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ABSTRACT

RBCs with their shapes, volumes and concentrations are very important indicators for the normal and
abnormal healthy body. Plasma had electrical characteristics different from the red blood cells.
Consequently, the impedance of the plasma- RBCs is proportional to the number or the volume of the
RBCs with the plasma. This paper had presented new proposed method for classification of the RBCs by
using surface acoustic wave and the bioimpedance so it can be called bioimpedance surface acoustic
wave.
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1 Introduction

Blood is the vital liquid in the human body. The major part of it with more 99% is called RBCs. Any
variation in the shape or the volume or the number of them in the blood is inherent with not only the
blood diseases but also the human organs. Due to the difference in the electrical characteristics
between the RBCs and the plasma (the RBCs have conductivity with lower values than the plasma), the
impedance of RBCs-plasma is related to the blood cell concentrations and volumes [1].

Recent researchers had proposed mathematical models including the relations between the permittivity
and the volume fraction regardless the number and the volume of the cells [2]. These investigations also
had proved that the electrical polarization formula of the cells is the milestone parameter for estimating
the electrical characteristics of the plasma-RBCs solution [3].

In [4], the researchers had tried to estimate the impedance of the solution as a tool for determining the
solutions' concentration at three different frequencies for determining the parameters of the equivalent
circuit of the cell.

The applications of bioimpedance for detecting the blood diseases are numerous. These applications
had depended on determining the variation of the electrical blood characteristics as compared to the
normal cases [5,6,7,8]. Microcytes and macrocytes are two phenomena as examples of the volume
variations and so the impedances of the RBCs that are referred to certain diseases or drinking alcohol or
wines [9].
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This paper presents a model that can be used for diagnosing the variations in the erythrocytes
sedimentation rate (ESR) and classifying the shapes, the volumes and the volume fractions of the RBCs.
These are the main parameters related to the RBCs beside the hemoglobin as in the CBC lab test. This
process had been done by using the surface acoustic wave (SAW) as known with its sensitivity to the
electrical properties of the medium solution. Depending on the phenomena of Erythrocytes
sedimentation rate (ESR), during the time progressing the concentration of the RBCs within the blood
samples changes along the blood sample so does the electrical impedance that can detected by using
SAW. This model had proved the SAW's ability to classify the RBCs with different volumes not volume
fractions only.

2 Mathematical Model
For the plasma-RBCs solution with volume fraction,@ number of particles, N as a volume of each
particle, V,, the permittivity and the conductivity of this solution was calculated by the following
equations [3]:
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Where £{c2) and (0} are the dielectric constants at infinity and zero frequencies, respectively. T is

called the relaxation time for the particle as function of its size, volume fraction, rigidity of the particle.

The volume fraction of any solution is calculated by:
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The general formulation for the effective permittivity (s(ce)orz*) for any cell structure as a function of
the volume fraction was calculated as shown [10]:
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A is the axial polarization factor of the cell as function of its shape [10].

£";and £ are the equivalent permittivity of the plasma and the cell only, respectively.

As shown the last equations had studied the influence of the RBCs through the effect of the volume
fraction of the cells without focusing on the effect of the number and their volumes individually.

In this paper new proposed model had been presented. This model had detected the ESR of various
kinds of RBCs by using the bioimpenace surface acoustic wave. Surface acoustic wave (SAW) is an
acoustic wave generated by using transducers called interdigital transducers (IDTs). The generated wave
has two components, which are mechanical and electrical. SAW has its ability to detect the medium
characteristics depending on its electrical characteristics. As comparing the transmitted signal on the
medium with the received one, the variation in the transmitted signal is related to the medium
characteristics. This variation is called the wave's perturbation, which is classified as frequency (velocity)
perturbation and amplitude perturbation. The applications of the SAW as a bioimpedance tool were
numerous [11]. The associated equations for the time-frequency perturbation was derived in [12]:
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Where TL and ?‘f are the velocity and frequency shifts, respectively in the received signal as compared

to the input or transmitted one. &, is the reference solution ( the plasma-RBCs). @ is angular frequency,
K? is the mechanical coupling. £, is the dielectric constants of the substrate and g is the dielectric

constant of the free space.

