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THE METHOD OF DETERMINING CONDUCTIBILITY FOR CORONARY
VESSELS BY TERMOGRAPHY

Introduction. The character of the distribution of temperature in the heart is determined by
the process of heat exchange between the myocardium and coronary vessels, as well as the
state of microhemodynamics of the coronary vessels of the heart. For quantitative estimation
of changes in temperature distribution on the surface of the heart, the algorithm for calculat-
ing a quantitative criterion, that may be an objective marker for effective protection of the
heart and brain, is proposed. The method of determining the conductibity of coronary vessels
is implemented on the basis of the algorithm for determining the thermal contours, calculated
from the gradients of the temperature field on the image of the heart in the infrared spectrum.
The improvement of the previously developed method for determining the thermal contours
on the basis of Canny's algorithm consists of the transition from qualitative to quantitative
assessment of the rate of change in temperature on the surface of the myocardium.

The purpose of this study is to evaluate the conductibity of coronary vessels for the
study of blood flow in the surface layer of the myocardium during warming up and cooling of
the heart in conditions of cardiopulmonary bypass.

Results. The numerical value of the quantitative criterion obtained is calculated by de-
termining the difference in temperature between the blood and the myocardium, calculated as
the difference between the geometric areas under the temperature distribution curves in the
temperature field equation for the constant and the current fluxing temperature. The contour-
ing method for determining the conductibity of coronary vessels allows to select areas on the
surface of the myocardium, in which the change in temperature significantly lags behind the
average temperature on the surface during warming or cooling of the heart, which indirectly
allows evaluating the state of small coronary vessels in the myocardium.
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Conclusions. The method for determining the conductivity of coronary vessels for the study
of blood flow in the surface layer of the myocardium is proposed, which allowed to allocation
contours of sites on the surface of the myocardium with uneven distribution of temperature during
warming up and cooling of the heart. Scientific novelty of the method consists of the allocation of
thermal contours of sites in which the temperature change significantly lags behind the average
temperature on the surface during warming up or cooling of the heart.

Keywords: mathematical modelling, the algorithm of detector Canny, heart temperature,
temperature profiles, hypothermia, hyperthermia, cardiopulmonary bypass.

INTRODUCTION

During controlled cooling and warming on thermography images, the uneven distribu-
tion of temperature in tissues is become visible. In inflammatory processes in the
myocardium, areas of hyperthermia that correspond to the area of infiltration, that
indicate a difference in temperature with adjacent tissues are determined. In chronic
inflammation, the temperature difference is 0,7—1°C, with acute illness 1-1,5°C, and
in the destructive process reaches 1,5-2°C [1, 2]. When the blood temperature changes
in the circulatory circuit, the body temperature of the patient also changes. Moreover,
the temperature difference between the blood in the contour and the patient's body
should not differ by more than 15°C [3, 4].

The temperature field recorded by the thermographic system reflects the
unique morphological and biophysical characteristics of the myocardium [19].
The main reason for violations of local temperature in the heart is the microcir-
culation in the tissues of the myocardium due to inflammatory processes. The
regulation of temperature in the myocardium is mainly carried out by changing
the lumen of the coronary vessels [20, 21]. When cooling the heart, there is a
slowing of blood flow and narrowing of the surface vessels. In another situation,
with warming the heart, blood flow is redistributed to the surface of the vessels,
which facilitates the removal of heat into the external operating field. In this case
there is a so-called transverse temperature gradient that is the difference in tem-
perature between the surface and deep layers of tissue of the myocardium.

TASKS OF THE RESEARCH

Analytical studies of temperature distribution on the surface of the heart are
based on the developed model of the system of myocardium- coronary vessels
[5, 6], the model of heat exchange for the process of cooling the blood and heart,
and the model of heat flux propagation in the myocardium in the process of hy-
pothermia and hyperthermia [7, 8], for calculating which used the methods of
theoretical and mathematical physics (solving the boundary value of thermal
conductibility) with the involvement of experimental data on the distribution of
thermal fields in areas of temperature anomalies on the surface of the heart and
methods of the statistical analysis and processing of experimental data [22—24].

