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Analysis of end-systolic
pressure-volume relation
by gated radionuclide

angiocardiograph
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Summary

Left ventricular end-systolic pressure-volume relation has been proved experimentally to be an
useful index of left ventricular contractility relatively independent of preload or afterload. But less
clinical application has been reported because of its invasive nature, and we evaluated this relationship
non-invasively using gated radionuclide angiocardiography as volume determination and cuff sphyngo-
manometer in the arm as pressure measurement. Gated equillibrium blood pool scintigrams were
obtained at rest and during intravenous infusion of angiotensin or nitrate. Ventricular volumes were
derived from ventricular activity and peripheral blood volume and activity.

The peak systolic pressure (PSP) by cuff method to end-systolic volume index (ESVI)relations showed
good linearity (r>.930 in 849 of consecutive 50 cases) and were gentler in the groups with more im-
paired left ventricular function. Emax was related exponentially to ejection fraction (EF) and hyper-
bolically to end-diastolic volume index. The dead volume (VoI) was unfixed and fell into positive or
negative value, and was not related to EF under control condition. PSP/ESVI in each loading con-
dition was less variable with the alteration of blood pressure than EF. The linear relation was found
between PSP/ESVI under control condition and Emax (PSP/ESVI=0.651-Emax+0.958, r=0.841,
p<.001).

Thus in measuring ventricular volume, gated radionuclide angiocardiography is a non-invasive
method less affected by the geometry of the left ventricle. Non-invasive determination of end-systolic
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pressure-volume relation using the volume by radionuclide and the blood pressure by cuff method is
clinically useful in the assessment of left ventricular contractility.
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Fig. 1. Left ventricular images with angiotensin and nitrate.

End-diastolic and end-systolic images at rest (control) and during the infusion of angiotensin and
nitroglycerin (NTG) are illustrated in a 53 years old male patient with old infero-apical myocardial
infarction (Case 1). Left ventricular volume is increased by angiotensin and decreased by NTG in

both end-diastole and end-systole.
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Fig. 2. Reproducibility of peak systolic pressure-end-systolic volume relation.

Reproducibility in the measurement of pressure-volume relation is ascertained with the fashion
whether the first control measurement (C) is coincident with the second control (C’) after the loading
with either angiotensin (A) or nitrate (N).

Consecutive 50 cases
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Fig. 3. Test of linearity of regression line subjected to the three points of peak systolic

pressure-end-systolic volume.
Correlation coefficients (r) are greater than 0.93 in 42 (84%) of consecutive 50 cases.
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Fig. 4. Peak systolic pressure-end-systolic volume relations in four groups.
Peak systolic pressure-end-systolic volume relations are located in relatively leftward and become

steeper with the better left ventricular function.
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Fig. 5. Dead volume at zero left ventricular pressure.
Vol, the intercept of the peak systolic pressure-end-systolic volume index line on the volume axis,
is not related to ejection fraction under control condition.

E max vs EF

E max
E max

10 10

50 100 150 200 250 2
ml/m
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Fig. 6. Relation between Emax and end-diastolic volume index (EDVI) and ejection
fraction (EF).
Emax is correlated exponentially to EF and hyperbolically to EDVI under control conditions.

— 456 —



RI |z X ZUUERHIE - FHEEFR

x:ml!q/ml/m2 E
c |
]
10 | y
Angiotensin 5—,'
Angiotensin y=0.511e0-045¢  /
: r=0.86 !}
8 Control /
> K
a '.\_/
- ’
6 ’
z 7 2cont:m.
S/ - 0.042x
y=0.457e
\ - r=0.87
4 rd ._’———
— =% -
[
2 -
— ema-3
[
. . . . . . .
10 20 30 40 50 50 0 g
Ejection fraction :
|
’
i
10 | /
!
I Nitrate Control N
0.042x '
y=0.457e /
= 8 Control Sl 8
>
m ’
/
: -~ ," -?Nitrate
e /y=0.442¢0-043%
- /V 4 r=0.90
4
2
10 20 30 40 50 50 70
Ejection fraction %

Fig. 7. Relation between the ratio of peak systolic pressure (PSP) to end-systolic volume

index (ESVI) and ejection fraction (EF).

PSP/ESVI is correlated exponentially to EF in three different conditions and less variable with

the alteration of blood pressure than EF.
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