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The concept of blood fluidity, known from the time of Pouiselle, entered the clinical 
world when it became possible to measure in some way blood viscosity and when clinicians 
could understand that the non-Newtonian properties of blood depend on the different blood 
components (Fig. I). 

Everybody can easily see that a simple increase of one of the components (number of 
cells, amount of fibrinogen or of proteins) can cause an increase in blood viscosity. Therefore, 
the simple evaluation of the components can give us information about the behavior of blood 
viscosity (Table I). 
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TABLE I 
Hematological Parameters From Which It Is Possible To Gain Information 

About Blood Rheology 

Hemochrome: 
Hematocrit 
Red cell count 
White cell count 
Mean Corpuscular Volume (MCV) 
Platelets 

Erythrosedimentation Rate 
Fibrinogen 
Plasma proteins 
Immunoglobulins 
Lipids 

TABLE II 
List Of Instruments 

VISCOMETERS 
Rotational viscometers 

Cone-plate: 
Wells-Brookfield 
Carri-Med 

Coaxial-cylinders: 
Haake Rotovisco 
Contraves 

Capillary viscometers 
FIL TROMETERS 

- Hemorheometer (Hanss) 
- Reid and Dormandy (Nucleopore membrane) 

- whole blood 
- cells suspended in plasma 
- cells suspended in buffer 

- Forconi (3rC) 
- St. George Filtrometer 

EKTACYTOMETERS - SILLECTOMETERS 
- Technicon 
- Myrenne 
- Laser-Assisted Optical Rotational Cell Analyser (L.O.R.CA) 

OTHERS 
- Rheoscope 
- Single erythrocyte rigidometer 
- MF4 (Teitel) 
- Micropipette 
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However, everybody can see that viscosity is the result also of the interaction of the 
plasma components with the circulating cells, which release substances that can come also 
from endothelium, and contribute to the "in vivo" flow properties of blood. Thus, while a term 
like "Viscosity" can easily be understood, and measured, because it is a precise physical entity, 
other terms like "Aggregability" or "Deformability" are more difficult both to understand and 
to measure. Hence, clinicians have used proper instruments called "Viscometers" and 
"Aggregometers", and have tried to evaluate "Deformability" with "Filtrometers" (it was often 
hard to convince people that filtrability and deformability are not the same thing). Table II is a 
list of instruments that have been used till now. 

Have these instruments been useful for the progress of clinical hemorheological 
knowledge? Is the study of blood fluidity important? In 1981, during the Meeting of the Group 
for the Study of Red Cell Deformability and Filterability, which was the group that founded 
Clinical Hemorheology, John Dormandy (1) posed the same questions: 

1) Is increased blood viscosity a risk factor for diseases? 
2) Does it participate in the pathogenesis of disease? 
3) Is it related to the severity of diseases? 
4) Is it related to the prognosis? 
5) Does hemorheological treatment improve the course of disease? 

We can easily say "Yes" to all these questions. We know diseases like the Blood 
Hyperviscosity Syndromes (2-4) (Fig. 2). And we can give this answer because measurements 
made with visco meters and filtrometers strongly contributed to the studies of circulatory 
pathophysiology. 
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However some important facts must be accepted. We said that viscosity is a physical 
entity, but it is not completely possible to measure in a really exact way a non-Newtonian fluid 
like blood. In other words, it is not the same thing to measure glycemia for the follow-up of 
diabetic patients and blood viscosity for patients with Hyperviscosity Syndromes. This 
difficulty is due to the fact that we measure hemorheological parameters not "in vivo" but "ex 
vivo". We draw a blood sample from the vein and we place the measurement "in vitro": but the 
behavior of blood "in vitro" is different from that "in vivo". The viscometers at our disposal 
have been planned for industrial use and for the measure of fluids that are very different from 
blood. Calibration of the instruments is made with Newtonian fluids, also when we measure 
blood! The "gold standard" for viscosity could be different according to the different 
manufacturers. Scholars can use similar instruments, but the measurements are generally made 
at different shear rates and there is not the same standardization in the different laboratories. 
We measured the same blood with two different instruments (same blood, measurements made 
in triplicate without storage with a Carri-Med and with a Haake Rotovisco viscometer at two 
different shear rates. The correlation is shown in Figs. 3 and 4. It is clear that when viscosity is 
high (or low) with one instrument, is high (or low) also with the other instrument, but the 
correlation is poor. 
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There is no time to mention all the controversies about Blood Filterability. Reid and 
Dormandy's (5) method was important because it was simple and inexpensive. With our 
modification we have obtained very interesting results (6-10). However it must be clear: that 
filterability is not deformability; that filtering whole blood is different from filtering washed red 
cells; that we have to consider white cells, etc. etc. 

In conclusions, blood tests do have clinical relevance, but in the hands of expert 
clinicians who know their limits. They have contributed to the progress of the science, but now 
that we have much more information about rheological pathophysiology, also simple tests like 
HTC or ESR can be sufficient for normal clinical use. 

We also must not forget the information that can be obtained from very simple and 
inexpensive methods. Among these, we cite a simple technique based on the observation, with 
an optical microscope, of the red cell in a three-dimensional way (Zipursky). Because of its 
simplicity, it can be adopted in every laboratory and can provide the possibility of dicovering 
the presence of red cells with normal (bowls, discocytes) and pathological shape (echinocytes, 
knizocytes, etc.) and their different percentages in various diseases (I 1-14). 
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