooo ooo o
00000 0000 00 000000 0oo oo
0 0000 000 oooooo ooo ooo o
00 000 000 000 OO0 000 oooo
0O oog.

Chat 2 e -

000 000 000 ODO0O0oOooO0 ooo oo
gooo ooo ooo 2000 110, OO 90,
0ooo 585+ 590)00 OOOO OOO OOO
000 OO0 OO0 Oooo oooo ooooo.
0O MO 000 00000 OD0O0OO0 000 00oo
O early propagation slope, TDO nTDO O0O0O0O
0 000 000 oOoO0oOo0oO oooo ooo o
00 EODO AOD 0O0OO0OO O E/A O, EDO OO
00 0 00000 00o00ooo ooooo ooo
0 000 0000 000 0ooooo ooooo
oooo o,0000 oo, o0, 9o0), 00O
0O O(eod, 1800)0 oOoO.

2 1}

OO0 O0OO00O0 early propagation slopell O
000 O(@o0, 600)0 O D00 D000 00O
000 OODOO ODO0 oDoOoo ooooo(e4a.4s
+ 28.23cm/sec, 39.37+ 11.77cm/sec, 32.78+ 11.77
cm/sec, 51.86+ 19.78cm/sec, 65.05+ 29.99cm/sec,
p<0.05). TDO 0O0OOO0O O(300, 600)0 O O
00 0000 O00000 0000 000 ooo
0 O0O0O0O00(@®0+ 20msec, 90+ 30msec, 110+ 30
msec, 80+ 20msec, 60+ 20msec, p<0.05). nTDO
ooooo o@od, eod)d 0o ooo oooo o
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00000 0000 000 Ooooo ooooo
(11.24+ 3.87msec/cm, 17.76+ 6.67msec/cm,21.51
+ 6.67msec/cm, 15.22+ 4.00msec/cm, 12.63+ 3.59
msec/cm, p<0.05). 000 0O0O0O0 OO0 OO0
0O 0O(00,600)0 O OO0 0000 OoOoooo
0000 OO0 0000 O0000(9.70+ 3.88mm
Hg, 14.15+ 6.49mmHg, 17.00+ 7.14mmHg, 10.20+
3.68mmHg, 8.75+ 3.16mmHg, p<0.05). 00O O
00 EODO AOOD 0000, E/AQ0O EODO OOO
0O 0 00000 Ooooo O,000o0 O 3000
600, O0O0DO O eoOO 18000 O OOO OO
00 000 000 000((p<0.05).

z e

0000 000 000 0000 oooooo o
000 000 000 OO0 Oooo ooo ooo
00 000 O 000 000 Oooo ooooo o
0000 OO0 0O MO OO0 OoOOoOooo ooo
00000 0000 OO0 000 gooooo o
0O 0000 000 000 OO0 oooo oooo
00 00 000 ooooog ooood.
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