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In 1929, Fåhraeus (1888-1968) have reported on a
rheological effect in microwessels [1]. When blood was
flowed from a large diameter tube into a capillary tube, the
average hematocrit of the capillary blood was less than that
of the blood in the larger tube. This phenomenon was called
the the Fåhraeus-effect. The effect was interpreted as a
feature of particulate flow, when the hematocrit in the
capillary is a function of radial position of erythrocytes. An
article was later published by Fåhraeus and Lindquist [2],
which was demonstrated that if blood flows through glass
capillary tubes of decreasing radius, a decrease in hematocrit
was accompanied by a progressive decrease in apparent
blood viscosity (the “Fåhraeus-Lindqvist effect”). (By the
way the term “apparent” (or “effective”) viscosity is widely
used for the derived value of blood viscosity and reflects the
viscosity of a Newtonian fluid that would yield the same
flow under otherwise identical conditions, for clarity).
Some later works showed that mean velocity of the red
blood cells in capillary tubes is higher than the mean bulk
flow velocity [3,4]. The erythrocytes are moves away from
the boundary toward the channel center, while the
suspending plasma fluid is displaced to the cell free layer
regions left by the migrating cells. It results in the formation
of a cell-free layer next to the tube wall (skimming). Thus, in
small tubes the plasma acts as a lubricant layer [5-9].
Subsequent studies have shown that apparent viscosity
continues to decline at diameters that correspond to the
arteriolar segments of the systemic vascular tree, where the
majority of the total peripheral resistance resides and is
actively regulated in vivo. The Fåhraeus-Lindqvist effect
thus reduces microvascular resistance, thereby maintaining
local tissue perfusion at a relatively lower blood pressure
[10].
There are some works on the practice of theoretical
modeling of the effects [11-13]. It is assumed that in the
observed effects in microvessels aggregation properties of
erytrocytes participate [5,14-17]. It is worth noting that shear
rate in vessels of asuch diameters is much higher than the
threshold for complete destruction of aggregates (50 C-1)
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[18,19]. Given this circumstance, such participation is very
hypothetical [20,21].
The effects considered are reduced to a parallel decrease in
hematocrit and blood viscosity in microvessels. However, it
is worth noting that the redistribution of erythrocytes in the
bloodstream according to a widely admitted hypothesis does
not change the ratio of the solid and liquid phases in the
blood wessel. There is one paper, where has been shown
that, contrary to a widely admitted hypothesis, the Fåhraeuseffect does not account for the Fåhraeus-Lindqvist effect
[22]. The real reason for the change in hematocrit and
plasma viscosity the blood flowing in small vessels, remains
enigmatic. In our deep conviction, events in the microworld
of the microwessels occur as follows. Given that the
erythrocyte membrane is inextensible, the developing shear
stress in small vessels causes a forced change in the shape of
oxygen carriers with a decrease in their volume while
maintaining the surface area. Due to these changes, under
the influence of a pressure gradient the liquid phase moves
from the red blood cell into the lumen of the capillary. The
hematocrit and viscosity of the blood in the vessel are
reduced accordingly. These transformations are reversible.
When the red blood cell leaves the capillary, shear
deformations decrease, the shape of the cell is restored and
water with electrolytes returns inside the red blood cell [23].
The work was made as a part of the state assignment
“Physiological and biochemical mechanisms of homeostasis
and their evolution”.

Corresponding author: Katiukhin LN, Sechenov Institute of Evolutionary
Physiology and Biochemistry, Russian Academy of Sciences, (IEPhB RAS)
44 Thorez Avenue, Saint-Petersburg, 194223, Tel: 89112673192; E-mail:
lion@iephb.ru
Citation: Katiukhin LN. (2019) Again About the Fåhraeus-Lindquist
Effect. J Blood Transfusions Dis, 2(3): 124-125.
Copyright: ©2019 Katiukhin LN. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

124

J Blood Transfusions Dis, 2(3): 124-125

Katiukhin LN

REFERENCES
1.

Barbee JH, Cokelet GR (1971) The Fahraeus effect.
Microvasc Res 3: 6-16.

2.