The development of the method of contouring temperature inhomogeneities
for determining the conductivity of coronary vessels on the basis of the algo-
rithm of detector Canny is a promising task for the implementation of informa-
tion technology for non-invasive control of heart temperature during conduction
of thermography studies in cardiology.
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The introduction of the method for assessing the conductibility of coronary
vessels in cardiac surgery will allow in the long run non-invasively control the
blood temperature in blood vessels and determine the efficiency of the operation
of distal septum vessels after coronary bypass surgery in conditions of controlled
cooling and warming during cardiopulmonary bypass.

THE PURPOSE OF THERMAL CONDUCTIBILITY STUDY

The purpose of study is to evaluate the conductibility of coronary vessels for the
study of blood flow in the surface layer of the myocardium during warming up
and cooling of the heart in conditions of cardiopulmonary bypass.The develop-
ment of the method for contouring temperature inhomogeneities is associated
with obtaining information on the state of the blood supply to the myocardium
by separating the geometric boundaries between the cooled and warmed areas of
the heart by using the algorithm of Canny’s detecting and Gaussian filters for the
video frames of the thermograms.

METHODS AND MEASURES OF THE RESEARCH

The temperature between the myocardium and the blood in the circuit of artifi-
cial blood circulation, which is cooled and warmed up in the heat exchanger, is
measured using the thermograph FLIR ThermaCAM E300 having a temperature
sensitivity of 0,1°C and a measurement error of +1% of the range of measure-
ments. The technical capabilities of the thermograph allow to determine the min-
imum difference in temperature between the heart and blood in the circuit of
cardiopulmonary bypass from 0,5°C to 10°C.

The contouring method for determining the conductibility of coronary ves-
sels is realized on the basis of the contours algorithm of Canny detector that
allows to distinguish the contours of the boundaries between different sections of
the thermograms and divide them [9]. According to the algorithm, the selection
of Canny detector is modified to study temperature gradients on the surface of
the myocardium for analysis the stream of video data in the form of frames of
thermograms that is recorded by the thermal imager and stored in the database of
thermography images.

Clinical researches and researches on the basis of the method of mathemati-
cal modeling were conducted for estimation of efficiency of work of the algo-
rithm of allocation of contours on the images of open heart.

RESEARCH OF TEMPERATURE GRADIENTS ON THE HEART SURFACE

For determine temperature gradients in conditions of cardiopulmonary bypass, it
is necessary to control the temperature difference between coronary vessels and
myocardium. The temperature difference at a distance from the vessel wall can
be found from the equation for the amount of heat Q,, that is transmitted to the

myocardium through the surface of the vessel over an area of time 7 [10-13]:

A
On =48 7=2(T,~T,)-S, =, (1)
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where g — the density of the heat flow through the surface of the vessel, W / m?
S

c

— the surface area of the vessel,m>, & — the distance from the vessel
wall,m , T, — blood temperature in the vessel, °C, T,, — the temperature of the

tissue of myocardium, °C .
From the equation we find the temperature difference between the vessel
and the myocardium:

AT=T,-T, =24 @

The ratio5/4 characterizes the thermal conductibility of the myocardium,
and the value determines the full temperature pressure from the vessels to the
myocardium. For the current temperature of the blood AT;, that cools or warms
up to a temperature 7;, it is possible to write the expression:

AT, =T, -T, :AT—%TZ, 3)

where / — the distance from the vessel wall, through which the heat travels
from the vessel to the depth of the myocardium, .

The ratio AT/AT; is a dimensionless excess temperature that characterizes
the temperature distribution from the vessel wall to the blood in the tissue of
myocardium:

AT /
0= N 1 s 4)

1

This expression is a temperature field equation in the assumption that the
coefficient of thermal conductibility for the myocardium is a constant value. For
determine the conditions for blood supply to the heart in small coronary vessels,
it is advisable to estimate the change in the value S,/S,, , which is the ratio of the
warmed area of the myocardium to the total surface areaS,, at the same time

intervals A¢ during hyperthermia:

AT S;

0=—-=1-"5 5)

AT, S,

where S, — total area of the surface of the myocardium, m?, S; — surface area

of the myocardium, through which the process of heat transfer occurs, m?>.

