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It has been established that blood flow in the cardiovascular system is determined not only by physico-chemical proper-
ties of blood but also depends on the phenomena resulting from the structure and properties of cardiovascular system. 
The shear rate-dependent viscosity of blood depends on the hematocrit value, erythrocyte ability to aggregate, deform 
along with orientation and on the viscosity of blood plasma. Studies on blood and plasma viscosity described in this pa-
per were performed by means of rotary-oscillatory rheometer Contraves LS 40. The measurements were performed for 
blood collected from patients who experienced myocardial infarction 0.5 to 10 years ago. Patients were treated with ace-
tylsalicylic acid and acenocoumarin. Application of the acetylsalicylic acid in the derivative prevention of myocardial 
infarction does not exert any influence on the rheological properties of blood. The results suggest that rheological pa-
rameters of blood can be used in the diagnosis and evaluation of the effect of the treatment. Application of the MS DIN 
412 measuring system and carrying out rheological measurements with duration of 5 minutes and with decreasing 
shear rate made results the most reliable and repeatable.  
 
 

 
INTRODUCTION 

 
A description of blood flow is very complex. This 
is the reason for including in this description all 
the accompanying phenomena. The blood flow is 
influenced both by the properties of the 
cardiovascular system and physicochemical 
properties of blood. From the rheological point of 
view, blood is a non-homogenous suspension of 
blood cells in plasma, characterized by a non-
Newtonian behavior (Chien, 1972). Sometimes 
blood can be considered as emulsion. Blood cells 
similarly as drops of emulsion contain fluid 
enclosed in a lipid membrane, whose shape can be 
deformed by shearing (Lerche, Bäumler, Kucera, 
Meier & Paulitschke, 1991).  
 Studies on rheological properties of blood are 
based mainly on the measurements of apparent 
viscosity of the whole blood and plasma. Because 
the internal friction depends on the shear rate, the 
viscosity of the whole blood as a function of the 
shear rate should be determined. Rheological and 
viscous properties of blood depend on the shear 
rate while the viscosity of plasma does not depend 

on the shear rate. The ability of erythrocytes to 
aggregate and to deform influences the blood vis-
cosity (Copley, 1987). The viscosity of blood 
depends also on the hematocrit (Copley, 1987, 
Lerche, Koch & Vlastos, 1993a). Relationships 
among aggregability, deformability, shear stress, 
hematocrit and blood flow are well known and 
described elsewhere (Dintenfass, 1990; Lerche et 
al. 1991, Lerche et al. 1993a; Merrill 1969; Sand-
hagen, 1988; Stuart & Kenny 1980). 
 The aim of the present study was to estimate the 
rheological properties of blood from subjects after 
the myocardial infarction.  
 
 

MATERIAL AND METHODS 
 

The measurements were performed for blood col-
lected from one hundred persons (all male) aged 
37-56. All examined patients were 0.5 to 10 years 
after the myocardial infarction and they were ex-
periencing the period of clinical stability of the 
disease. The choice of the patients was also deter-
mined by other factors potentially influencing the 
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blood flow: arterial hypertension, manifest diabe-
tes, atherosclerosis, overweight, age, localisation 
of the myocardial infarction and lipid profile. The 
patients were divided into three groups: those 
treated with the acetylsalicylic acid with the dose 
of 150 mg per day (group A), those treated with 
the acenocoumarin with the dose depending on the 
actual prothrombin indicator value, (group B), and 
into the control group (C) formed from some pa-
tients of groups A and B but after at least seven 
day interruption in the treatment. The groups A, B 
and C numbered 38, 20 and 42 persons, respec-
tively. Blood was taken early in the morning on 
empty stomach. Prior to taking blood samples the 
patients had rested in the horizontal position for 30 
minutes. Blood was collected into special syringes 
(Saarstedt, Z-Monovette®, 9 ml; 1.6 mg of K-
EDTA per 1 ml of blood, sterile; catalogue No. 
02.267.001). For all blood samples hematocrit was 
measured by means of the standard method. 
Rheological studies included measurements of the 
whole blood and plasma viscosity by means of 
rotary-oscillatory rheometer Contraves LS 40. The 
measurements were performed as a function of 
shear rate in the range of 100 - 0.01-s–1, in de-
scending order. A special plastic transparent shield 
protected the measuring bob from the influence of 
air moving in the room, which is indispensable for 
the low shear rate measurements. Measuring sys-
tem MS DIN 412 was used throughout. Studies 
were performed at two temperatures: 25 and 37°C. 
Plasma viscosity was calculated from the depend-
ence of shear stress on the shear rate using the 
method of linear regression. Because the measu-
rements were performed at two different tempera-

