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ABSTRACT

At present, fluorescence spectroscopy (FS) and diffuse reflectance spectroscopy (DRS) are widespread methods highly
used in medical practice. The combined application of these methods is a promising tool to improve the predictive force
of classifiers for tissue type recognition as well as to compensate the attenuation of the fluorescence radiation by blood
for the accurate evaluation of the biomarkers content in living tissue. Severa techniques are known to normalize the
resulting fluorescence spectrum in order to exclude the attenuation effect. In this study, an approach based on the
dividing of the experimentally obtained FS spectrum by DRS spectrum has been applied for experiments with occlusion
test. The implemented multimodal approach for the in vivo optical measurements in combination with occlusion test for
minimisation of blood influence has shown good repeatability of obtained experimental fluorescence spectra. The results
are of particular interest for the further development of methods for compensating the influence of chromophores in
optical spectroscopy.
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1. INTRODUCTION

Currently, in various fields of biomedical engineering and medicine, a number of methods of optical spectroscopy are
applied. One of these methods is the fluorescence spectroscopy using for the registration of emission from the
endogenous fluorophores as well as fluorescence contrasts.™? In many in vivo applications of the method the attenuation
of the intensity of fluorescence emission®* by blood is a challenging factor. The regions of interest for measurements in
biological tissues in vivo contain a large number of different vessels (arterioles, capillaries, venules). Thus, the blood
content in these vessels has a significant effect on fluorescent spectra® due to the absorption and scattering in RBC. Also,
absorption characteristics of blood depend on the level of the oxygen saturation.® Blood volume fraction is a highly
variable parameter, which directly affects the variability of the parameters, evaluated from fluorescence intensity.
Therefore, it is essential to carry out the correction of the blood influence for most of in vivo applications of the FS
measurements.

Up to date, there are a number of methods to compensate for the absorption of blood.”** In this study, an approach based
on the dividing of the experimentally obtained FS spectrum by DRS spectrum has been applied for experiments with
occlusion test. During the measurements DRS and FS data registered by the same fiber optical probe alowing for the
simultaneous processing of the two different modalities to take into account the scattering and absorbing properties of
the tissue under study.™

It is well known that the pressure applied on optical diagnostic probes is a significant factor affecting the results of
measurements.”® Another example of a functional physiological test that has an prominent effect on the blood volume
fraction in skin as well as state of vascular constriction is an occlusion test. During its practical implementation, the
exceeding pressure is created and maintained for a few minutes in the occlusive cuff on the limb. When cuff vascular
clamping is removed, typicaly, a sharp increase of perfusion and temperature are observed with the subsequent
restoration to normal. In physiology, this fact is explained as a vasodilation of blood vessels due to the accumulation of
metabolic vasodilators during occlusion.™*

This work aims to test the blood content compensation technique in experiments with upper arm occlusion in healthy
volunteers.
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2. THEMETHOD OF RESEARCH

The functional diagram of the experimental setup is shown in Fig. 1. FS channel has been composed of two emitting and
one collecting fibers. DRS channel has been implemented with one emitting and one receiving fibers. Both channels
were combined in a single fiber optical probe. The diagnostic volume and depth of sensing for this probe in the spectral
area of hemoglobin absorption (540-580 nm) are equal to respectively 1.0-1.3 mm?® and 0.4-0.5 mm.”> A UV light (LED)
365 nm and blue light sources (laser) 450 nm were used to excite the emission of fluorophores. A broadband tungsten
hal ogen light source (HL-2000-HP-232R, “Ocean Optics’, USA) was used in DRS channel. Collected light was analyzed
by a CCD spectrometer (FLAME, “Ocean Optics’, USA). A personal computer was used to control the system and
automate the data acquisition process. The data processing has been performed using bespoke developed software in
MATLAB program environment.

Figure 1. The experimental setup

The study involved 22 healthy volunteers (mean age was 22 +3 years. Experiments were conducted in a sitting position
with hands placed on atable. The fiber optic probe was allocated on the palm surface of the distal phalange of the middle
finger (Fig. 2).

Figure 2. Location of the fiber optic probe during the measurements

It is well-known that one of the most important factors influencing the endogenous fluorescence is the activity of
metabolic processes inside the cells.® The metabolic activity in living tissue is connected and mutually interrelated with
the intensity of blood microflow.'*® Therefore, in this study brachial arterial occlusion test was applied as a provocative
factor to change blood flow in the region of interest. Thus, the study included the registration of diffuse reflection spectra
and fluorescence spectrain three stages (Fig. 3).
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Figure 3. Graph of pressure in the cuff during the applied occlusion test

The first stage included the registration of fluorescence and diffuse reflectance spectra without the use of provocative
factor. At the second stage, fluorescence and diffuse reflectance spectra were registered after the arterial occlusion test
(the pressure in the cuff reached 220 mmHg). During the third stage, fluorescence and diffuse reflectance spectra were
registered in 30 seconds after the cuff pressure normalization. The collected spectra has been processed in the devel oped
software in order to obtain the compensated fluorescent spectra.

3. RESULTSAND DISCUSSION

Compensation of the blood influence was carried out by dividing experimentally obtained FS spectrum on the DRS
spectrum. In figures 4, 5 and 6 the experimentally obtained spectra of the DRS and FS and compensated FS are given
respectively.

Figure 4. Mean and SD of diffuse reflectance spectra before (a), during (b) and after (c) the occlusion test

Figure 5. Mean and SD of raw and normalized fluorescence spectra at UV (365 nm) before (a), during (b) and after (c)
the occlusion test
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Figure 6. Mean and SD of raw and normalized fluorescence spectra at blue (450 nm) before (@), during (b) and after (c)
the occlusion test

The implemented multimodal approach for the in vivo optical measurements in combination with occlusion test for
minimisation of the blood influence has shown good repeatability of obtained experimental fluorescence spectra. The
conducted experiment has demonstrated that the proposed approach of fluorescence measurements accomplished by
simultaneous real-time measurements of diffuse reflectance spectra allows one to increase the repeatability of the
measurements presented. It is worth noting that artificial ischemia caused by blood flow termination also affects the
intensity of metabolic processes, and hence the fluorescence spectra. This effect can explain the residual difference
between the fluorescence spectra at different stages of the occlusion.

4. CONCLUSIONS

The obtained results prove the possibility of using the proposed method as a normalizing approach in all areas where FS
is applied. Blood compensation is necessary to determine the concentration of different fluorophores inside biological
tissue which can be used as essential diagnostic information. The developed setup is rather compact, and the software
allows for carrying out measurements in real time that can be applied in the practical optical spectroscopy and potentially
in medicine.
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