BLOOD RHEOLOGY AND ITS ALTERATION IN
VARIOUS PATHOPHYSIOLOGIC STATES

ESSAY

Submitted for partial fulfilment of
M.S degree

i 279 N
N 7 Dr. Khaled Moustafa Taha .
M.B.,Ch.

Under Supervision of

Professor Dr./ Bassima Mahmoud El Ess.;l_wi

Professor of Clinical Paihology
Ein Shames University

Dr. Afaf Abd El Aziz Dr. Azza Sadek
Abd El Ghaffar El Danasoury

Lecture of Clinical Pailiology Lecture of Clinical Pathology
Ein Shams University Lin Shams University

Central Library - Ain Shams University



ACKNOWLEDGMENT

IFirst of all, thanks to God

Words can never express my deepest grakitude and appreciation o
Prof. Dr. Bassima Mahmoud El Essawi Prolessor of chinical pathology.
Ain Shams university, for her great supervision and faithiul guidance.

My particular and deepest thanks are express to Dr. Azza Sadek El-
Danasoury lecturer of ¢linical pathology Ain shams umiversity for her
great support, great help. unforgettable valuable generous advice
preparing and finishing this work.

P wish to express mv thanks and gratitude to Dr. Afaf Abdel Aziz
Abdel Ghaffar lecturer of clinical pathology. Ain Shams university for
her vatluable conmments and kind adviee.

Finallv, no works could even express my deepest gratitude 1o my

mother. all members of my tamily

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



Contents

ACKNOWELEDGMEN T I

CONTENT S e e I

INTRODUCTION......... U PRPUPPPRR RO U I

AIM OF TTIE WORIK 22

BLOOD RHEOLOGY ... ISP PE PR ORPR PPN 3

A-Red cell rheology . A

B- White cell RROlogyi- 7

C- THE ROLE OF PLATELETS IN BLOOD RHEOLOGY ... 8

- Whole Blood VISCOSIHY i 8

INTRODIUVCTION TP 2
A HAEMATOLOGICAL & CIRCUEATORY RESPONSES TO

IN FUR Y 12

3) METABOLIC & ENDOCRINE DISEASES 15

Cy CARDIOVASCULAR DISEASL 17

17 - Blood rheology and pregnaney o

A HTYPER VISCOSITY SYNDROM 24

B- HAEMORHEOLOGY OF POLYCYTHEMIA .. 28

C- HAEMORHEOLOGY OF SICKLE CELL ANAEMIA 29

D- Hyperleukoevtic leukacmias © 35

CLINICAL FEATURE OF HYPERLEUKOCYTIC SYNDROMIE 38

Rowntme hacmorheologreal testsanchide. o0 TR V)
SUMM AR Y 49
R RENCE S Sl
ARABIC SUMMARY . . 1T

—ii-

Central Library - Ain Shams University



List of Abbreviation

em

[
CDTA
FSIR

11 Pads

MCOHIC

ml.
MM
PCV
RIBCS
RCA
Uim
Um”
WM
7SR

pereent

Micron

alplia

Per unit liter

Angestrom

Calcium

centimeler

Dclormabiliy index

ethylen diethvl tetra acetic acrd
ervthroevte scdimentauon rate
grany/ hitre

Sickle Hemaglaobin
mumunoglobulin A
immunoglobulin k=

nmmunoglobulin M

Puottasium.

millipascal

Mean corpuscubar Hemoglobin concentration
mllihter

Multiple Mvyeloma

Packed cell volume

Red blood corpuscles,

red cell apgrepate

micro meter

Unit squaremeter

Waldenstrom™s macroglobimacmia

Zeta sedimentation ratio

Central Library - Ain Shams University



Introduction

Central Library - Ain Shams University



Central Library - Ain Shams University



INTRODUCTION

The science of hacmorheolopyv: the flow properties ol the blood
ander phvsiologic & pathologic conditions has been mtroduced recently
to explain some of the very common human  disasterous  diseases.
Disturbed haemorheology has been considered 10 play a primary etiologic
role. not only in a classic disease like polveyvthacima or sikle cell anaeniia
but also in conditions like hypertension and diabetes mellitus and others.

(Le rche 1989).

Haemorheological abnormalitics may also play a role in artenal
thrombosts in general and frequenily accompanied m many cases by
athero sclerosis and hyperlipidaemia. These hemorheologic abnormahites
may be the determinant factors - death of patients with these diseases

(Dormandy, 1983)

In the microcireulation where cells must delorm to pass through
marrow  capillaries. celtular rheology (The deformability of imdividual
cellsy is the major deternmnant of resistance to low This ability to deform
s also a determinamt of  the  cells  survival  ome
arewlation. The deformability of the red cells s essentialiy tinked to s
structure  (cellular  geomeiry, membrane  properties and cvtoplasmic
viscosity). Thus structural abnormalities as Tound w some haematological
disorders can be expected Lo afteet blood low i the microcirealation and
or red cell life (Start & Nash , 1990)

Rheology is a relativerly new disciphine as applied to the practice of
haematology. Rheological methods now have sulticently good sensitivity
& specificity for their appliction 1o a wide variety of clinical disorders

(Fedrova ef al, 1989).
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Aim of the work
Is 1o review various aspects of hemorheology: s determimants and

measurements together with the deserniption ol rheological alterations m

various pathophysiologie states.
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Chapter 1
PHYSIOLOGY OF BLOOD RHEOLOGY
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Blood rheology

Blood rheology is the science of deformation of blood flow through
the heart and blood vessels. Mcasurement of low behaviour ol blood &
plasma i vitro can be perlormed mamly for one ol two reasons: lor
diagnosis & or monitoring ol discase. Tacmatological detemminants of’
blood rhieology are of great unportance to know normal physiology and

then pathophysiology of cevtaim disease. (Koblar | 1992).

