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Summary

Simultaneous recording of the left ventricular and aortic root pressures, carotid pulse wave, elec-
trocardiogram (ECG), phonocardiogram (PCG) and apex cardiogram disclosed that the left ventricular
ejection time (ET) measured externally was correlated closely with the one measured internally (r=
0.91) and the initial point of the left ventricular pressure curve coincided with the C point of the apex
cardiogram. The STI measured externally was correlated well with the directly measured STI of the
left ventricle, though the absolute values were different. Therefore, the STI obtained non-invasively
was clinically useful to predict true STI of the left ventricle.

Correlation between STI and the cardiac index (CI) determined by Fick’s method was investi-
gated in 24 cardiac patients without mitral or aortic regurgitation or shunt disease. The correlation
coefficients between CI and preejection period (PEP), stroke volume (SV) and ET, stroke index (SI)
and ET were —0.51, 0.496 and 0.476, respectively. Our results disclosed that, though STI was
related to cardiac output (CO) and ejection fraction (EF), the correlation coefficients were too low to
predit CO and EF directly from the STI, and it was suggested that the STI was influenced by
many other factors.

In 15 anesthetized dogs, the effects of heart rate, preload and afterload on the STI were studied
by changing each parameter independently. ET was shortened with inceasing heart rate and afterload,
while it was prolonged with increasing preload. PEP was related directly to afterload and inversely to
preload. PEP was not so affected by heart rate as ET. Thus, the STI was influenced by heart rate,
preload and afterload in addition to myocardial contractility. Therefore, cardiac function known from
the STI should be carefully evaluated after due consideration to these parameters.
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Fig. 1. Simultaneous recording of the pressure wave and pulse wave obtained from the

thoracic aorta of an anesthetized dog (11 kg).
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Fig.2. Simultaneous recording of left ventricular and aortic root pressures by micro-
manometer and non-invasive mechanocardiogram (S.F., 24-year-old male, juvenil hyper-

tension).

Pcg=phonocardiogram; L.V=left ventricular; Acg=apex cardiogram; Ecg=electrocardiogram.
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Table 1. Correlation between STI and
cardiac output

CI LVET r=0.08
LVETc r=0.417 p<0.05
PEP r=—0.510 p<0.02
ET/PEP r=0.43 p<0.05

SI LVET r=0.476 p<0.02
LVETc r=0.457 p<0.02
PEP r=—0.320
ET/PEP r=0.443 p<0.05

SV LVET r=0.496 p<0.02
LVETc r=0.402
PEP . r=-0340
ET/PEP r=0.452 p<0.05

Cl=cardiac index; SI=stroke index; SV =stroke
volume.
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Table 2. Correlation between STI measured noninvasively and cardiac
indices obtained from invasive method
Author Date Coefficient of correlation No of subject Method
Weissler® 1969 ETc & CI +0.62 Hypertension Dye dilution
ETc & SI +0.60 IHD
PEPc & CI —0.72 Cardiomyopathy
PEPc & SI —0.80 (n=34)
PEP/ET & CI —0.71
PEP/ET & SI —0.82
Garrard® 1970 PEP/ET & EF —0.72 IHD (n=15) Ventriculography
—0.83 Mitral (n=36)
—0.93 Others (n=14)
—0.91 (Total n=65)
PEPc & EF —-0.77
ETc & EF —0.60
Sawayama?” 1973 ETc & SV +0.65 Mitral valve disease Fick method
PEPc & CO —0.61 IHD
PEPc & CI —0.51 (n=24)
PEPc & SV —0.62
ET/PEP & SV +0.82
ET/PEP & SI  +0.61
Masuda 1973 ET & SV +0.50 Cardiac diseases Fick method
ET & SI +0.48 without MR, AR
PEP & CI —0.51 and shunt disease
ET/PEP & SV +0.45 (n=24)
ET/PEP & SI  +0.44
ET/PEP & CI +0.43
Eddleman® 1977 PEP & EF —0.45 IHD Ventriculography
ET & EF +0.44 (n=224)
PEP/ET & EF —0.55
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Fig. 3. Changes in STI in various venous return at constant heart rate and diastolic aortic

pressure.

