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Summary

It has been shown that left ventricular function can be depicted by force-length relation, force-
velocity relation, end-systolic pressure-volume relation, etc. Howerver, it is difficult to obtain two or
more points correlating left ventricular end-diastolic volume (EDV) with stroke volume (SV) or
stroke work (SW), mean circumferential fiber shortening rate (mean VcF) with mean brachial artery
pressure (mean BAP), left ventricular end-systolic volume (ESV) with end-systolic pressure (ESP),
respectively in an individual patient, and invasive method such as left ventricular cineangiography,
which is usually employed in the measurement of left ventricular volume, can not be used safely in
patients with acute and severe heart failure. Echocardiography offers a possible alternative to measure
left ventricular dimension and volume.

In this study, we evaluated the reliability of echocardiographic measurement of left ventricular
volume (Figs. 1~9) and applicability of echocardiography to the assessment of force-length relation,
force-velocity relation, and end-systolic pressure-volume relation, which are known to show myo-
cardial contractility of the left ventricle (Figs. 10~19).

Left ventricular function curve (VFC) was obtained by plotting EDV against SV or SW before
and after sublingual administration of isosorbide dinitrate (ISDN) (Fig. 10), isometric exercise (Fig.
15), or by plotting EDV against SV in 60-90 consecutive beats in patients with atrial fibrillation who
showed beat-to-beat change in EDV and SV (Figs. 11~14). Inotropic agents shifted VFC upward
and to the left, whereas depression of myocardial contractility shifted VFC downward and to the
right.

Force-velocity relation was obtained by plotting mean VcF against mean BAP before and after
ISDN administration (Fig. 16). Mean VcF was reduced by depression of myocardial contractility and
increased by lowering mean BAP (afterload reduction).

The ratio of end-systolic pressure to volume appears to be independent from afterload and pre-
load and can be used as an index of myocardial contractility!®!”. Emax, which is the slope of ESP-
ESV line, was obtained by plotting dicrotic BAP against ESV before and after ISDN administration
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(Figs. 17~19). Depression of cardiac contractility estimated by decreased ejection fraction (EF),
VFC and NYHA functional capacity reduced Emax and dicrotic BAP/ESV value.
Echocardiographic assessment of the left ventricular function was based on the accuracy and relia-
bility of echocardiographic measurement of left ventricular dimension and volume. The present study as
well as others!~® showed a close correlation between left ventricualr volumes measured by cinean-
giography and echocardiography, especially by using Teichholz’s method. Real-time two-dimensional
echocardiography, which has appeared recently in the clinical use, may take the place of M-mode
echocardiography in the assessment of left ventricular function in the near future.
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Fig. 1. Echocardiographic measurement of the left ventricular dimension.

ACW =anterior chest wall, IVS=interventricular septum, PW=left ventricular posterior wall,
BAP=brachial artery pressure, Dd=Ileft ventricular end-diastolic dimension, Ds=left ventricular
end-systolic dimension, ECG =electrocardiogram, PCG =phonocardiogram.
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Fig. 2. Relationship between left ventricular
end-diastolic volume (EDV) measured by cine-
angiography and echocardiography using Pom-
bo’s method.

EDV (Angio)=end-diastolic volume measured by

single plane cineangiography using Dodge’s area-

length method (RAO) ; EDV (Echo)=end-diastolic

volume measured by echocardiography using

Pombo’s _method (Dd3).

There is a close correlation between EDV (Angio)
and EDV (Echo). Dotted line is an identity line.
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Fig. 3. Relationship between ESV measured by
cineangiography and echocardiography using
Pombo’s method (Dd?®).

There is a close correaltion between ESV (Angio)
and ESV (Echo).
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Fig. 4. Relationship between left ventricular
stroke volume (SV) measured by cineangio-
graphy and echocardiography using Pombo’s
method.

There is a good correlation between SV (Angio)
and SV (Echo).
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Fig. 5. Relationship between ejection fraction
(EF) measured by cineangiography and echo-
cardiography using Pombo’s method.

There is a good correlation between EF (Angio)
and EF (Echo).

2, r=0.72 (p<0.001) D BiFARIEFE ED 5
hiz. EREOHELE 0.80 , identity line iz
AL 2 - 2.