With the thickness of the atrial walls 2—3 mm and the thickness of the walls
of the left ventricle of the heartl 1-14 mm , which has the greatest thickness of the
myocardium, the dependence of the coefficient of thermal conductibility on
temperature A(7) has a virtually linear character [25, 26]:

AMT)=4, (1+5T), (6)

62 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2019. Ne 2 (196)



The Method of Determining Conductibility for Coronary Vessels by Termography

where 4, — the value of the coefficient of thermal conductibility of the myo-

cardium for the temperature 7 =0,0°C at the cooling of the heart, W/ (m-K),

b — the empirical coefficient of the temperature curve.
For the arithmetic mean temperature at the area of myocardium — coronary
vessels, the expression for the coefficient of thermal conductivity has the form:

/‘L(T):lm{l+g(7‘c—Tm)}:/im[lJr%AT}. (7)

In this case, the expression for the density of the heat flux ¢ on the surface
of the myocardium is as follows:

0= 2121421, | ®

From this equation we find that the temperature difference AT in the layer
of the myocardium is a nonlinear function, even for linear dependence of the
coefficient of thermal conductivity of the myocardium A(7T):

AT = |[—-24 = . 9)

If the heat flow from the vessels is transmitted to the myocardium due to
heat transfer from the blood in the vessels, the specific heat flux is determined
from the Newton-Richman equation [10]:

_Ac(7)
s

q (Tc_Tm):ac(Ti_Tm)’ (10)

where a, — the value of the coefficient of heat transfer in the blood vessels.

Substituting the value of the heat flux in the expression for the temperature
field, we obtain the dependence for the relation S; /S, :

2
Si_q AT U 1) 26 a (11)
S AT, bAT, \\BAT, ) b A,AT,

Thus, the resulting dimensionless value F = S,/S,, is determined by the rate of

change in blood temperature in the vessels — the thermal conductibility of the
blood A, the thermal conductibility of the myocardium 4,, , the difference in tem-
perature between the blood and the myocardium A7}, as well as the sign and numeri-
cal values of the coefficientd for the temperature curve. The deviation of the values
of the ratio ' from the linear dependence for the temperature field equation @ char-
acterizes the uneven distribution of the temperature in the myocardium owing to the
different rate of heat propagation in the medium (Fig. 1):
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AT/AT,

v

Si/Sm

Fig. 1. Curves of temperature distribution in the layer of the
myocardium for the temperature field equation

The relative deviation A, from the linear dependence in the temperature

field equation for the current temperature flux is calculated as the difference
between the areas under the temperature distribution curves:

Ar=(1-F-6)<1. (12)

where 6, — the current value of the ratio AT/AT;, F;, — the current value of the
ratio S;/S,, .

Obviously, in other equal conditions, the temperature in the myocar-
dium A7; varies so rapidly, the greater the density of the heat flux through the

surface S;, therefore, the current value of the ratio F = S, /S,, should approach the
value F; > 1.

CONTOURING METHOD FOR DETERMINING CONDUCTIBILITYOF CORONARY VESSELS

In accordance with the contouring method of temperature inhomogeneities for
the selection of Canny contours, modified to study the gradients of temperature
on the surface of the myocardium, the stream of video data in the form of ther-
mogram frames is recorded by the thermal imager and stored in the thermo-
graphic image database.

The first stage of treating the thermograms of the heart is the selection on the
thermograms of temperature profiles, converted at the signal level. This procedure is
carried out by applying threshold filtering. Since the level of thermal interference
makes an error in determining the levels of temperature profiles that leads to distor-
tion of the wuseful signal the interface of the Canny detector
[14, 15] is used. The Canny boundary detector is a one-dimensional operator, which
provides an optimal match between localization of thermal inhomogeneity and con-
tour allocation. As criteria of optimality use to such criteria as probability of detec-
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tion, high accuracy of localization, unambiguous response to one selection contours.
The operator Canny maximizes the sum of two criterias: the probability of passage
or false detection of the boundary, and the determination of the distance between the
true and the isolated edges of the thermal heterogeneity. The first criterion leads to a
reduction in the likelihood of the re-identification of the same edge heterogeneity.
The second criterion allows you to determine the contrast margin and outline lines
for the boundaries in the image using a certain threshold value, which use to com-
pares the length of the gradient vector.

