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Avrticulo de investigacion

Optical device for determining the viability of biological tissue

Onruyeckoe ycTpoiicTBO onpeaeieHus ;KU3HECHIOCOOHOCTH OMOTKAHU
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Abstract

The article solves the problem of increasing the
objectivity of visual analysis of internal organs
during surgery. The authors found that the
spectral characteristics in the visible reflection
spectrum allow the practicing surgeon to
determine the presence of pathologies of the
internal organs, as well as the location of their
borders. The paper considers the existing
methods for assessing the viability of biological
tissues, the most promising one is selected. A
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AHHOTAIHUA

B cratbe pemaercs npoOsieMa IOBBILICHUS
00BEKTUBHOCTHU BU3YaJIbHOT'O aHaJIn3a
BHYTPEHHUX OPraHOB BO BpeMs omnepaunuu. B
pe3ynbTaTe UCCIE0BaHUsS aBTOPbI YCTaHOBUIIY,
YTO CIICKTPAJIbHBIC XapaKTCPUCTUKNU B BUAUMOM
CHEKTpe OTpaXXEHUS MIO3BOJISTIOT
MPaKTHKYIOMEMY XUPYPTY ONPEAEIUTh HAMIHIE
MaTOJIOTMH BHYTPEHHHMX OpPraHOB, a TaKXe
pacnojiokeHMe WX TpaHun. B pabote
PacCMOTPEHBI CYIIECTBYIONINE METOJbI OLEHKH

description of the proposed device that JKU3HECITIOCOOHOCTH OMOTKaHENH, BbIOpaH
implements the proposed method and a Hanbosee MEePCIICKTUBHBI. [MpuBeneHo
description of the program executed in the OITHCaHUE npeIaraeMoro YCTpOMCTRA,

LabView environment is given. The work also
presents a methodology for determining the
optical parameters of the studied biological tissue
of a group of conditionally healthy people,
conducted statistical processing of data obtained
experimentally and determined normal values.

Key words: Optical diagnostic methods, organ
viability, lesion zones, necrosis borders, digital
usb video camera, rgh and hsv encodings, normal
indicator

peaM3yIONIEro  NPEUIOKECHHBIH ~ METOJ U
OIMMCaHUE MporpamMmal, BBITIOJIHEHHON B cpeac
LabView. B paGore Takxe TpeacTaBiIcHa
METOIHKA OIIpeIeIICHUSI OIITHYECKHX
[apaMeTpOB HCCIIEAYyeMONH OHOTKAHW TPYIIIbI
YCIIOBHO 3/I0POBBIX HCIBITYEMBIX, MPOBEICHA
CTaTUCTHYECKass00paboTKa IaHHBIX,
HOIYYCHHBIX JKCIIEPHUMEHTAIBHBIM IIyTEM U
OIIPE/IEIICHBI TOKA3aTeNH HOPMBI.

KaloueBble cjioBa: ONTHYECKHE  METOJBI
JIMarHOCTHKH, )KU3HECTIOCOOHOCTh OpraHa, 30HbI
MOpaXXeHMsI, TPAHHUIIBI HEKpo3a, IudpoBas usb
BHUIICOKamepa, KomupoBku rgh u hsv, mokasarens
HOPMBI
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Introduction

Necrosis is a common phenomenon, the causes
of which can be a violation of venous or arterial
circulation, infection by microbes. In the list of
causes, there are also diseases of the central
nervous system. A decrease in intestinal patency,
for example, involves a deterioration in the state
of intestinal function, a decrease in immunity,
and metabolic disturbance. This is a favorable
factor for the development of necrotic processes
and its spread to the tissues of other organs of the
digestive tract (Zlygostev and Pogorelov, 2012).
Preservation of a necrotic intestinal loop or
insufficient resection may turn out to be fatal, and
unreasonable or excessive resection delays and
aggravates the surgical intervention, may be
incompatible with the patient’s life (Hai, 1998).
This is confirmed by studies conducted by M.
Yu. Rosengarten (1972). The author showed that
out of 83 patients (adults) who had an erroneous
assessment of intestinal viability, 72 people died.
It was concluded that the viability of the affected
intestine was preserved in 32 patients on the basis
of visual examination during surgery (Hai,
1998). Therefore, the task of accurately
determining the boundaries of necrosis during
amputation of dead sections of the intestine is
relevant.

