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Summary

To evaluate cardiac reserve in patients with angina pectoris, 10 healthy control subjects and 15
patients with angina pectoris were examined by exercise echocardiography. Exercise on the bicycle
ergometer in supine position was imposed at 25 watts per min initially and the exercise was increased
by 25 watts every 3 min until attainment of either maximal predicted heart rate or ST segment de-
pression in the electrocardiogram (ECG) or appearance of severe chest pain. Blood pressure, two-
dimensional echocardiogram at the level of the papillary muscle in the short-axis view (Fig. 1) and
12 leads ECG were recorded at the end of each exercise level. Cardiac response to the exercise was
evaluated by blood pressure, areas of left ventricular cavity at the end diastole and end systole, percent
change of the area, ejection fraction and mVcF, as shown in Figs. 2, 3 and 4. From these parameters,
the behavior of cardiac response to exercise was divided into four types (cf. Fig. 5).

Type A: left ventricular volume was increased slightly at the initial stage of exercise, and there-
after, the cardiac response was maintained by a gradual increase of myocardial contractility.

Type B: initial response to exercise was similar to type A, but cardiac output was maintained only
with an increase of heart rate in further exercise load.

Type C: left ventricular contractility and volume were changed little throughout exercise test.

Type D: decreased left ventricular contractility and increased left ventricular volume were
observed from 25 watts load of exercise.

Most of the control subjects responded as type A. Patients with angina who underwent 125
watts exercise showed type B response, while those who tolerated only 75 watts exercise revealed type
C or type D (Table 1). The latter indicates decreased cardiac reserve to exercise. From the results of
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10 patients who showed ST depression during exercise, deterioration of left ventricular contractile
function appeared before ST segment depression, indicating that a change in mechanical pump func-
tion preceded electrical function of the myocardium (Fig. 6).

It may be concluded that serial changes of cardiac parameters obtained from dynamic exercise
echocardiography with an area-based method is useful to identify decreased cardiac reserve in pa-

tients with angina pectoris.
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Fig. 1. Two-dimensional echocardiographic images and their endocardial traces at the
end diastole and end systole at the papillary muscle level.
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Fig. 2. Changes in the heart rate and blood pressure during exercise.

The patients are divided into two groups according to the load; 75 watts load (dark triangle) or
125 watts load (closed circle).

HR=heart rate; Ps=systolic blood pressure; Pd=diastolic blood pressure.
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Fig. 3. Area and percent area change during exercise.
Note a marked increase of left ventricular volume in patients with angina.

D=diastole; S=systole.
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Fig. 4. Changes in ejection fraction and mean mVcr in the course of exercise.
Note decreased myocardial contractility in patients with angina pectoris, particularly in patients

who tolerate only 75 watts load.
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3. EF ¢ mVcr (Fig. 4)
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Fig. 5. Four types of cardiac response for exercise.
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Table 1 x50 type HONH kRS, EE
BEH X type A & type B 2, PaldED 125
watt #£i3 type B & type C i, 75 watt
X type C & type D ic&Eh T

5. WOEBE ST L& mEDNE(L
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Table 1. Frequency distribution of four types of
cardiac response in control and pa-
tients with angina

Type Control Angina (125) Angina (75)
(N=10) (N=7) (N=8)
A 8
(80%)
B 2 5
(20%) (71%)
C 2 2
(29%) (25%)
D 6
(75%)
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Fig. 6. Changes of cardiac parameters in a pa-
tient (56-year-old man) who demonstrates ST
depression at 75 watts load.

Note deterioration of left cardiac function precedes
electrocardiographic deterioration.

4®, % Area change LR~ I L, INHEH:
HETFLTE Tz, 75 watts Tl & & IZUNKEME:
BETF LA, ZorRsoLER ST BMMETL,
HEEHAMEPIEL .

% 2

S VEMB OME D & ER I O DB REIZ IE % BN 0
BEBEL, FECHTLFHEEZMB DI
X, EHAWICI Y Z oM oIEEREL kD 3
ZEBMETHSB. ZOHMODICEEEA D
FHEBHITEhTW 32, Zof CREERLEE
EE Vv 2 ESHAT = o — R ERE TLE DL
EH BRI ORMICBETE 3R EEoF
FRFRLEZD. 722 CHRAIHEEROED
BECMMIBEE LI 2 — 7 —AWRR L
fTL, Eohicxtd 3 LR 2 BEHFozh L
EERRAT L 72.

DEHOBMEEOBEGRE, LIZ7v+Y—
B3 3 B B, BEERAIBFAES D i3S < H&ah T
BY, LMFOERMIEESEOCHIERT LRARKIC
FFHEELIETL, BEoREERER T L234Mm

EHAFOT 2~ X 30Tk

BRATWS. LBoT, EHAMT R Mo
T7 v+ V—olHBEA TR SRS B0 TH
B, Mz—-Fhza—RoiTHiitrasc L
BREERS Y, BOERMELT 2 —REIC X 55
AR BHR TN S.

Moynihan 593725k 0 REES & ERAIC
Tl 5720, BiBLT 2 —REE G CEESR
LRV, FLEERS LRV T 0 E B ¥ 2EmIc S
WL, BER LA, HEIVWEAEG L ALOHE
7EHh area method 13 2 OHBIME L FEHRICE B /e
Motz _Tv3. Parisi 57% area method
it linear method X Y ¥ BFTUNKERE & M+ 5
FERED ATERATHWR L HBELTHS. %72
Gueret 5913 ZEBIRATFITH © FAEER °F
P LR TR ERFEFHN HBA LI W L,
IERHIAR L EZEFME O R ESEFZLEL 0
ST, HBEHFLLDIE ) MEIER LAV LD
b EWHERE ORIz RT3, Crawford
LIFTa—RETAWSHEICLEE, T4abYL
BAL L SIZ 0 BERE = v = 2 — & — BB ARFICH
THRISERFT LTV B, =0 CEMLIZLH
Riziz LVDd RB3f7k ) b kEWAS, % LVD,
LVDs, Ps (WHEHIME) 2i2E% L <, Egic
HTAERRACLAAF - & B LERLTY
5. ZhbonZ b o@BEHOKEEREIC TIHLH
LRV OEEEMBGBICL 5 area method {3,
EEARICH T 3 Bt O OB & 56T 5 1
BETsLEZ5.

SE OHEERIER I ARRIZE Y 75 watts
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