The algorithm for the operation for the circuit of Canny detector includes
the following steps (Fig. 2):

1. Thermography image frames I(x,y) are divided into segments for which
the processing and detection of contours within each segment are performed:

N
](xay):zlk(AxaAy), (13)

k=1
where N — the number of segments of the representation of the image,
I(x,y) — the intensity of the pixels of the thermographic image, 7, (Ax,Ay) —

the segmentation of the image along the coordinates x and y .

2. The low frequency Gaussian Filtering. The each image segment is
smoothed with use to Gaussian convolution:

1 xz-i-y2
G(x,y,0)= ex 14
(x.3,0) 2707 p( 267 J’ (14)

where o — the degree of smoothing parameter.
3. Calculation of the gradient of the intensity of the pixels of the image in
the vertical (axis x) g(x)and horizontal (axis y) g(y) directions with the help

of the operators of the first derivative. Definition of the gradient module:

E(x,0) =g’ +g(»)* (15)

3. Clarification of the contours found in the previous step is accomplished
by resetting the gradient values E;, (x,y) for those elements of the image that are

not actually in the maximum of the gradient. The analysis starts from the point
of maximum, that has a gradient value more than7; and lasts as long as the local

maximum value does not become less than the threshold 7, < 7; :

_ Ek(x7y)s TZTI:
Ek(x»y)—{()’ TE(—OO,Tl). (16)

4. The resulting image is subjected to threshold processing using two tem-
perature thresholds7; and7,, moreover7; >7,. Pixels of an image having an

intensity value greater then, are defined as strong p; (x,y), and pixels whose

values fall into an interval[7;,7; ] are defined as weak p; (x,y) pixels:
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L (x,y), Te(T,»),
pk(x,)={p"(xy) =(T) (17)

re(x,y), Te[L.h]

5. Selecting the maximum response. For each image frame, the maximum re-
sponse is determined as the value of the gradient module, which determines the affin-
ity of the temperature profile to the given segment of the thermography image:

E(x,y)z;n_c)l/)\c/|Ek(x,y)|. (18)

The algorithm for forming the contour ends with a morphological operation,
in which the weak pixels are added to the strong pixels. Smoothing values of
pixel intensity /, (x,y) increases the resistance of the Canny detector:

P;(Xay)“‘Pl;(xa)’)a TE(TZ,OO),

L (x,9) =1 pi (x,9), Te[L,T,], (19)
0, Te(—oo,Tl).

According to the algorithm of the work of the Canny's limit detector, pixels
of images are assigned to pixels of the boundary, which give the local maximum
of the gradient in the direction of the temperature change vector. As a result,
pixels marked white will be considered as a potential limit, all others will be
excluded and marked with black. Pixels located in the immediate proximity to
one of the vertical and horizontal directions are defined as the resulting contour
of the boundary, and pixels lying alone or away from the boundary are removed.

In order to evaluate the efficiency of the algorithm for selecting the contours
for open heart images in the presence of an additive obstacle, research was car-
ried out using the mathematical modeling method. For this purpose, the model
images of the area of the myocardium, containing an additive obstruction in the
form of normal "white noise" with a given peak signal to noise ratio, were syn-
thesized. The received noisy images were digitally processed according to the
developed algorithm circuit of the Canny's detector at various values of the de-
tector parameters, including the parameter o characterizing the Gaussian linear
filter, the values of the temperature thresholds7;and 7, that determining the

conditions for the segmentation of the images.

