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BLOOD FLOW MECHANICS IN THE MICROCIRCULATION IS A SPECIFIC
SCIENTIFIC FIELD
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Abstract. Actually, blood is not a true fluid in the narrowest microvessels, up to 15-20 pum
in diameter, since up to half of its volume compose the red cells whose size is
commensurable with the microvessels' lumens. For a better understanding of the physical
backgrounds of the blood flow inside this latter we propose to make an analysis of the
blood flow structure (structuring) and its disturbances inside the living microvessels.
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In the narrowest microvessels — capillaries, adjacent arterioles and venules, up to 15-20 um in
diameter, the blood is actually not a fluid and the word "flow" might be, therefore, even not
quite adequate. This is because almost half of the blood's volume is occupied with cells whose
sizes are commensurable with the vessel’s lumen, and, therefore traditional biorheological
approaches are actually helpless to find the fundamentals determining the normal blood flow
and its disturbances in such microvessels. Biorheologists, who are considering mechanical
basis of the non-Newtonian fluid flow, unequivocally certify that advancement of the blood in
channels with the lumen’s diameter of 5-25 pum is not a subject of the presently known
biorheological regularities [1]. Nevertheless, nobody can doubt that the normal blood flow in
the living microvessels is a biomechanical phenomenon.

Importance of the blood flow mechanical regularities in the microvessels is
tremendous. Solution of these problems is necessary for a better understanding of the
microcirculation under the normal conditions and even more when blood rheological
properties become disturbed during various pathologies. It is difficult to overestimate
significance of this scientific field, which could be identified as microhemorheology or
microhemomechanics, since it is well known that hemorheological disorders play an essential
(often even determining) role in development of various important pathologies, such as
inflammatory processes and development of such diseases, as arterial hypertension, cerebral
and cardiac infarcts, and many others.

But the present-day biomedical workers have no sufficient knowledge to carry out a
thorough analysis of the non-Newtonian fluid mechanical regularities of the blood flow in the
narrowest microvessels. To overcome these difficulties the biomedical microcirculationists
need to collaborate with specialists of the non-Newtonian fluid mechanics in order to
investigate these problems, which are highly important for the modern biomedical science.

For the specialists investigating the microcirculation these problems are not new, since
they were in focus of scientific interests in course of a century or so. During the recent decade
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there is certain advancement in a better understanding of the biomechanical nature of blood
flow in the microvessels. Proceeding from the perennial research and thorough consideration
of the normal blood flow and its disturbances in the capillaries under conditions of unchanged
arterial-venous pressure difference along their course and of their unaltered diameters, we
arrived at the conclusion that it is the normal blood flow structure that might be the principal
factor determining the rheological properties of the flowing blood and its disturbances in the
microvessels. Now the phenomena of the blood flow structuring in the microvessels are to be
analyzed from the biomechanical point of view in more details.

Proceeding from the results of our perennial animal experiments, the blood flow
"structure™ (or "structuring") in the most narrow microvessel’s lumen becomes disordered by
any cause, e.g., when the red blood cells become aggregated (pasted in-between in form of
rouleaux or clumps) the blood "fluidity" decreases dramatically in the microvessel’s lumen.
This immediately results in a considerable slowing-down of the blood cell advancement in the
microvessels till its full stasis. This occurs despite the fact that the arterial-venous pressure
gradient remains preserved and that the microvessels' lumens do not narrow in any points
along their course. These phenomena were repeatedly analyzed in our scientific articles [2-6].

I would like to pay attention of the appropriate specialists in biomechanics to the
phenomena that are of a paramount significance for the theoretical biomedicine and for the
medical practice. | am thoroughly convinced that without close collaboration of specialists in
the microcirculation and the experts in the non-Newtonian fluid mechanics, these problems
cannot be solved appropriately and therefore cannot become useful for the medical practice. It
is to be specially mentioned that the phenomena of blood "fluidity” inthe narrowest
microvessels are complex for direct investigation, and special experience of the specialists is
necessary to carry out such research successfully. The Microcirculation Research Center,
Thilisi, Georgia has a perennial experience and is ready to start collaboration with specialists
in this field. We are convinced that this research will be essential for both biomechanics and
medical practice.
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MEXAHUKA KPOBOTOKA B MUKPOKANMUINAPAX KAK OTAEJNIbHOE
HAYYHOE HAINPABIJIEHUE

. MueanuwBunu (Tounucn, MNpysua)

B mukpococynax ¢ mpocBetom no 15-20 um B amameTrpe KpoBb (aKTHUECKH HE
SIBIISIETCS JKUAKOCTBIO, T.K. JIO TIOJIOBUHBI €¢ 00BhEMa COCTABISIOT IPUTPOIMTHI, BETHUYNHA
KOTOPBIX COIMOCTaBUMa C COCYAWCTBIM TPOCBETOM. J[isi BBISICHEHHS (DU3MYECKHX OCHOB
KPOBOTOKa B TaKMX MHKPOCOCYIaX MbI TIpeasiaraeM aHaJIU3UpPOBaTh B COBMECTHBIX
OMOMEIUITMHCKUX W OWOMEXaHWYECKUX HCCIICOBAHMSIX CTPYKTYpPY (CTPYKTypHUpOBaHHUE)
KPOBOTOKA U €€ HapYIICHHS BHYTPH KUBBIX MHKPOCOCY/IOB.

KiroueBble ciioBa. MexaHUKa KpOBOTOKA, MUKPOIUPKYIIALHUA, MUKPOCOCYIbI

Received 10 December 2000

36



