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Introduction

Blood is a systemic liquid of clearly non-Newtonian 
character and of distinctly pronounced viscoelas-
tic properties. Blood flow in the circulatory system 
depends on the physical and physicochemical proper-
ties of blood as well as on many phenomena result-
ing from the structure and properties of the circulatory 
system.

Blood is a suspension of morphotic blood ele-
ments (erythrocytes, leukocytes, blood platelets) in 
plasma and its viscosity is dependent on the shear rate. 
Analysis of the physico-chemical properties of blood 
is related to hemorheology – a field of science focus-
ing on the phenomena related to the flow of blood. 
Blood viscosity is determined by the following param-
eters: plasma viscosity, hematocrit, red cell deform-

ability and aggregability [1, 2]. Shear rate dependence 
of blood viscosity and the domination of aggregation 
and deformation phenomena in forming the shape of 
this dependence were illustrated in the famous exper-
iment by Chien [1, 3]. Blood plasma is a Newtonian 
fluid, whose viscosity does not depend on the shear 
rate. Plasma viscosity is determined by the presence of 
high molecular weight proteins like fibrinogen, immu-
noglobulins and lipoproteins [4]. Blood and plasma vis-
cosity are subject to direct regulation by the organism. 
In particular one finds regulation achieved by changing 
the hematocrit and plasma viscosity [2].

Rheological studies of blood properties including 
both rotary measurements (flow curve) and oscillatory 
experiments (Dynamic Mechanical Analysis – DMA) 
are often complemented by experiments directly mea-
suring red cells aggregability and deformability [1, 
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Rheology – the study of the flow of matter and accompanying phenomena of real bodies deformation – in 
relation to blood – hemorheology. Blood viscosity – the main rheological parameter – has been studied in many 
research centers and among many different group of patients. the main disorders related to the hemorheological 
properties are: coronary insufficiency, vascular congestion, myocardial infarction, cerebral circulation disorder, 
Reynaud disease, ischemic limbs, diabetes, anemia, tumors. the following parameters are the main blood 
viscosity determinants: plasma viscosity, hematocrit, red cell deformability and erythrocytes aggregation. In 
hemorheological studies we used mathematical rheological models. the measurements of blood and plasma 
viscosity are performed by means of oscillating-rotary rheometers in order to determine the dependence of blood 
viscosity on the shear rate and the two components of the complex blood viscosity. Determination of blood cells 
aggregability and deformability is performed directly by means of aggregometers and appropiate filters and 
indirectly using rheological techniques with advanced mathematical models of blood viscoelasticity. Blood and 
plasma viscosity are subject to autoregulation mechanisms of the body. Recognition of those mechanisms may 
help in assessment of some diseases risk: ischemic stroke or myocardial infarction. In many cases rheological 
measurements may reveal the most recent phases of diseases and disorderses which enables early therapy 
with specimens improving the blood fluidity. For this reason rheological measurements should be applied in 
diagnostics and therapy. Mutual relations between the main factors determining the blood viscosity and their 
effect on blood flow are the main subject of current report.  

Keywords: hemorheology, blood viscosity, abnormal aggregability, abnormal deformation.

R E V IE W  PA PE R



198 Journal of Medical Science 3 (84) 2015

5–7]. there are many techniques allowing achieving 
such results [5–8]. Similar information about erythro-
cytes properties can be achieved indirectly from the 
mathematical analysis of the flow curve with the use of 
rheological models [1, 9]. In the literature one can find 
many models describing the flow of fluids. In the case 
of the flow of blood one should mention the model of 
Quemada [1, 10, 11].

Aim

the aim of the present work was the analysis of the 
rheological properties of blood in a group of patients 
with different disorders on the basis of experimental 
results and available literature data. 

Hemorheology of chosen clinical cases

the analysis of rheological properties of blood samples 
taken from patients with different disorders revealed 
not only different shape of obtained rheograms [12] 
but also statistically significant differences of rheo-
logical parameters values compared to the results in 
the reference group. the latter effect was observed in 
patients with cardiac disorders [9, 13], diabetes [13, 
14], and neurological disorders [15–17].

Patients with acute ischemic stroke show elevated 
whole blood viscosity resulting from the increase in 
plasma viscosity (high fibrinogen concentration) and 
also from intensified erythrocytes aggregation and 
reduced red cells deformability. In patients after cere-
bral ischemic episode (a few months after the symp-
toms of ischemic stroke) no increase of blood viscos-
ity is observed despite still elevated plasma viscosity, 
which probably results from some improvement of red 
cells elasticity. An inverse correlation between plasma 
viscosity and erythrocytes deformability in this group 
of patients has been found [16].