From the results of the numerical experiment it is clear that the procedure
for determining the binary areas provides for the exclusion of false contours only
when carefully selecting the parameter o for filtering the original image. There-
fore, the value of this parameter, which specifies the degree of image smoothing
to filter interference, was selected experimentally and consisted of values:
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Segmentation of ther-

Capture the Capture the ther- mography image
thermographic video mography video on N video
~ >
I(x,y) I(x,y) frames
to the grayscale I (A, Ay), k=1..,N
Calculation of the intensity i
—1 gradient g(x) in the direction
of the axis x l«—| Application of Gaussian LF
filtering
. . . = 2
Calculation of the intensity P G(x,y,0)=F (1 (A, Ay), o )
|| gradient g ( y) in the direction
of the axis y
Definition of the gradient inten- Determination of the maxi-
L, sity module L, . mum gradlegt —
Ek(x’y):‘}g(x)z-}-g(y)z max(xay)_g/l_(;l])\c]| k(xay)|
Refinement of contours by v
gradient profile Determination of temperature
E.(x,y), T>T, & thresholds 7} and T, for
Ek (x7 J’) =
0, Te(-w,T). T,>T,
Determine the strengths and Contour formation on the
weak of the pixels thermography im-
+ _’ >
pi(x.y). Te(Ty,»), age £ (x,y), T=T
Pr(xy) =y
pk(x7.y)v TE[E=T2]'
v
< Smoothing values of the inten-
h=h sity of the pixels
y PL )+ pr(x,p), Te(Ty,»),
Morphological operation of -
. T e|T,,T-
contour display P (%), e[n.n],
+ _ 0, T e(-o,T7).
I (x, ) = pr (6, ) + pi (%, ),
for Te(T,,©).
(72,0) r>1, |

Fig. 2. Algorithm of the Canny's detector using the Gaussian filter, threshold filtering
and smoothing values of the intensity of the pixels
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o =1,4 for threshold [T;,7;] = [14 0C,18 OC] with hypothermia,

o =2,0 for threshold [7},7; ] = [32 0C,36°C] with hyperthermia.

Thus, the Canny's limit detector determines how fast the brightness of the
image changes at each point of the thermograms, which makes it possible to
determine the boundaries of temperature heterogeneity and its orientation.

CLINICAL STUDIES

The clinical investigations of the method for conduction of coronary vessels
were carried out at the clinical base of the Amosov National Institute of Cardio-
vascular Surgeryof NAMS of Ukraine to improve the efficiency of noninvasive
control of human heart temperature in conditions of artificial blood circulation in
the department of surgical treatment of aortic pathologies in sixteen open heart
operations and in the department of surgical treatment of acquired heart defects
in twelve open heart operations.

In clinical studies, the process of warming up and cooling myocardium is
carried out through the cannulas, which are installed in the anterior part of the
aorta in the region of the top of the heart. The cannula is installed in the branch
of the right ventricular artery for pumping a cardioplegic solution along the right
coronary artery, and the cannula is installed on the surface of the aortic bulb for
pumping the solution along the left coronary artery.

The clinical studies on isolated heart show the feasibility of using the me-
thod of determining the conductibility of coronary vessels on the basis of non-
invasive heart temperature control for assessing the conditions of blood supply
to the vessels of the myocardium (Fig. 3).

When cooling the heart (Fig. 3 a), the coronary vessels are clearly distin-
guished at the temperature difference between the tissues of the myocardium and
the solution 6°C and more (to a temperature of 10°C). Accordingly, when warm-
ing the heart (Fig. 3 b), the coronary vessels are released at a temperature differ-
ence of 9°C or more (up to 12°C). The initial temperature of the myocardium at
the beginning of the cooling process was not less than 21-22°C, and at the be-
ginning of the warming - no more than 25-26°C.

The assessment of the dynamics of temperature changes for the distribution
of temperature in the myocardium can be performed for a sequence of thermo-
grams of the heart that are performed for the state of hypothermia and hyper-
thermia in conditions of cardiopulmonary bypass (Fig. 4).

