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APPENDIX

A MATHEMATICAL INTERPRETATION OF THE PARAMETERS
AFFECTING ERYTHROCYTE SEDIMENTATION

SYOTEN OKaA
Kyorin University School of Medicine, Mitaka, Tokyo, Japan

Let the erythrocyte sedimentation rate be denoted by v. The erythrocyte or an aggregate of erythrocytes is sedimented at a
constant velocity v in blood. Two forces are acting on the particle. The one is given by (m — m,)g, where m is the mass of the
particle, m, is the mass of plasma excluded by the particle, and g is the acceleration of gravity. The term m,g indicates that
the effect of buoyancy is taken into account.

The other force is the drag F due to the viscosity of blood. The drag is proportional to v, that is,

F=fv,

where f is the frictional constant.
Since the particle is sedimented at a constant velocity, the above two forces must balance:

fo=(m-myg,
or

_{m —fmﬂ)g. o

Let us assume, for simplicity, that the particle is a sphere of radius r. Then we have from Stokes’ equation

v

f=6mm, @

where 7 is the viscosity of blood. Here the viscosity of plasma 7, should not be used, because the drag F is influenced by the
existence of other particles.
On the other hand, m and m, are written as

4 4
m= 3—7 r’p, me= 7” r’po, 3)

where p and p, are the density of the particle and plasma, respectively.
Substitution of equations (2) and (3) into equation (1) gives

2( po) r
=5(1-E)pg - —. 4
V=3 . 08 n 4)

The quantity [1-(po/p)] is the Archimedes factor.

When the sedimentation occurs in a shear field, the blood viscosity n as well as the radius r of the aggregate of the
erythrocytes will depend upon the shear rate y. Equation (4), in the light of the experimental findings, indicates the behavior
of r*/n as a function of 7.
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For small values of vy, no (or only slight) disaggregation will take place, that is,  is a constant (or nearly constant), while 5
decreases since blood shows shear-thinning behavior. That means increase of ESR with increase in y(0.01-0.1 sec™"). For
larger values of y(0.1-10 sec™"), however, disaggregation will take place, that is, r decreases, while n decreases to a limiting
value with increase in y. The decrease of ESR may be possible with increase in v, Hence the curve of ESR shows a
maximum,

From equation (4) we have

r<\/(q). 5)

Since n and v are known quantities of y from experimental data, equation (5) gives the size of sedimenting particle as a
function of the shear rate y.

Aggregation and disaggregation, that is the relationship between r and y will depend upon the electrostatic repulsion and
the van der Waals attraction between the erythrocytes.

In the above theoretical consideration, the erythrocyte as well as the aggregates are assumed to be spherical in shape.
However, this is not the case. The erythrocyte is a biconcave disc, and the aggregates form rouleaux or even more complex
structures. For such an anisodimensional particle, equation (1) for the frictional constant should be replaced by another
formula. However, the above simplified treatment may manifest the general feature of our problem. Further refinement is of
course desirable.



