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Summary

To evaluate cardiac reserve in ischemic heart disease, we simultaneously investigated left
ventricular filling parameters using pulsed Doppler echocardiography (PDE) and catheter-obtained
hemodynamics before and during afterload stress (angiotensin II test) in 14 patients with ischemic
heart disease. The patients were divided into two groups according to their left ventricular function,
i.e., mean left ventricular ejection fraction (mLVEF): Group I (n=7, mLVEF=65%,) and Group II
(n=7, mLVEF=43%,). The peak velocity of rapid filling (R), the peak velocity of atrial contraction
(A), the ratio of the two peak velocities (A/R), flow velocity integrals of the rapid filling phase (IR)
and atrial contraction phase (IA) were obtained by PDE.

Results were as follows:

1. During afterload stress, blood pressure, pulmonary artery wedge pressure, and left ventric-
ular end-diastolic pressures (LVEDP) were elevated in both groups (p<0.01). The stroke work index
(SWI) increased (p<0.01) and the time constant of left ventricular isovolumic pressure decay (T) was
unchanged in Group I. SWI did not increase and T was prolonged in Group II (p<0.05). 4SWI/
ALVEDP, the ratio of the SWI change to the LVEDP change, during afterload stress was larger in
Group I than in Group II (p<0.02).
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2. Before the infusion of angiotensin II, R and IR were larger in Group I than in Group II.
The A/R in Group I was less than that in Group II (p<0.05). During afterload stress, A, A/R, IA, and
IA/(IR+IA) increased in Group I (p<0.01); whereas, the A/R decreased in Group II (p<0.05).

The hemodynamic responses to afterload stress differed between the two groups. As expected
from lowered LVEF, diastolic function and cardiac reserve were impaired in Group II. Atrial contrac-
tion during the test was augmented only in Group I but not in Group II, probably because atrial con-
traction in Group II had already increased before the test. Thus, limited augmentation of atrial con-
tribution might reflect impairment of left ventricular function.

It was concluded that angiotensin stress PDE is useful for assessing cardiac reserve in patients
with ischemic heart disease.
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Table 1. Subjects’ characteristics
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toris; LVEF =left ventricular ejection fraction.
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Fig. 1. Method of measuring left ventricular inflow velocity pattern.

R=peak velocity of rapid filling; A=peak velocity of atrial contraction ; IR="flow velocity integral
of rapid filling phase ; IA=flow velocity integral of atrial contraction phase ; /=angle of the Doppler
beam to the blood flow; LV=left ventricle; Ao=aorta; LA=left atrium ; ECG =electrocardiogram.
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IR 7 &L ERSER o flow velocity integral work index: SWI), £ & ifi % #K$HT (systemic
IA % planimeter 2 TsRW 7z, & D EIKES vascular resistance: SVR) # LI Tk vkw
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Fig. 2. Simultaneous recordings of left ventricular pressure (LVP), pulmonary artery wedge
pressure (PAWP) and pulsed Doppler mitral flow velocities before and during angiotensin II

infusion.

ECG =electrocardiogram ; PCG = phonocardiogram ; SV=sample volume.

systemic vascular resistance (SVR)=(mSA—
mRA)/CI (dynes-sec-cm™)

mSA =mean systemic arterial pressure

mRA =mean right atrial pressure

Cl=cardiac index

3. ®kEREAOTO M-I

LR O MATEIRE, HHFWE A VA - Ky 7T —
BRIC & 5 FEEFAMIEHE D RIRFLERE 17 - 7o,
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HARTHER Witk O F4EE O FRIEICIT paired t
test, 7o ATTHT, AW ORI O ORE I
non-paired t test 47\, BB D p<0.05 #44
Fok¥EE L.
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Table 2. Hemodynamic parameters before and during afterload stress

Group I Group II
Control Angiotensin II Control Angiotensin II
BP (mmHg) (S) 129+9 170 +13%** 132421 169422%**
(D) 72+6 92+16** 69+22 97 £ 15%**
HR (bpm) 71+4 72+6 69+5 71+8
mRA (mmHg) 4+2 4+3 3+2 442
mPA (mmHg) 15+4 194 5% 13+1 21+6*
mPAWP (mmHg) . 8+2 1514 9+2 1544%*
LVEDP (mmHg) 9+2 20+ 4%** 11+3 21 - 4x**
SVI (mli/beat/m?) 49.9+4.7 49.8+4.5 48.3+5.5 46.5+6.3
SWI (g-m/m?) 52.6+7.5 59.0+8.8** 49.8+7.2 50.8+6.8%
SVR (dyne-sec:cm™) 2002+ 31 2569 +449** 2219+396 2892 +489**
T (msec) 57+8 61+8 72420 102+ 14##,***
(mean+SD)

* p<0.05, ** p<0.001, *** p<0.005 (vs control), # p<0.05, ## p<0.01 (vs Group I).

BP=blood pressure ; (S)=systolic; (D)=diastolic; HR=heart rate; mRA =mean right atrial pressure; mPA=
mean pulmonary artery pressure; mPAWP=mean pulmonary artery wedge pressure; LVEDP=left ventricular
end-diastolic pressure; SVI=stroke volume index ; SWI=stroke work index ; SVR =systemic vascular resistance ;
T=time constant of left ventricular isovolumic pressure decay.
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Fig. 3. The ratio of the SWI change (4SWI) to the
LVEDP change (ALVEDP) during afterload stress.

SWI=stroke work index ; LVEDP=left ventricular
end-diastolic pressure.

E #®

’ﬁE;E) &ﬁﬁ%*ﬁ@;&flb%ﬁg Iz Eg L, LVEF
DIETF, LVEDP o bR, EZNHERH 260
CEZIERPFEOBAR L Lo BBEILEL

IA/(IR+1IA)
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Fig. 4. Changes in IA/(IR+IA) induced by angio-
tensin II infusion.

IR=flow velocity integral of rapidffilling phase;
IA=flow velocity integral of atrial contraction phase.

LEhTn3Y, AKFETIE, ELBRESEER
I L& T L I g2 <3, angiotensin IT iz X
B HATHHEARFEOLMITEROKIER R &
BR&hic. Thbb, 4SWI/ALVEDP %k
Ivac, I#ECRLPHETIRTHY, II#T
BzhBBPLTwELEXDRE. Oz L
Ross & n#idk L —F+ 219, 5% v . iR
F, I g3 Starling ghig oo FATRICAIE T 5 25,
II #oRphoEZ I I Hiclk LT, 20
BMOKERDEVWETHRMEBH T2 Ltk
P10 BEAFFEKICIT 5 DBREIR T OFEEITR
EhTwa.

L%®, ¥ iR E-REERE L ~REBT 5 Time constant (T) i3 Weiss & 0#&ELR?,
Table 3. Doppler-derived indices before and during afterload stress
Group I Group 11
Control Angiotensin II Control Angiotensin II
R (cm/sec) 66+5 56+8 434+6% 46+ 84#
A (cm/sec) 49+9 641 6%* 54+5 524 74#%
A/R 0.8+0.1 1.240.2%* 1.3+0.2#% 1.1+£0.2*
IR (cm) 10.4+1.3 8.9+1.8%* 7.6+2. 3%#% 7.5+1.9%
IA (cm) 6.4+1.0 7.540.7** 5.6+1.2 5.4+1.9

* p<0.05, ** p<0.01, (vs control), # p<0.05, ## p<0.01, (vs Group I).
R=peak velocity of rapid filling; A=peak velocity of atrial contraction; IR=flow velocity integral of rapid

filling phase; IA=flow velocity integral of atrial contraction phase.
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