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BACKSCATTERING AND DESAGGREGATION OF ERYTHROCYTES 
UNDER LOW-INTENSITY LASER ACTION ON BIOLOGY TISSUES

It is suggested that the small-power laser radiation is noninvasive, i. e. 
practically does not influence on a medium being investigated. However, ab
sorption coefficients цa o f the overwhelming majority o f biological tissues are 
large in the visible. For example, for human blood (Hb) (X = 633 nm) 
ца = 4.87 cm-1, 2.7 cm-1 for the dermis and 3.6 cm-1 for intima. Therefore we 
can suppose that the absorbed laser radiation can produce local small heating 
in the zone o f irradiation and consequently change its characteristics.

The influence o f the exposure time on skin temperature and backscatter- 
ing is experimentally in vivo studied in the irradiated region and outside. The 
measurements were made in the temple zone where the fatty layer is practical
ly absent and the number o f capillaries and vessels is relatively large. There 
are nearly 25-40 capillaries present underneath 1 mm2 o f skin in the region of 
the elbow, while 60-70 capillaries are present in the region o f the temple. The 
temperature measurements were carried out on 14 patients (ages o f patients 
are ranged from 43 to 65 years) by using the thermal detector (Thermilinear@ 
Temperature probes, YSI-700 Series, YSI Incorporated, Ohio, USA). The 
back-reflectance was measured using a commercially available PeriFlux 4001 
from Perimed (Stockholm, Sweden) with wavelength o f 780 nm and a power 
o f 0.8 mW.

Irradiation o f the patient’s temporal zone was carried using a low-power 
continuous helium-neon laser with following parameters: wavelength o f 632.8 
nm, power o f 1.1 mW, beam diameter o f 2.5 mm, irradiance o f approximately 
225 W/m2.

The optical characteristics o f the skin and blood microcirculation are dis
similar for the different patients. Therefore we performed the relative mea
surements, i. e., measurement in the radiation zone and out it. All studies were 
carried out at the room temperature 25°C.

Measurements with no irradiation enable the following conclusions: 1) 
skin temperature at the right and left sides can differ by some tenth o f a de
gree, 2) temperature changes with time correlate for the right and left sides, 
although the trend can be both positive and negative.

The RBC (red blood cells) back reflectance records o f volunteers showed 
typically cyclic variations during the time at two basic frequencies with heart
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rate, and another slower frequency more variable amplitude cycle, presumed 
to be vasomotion. Therefore for estimation the back-reflectance value we had 
to make an average during 1 minute and use this value <Rh> for the estimation 
o f back-reflectance during the laser irradiation.

The typical experimental results are presented at the fig. 1. Laser irradia
tion leads to increase intensity o f backscattering radiation. The statistical anal
ysis o f obtained results shows that the values RH are varied for the different 
patients but in all cases the backscattering radiation increases with the irradia
tion time.

Fig. 1. Dependence of the backreflectance on the irradiation time 
in different irradiated zones for the four patients.

1 -  right temple, i. e. under the He-Ne laser irradiation;
2 -  left temple of the head used for control

The intensity o f RH begins growing after 1 minute o f irradiation for the 
50% o f patients, for somebody -  after 10 minutes, but usually the values of 
backscattered radiation are tend to saturation after 3 -5  minutes o f the irradia
tion. The dynamics o f changing and saturating o f values RH depend on the 
optical characteristics o f the skin and blood.

Under irradiation by a laser (small local heating) o f biological tissues 
several mechanisms are possible, namely 1) changes in erythrocyte aggrega-
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tion degree, 2) changes in refractive index o f erythrocytes, 3) changes in re
fractive index o f blood plasma.

The influence o f the erythrocyte aggregation and refractive index of 
blood plasma on the backscattered intensity are considered in this article.

At present there is no acceptable theory o f scattering by particles o f ar
bitrary shape that would be suitable for describing the processes o f interaction 
o f radiation with complex structures similar to blood erythrocytes and their 
aggregates. Only in the cases where individual isolated erythrocytes are inves
tigated there is sense to use the combersome exact and even approximate solu
tions o f the problem o f radiation scattering by particles o f irregular shape, 
which require lengthy calculations. It is practically impossible to use such so
lutions for blood, where particles o f various shapes and sizes are present. For 
this reason, until the present time the theory o f scattering by homogeneous 
spherical particles has been widely used for interpreting the data o f experi
mental investigations o f blood by optical methods. In all probability, the Mie 
theory is hardly suitable for quantitative analysis. Nevertheless it can be used 
as a first approximation for revealing the tendencies for any optical characte
ristic o f the erythrocytes and it’s aggregates to be changed.