PlEon & <, Pombo kidfiKLnEREFHE,
z iz EDV 2@KFHET 2EM»zH Y, £0
FERD 1 2 & UTUERI - R 538
THZENEXONS. 22T, REOEREZM
Bk L7z Teichholz #:* 3 kvt Gibson #2%(z X
AEBAIEDOZYMIZ >V THRE LTHA K. Fig.
6 i3 Pombo #:, Teichholz #, Gibson ko 35
DEHEICE v kDI EDV &, ExEFEICL S
BLEHBELELbDTHE vTFhb r=0.89~
0.90 (p<0.001) 7 IEFHRE # 5% L7223, Pom-
bo #:izk, LT Teichholz #:, Gibson 23, A
#R TR L7z identity line 2k g5V Ty 7z,

Fig. 7 gRIC < 3 »nFkick 5 ESV £
BEREC L AEL 2B LD TH SR, T
i r=0.87~0.89 (p<0.001) p 4 IEFHRE 2R
L, [EYEix Gibson #E2R - & % identity line
WiE» - 7. RIEC SV olpiki Fig. 8 o5k
. »¥Fhit r=0.65~0.71 (p<0.001) o EAiF
72 TEFARE 278 L7228, Pombo iz L Teichholz

EDV(Angio)

:"??,' Pombo : r = 0.89 (p<0.001)
y = 0.63x + 82.04
Teichholz : r = 0.90 (p<0.001)
y = 0.90x + 44.94
Gibson : r = 0.90 (p<0.001)
y = 0.80x + 58.55

500

400

200

/ EDV(Echo) )

100 200 300 400 500 600 (ml)

Fig. 6. Relationship between EDV measured by

cineangiography and echocardiography using

Pombo, Teichholz and Gibson’s methods.
Dotted line is the identity line.
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Fig. 7. Relationship between ESV measured by
cineangiography and echocardiography using
Pombo, Teichholz and Gibson’s methods.
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Fig. 8. Relationship between SV measured by
cineangiography and echocardiography using
Pombo, Teichholz and Gibson’s methods.
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Fig. 9. Relationship between EF measured by
cineangiography and echocardiography using
Pombo, Teichholz and Gibson’s methods.

SW
300 I
(&™) I8
/g
.
II /! jul
. 7
200_ ll /I
II'
/7 §2
7 /I Y,
1001 Vi
! /
LVEDV
[} 100 200 300 (a0)

Fig. 10. The left ventricular function curves
(VFC) in patients of aortic regurgitation with
the NYHA functional capacities of I, II and III,
obtained by plotting SW against EDV before and
after ISDN administration.

Each bars show one standard deviation and mean
values. VFC in patients with the NYHA functional
capacity of III shifts to the right and downward,
and the slope of this VFC is smaller than those of

NYHA I and II.
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Fig. 11. Simultaneous recording of the echocardiogram and BAP in patients with atrial
fibrillation, who show beat-to-beat changes in EDV and SV.
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Fig. 12. The left ventricular function curves in four patients with lone atrial fibrillation
obtained by plotting SV against EDV in 70-90 consecutive beats.
These function curves are used as normal controls.
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Fig. 13. The left ventricular function curves in 4 patients with congestive cardiomyo-

pathy (CCM).

VFCs in patients with CCM shift downward and to the left from control curves indicated by

solid lines.
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Fig. 14. Changes in the left ventricular function curves (VFC) before (open circle) and after
(solid circles) treatment with digitalis and diuretics in a patient with CCM.

VFC in a patient with CCM shifts upwards and to the left after treatment, but is still situated
downward and to the left from control curves indicated by solid lines.
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Fig. 15. Changes in the relation between EDV
and SW during isometric exercise in 9 normal
subjects (open circles) and 11 patients with old
myocardial infarction (closed circles). These are
so-called modified VFCs. SV is measured by dye
dilution method in patients with old myocardial in-
farction. EDV is measured by echocardiography using
Teichholz’s method. VFCs in patients with old
myocardial infarction (OMI) shift downward and to
the right from normal VFCs and the slopes of VFCs
in patients with OMI are smaller than those of nor-
mal subjects.
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Fig. 16. Changes in the relationship between
mean Vcr and mean BAP before and after ISDN
administration in patients with aortic regurgita-
tion (AR) of NYHA I, II and III.

Mean VcF in patients of AR with NYHA III is
smaller than those with NYHA I and II. So-called
force velocity curve in patients of AR with NYHA
II is steeper than that with NYHA I. Mean VcF
increased after lowering of BAP in patients with
NYHA I and II, but did not in patients with NYHA
II1.
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Fig. 17. End-systolic pressure-volume relationship obtained by plotting dicrotic BAP
against ESV before and after ISDN administration in patients with AR.
ESV is measured by echocardiography and ESP is approximated to dicrotic BAP. Emax is the

slope of end-systolic pressure-volume line.
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Fig. 18. Dicrotic BAP-ESV line in patients of
AR with NYHA I, II and III.

The slope of this line, Emax, in patients with
NYHA III is smaller than those with NYHA I and
II.
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Fig. 19. Relationships between Emax and EF, and between Emax and Vcr.
There are good correlations between Emax and EF, and between Emax and VcF, respectively.
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