The application of the developed mathematical model of heat exchange for
the surface layer of the myocardium [16 — 18] allows us to determine the boun-
daries between the warmed and cooled sections of the myocardium during hypo-
thermia or hyperthermia of the heart. When cooling the heart (Fig. 4a) and
warming the heart (Fig. 4b), the boundaries between the warmed and cooled
areas are allocated due to the presence of a gradient on the surface of the myo-
cardium at temperatures between 0.5°C and 4°C and more.
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Fig. 3. Application of the thermographic method of contouring
to determine the conductivity of coronary vessels: a — for
cooled heart; b — for a warmed heart

During hypothermia (Fig. 5), the area of the warm part of the myocardium

decreases by compressing the cooling circuit S,;,, and, accordingly, increasing

the area of the cooled area relative to the external cooling circuit limit§,. The

dynamics of temperature changes on the surface of the heart causes an increase

in the magnitude of the ratio S;/S,, and brings it closer to the value F; — 1.
During hyperthermia (Fig. 6) there is a decrease in the area of the chilled

area of the myocardium by compressing the warming contour S,,.,. and, accord-

ingly, increasing the area of the warmed area relative to the external warming
circuit limit Sy. The dynamics of temperature changes on the surface of the

heart causes an increase in the magnitude of the ratio S , and brings it closer
to the value F;, —> 1.

At the final stage of the processes of hypothermia and hyperthermia, the

value Fy;,, = Sgi, /S, s less than 1.3 times the value Fy;,,, = Sgiper /S, 5 TESPEC-

tively, which is expressed in a more uniform warming of the studied area of the
heart with hyperthermia in comparison with the process of its cooling under
hypothermia in conditions of cardiopulmonary bypass.
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b

Fig. 4. Thermograms of the heart for the state of
hypothermia and hyperthermia: a— for a cooled
heart; b — for a warmed heart

The developed method for determining the conductibility of coronary ves-
sels provides the reliability of non-invasive control of open heart temperature,
which is determined by the temperature sensitivity of 0,1°C of the thermometer
FLIR ThermaCAM E300 and the measurement error £1% of the range.In addi-
tion, the use of needle heaters and sensors in the oesophagus does not allow to
determine the temperature of the inner wall of the myocardium without the in-
troduction of invasive sensors in the opening between the aorta and the left ven-
tricle, which is an additional factor for injury.
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s

Fig. 5. Work of the Canny detector algorithm for hypothermia of the heart
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p— p—

Fig. 6. Work of the Canny detector algorithm for hyperthermia of the heart

RESULTS

For compare the temperature data, that is measured using invasive needle sen-
sors and the thermography method, the determination of regression dependence
for the calculation of the dynamic changes in temperature, determined in real
time. As a data examination class ( C; ), the temperature value measured with the

needle sensors ATy, (¢) is used. The investigated class (C,) contains calculated
temperature differences on the surface of the myocardium ATy, (¢), which are

recorded during hypothermia and hyperthermia using the thermography.

The level of confidence in the obtained temperature data, measured by
thermography means and needle sensors, reflects the value of confidence inter-
vals. The obtained confidence intervals can be considered as an interval of val-
ues of the parameters, which does not contradict the true value of temperature. In
determining the Euclidean distance by the K —mean method, the number of ob-
servations corresponding to the number of temperature measurements £ =10 is
taken into account. The calculated Euclidean distance between the center of
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gravity of the examination class (C; ) and the studies class (C,) is researched
that equalsd(¢,c,)=6,69 . The resulting value of the confidence interval is less

than 15% shows the closeness between the data in the classes.

The reliability of determining the coefficient of correlation r(c;,c,) depends on
the number of measurements of temperature and the number of degrees of freedom
k=n-2. The value of the t-criterion for assessing the statistical significance of the
correlation relationship between the samples is determined by the formula:

_ r(CI’CZ)z Jnisk
1(r)=——=—=+n-k (20)

1-7"(01,02)2

>

where n» — the number of temperature measurements, £ — the number of de-
grees of freedom for pair regression.
The results of the regression analysis of the temperature measurement data

are to determine the correlation coefficientr(cj,¢;)=0,739 and the regression

equation on the basis of comparison of datax;,y; in the classes C; andC,to the
studies (Table 1).

The critical value of Student's t-criterion is locatedz,,;, =2,306 for the sam-
plen =10 size and the number of degrees of freedomk =2 at the level of signifi-
cance p <0,05.The calculated t-criterion #(r)=3,102 for a specific correlation

coefficient r(c;,c,) is greater than the critical value ¢(r) > 1, , hence the relation-

crit »
ship between data in classes C; and C,, is statistically significant. The resulting
regression equation y = 0,3829x +0,2137 (Fig. 7) has a large angle of inclination of
the data interrelation 0,3829 and linear dependence, and allows you to perform the

conversion of temperature readings, measured with the help of needle sensors, to the
temperature values obtained using the thermography method.

