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During left-ventricular myocardial ischemia, the decrease in the venous return is determined 
by reduction of cardiac output, which results from heart rate deceleration and decrease in 
left-ventricular stroke volume. The latter is related to a decrease in myocardial contractility 
and blood storage in the pulmonary circuit. Blood accumulation in the lungs is not observed 
during stimulation of the vagus nerve or treatment with propranolol (against the background 
of the same values of the negative chronotropic and inotropic effects as during myocardial 
ischemia). The left-ventricular stroke volume increases, while the cardiac output and venous 
return decrease to a lesser extent under these conditions.
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Our previous studies showed that myocardial ische-
mia is followed by a decrease in the venous return, 
pressure and blood fl ow in the pulmonary artery, and 
cardiac output (CO) [2,3]. Clinical trials and physi-
ological studies demonstrated that the decrease in this 
parameter does not necessarily correlate with reduc-
tion of HR and myocardial contractility [7,10]. This 
work was designed to evaluate the cause of decreased 
venous return under conditions of myocardial isch-
emia. The type and degree of variations in venous re-
turn, pressure and blood fl ow in the pulmonary artery, 
pulmonary vascular resistance, and CO were compared 
during experimental ischemia of the left ventricular 
(LV) myocardium, electrical stimulation of the vagus 
nerve, and treatment with a β-adrenoceptor antagonist 
propranolol (obsidan).

MATERIALS AND METHODS

Experiments were performed on 12 cats and 15 rabbits 
(body weight 4.5-5.0 kg). The animals were intramus-
cularly anesthetized with 35-40 mg/kg nembutal and 
subjected to thoracotomy under conditions of artifi cial 
pulmonary ventilation (Faza-9 device). The study was 
conducted according to bioethical principles of ma-
nipulations with animals. Blood pressure in the left 
carotid artery was measured using a PDP-400 tensio-
metric sensor. Blood pressure in the pulmonary artery 
was measured with the same sensor. A catheter (diam-
eter 1.5 mm) was inserted into this artery through the 
anterior wall of the right ventricle [6]. Blood fl ow in 
the pulmonary artery, CO in the ascending aorta, and 
blood fl ow in the anterior and posterior vena cava were 
measured with cuff-type transducers of ultrasonic fl ow 
meters (T-106, T-206, and T-402; Transonic). Venous 
return was calculated as the sum of these parameters 
(using a computer). LV myocardial contractility was 
estimated from the LV pressure derivative (dP/dtmax) 
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[2]. The mean value of left atrial pressure in animals 
was evaluated from the end diastolic pressure in the 
LV [8]. It was measured with a PDP-400 tensiometric 
sensor. A catheter was introduced into the cavity of the 
LV through its apex. HR in cats was measured with 
a tachometer. ECG (standard lead II) was recorded 
to estimate the R-R interval. CO was divided by HR 
(using a computer) to calculate the LV stroke volume. 
The pulmonary vascular resistance and total peripheral 
vascular resistance were calculated by the Poiseuille 
equation [1,2,4]. These parameters were recorded to 
the computer hard disk using an L-Card L-783 for 
analogue-to-digital conversion (frequency 200 Hz). 
The data were then analyzed with ACT software. The 
test parameters were also recorded with an N-338-8P 
ink recorder.

Series I was conducted on 12 cats. Experimental 
ischemia of the LV myocardium in animals was in-
duced by cross-clamping of the left coronary artery 
for 60 sec [2]. Electrical stimulation (3 Hz, 2.5 V, 60 
sec) of the peripheral end of the transected right vagus 
nerve was performed in series II (6 rabbits). A nega-
tive chronotropic effect of this treatment was similar 
to that observed during myocardial ischemia. Series 
III was conducted on 9 rabbits. A β-adrenoceptor an-
tagonist propranolol (2 mg/kg) was injected into the 
left jugular vein of animals. A negative inotropic ef-
fect of propranolol was similar to that observed during 
stimulation of the vagus nerve. The type and degree of 
changes in hemodynamic parameters were compared 
in series I, II, and III (under conditions of maximum 
variations in arterial pressure).

The results were analyzed by Student’s t test (test-
ing of the hypothesis about differences of variations in 
hemodynamic parameters from zero). The data were 
processed with the original and standard software 
(Axum 5.0, Math Soft Inc.) on an IBM PC Pentium IV.

RESULTS

Experimental ischemia of the LV myocardium (region 
of the left common coronary artery) was followed by 
a decrease in arterial pressure (by 36±8%, p<0.001), 
HR (by 22±6%, p<0.01), and myocardial contractility 
(by 18±6%, p<0.01). The changes were accompanied 
by a 43±7% decrease in the venous return (p<0.001). 
CO was reduced by 42±5% (p<0.001 compared to 
the baseline; Table 1). Variations in the venous return 
under these conditions were shown to correspond to 
the decrease in CO. Therefore, the decrease in the 
venous return during LV myocardial ischemia can be 
considered as the cause of reduced CO.