Blood rheology is complex & mainly detenmined by variables such
as blood viscosity (plasma viscosity. haematocrite & temperature) white
cell theolopy where the white cells represent a temporary obstacle to
microcirculatory  perfussion and red  cell rheology where red  cell

deformability 1s the main deterninant.

A- Red cell rheology
I-  Definition:-

Frvthroevte deformability is defined as those geometric and physical
clumacteristics which permit a cell whose greater diameter normally
ranges between (7.2 - 7.0 1) to pass through normal capillaries which
range (n diameter from (3 0 13w diameter (weed, 1970). These
characteristics helps the red cell to resist shearing forees across the aortic
valve and survive  passing through  the spleen and  other  reticular
endothelial organs. The capacity ol the red cell o deform 1s also partiv
responsible for the fall in the viscosity of the whole blood at higher rates
ol low and alse tor the fact that blood remams liguid even at red cell

concentration of over 95%. (Reid et al, 1985},
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2-  Factors Affecting Ervthrocyte Deformation:-

The extent of erythroevie deformation depends on outside forees and
intrinsic propertics of the cells. The outside forces are the stresses
produced by the flow on the membrane. The intrinsic deform ablity of the
erythrocyte depends on the structure of the membrane and the protein
network forming the cvtoskeleton. Among these protein a fundamental
role must be ascitbed (o spectrin which Troms the magor butk of the
network, actin which binds spectrin fibres together and ankyrm which
keeps the cyvtoskeleton attached to the ervthroevte membrane. (Reinhart
W.H, 1995).

3-  Microrheological Aspects of Deformahility:-

In parallel with  biochemical  parameter  related to red  cell
evioskeleton, three major  microrheological  parameters  have  been
characterized: Internal viscosily, volume £ surtace ratio and the membrane
viscoelastic properties.

a)  Iaternal viscosity:-

The intemal viscosity of red cells 15 recoginized as a major
determmant of red cell deformability. An smportant determinant of
internal viscosity 1s the mean cell haemoglobin concentration (MCHC)
because the filtarability ol red cells falls with mercasing (MCHCY) (Evan
et al, 1984).

The coneept of mternal viscosity of the red cells must include both
the mterior of the red cell and the contribution of the red cell inembranc,
When the membrane s ngid the cell will behave as nigid particle
(Dintenfass ef al, 1975) Inclusion bodies also m crease mternal viscosity

and decrease deformability including malaral parasites, nuclear fragments
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m - reticuloeytes,  Hemz bodies and  post splenectomy i
clusions (Athanassion, 1994).
h)  Geometrical factors (Volume/surface Ratio):-

Numerous theoretical & expecimental mvestigations have attempied
Lo account tor the specilic shape ol the red blood ceil. It appears that the
crythrocyte shape 1s the result of a complex equilibrivm between a large
number of parameters such as swrface lenston membrane thickness,
cytoskeleton structure, hvdrostatic pressure through the membrane and
surface change (chien, 1977). Alternation ol these variables by chemical
agents (Meiselman, 198¢) or i haemolytic disorders result inloss of

deformability (Lowe, 1987).

Calcium  determiines the solubility and hence the  lexibility of
speetrny, - reduction  of intracellular caleivim  improves  erythrouvte
detormability (La cefle et af, 1973). Adenosine triphosphate functions as
a chelating agents capable of regulating interaction of mter cetlular
calcium with inner cell membranc. [n senescent RB Cs the relatively fow
ATP concentration lead to increased calcium membrane interaction with
resulting reduction  of  membrane  cation  permeability &  decrease

deformability (Marcel 1981)
4-  LFryvthrocyte Deformability And Tissue Ischaemia:-
There 1s a viscous circle between  tissue  ischaenug and
decreased red cell deformability (Pormandy, 1983).
Local changes moaschacimie tissue such as hypoxi, bype
osmolarity acidosis and accumulation ol metabolite have all been
shown to impair the deformability of red celis. which in turn further

mpairs the circulation& increase the severity and extent of the
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ischemia. This hypostasis explain the strong prognostic significance
of early changes in red cell deformalnhity following acute tissuc

infarction (Dormandy, 1983).
5. Effect of Red cell aggregation on blood rheology:-

Aggregates have important influence on Blood rheology imcereasing
blood viscosity at low shear rates & being Targely responsible for the
visco clastic propettics of blood.  Aggrepation of erythrocyle is though
(o endow blooad with a vield stress which may influence microcirculatory
flow. Aggregation formation occurs only i static or slow moving blood
because the adhesive Torces are gencrally small when there is rapid flow.
High shear stresses swamp the ad hesive cellular mteractions & break up
agpregates. The extent of aggregate formation depends on the nature and
concentration of the aggrepating proteins present, the plasma VISCOSIEY,
erythrocyle  deformability  and  erythrocvte surfuce  charge  density.
(International committee for standardization in haematology 1988).

6- Relationship Of Red Cell Rheology To Plasma Proteins:

Plasma proteins have great action on red cell aggregation. Red
cell aggregation results from the action ol Tong large plasma proten
which form bridges between adjacent red cells and overcome therr
mitual repulsion due to negative surlace charges, resulting primarnly
from sialic acid residues. (Lowe, 1987).

Short molecules such as albumin (fength about 15 . A) are not
long enough to allow their adssorption onto red cells and separation
ol the cell's surfaces at the same time. Longer molecules such as
fibrinogen (650 - T00A) can cause aggregation since an mnereasing

length of the end of the molecule can be adsorbed on the cell. while

-
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