J Cardiol 1996, 27: 21-27

EMIBIBZIEDVIREEHIRE EATEF  Left Cardiac Output Curve and Pulmo-
A= 7 R AR nary Venous Return Curve in Patients
With Various Heart Diseases

fH EE Mami IIDA, MD

ik #EHE] Kohshi GOTOH, MD
AR THE Yasuo YAGI, MD
HOBET Fumiko DEGUCHI, MD
FE = Yasushi TERASHIMA, MD
kS EFA Kenshi NAGASHIMA, MD
BFAS 5 FE Masumi NOMURA, MD
ZH FHE Norio YASUDA, MD
BRIE A Hisayoshi FUJIIWARA, MD
N FE Senri HIRAKAWA, MD

Abstract

This study assessed the cardiac function of humans by drawing simultaneous left cardiac output and
pulmonary venous return curves using radionuclide angiocardiography and right heart catheterization
which allows recording of the pressure-flow relationship. Thirty-one subjects with various cardiac dis-
eases were divided into two groups [18 patients with New York Heart Association (NYHA) functional
class I and 13 patients with NYHA classes II or III]. Mean pulmonary filling pressure (Pmp) was calcu-
lated from the formula of Guyton, using pulmonary arterial compliance which was measured by Reuben’s
method and pulmonary venous compliance measured as reported previously. On the pressure-flow plane,
the down slope of the pulmonary venous return curve was drawn by joining the points of (Pmp, 0) and
(mean pulmonary capillary wedge pressure, cardiac output). To construct the cardiac output curve, two
levels of lower body negative pressure were used to regulate the venous return to the heart.

Pmp and the resistance to pulmonary venous return in NYHA II or III patients were significantly higher
than those in NYHA I patients (Pmp: 16.3%+1.5 vs 9.0+0.5 mmHg, p<0.01; resistance to pulmonary
venous return: 0.75£0.09 vs 0.43 +0.04 mmHg///min, p<0.01, respectively). The slope of pulmonary
venous return curve in NYHA II or III patients was smaller than that in NYHA I patients and the pulmo-
nary venous return curve in NYHA II or III patients shifted rightward. The slope of cardiac output curve
in NYHA II or III patients was significantly smaller than that in NYHA I patients. This curve in NYHA II
or III patients shifted downward and rightward.

These results indicate that simultaneous cardiac output and pulmonary venous return curves may be a
useful method for assessing the cardiac function in patients with various heart diseases.
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Fig. 1 Typical records of time radioactivity (A) and time-mPCWP (B)
tracing in a 38-year-old man with angina pectoris showing two

rounds of passive leg elevation

PBV =pulmonary blood volume; mPCWP=mean pulmo-
nary capillary wedge pressure; ROI=region of interest.
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Fig.2 Estimation of mean pulmonary filling pressure (Pmp), showing
the volume-pressure relationship of pulmonary arterial (leff)

and pulmonary venous system (right)
Pmp=(EVpa+EVpv)/(Cpa+Cpv); mPAP=mean pulmo-
nary artery pressure; Vpa=pulmonary arterial volume;
Vpv=pulmonary venous volume; Cpa=pulmonary arterial
compliance; Cpv=pulmonary venous compliance; EVpa
=extra volume of pulmonary artery; EVpv=extra volume
of pulmonary venous system. Other abbreviation as in Fig. 1.
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Fig. 3 Illustrative case of the cardiac output curve and the pulmonary
venous return curve in a 60-year-old woman with old myocar-
dial infarction, NYHA class I
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Table 1 Hemodynamic data, ratio of cardiac output curve, compliance, mean pulmonary filling pressure and resistance to
pulmonary venous return in patients in NYHA classes I and II-1II

NYHA class I (n=18) NYHA class II-III (n=13)

Before LBNP During LBNP Before LBNP During LBNP
Heart rate (bpm) 69.2+29 71.7£33 69.8+5.4 69.1+5.1
mBP (mmHg) 97.7+42 95.2+4.1 104242 102.3%3.6
Cardiac output (//min/mmHg) 5.06+0.21 4.08+0.21% 4.71%0.12 4.07%0.14*
mPCWP* (mmHg) 6.1+0.5 3.5+0.6' 11.5£1.5 6.1+0.7
ACO/AmPCWP* (//min/mmHg) 0.49+0.06 0.14+0.02
Cpa* (m//mmHg) 5.3+05 35+04
Cpv* (m//mmHg) 13.2+1.3 7.1£0.7
Pmp* (mmHg) 9.0£0.5 16.3£1.5
RPVR* (mmHg///min) 0.43%0.04 0.75+0.09

*p<0.01 (NYHA class I vs class II-1II), {p<0.01 (before LBNP vs during LBNP), mean = standard error.
LBNP=Ilower body negative pressure stress test; mBP=mean blood pressure; RPVR =resistance to pulmonary venous

return. Other abbreviations as in Figs. 1, 2.
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Fig.4 Short segment of the cardiac output curve and the pulmonary
venous return curve in patients in NYHA classes I and II-IIT

SE =standard error.
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