CO is the product of HR and LV stroke volume 
[1]. Hence, it was important to evaluate the cause of 
changes in the latter parameter. During myocardial 

ischemia, the stroke volume decreased by 26±5% 
(p<0.001 compared to the baseline). The decrease in 
this parameter is probably related to the reduction of 
LV myocardial contractility. This conclusion was de-
rived from an increase in LV pressure (by 38±10%, 
p<0.01) and decrease in blood infl ow to the left heart. 
We analyzed the degree of variations in blood fl ow in 
the pulmonary artery.

Blood fl ow in the pulmonary artery during myo-
cardial ischemia decreased by 24±3% (p<0.001), which 
corresponds to a decrease in the stroke volume (Table 
1). Our results indicate that the decrease in the LV 
stroke volume during myocardial ischemia is rela ted 
not only to the deceleration of HR and reduction of 
myocardial contractility, but also to the impairment of 
blood fl ow in the pulmonary artery. However, this con-
clusion contradicted the results of experiments with 
electrical stimulation of the vagus nerve and admi-
nistration of a β-adrenoceptor antagonist propranolol 
(Table 1). Vagus nerve stimulation and intravenous in-
jection of propranolol were followed by a decrease in 
HR by 31±6 and 32±7%, respectively (p<0.001). Myo-
cardial contractility was reduced by 14±4 and 17±3%, 
respectively (p<0.01 compared to the baseline). There-
fore, the negative chronotropic and inotropic effects of 
these treatments were similar to those observed during 
myocardial ischemia (22±6% [p<0.001] and 18±6% 
[p<0.01], respectively). However, CO was reduced by 
only 14-20% after electrical stimulation of the vagus 
nerve and intravenous injection of propranolol (vs. 
42±5% during myocardial ischemia, p<0.001). At the 
same time, vagus nerve stimulation and administration 
of propranolol were followed by an increase in the 
LV stroke volume (by 24±5% [p<0.001] and 7±2% 
[p<0.01], respectively). By contrast, this parameter 
was reduced by 26±5% during myocardial ischemia 
(p<0.001; Table 1).

After vagus nerve stimulation and administration 
of propranolol, blood fl ow in the pulmonary ar tery 
decreased by 19-25%. These changes were similar to 
those observed during myocardial ischemia (decrease 
by 24%; Table 1). These data suggest that blood stor-
age in pulmonary vessels is the cause of a decrease 
in the LV stroke volume, which accompanies the re-
duction of HR and LV myocardial contractility [4]. 
This conclusion was derived from the decrease in 
the estimated parameter of pulmonary vascular resis-
tance (by 37±12%, p<0.01) during myocardial isch-
emia and reduction of pulmonary circulation. Pul-
monary vascular resistance was reduced by 12±6% 
during electrical stimulation of the vagus nerve, but 
increa sed by 24±7% after treatment with propranolol 
(p<0.01). However, pulmonary artery pressure was 
shown to decrease similarly under these infl uences 
on the circulatory system (Table 1). Although the 
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estimated parameter of pulmonary vascular resistance 
increases by 11±5% during myocardial ischemia, 
these variations are not signifi cant for the decrease 
in CO. It was confi rmed by experiments with electri-
cal stimulation of the vagus nerve and administration 
of propranolol. CO decreased, while the total periph-
eral vascular resistance remained unchanged under 
these conditions (Table 1). These data indicate that 
the de crease in the LV stroke volume and CO during 
LV myocardial ischemia is associated not only with 
reduction of HR and myocardial contractility, but 
also with blood storage in the lungs. This conclusion 
is supported by a discrepancy (imbalance) between 
the decrease in CO and pulmonary circulation during 
myocardial ischemia (by 42±5 and 24±3%, respec-
tively, p<0.001). It should be emphasized that these 
parameters decreased similarly upon stimulation of 
the vagus nerve and administration of propranolol 
(Table 1). The animals with myocardial ischemia 
were also characterized by various changes in the 
venous return and pulmonary circulation (43±6 and 
-24±3%, respectively, p<0.001). The imbalance be-
tween variations in CO and pulmonary circulation 
during myocardial ischemia can be related not only 
to blood storage in the lungs, but also to different 
changes in myocardial contractility of the right and 
left ventricles [10]. However, the cause of the imba-
lance between CO and pulmonary circulation during 
myocardial ischemia requires further investigations.

We conclude that the decrease in venous return 
during experimental ischemia of the LV myocardium 
is related to reduction of CO, which accompanies the 
negative chronotropic and inotropic effects and decrea-
se in the LV stroke volume. The latter is as sociated 
with not only the decrease in myocardial contractility 
(one of the factors that affect the venous return “vis a 
tergo”), but also blood storage in pulmonary vessels. 
This conclusion is derived from a signifi cant decrease in 
pulmonary vascular resistance, which accompanies the 
reduction of pulmonary circulation. Vagus nerve stimu-
lation and administration of β-adrenoceptor antagonist 
propranolol are accompanied by negative chronotropic 
and inotropic effects (similar to those observed during 
myocardial ische mia). However, these treatments do 
not induce blood storage in the lungs. The LV stroke 
volume increases, while CO and venous return decrease 
to a lesser extent under these conditions.
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