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An important factor affecting movement of the blood through the coronary vessels is that
contractions of the myocardium prevent the flow of blood along the vessels lying in its sub-
stance. This state of affairs is taken into account in the calculation of the total hydrau-
lic resistance at the end of diastole, when the forces of systolic compression of the vessels
are minimal, which is widely used at the present time., During detailed studies of diastolic
flow characteristics in the coronary bed [1, 2, 5, 6] it was found that these relationships
are determined not only by the hydraulic resistance of the vascular bed, but also by what has
been called the zero blood flow pressure. More recent investigations [3, 4, 7, 9] have shown
that a considerable error can be introduced into determination of the parameters of the flow
characteristics by the compliance of the vascular bed.

The aim of the present investigation was tc develop an adequate model of the myocardial
vascular bed, taking into account influences of all the principal mechanical factors on the
coronary blood flow. To describe the movement of blood along the coronary vessels, we sug-
gested a model of the coronary bed illustrated in Fig. 1 in the form of an electrical analogy.
The description of the mechanism of movement of blood along small, ‘collapsed" vessels was
based on the model of the "vascular waterfall" suggested in [2, 6]. This mechanism is re~
flected by: R,) resistance of the resistive vessels, P,¢) the zero blood flow pressure, the
ideal diode D and Ea, symbolizing the intramyocardial pressure, acting from without on the
small vessels. The parameter E; reflects the pressure in the aorta, Ro the resistance of the
large coronary vessels, C the compliance of the large coronary arteries, and E; the pressure
acting from without on the large arteries. Several suggestions were used to analyze the model:
1) E; and E3 are linear functions of pressure in the left ventricle, i.e., E; = Kp*P andEy =
Ks+P;, where P, is the pressure in the left ventricle; 2) all parameters of the system (Re,

C, Ry, Pzf, Kz, K3) are unchanged throughout the cardiac cycle; 3) R << Ry, i.e., the resist-
ance of the resistive vessels is high compared with that of the large vessels. The systemof
equations describing this particular model is as follows:

111:: [(Ul'—ES""PZf)/RI}'e(Ul_ES_—PZf)!
Iy = cd (Uy — E,)] dt,

EJ=J1+J2:
Uy=E{—RyJ

where Uy, Ji, Jz, and J denote voltage and current respectively at definite points of the elec-
tric circuit (Fig. 1), and 6 is the Heaviside function. The resulting differential equation
is:
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As an approximation Ro << R;:

dJ d(E;—E
ROC7T+J:C (1dt ) G [(Ey— Ey — Pys)/ R(]-8 (E1 — E3 — Pag);
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Fig. 1. Model of coronary circulation (in the form of an
electrical analogy). Explanation in text.
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Fig. 2. Comparison of experimental curve (a) of coronary
blood flow (in ml/min) with curve (b) calculated on the
basis of curves (c) of arterial pressure and pressure in
left ventricle (in mm Hg).

The solution of the Cauchy problem with initial conditions t = 0; I = I:
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EXPERIMENTAL METHOD

Acute experiments were carried out {6] on mongrel dogs of both sexeswith anaverage weight
of 12 kg, under hexobarbital anesthesia and droperidol premedication (75 and 5 mg/kg respec-
tively). The transducer of an SP2201 electromagnetic flowmeter ("Statham," USA) was placed
on the circumflex branch of the left coronary artery, and a catheter was passed through the
carotid artery into the arch of the aorta and another was passed through itswall into the left
ventricle of the heart. The HP 1280C pressure transducer was used for measurement. Curves
reflecting the coronary blood flow, intraaortic pressure, and pressure in the left ventricle
were recorded on an HP 7758D polygraph, and simultaneously on a TEAC R-81 tape recorder. The
signals were identified and analyzed by means of a LABTAM 3015 microcomputer. On the basis
of the curves of pressure in the aorta and left ventricle, the abundance (1) was calculated
for assigned parameters by Newton's formula with a step of 1/100, and with a digitization fre-
quency of 500 Hz. The results were displayed and printed in graphic form for comparison with
the recorded curve of phases of the coronary blood flow.

EXPERIMENTAL RESULTS

The course of the calculated and experimental curves of coronary blood flow and pressure
in the aorta and left ventricle in one experiment is shown in Fig. 2. Values of the parameters
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in this case were: Re = 0.15 mm Hg/ml/min; C = 6.5 ul/mm Hg; Ry = 0.85 mm Hg/ml/min; P,¢ =
35 mm Hg; Kz = 0.3,and K3 = 0.35.

Analysis of the data showed that, on substitution of parameters characteristic of the cor-
onary circulation, better qualitative agreement was obtained between the theoretical and ex-
perimental coronary blood flow curves. With fewer parameters, in models suggested previously
.[2, 5-8}, this agreement could not be obtained.

The model suggested in [2, 6] was intended to describe the diastolic flow characteris-
tics, whereas the behavior of the coronary blood flow during systole and some of the effects
of compliance {4, 7, 9] were not fully described, Another model [7] was constructed on the
basigs of intramyoccardial capacity. This model explains the increase in coronary blood flow
during systole and certain other effects, but in principle it cannot explain the phenomenon
of the linear flow characteristic and the zero flow pressure (P,¢).

Our suggested model is free from these disadvantages. The resultsobtained with it showed
that it adequately describes the shape of the coronary blood flow curve, Later 1t is planned
to study the possibility of solving the opposite problem, i.e., of finding the parameters Ro,
S, Ry, Pyg, Kz, and K; of the coronary circulation from the curvesof pressure in the acrta and
left ventricle and of the coronary blood flow.

As a first approximation this model may enable multicomponent analysis of coronary vas-
cular reactions. Nevertheless, it probably needs further improvements and, in particular, the
possibility of allowing for nonlinearity of behavicr of individual parameters.
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ANTICOAGULANT AND ANTITHROMBOTIC EFFECTS OF LOW-MOLECULAR-WEIGHT HEPARIN
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There is evidence in the literature that, besides their positive effects, commercial forms
of heparin also may give rise to various side effects, such as hemorrhage, thrombocytopenia,
and osteoporosis, and they may also stimulate aggregation of platelets and erythrocytes [12].
The search thus continues for heparin preparations free from the above-mentioned disadvan-
tages. The composition of heparin, which is a mixture of glycosaminoglycans with different
degrees of polymerization (mol. wt. 5-40 kD) is such that it is possible to obtain prepara=-
tions with preassigned properties. The use of a low-molecular-weight heparin (LMH), withmol.
wt. of under 10 kD, has been reported [5]. Compared with the commercial preparation, LMH has
weaker anticoagulant activity but it is a more effective antithrombotic agent in vivo and gives
rise to significantly fewer side effects [13].
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