tures, the apparent viscosity of blood was normali-
zed with the plasma viscosity to avoid the simple 
effect of water viscosity temperature dependence. 
The statistical analysis included calculation of the 
mean values of rheological parameters, their stan-
dard deviations, Student's significance test of the 
differences in mean values between the pairs and 
the ANOVA procedure for testing the significance 
of differences in average values in several groups. 
 
 

RESULTS 
 
The average value of hematocrit was equal to 
0.44±0.01. In Figure 1 the exemplary flow curve 
and in Figure 2 the dependence of apparent visco-
sity on shear rate are presented, respectively. The 
relative viscosity of blood obtained by normalizing 
full blood viscosity with plasma viscosity is pre-
sented in Figure 3. The values of plasma viscosity 
at the temperatures of 25 and 37°C are shown in 
Table 1. The average relative blood viscosity valu-
es for four chosen shear rates of all measurement 
sub-ranges are collected in Table 2.  
 For 27 patients in the group A, measurements 
were performed twice. First time, when the pa-
tients were treated with the acetylsalicylic acid and 
second time, after one-week interval in the treat-
ment. The results are shown in Table 3.  

 
 

DISCUSSION 
 

The results of the hemorheological studies pre-
sented in this paper support the choice of the 
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Fig. 1. The relationship 

between the measured 
shear stress and shear 
rate. 
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applied methodology established on the basis of 
other authors' reports (Lerche, Vlastos, Koch, Pohl 
& Affeld, 1993b; Merrill, 1969; Vlastos, Koch, 
Lerche & Pohl, 1992) and own experience (Mar-
cinkowska-Gapińska, Jaroszyk & Górski, 1998). 
The selection of the group of patients was based 
on the observations, which suggested that the 
disturbances in the rheological properties of blood 
could cause heart and cardiovascular diseases 
(Berent, Kochmański, Kuczyńska, Wocial, Igna-
towska-Świtalska, Łapiński, Januszewicz & 
Januszewicz, 1995; Chmiel, 1979; Dodds, Boyd, 
Allen, Bennett, Flute & Dormandy, 1980; 
Kochmański & Żochowski, 1990; Sandhagen, 
1988; Stuart & Kenny, 1980; Turczyński et al., 
1987a; Wysocki & Grajek, 1985). The results of 

blood viscosity measurements confirmed the com-
plexity of the analysis and interpretation of the 
phenomena occurring during blood flow (Lerche 
et al., 1993a). The values of the rheological pa-
rameters of blood depend not only on the applied 
method and the type of apparatus but also on the 
patient's illness, his mode of life and medicines 
that he takes (Lerche et al., 1993a; Turczyński, 
Sroczyński, Nałogowska, Szczęsny & Młynarski, 
1989; Turczyński, Sroczyński, Tawrdowska-
Saucha, Szczęsny & Grzegorczyn, 1988; Turczyń-
ski, Znamirowska & Szczęsny, 1987b). The data 
for the viscosity of blood plasma collected in Ta-
ble 1 shows that the elevated viscosity of blood 
plasma was observed only for the patients treated 
with acenocoumarin (ANOVA, p<0.08). No 
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difference was observed between patients treated 
with acetylsalicylic acid and the controls. This can 
be explained by the fact that acenocoumarin was 
relatively often administered to patients with es-
sential hemodynamic and biochemical disturban-
ces, contrary to the controls along with patients 
treated with acetylsalicylic acid. Blood plasma 
viscosity is determined mainly by the concentra-
tion of fibrinogen and γ-globulins, which are si-
multaneously responsible for red blood cells ag-
gregation (Chien, Usami, Dellenback & Gre-
gersen, 1970). Viscosity of blood plasma depends 
also on the concentration of its lipid components 
(Turczyński et al. 1987a). In order to eliminate the 
effect of plasma viscosity on the whole blood 
viscosity, the relative viscosity was calculated by 
normalising the blood viscosity with the viscosity 
of plasma measured at this same temperature. The 
average relative viscosity of blood measured for 
chosen shear rates (Table 2) showed the difference 
only for the shear rate of 1s-1 (p<0.1). The viscosity 
of blood was higher for patients treated with ace-
nocoumarin than for the two other groups. The 
elevated values of the viscosity of blood cannot be 