Errors in operational diagnostics indicate that it
is not always possible to judge the viability of an
organ by such visible signs as coloration,
peristalsis, and luster of the serous cover.
Determining the viability of a particular area of
biological tissue creates significant difficulties
and is the cause of diagnostic artifacts, often with
serious or dangerous consequences. Therefore, it
is necessary to accurately determine the
boundaries of the affected areas during surgery.
There are methods for determining the
boundaries of necrosis by the introduction of
contrast agents, but they can only be used when
opening the organ.

There are methods for assessing the state of
intestinal tissues by assessing blood circulation
in the vessels of the test site. There are also
methods for assessing the bioelectromagnetic
reactivity index, evaluating the reflectivity of a
microwave tissue signal, techniques based on
changes in the polarization coefficient of the
tissue, etc.

In addition, there is a method by which visually,
i.e. subjectively, the boundaries between healthy
and affected intestinal tissue are revealed by the
color of the serous membrane, the frequency of
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intestinal motility and pulsation of its blood
vessels.

Methodology

Despite the availability of technical solutions, to
date, most clinics use routine simple methods
that are based on assessing the appearance of the
affected area of the intestine (color, luster),
peristalsis, and pulsation of the mesenteric
vessels. However, these signs allow subjectivity
in the diagnosis and, therefore, do not exclude the
possibility of errors in determining the viability
of the body.

Optical methods for the diagnosis of biological
tissues are becoming more common and are
widely used in biology and medicine. Using
optical radiation, it is possible to obtain
information about the structure, composition and
properties of biological tissues, to study the
processes that occur in them without exerting a
negative effect on biological tissues (Dunaev,
2016). Biological tissues have a complex
structure, which is a complex of various
substances, fibers and interstitial fluid, which are
optically heterogeneous media. Violation of
reflectivity, thinning of the mucous membrane of
the upper layers of the tissues of the affected
organs can be considered an informative factor
and used to determine the functional state of the
organs.

The paper considers an optoelectronic system
that allows to objectify the assessment of the
condition of internal organs.

Almost every description of the processes of
necrosis in each source is accompanied by an
indication of the main changes that occur in the
tissue. The color change of the investigated area
is one of the main parameters. The healthy area
is pink, has a shine; the area susceptible to
pathogenic influences darkens, black spots
appear, the luster disappears (Hai, 1998).

Undoubtedly, this factor is very significant,
however, many researchers note the subjectivity
of determining the boundaries of necrosis, when
making decisions based on color. In many
respects, the surgeon's experience plays a
decisive role.

At the same time, all of the listed signs admit
subjectivity in the diagnosis and, therefore, do
not exclude the possibility of error in determining
the viability of an organ. It is also important to
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note that determining the boundaries of the
affected area of the internal organs of a person
can be a serious problem for a young specialist in
the field of surgery, who does not have sufficient
experience to independently assess the viability
of the site.

This is one of the main goals of the study: the
creation of a device that allows to quantitatively
objectively determine the color of the area of the
affected organ, which will help the young
specialist decide on the volume of resection
during surgery (Berdnikov, Nazmutdinova and
Yunusov, 2018).

The proposed solution relates to medicine and
can be used to obtain information about the
functional state of the studied section of the
internal organ.

The device for determining color consists of a
digital camera and a processing program for the
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resulting image. To conduct the study, it is
possible to illuminate the studied area of the
biological tissue with an operational white light
source, while the reflected optical radiation is
recorded by a digital USB video camera. The
signal through the USB port is transmitted to the
PC, where it is processed. To process the video
signal, a virtual device created in the LabView
environment (Vizilter, Zheltov and Prince, 2008)
is proposed; color information is presented in
wavelengths convenient for the operator to
perceive in the range from 360 nm to 700 nm.
The block diagram of the developed virtual
device is shown in Figure 1.

Modification of the device for use in minimally
invasive operations is possible. In this case, the
digital camera through a special mounting device
is attached to the eyepiece of the laparoscope,
lighting can also be carried out by means of an
operational white light source.
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Figure 1. A block diagram of a virtual tissue color instrument developed in LabView

Information about the characteristic of the
recorded waves in the visible range is recorded
by a digital camera, which converts the received
signal to digital form in RGB encoding.

RGB is an additive color model, as a rule,
describing a color coding method for color
reproduction using three colors, which are
commonly called primary (RGB, 2019). This
representation of color allows us to process
information about it using 3-dimensional vectors;
however, human perception of color information
is difficult, since information about color and
brightness comes in a mixed form.