Fåhraeus R, Lindqvist T (1931) The viscosity of the
blood in narrow capillary tubes. Am J Physiol 96: 562568.

3.

Secomb TW, Pries AR, Gaehtgens P (1987) Hematocrit
fluctuations within capillary tubes and estimation of
Fåhraeus effect. Int J Microcirc Clin Exp 5: 335-345.

4.

Goldsmith HL, Cokelet GR, Gaehtgens P Giles R
(1989) Robin Fåhraeus: Evolution of his concepts in
cardiovascular physiology. Am J Physiol 257: H10051015.

aggregation and its effects on the blood flow. Nord Med
60: 1543-1548.
16. Baskurt OK, Meiselman HJ (2013) Erythrocyte
aggregation: Basic aspects and clinical importance. Clin
Hemorheol Microcirc 53: 23-37.
17. Reinke W, Gaehtgens P, Johnson PC (1987) Blood
viscosity in small tubes: Effect of shear rate,
aggregation and sedimentation. Am J Physiol 253:
H540-547.
18. Charm SE, Kurland GS (1972) Cardio vascular fluid
dynamics. Academic Press, London 2: 15.
19. Schmid-Schönbein H (1981) Microcirculation: Current
physiologic, medical and surgical concepts. Academic
Press, NY, London, Toronto, Sydney, San Francisco.

5.

Zhang J, Johnson PC, Popel AS (2009) Effects of
erythrocyte deformability and aggregation on the cell
free layer and apparent viscosity of microscopic blood
flows. Microvasc Res 77: 265-272.

6.

Fedosov DA, Caswell B, Popel AS, Karniadakis GE
(2010) Blood flow and cell-free layer in microvessels.
Microcirculation 17: 615-628.

21. Katiukhin LN (2019) Erythrocyte aggregation and the
Fåhraeus-Lindquist-effect J Biochem Mol Med 1: 2224.

7.

Xue X, Patel MK, Kersaudy-Kerhoas M, Bailey C
(2011) Modeling and simulation of the behavior of a
biofluid in a microchannel biochip separator. Comput
Methods Biomech Biomed Engin 14: 549-560.

22. Azelvandre F, Oiknine C (1977) Fahraeus effect and
Fahraeus-Lindqvist effect. C R Acad Sci Hebd Seances
Acad Sci D 284: 577-580.

8.

Huo Y, Kassab GS (2009) Effect of compliance and
hematocrit on wall shear stress in a model of the entire
coronary arterial tree. J Appl Physiol 107: 500-505.

9.

Ponomarenko
GN,
Turkovskij
II
(2006)
Biofizicheskieosnovyfizioterapii. Medicina, Moscow.

20. Katiukhin LN (2018) Erythrocyte aggregation - The
phenomenon of resting blood. J Blood Transfusions Dis
1: 16-19.

23. Katiukhin LN (2014) About a mechanism of the
Fåhraeus-Lindquist-effect. J Blood Disorders Transf 5:
211-213.

10. Toksvang LN, Berg RM (2013) Using a classic paper by
Robin Fahraeus and Torsten Lindqvist to teach basic
hemorheology. Adv Physiol Educ 37: 129-133.
11. Possenti L, di Gregorio S, Gerosa FM, Raimondi G,
Casagrande G, et al. (2019) A computational model for
microcirculation including Fahraeus-Lindqvist effect,
plasma skimming and fluid exchange with the tissue
interstitium. Int J Numer Method Biomed Eng 35:
e3165.
12. Gidaspow D, Huang J (2009) Kinetic theory based
model for blood flow and its viscosity. Ann Biomed
Eng 37: 1534-1545.
13. Pries AR, Secomb TW, Gaehtgens P, Gross JF (1990)
Blood flow in microvascular networks. Experiments and
simulation. Circ Res 67: 826-834.
14. Fahraeus R (1958) The influence of the rouleau
formation of the erythrocytes on the rheology of the
blood. Acta Med Scand 161: 151-165.
15. Fahraeus

R

(1958)

SciTech Central Inc.
J Blood Transfusions Dis (JBTD)

Intra

vascular

erythrocyte

125

