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Introduction 
The fact of blood flow twisting in the heart and great 
vessels is well known [M. Markl, 2011; U. 
Morbiducci, 2011]. However the lack of knowledge 
of the link between the left ventricular shape and the 
velocity and pressure field of the flow generated in 
the left ventricular cavity does not allow the 
quantitative analysis of this flow. Such a link can be 
set using the exact solution of the nonstationary 
hydrodynamic equations for the class of self-
organizing Tornado-like flows of viscous fluids 
(ES), [G. Kiknadze, 1986] Even a superficial 
comparison of these flows with the blood flow in the 
heart and main vessels reveals a large number of 
matches like low hydrodynamic resistance, absence 
of separation and stagnation zones, converged flow 
channel, etc. Therefore the objective of the study 
was to compare the shape of the left ventricular 
cavity and the position of intraventricular anatomic 
structures flown over by blood, and the streamlines 
of the flow described by the ES [4]. 
 
Methods and Materials 
Geometric characteristics of the cavity of the left 
ventricle were  measured using the cavity casts made 
of PMMA. The casts of the left ventricle of the heart 
of man (12), dogs (12), rabbits (4) and rats (4) were 
measured. Also the dynamic images of the left 
ventricular cavity during the cardiac cycle obtained 
with Multislice CT were measured using the same 
approach. The geometry of the cavity was described 
on the basis of orientation of spiral trabecular 
complexes with respect to the axis of the inlet and 
outlet parts of the left ventricle. The angle of 
trabeculae slope, the longitudinal and radial size of 
the cavity along the corresponding axis were 
measured. Flow parameters were calculated by the 
relations obtained from the ES. 
 
Results 
According to measurements the following structural 
parameters of blood flow belonging to the ES were 
calculated: the ratio C0/Г0 (C0 – parameter of the 
flow convergence, Г0 - parameter of the flow 
circulation), whose value is proportional to the ratio 
of radial and azimuthal velocity components, 
volumetric jet parameter Q and the parameter Z0 
indicating the position of the origin of cylindrical 
coordinates of the jet with respect to the measurable 
part of the flow axis. 

A functional relationship between the parameters 
of the high correlation was proved. Power 
approximation of the obtained dependences 
showed a good level of compliance with formulary 
dependencies arising from the ES. This pattern was 
confirmed in the left ventricle of the heart, 
regardless of the animal size. Measurement of 
structural flow parameters in the dynamic left 
ventricular images obtained using Multislice CT 
allowed the plotting of change of these parameters 
during the cardiac cycle. 
 
Discussion 
A new pattern in the heart was found, which 
consists in the fact that during the entire cardiac 
cycle, heart shape and orientation of intracardiac 
anatomic structures corresponds with high 
correlation to the direction of flow streamlines of 
tornado-like flows described by ES [4]. This 
correspondence shows that the intracardiac blood 
flow belongs to the class of Tornado-like flows. 
This explains how the flow in the left ventricular 
cavity can be implemented without separation and 
stagnant zones formation. In addition, a number of 
tornado-like flow properties may be extrapolated to 
the intraventricular blood flow, suggesting that the 
heart does not primarily perform the  function of 
the pump, but the trigger function, ensuring the 
fulfillment of a set of necessary and sufficient 
conditions for tornado-like blood flow self-
organization. 
 
Conclusion 
Blood flow generated in the cavity of the left 
ventricle belongs to the class of self-organizing 
tornado-like flows and can be quantified by means 
of the exact solutions of nonstationary Navier-
Stokes and continuity equations for this class of 
flows.  
 
Reference 
1. M. Markl et al, JCMR, 13:7, 2011 
2. U. Morbiducci et al, Biomech Model 
Machanobiol, 10:339-355, 2011 
3. G. Kiknadze, Y. Krasnov, Sov.Phys.Dokl., 
31:799-801, 1986 
 
 

 


	Introduction
	Methods and Materials
	Results
	Discussion
	Conclusion
	Reference