Stroke volume (SV) correlates directly with ejection time (ET) and inversely with preejection

period (PEP).
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Fig. 4. Relationship between ET and heart rate

(HR) at various diastolic aortic pressure (Pd).
At constant venous return and diastolic aortic

pressure, ET is shortened with increasing heart rate.
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Fig. 5. Relationship between PEP and diastolic
aortic pressure (Pd) at various heart rate (HR).

PEP varies inversely as diastolic aortic pressure is
elevated at the constant heart rate.
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Fig. 6. Relationship between STI and heart rate (HR) in a patient with right ventricular

pacing.
CO=cardiac output; BP=blood pressure.
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Fig. 8. Comparison of ETc (ET corrected with
heart rate) among PDA, anemia and hyper-
thyroidism.
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Fig. 9. Comparison of STI in hypertention and aortic valve stenosis, both of which are
the diseases with pressure overload (afterload).
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Fig. 10. STI in congestive cardiomyopathy (CCM) and myocardial infarction which are
the representative cardiac disorders with impaired myocardial contractility.
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Dashed line indicates the upper normal limits.
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Intrinsic myocardial contractility™

Autonomic nervous system {

(Starling’s law)

LV initial tention™ (Preload)\ Q-I
N
\ >< PEP
Myocardial contraction velocity=<___ | ICT

Sympathetic™ /

Parasympathetic*

Digitalis, Isoproterenol Drug

LV end-diastolic pressure™— Pressure gradient (Afterload)+~/

Diastolic aortic pressuret*—"

Fig. 17. Factors influencing PEP.

+ =direct correlation; — =inverse correlation.

Venous pressure-

LA pressuret

Heart rate
LV filling volume -
Autonomic nervous system Stroke volume +
Intrinsic myocardial contractility
Myocardial contractility S ET

Drug (Digitalis,Isoproterenol)/ :
+
Outflow tract resistance +

Stenosis

Blood pressure 7
Cardiac output \
/

Arteriosclerosis

Fig. 18. Factors influencing ET.
+ =direct correlation; —=inverse correlation.

T, FEBMLEEIC X B IR ORARIE X, BRERIYIC
EZEOREOREHIEELM5 9 X CHERATH 5.

2) IEHOEREE L, Fick 3o ko i
renfaiE %, BIERAHTLE, KEBRFAHET
BE BL U ¥ v v MEDEBRERV T, 4 H|0
DEBBEY ®H L L TR LE CI L PEP,

Peripheral resistance

SV L ET, SI ¢ ET ofEEFEEKE, hEh
@ —0.51, 0496, 0476 G - I-.

Weissler &, Garrard &3, @Eic STI i
DR, BEHAEEBEEREE S 2 LREL
T Bk DR, HVIEIEIREOV L ohDHE
ik, STI @dAHE, BHSELHEEEs 5
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Lo, FoMBEREIEL, STI »oEED
MR, BHAEZ #ET S L3RETHS.
oz kix STL %, oL DRFOEELZ
Bz ELERBRLTS.

3) ISEHOBE-RZ{E->T, OFi%k, preload,
afterload # zhZh ML L TEL S¥BZ L
Xy, BEFD STI it E+HEY A
ET iz 0%k, afterload o #Ejnick v EHEL,
preload o ¥EhNIC k v #ER L7-. PEP iz afterload
L IEFERY, preload WA OB IR IC H -
PEP 3 ET & 0WEo 83 20 kol
DXk iz, STI DL AFRREELSS i 0 5,
preload, afterload I8 % %) 7-. Zhig, STI
PHOEBEEEIMET 3 Svicik, ThbDEFI
T e +aBER bR ThiER bR .
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