Analysis of existing color models allowed us to
determine the most preferred, which allow you to
get a visual representation of the encoded color.
For the tasks to be solved, the HSV color model
was chosen - a color model in which the color
coordinates are (RGB, 2019):

Hue - color tone, (for example, red, green or blue-
blue). It varies between 0-360, but sometimes it
is reduced to the range 0-100.

Saturation varies between 0-100. The larger this
parameter, the “cleaner” the color, so this
parameter is sometimes called color purity. The
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closer this parameter is to zero, the closer the
color is to neutral gray.

Value (color value) or Brightness.

As you can see, only one Hue parameter is
responsible for color reproduction in this color
model, which allows you to visually represent the
color closest in interpretation to the wavelength,
which facilitates the perception of information
and interpretation of the results.

The encoding of information in a digital format
uniquely determines the registered color of the
object of interest, which allows depriving the
measurement  of  subjectivity inherent in
assessing the state of tissues by a person.

After obtaining the image using the cursor, the
area in which the pixel color analysis will be
carried out is determined. Next is the distribution
of pixels over the histograms, the columns of
which correspond to all the values of the Hue
color parameter. Thus, we obtain a graph of the
frequency distribution of the composition of

Image
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pixels of various colors, the maximum of which
corresponds to the dominant color of the studied
area of biological tissue. This value is displayed
in the corresponding field, as well as the
prevailing value of Saturation and brightness
Value.

Results and discussion

Pictures of sections of the human intestine
presented below were obtained using a digital
camera. Images were obtained during surgical
interventions, provided by the City Clinical
Hospital No. 7 of the city of Kazan. Images are
analyzed using the virtual instrument described
above. Figure 2 represents the image of the front
panel of the virtual device, on which are located
the image received from the camera, on it you can
select the area of interest. The numerical values
of the color parameters for the HSV color model
are on the right. The color parameter value is
presented in the form closest to the wavelength.
The color distribution of pixels in the selected
area is presented below.

[s1op]

Camera selection
% caml _VJ

[_Save Chart |

Saturation
255

Brightness
I

Area color §6d0x480 0.50X 32-bit RGB image 255,200,173

number of pixels

1 1 1 | 1 1
420 440 460 480 500 520

1
540

wavelength. nm

Wavelength

e Plot0 0% |

1 1
560 580 600

Fig. 2. Image of a healthy section of the intestine on the front panel of the device
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As follows from Figure 2, a healthy section of the
intestine has a pink color, which is also
confirmed by quantitative values (the wavelength
reflected by healthy tissue in all cases remained
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on the order of 640 nm, the saturation and
brightness of the area are close to their maximum
values).
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Fig. 3. Histogram of the distribution of frequencies of sample elements

During the experiments, 36 patients were studied
for whom images and color values were obtained
for healthy sections of the intestine.

Based on the obtained data, a histogram of the
frequency distribution of the color parameter was
constructed (Fig. 3). Statistical data processing
was carried out.

When testing the hypothesis about the law of the
distribution of sample values, it was revealed that
it was rejected by the Pearson criterion.
However, testing the hypothesis of the
distribution of X according to the normal law
using the 3-sigma rule gives a positive result.
Each value of the series differs from the average
value of 638 nm by an average of 3.093. The
average value is approximately equal to the mode
and median, which indicates the normal
distribution of the sample. The values of As and
Ex differ little from zero. Therefore, we can
assume the proximity of this sample to the
normal distribution.

Conclusion

Optical methods for the diagnosis of biological
tissues are becoming more common and are
widely used in biology and medicine. Using
optical radiation, it is possible to obtain
information about the structure, composition and
properties of biological tissues, to study the

processes that occur in them without exerting a
negative effect on biological tissues.

As a result, the integration of diagnostic methods
using the characteristics of reflection in the
visible spectrum can significantly increase the
information content of the results and, therefore,
the objectivity of diagnosis. The color
differentiation of parts of organs makes it
possible to form a conclusion about the presence
of a pathological process by measuring the color
of biological tissue. It was found that the
distribution of chroma values is close to normal,
therefore, data close to the average value of 638
+ 3.1 nm can be considered data of good healthy
tissue, thus, the norm indicator for conditionally
healthy patients was established.
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