In order to estimate the equivalent volume o f the erythrocytes their 
shape was first approximated by a circular cylinder with a concave base [1]. 
Calculations were carried out for the following geometric parameters o f the 
separate erythrocytes: the diameter o f base -  7 |um, the thickness in the centre 
-  0.9 |um, maximum thickness on the edge -  1.7 ^m, a modal radius o f the 
sphere, whose volume is equal to the volume o f the erythrocyte R0 = 2.88 |um 
A radius o f the sphere o f equivalent volume for the aggregated erythrocytes 
was calculated from the equation:

r = = ^ i ( h + h»)-  (Jhz^  • ( ' )
where V  -  the volume o f the erythrocyte, h  -  the thickness in the centre, 
h  -  maximum thickness on the edge. The calculations were carried out for po- 
lydisperse spherical particles with gamma particle size distribution by integrat
ing within the limits (1 -  0.2)R0 < r < (1 + 0.2)R0, the parameter o f the half

width o f the particle size distribution function was the same for all the R  

( R  -  the most probable (modal) radius o f equal volume sphere).
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Changes in refractive index o f blood plasma lead to simultaneous 
changes in several optical parameters determining scattering properties o f a 
layer. The important parameters are: 1) the real part o f the relative complex 
refractive index o f intracellular substance n , 2) it’s imaginary part к , 3) the

wavelength X and also 4) the size parameter o f a particle p = ).

The input data were: the wavelength X = 0.78 ^m, the erythrocyte refrac
tive index n  = 141,  к = 10-4, the refractive index o f blood plasma was varied 
in the interval 1.343-1.358.

I  (P) = CAI '(P) = CA ■ J  i(r , n, кД,РУ1 (r )dr / J  r f  (r )dr (2)

C -  the volume concentration o f erythrocytes (hematocrit value), A -  
coefficient, containing parameters o f experiment, i(r , n, к, X, P) - Mie scattering 
characteristic o f the particle (isolated erythrocyte or aggregate o f erythrocytes 
with the radius o f equivalent volume sphere -  r ).

radius of equal volume, mkm

Fig. 2. Dependence of backscattered intensity on the size of the isolated eryt
hrocytes for different value of the refractive index of blood plasma.

1 = 1.343, 2 = 1.346, 3 = 1.349, 4 = 1.352, 5 = 1.355, 6 = 1.358

Below the analysis o f the intensity normalized on a volume erythrocytes 
concentration I  '(P) are examined.
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The fig. 2 represents how the backscattered intensity varies depending on 
the size o f isolated erythrocytes. The interval o f R  are including all values of
geometrical parameters o f erythrocytes for: 7 < d  < 8.8 ц т ,  1.7 < h < 2.4 ц т ,  
0.9 < h0 < 12  ц т  ( d -  diameter o f erythrocyte base).

As shown in the fig. 2, for isolated erythrocytes the backscattered intensi
ty is increasing with the growth o f the erythrocyte average size and refractive 
index o f blood plasma.

Influence o f erythrocyte aggregation on the backscattered intensity is 
shown in fig. 3 (parameters o f isolated erythrocytes: d  = 7 цm, h0 = 0.9 цm, 
h = 1.7 цm).
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Fig. 3. Dependence of the backscattered intensity on the degree of erythrocyte 
aggregation for different value of the refractive index of blood plasma.

1 = 1.343, 2 = 1.346, 3 = 1.349, 4 = 1.352, 5 = 1.355, 6 = 1.358

From data on fig. 3 can be seen that fragmentation o f the big aggregates 
(combining 20-100 isolated erythrocytes) leads to drastic decreasing o f back- 
scattered intensity. On the contrary if  the aggregates with smaller sizes are dis
sociating then backscattered intensity increasing, at that the values o f refrac
tive index o f blood plasma don’t influence on the character o f depending on 
the number aggregated erythrocytes. The probability o f forming large aggre
gates in capillary systems within the measuring zone is very small. Most likely 
there are the aggregates with middle sizes which can break up on isolated 
erythrocytes under action o f laser irradiation.
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At the present time there are not data about temperature dependences of 
the refractive index o f blood plasma. Yet there are a lot o f accumulated results 
which show that optical and constitutive properties o f tissues are changing 
with the sufficiently low temperature gradients. Skalak et al. [2] have sug
gested that the process o f aggregation is governed by the interplay between the 
erythrocyte mechanical rigidity and the intercelluar adhesion. The estimations 
show that the temperature gradients are sufficient to produce structural and 
conformational changes in the cellular proteins o f the erythrocytes and/or to 
produce a change in the permeability o f membrane [3-4]. Moreover low- 
intensity laser radiation also can produce the decrease o f the viscosity of 
plasma [5]. Referred above processes can lead to variation o f the aggregative 
possibility o f erythrocytes during the small heating [6-7]. From these data fol
lows that the basic affect o f laser action may be connected with a changing in 
the sizes o f aggregates.

Theoretical evaluation by using optical model o f erythrocyte aggregation 
has showed that the fragmentation o f erythrocyte aggregates is one o f the most 
probable mechanisms providing the enhanced backscattering.
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