explained by the higher hematocrit, because the 
average hematocrit was identical for all three gro-
ups of patients. Moreover, in case of higher 
hematocrit, observed changes should occur in the 
whole range of the shear rate. The increase in the 
viscosity at the shear rate of 1s-1 was probably due 
to the increased trend of erythrocytes to form re-
versible aggregates. It has been found that 
erythrocytes in the aggregates are linked by 
bridges formed by fibrinogen and γ-globulin mole-
cules (Chien & Jan, 1973; Skalak, Zarda, Jan & 
Chien, 1981). The raised susceptibility to 
aggregate should correlate with the concentration 
of the plasma proteins and hence, plasma 
viscosity, as it was observed in the experiment.  
 The apparent viscosity of blood taken from the 
patients treated with acetylsalicylic acid and from 
patients experiencing one-week interval in the 
treatment was measured for the chosen shear rates 
(Table 3). The acetylsalicylic acid did not influen-
ce the apparent viscosity of blood.  
 To summarise, we found no difference in the 
shape of the rheogram and the values of viscosity 
of blood and blood plasma for the group pf pa-

Table 1. Viscosity of blood plasma for patients after myocardial infarction (average values and their standard deviations).  
 

Apparent viscosity ηp 
mPa s 

Group of patients 
T = 25°C T = 37°C 

Ratio of apparent 
viscosity 
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A 
Acetylsalicylic acid 1.65±0.02 1.26±0.01 1.31 

B 
Acenocoumarin 1.71±0.02 1.31±0.02 1.30 

C 
Controls 1.65±0.01 1.28±0.01 1.29 

 
Table 2. Relative apparent viscosity of blood measures at the temperatures of 25 and 37 °C for the shear rate of 0.1, 1, 10 

and 100 s1; A, B and C group of patients (average values and their standard deviations).  
 

Relative Apparent Viscosity at T=25°C Relative Apparent Viscosity at T=37°C Shear rate, s-1 

A B C A B C 
100 3.42±0.05 3.45±0.06 3.46±0.04 3.48±0.04 3.49±0.07 3.52±0.05 
10 5.4±0.1 5.6±0.02 5.5±0.1 5.5±0.1 5.7±0.2 5.6±0.1 
1 11.5±0.4 12.6±0.5 11.8±0.4 11.9±0.4 12.9±0.6 12.2±0.4 

0.1 28±1 29±2 29±1 25±1 23±2 26±1 
 
Table 3. Relative apparent viscosity of blood measured for the shear rate of .100,10,1 and 0.1 s-1,  for patient treated with 

acetylsalicylic (A) acid and during one-week interval in the treatment (AI) measured (averaged values and their standard 
deviations).  

 
Relative Apparent Viscosity  

at T=25°C 
Relative Apparent Viscosity  

at T=37°C Shear rate, s-1 

A AI A AI  
100 3.46±0.06 3.50±0.05 3.53±0.04 3.52±0.05 
10 5.5 ± 0.2 5.6 ± 0.2 5.6±0.1 5.6±0.1 
1 11.8 ± 0.5 12.2 ± 0.5 12.2±0.3 12.4±0.4 

0.1 28 ± 2 30 ± 2 25±1 26±1 
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tients treated with acetylsalicylic acid and the 
control group. It suggests that the acetylsalicylic 
acid did not influence the rheological properties of 
blood and blood plasma.  
 
 

CONCLUSION 
 

On the basis of analysis of the data obtained by 
means of the rotary-oscillatory rheometer Con-
traves LS 40, we have drawn the following conc-
lusions concerning rheological properties of blood 
of patients who had experienced myocardial in-
farction: 
 The most reliable and repeatable results of the 
measurements of rheological properties of blood 
were given by the following method: duration of 
measurement: 5 minutes, decreasing shear rate and 
application of the measuring system MS DIN 412.  
 Application of the acetylsalicylic acid in the 
derivative prevention of myocardial infarction 
does not exert any influence on the rheological 
properties of blood. 
 The obtained results of studies on rheological 
parameters of blood for three different groups of 
patients made it is possible to suppose that 
rheological parameters of blood can be used in the 
diagnosis and evaluation of the effect of the treat-
ment. 
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