From this equation we can deduce that the response of this SAW is a signal with shifted frequency with
Af but this shifted varies with time, where the during the sedimentation process, the RBCs will separate
from the plasma. So two solutions will be formed in the top of the sedimentation tube, which are RBCs-

plasma with subscript 1 and plasma solution with subscript 2 as shown in Fig.1. So at any time, the total
conductivity @(£) of the solution under the IDT was calculated by:

o) = (=) + (=) (5)
Also the equation of the total dielectric constant of the solution under the IDT, £(t) was given by:
s(t) = &1 (1) + 8250 (6)
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Figure.1 a) The sedimentation process and Figure.1 b) SAW with blood sample

formation of three different solutions

As shown in Fig.1a, at the top of the tube during the sedimentation process the RBCs will separate from
the plasma. So three liquids will be formed, which are the plasma (top) and the RBCs-plasma (medium)
with normal concentration and RBCs-plasma with higher concentration (bottom), respectively. With the
progress of the time, the heights of these two liquids vary from time to another. The time rates of
changing for the heights are related to the sedimentation velocity, where higher velocity means high
rates of these lengths or heights. The sedimentation velocity of the RBCs as function of their radii and
the volume fractions was given by [13]

v = (Proc — Pyras) ¥ g * d2/18u(1 + 2.55) )
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prac and ppies are the densities of the RBCs and plasma, respectively. d is the RBC radius, and u is the
viscosity of the free plasma. g is the acceleration of gravity.

According to the mechanism of the sedimentation process, three sections will be formed (upper
medium and lower). So it was assumed that the length of sample is L and assume that this length is
divided to three divisions each has length, L/3. The first and the third divisions are under the IDTs of the
SAW as shown in Figlb.

Fig.2 is the flowchart that explain the mechanism of the bioimpedance by using SAW. The problem here
is that all parameters in this flowchart aren't constants, where the velocity of the sedimentation is
function of the volume and the volume fraction (Eqn.7). The electrical impedance of the medium under
the interdigital transducers (IDTs) is related to the permittivity and the conductivity that change with the
time. But these electrical parameters depend also on the volume fraction and the polarization factors of
the cells beside that they are frequency dependent of the used SAW signal. This process stops when the
plasma solution fills the tube under the IDT (I=L;=L/3).

- Number of RBCs

- The volume of RBCs

- The Polarization factor

- The Volume fraction

- The used frequency.

- The viscosity of the plasma

- L length of the meduim under the IDT
- Substrate parameters

- Calculate the velocity of the sedimentation. (Eqn.8)
- Calculate the effective permittivity. (Eqn.3)

I Calculate the permittivity and the conductivity (Egs.1,6,7 )

I Calculate the values % and % . [Egs. 4,5)

End li—_

P—ﬁi—_b
Figure 2: The flowchart of the proposed model

3 Results
As mentioned before this model deals with the mechanical and the electrical properties of the RBCs in
the plasma solution. So this section had discussed the relation between the ESR of the RBCs and their
bioimpedances by using the SAW at different cases. These cases are related to the diseases affect the
formation either the volume or the number of the RBCs. The influence of the drugs or the alcohol was
presented also.

3.1 RBCs with the same volumes but with different volume fractions

Figure 3 shows the response of the RBCs-plasma solution with different volume fractions. Four different
responses for four different values of volume fractions with the same cells volume as common.
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Consequently, different responses will be expected but parallel to each other as indicator that the
volumes' cells are equal.

(If the response is parallel to the response of the normal curves it means equal volumes' cells but
different in volume fractions)

Increasing the volume fractions
from 35% to 50%

0 0l 02 03 04 0.5 06 07
VL1 ort/T1

Figure 3.The responses of the RBCs for the same volumes at different volume fractions
(0.35, 0.40. 0.45, 0.50)

3.2 RBCs with the same volume fractions but with different cells’' volumes

Here lower and higher volumes are the main properties of the Microcytes and macrocytes cells,
respectively. As shown the cell's volume is the main parameter that controls the sedimentation
velocity. Since the volume fractions are the same, the starting point or the starting impedance is the
same. But as changing the time the variation in the impedance depends on the sedimentation velocity
that depends on the cells velocity. Higher volumes cells have faster responses than the lower as shown
in Fig.4.
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Figure 4 Responses of microcytes and macrocytes as compared to the normal volume of RBCs

3.3 Influence of alcohol on the RBCs formation

Alcohol and wines have an effect not only the RBCs but also on the body organs. The blood with its RBCs
are the most effective part. Lake in the number of the RBCs is associated with drinking alcohol due to
the problems inherit with the production of RBCs. So as a compensation of this problem an increment in
the volume had been shown clearly [14]. Fig.5 shows the response of this model as the raw collected
data had been applied. The variation here in both the volume and the number of the RBCs. The variation
in both the volumes and the radius is about +0.08 and -0.07, respectively as compared to the normal
values.
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Figure 5. The third application: detection of the RBCs for the alcohol drinkers

4 Conclusion

Surface acoustic wave with its characteristics is a complete bioimpedance system depending on its
sensitivity for any variation within any solution. The electrical properties of the RBCs as compared to the
plasma was the main point that this model had built on. With the aiding of the mechanical
characteristics of the RBCs summarized in the ESR, this model had proved its ability to classify the RBCs
and will be a good tool for studying the blood characteristics. In the future, with the aiding of any
classification technique as ANFIS, complete blood analysis may be proposed for studying not only the
RBCs but also all blood components.
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