In a group of patients with clinically silent foci of 
cerebral ischemia no increase of whole blood or plasma 
viscosity have been found [18]. the improved red cells 
deformability observed in this group should probably be 
attributed to an autoregulatory mechanism. A negative 
feed-back between the IgM/fibrinogen indicator and 
erythrocytes aggregability has been found in this group 
which suggests an opposite role played by these two 
proteins in the aggregation phenomenon of red cells.

In patients with diabetes mellitus an elevated plas-
ma viscosity is found which results in increased whole 
blood viscosity. In this group of patients intensified 

erythrocytes aggregability and reduced deformabil-
ity have been found. Hemorheological factors prob-
ably play an important role in the formation of dia-
betic microangiopathy [19]. Analysis of the thermo-
graphic picture of upper and lower limbs perfusion 
and the hemorheological profile in diabetic patients 
revealed no statistically significant correlations. How-
ever, an increased value of whole blood viscosity was 
found in comparison to the control group as well as 
an increased tendency to pathological erythrocytes 
aggregation [13, 14].

Other examples are: patients with monoclonal para-
proteinemia (Waldenstrom disease and multiple myelo-
ma) – in these patients one observes increase of the 
blood viscosity as a result of elevated plasma viscosity 
which in turn results from excessive concentration of 
monoclonal proteins. Human organism regulates these 
rheological disorders by reduction of the synthesis of 
other immunoglobulins and erythropoietin (EPO). An 
inverse relation between plasma viscosity and EPO 
concentration has been found [20]. Plasma viscosity 
has been found as one of the factors influencing the 
transcription of the EPO gene, next to intracellular oxy-
gen concentration and the HNF-4 factor (Haptocyte 
Nuclear Factor 4).

Changes of the values of hemorheological param-
eters were observed also in a group of patients with 
nephrotic syndrome in which a decrease of plasma 
proteins concentration occurs, mainly albumins. Albu-
mins belong to low molecular weight proteins and their 
effect on plasma viscosity is connected with their high 
concentration in plasma. Regulatory response of the 
organism to a loss of albumins is an increased synthesis 
of fibrinogen and other macroglobulins. In nephrotic 
syndrome one also finds elevated concentration of lip-
ids in plasma, which in turn is regulated by an inverse 
relation with the plasma viscosity [2].

Patients with true polycythemia show elevated 
blood viscosity as a result of high hematocrit value. 
these patients also demonstrate high plasma viscosity 
which results in a decrease of  EPO concentration. Oth-
er harmful phenomena related to this pathology are 
reduced erythrocytes elasticity and an increased red 
cells aggregability.

In patients with arterial hypertension the increase 
of whole blood viscosity is a result of elevated hemat-
ocrit value and reduced red cells elasticity. In a group 
of patients with arterial hypertension after ischemic 
stroke a reduced activity of fibrinogen molecules in 
forming the inter-erythrocyte connections [21].
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therapeutic methods influencing the 
hemorheological parameters

the HELP system (heparin extracorporeal LDL pre-

cipitation), in which certain protein and lipid compo-

nents of plasma are eliminated by means of specific 

filters, which allows for improvement of the hemor-

heological profile in the range of all parameters (blood 

viscosity, plasma viscosity, red cells aggregability and 

deformability) [22].

Classic plasmapheresis is a method in which a part 

of plasma is removed from the organism and then 

replaced with fusions of albumin suspensions or other 

blood substitutes. In this way a reduction of plasma 

and hence also whole blood viscosity is achieved (main-

ly in the range of small shear rates) as well as lowering 

of red cells aggregability [23]. thefore, the hemorheo-

logical effect resembles the one observed in the case 

of using the HELP system.

Patients treated by intravenous infusions of gamma 

globulins. As a result of such therapy, plasma viscos-

ity increases, but also the red cells elasticity improves 

which prevents increasing the whole blood viscosity. In 

the range of low shear rates the relative blood viscosity 

may even be reduced [24].

Hemodilution is a therapeutic method in which 

highly oncotic fluids are infused to the circulatory 

system, increasing in this way the blood volume and 

reducing the hematocrit value and blood viscosity. the 

use of  hydroxyethyl starch (HES) additionally gives an 

effect of plasma viscosity reduction (due to low molec-

ular weight of starch)  as well as reduction of red cells 

aggregability; moreover the dilution effect last longest 

[25]. On the contrary, the use of low molecular dex-

trans does not provide such a positive influence on the 

hemorheological properties and even may have pro-

aggregative function [25].

Conclusions

In this work we have presented the effect of the chang-

es in hemoreological properties of blood in chosen 

clinical states or  being a result of undertaken therapy. 

the analysis of changes of physico-chemical properties 

of blood performed in this work shows how important 

the hemorheological factor can be in applied therapy. 

Many hemorheological aspects of living organism func-

tioning are not known yet. We believe that thanks to 

the new research methods we should learn better the 

autoregulatory mechanisms aiming at improvement of 

blood flow in order to be able to utilize them in the 
case when a living organism cannot do it by itself.
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