Table 1. Results of regression analysis of temperature control data for the method of
determining the conductibility of coronary vessels

. e . The value of the coeffi-
Evaluation criterion .
cient
* Correlation coefficient r (Cl ,Cy ) 0,739
» t-criterion value t (i’) 3,102
+  Regression equation y=0,3829x+0,2137 0,383
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y(x),°c

=00.3829x +0.2137
1.0 y :

2= 10,5461

0.8 | *
0.6 - -

0.4

s

0.2

0.0
0.0 0.4 0.8 1.2 x,°C

Fig. 7. Regression equation based on the comparison of data x;, y; in classes:
x — data of the examination class C; of heat sensor, AT);zp(f), °C, y — class
data C, for thermographic studies, ATz t), °C.

The proposed algorithm for obtaining contours of areas with nonhomogene-
ous temperature distribution on the surface of the heart, realized on the basis of
the contours algorithm of Canny detector, allows receiving additional informa-
tion on the state of the blood supply of the myocardium by using the Gaussian
filter, and on the basis of the informative temperature profiles on thermographic
images, separating the geometric boundaries between the cooled and warmed up
areas of the myocardium by using the algorithm of Canny detecting for the video
frames of thermograms.

The obtained regression dependences have the correlation coefficient of
0.75, that allows to perform the conversion of heart temperature readings, which
are measured with the help of needle heaters in the temperature values, obtained
using the thermography method. The reliability of the method for determining
the conductibility of coronary vessels for the detection of myocardial areas with
the ischemic regions with dimensions less than 2x2 mm can be increased by
using modern medical thermographs with a sensitivity of 0,02°C and a meas-
urement error of £0,5% of the range.

Thus, the use of the thermography method for determining the conductibil-
ity of coronary vessels in comparison with the use of needle heaters for the
evaluation of microhemodynamics of coronary vessels can significantly in-
crease the reliability of heart temperature control due to the possibility of ob-
taining additional information for the permissible difference in temperature on
the surface of the myocardium during hypothermia and hyperthermia.
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CONCLUSIONS

Thus, the method of contouring the cooled and warmed areas of the myocardium
to determine the conductibility of coronary vessels using thermographic instru-
ments for measuring the temperature of the heart, and an improved of the algo-
rithm of detector Canny using the Gaussian filter, allows us to assess the con-
ductibility of coronary vessels for the study of blood flow in the surface layer of
the myocardium during warming up and cooling of the heart in conditions of
cardiopulmonary bypass.

The application of the thermography method for determining the conducti-
bility of coronary vessels in comparison with the use of needle heaters for the
evaluation of microhemodynamics of coronary vessels provides non-invasive
control of heart temperature and the possibility of obtaining additional informa-
tion on the permissible difference in temperature on the surface of the myocar-
dium during hypothermia and hyperthermia.
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METOA BU3HAYEHHS ITPOBIAHOCTI
KOPOHAPHUX CYJINH 3ACOBAMU TEPMOI' PA®IT

Beryn. Xapaktep po3moJiily TeMIepaTypu B Ceplli BU3HAYAETHCS MPOIECOM TEIIOOOMIHY
MiXK MIOKap/IOM i KOPOHAPHUMH CYJMHAMH, a TAKOK CTAHOM MiKpOTEeMOJAMHAMIKH KOpOHAp-
HOTO pycina cepis. J[Jsl KiIbKICHOTO OLIIHIOBaHHSI HEPIBHOMIPHOCTI PO3MOALTY TeMIeparypu
Ha ITOBEPXHi CepIls 3alPONIOHOBAHO ATOPUTM PO3PAaXyHKY KUTBKICHOTO KPHTEPIIO, IO MOXE
OyTH O0'€eKTHBHMM MapKepoM €(EeKTHBHOTO 3aXUCTy cepus i MO3Ky. MeToJ BH3HAYCHHS
MPOBIJTHOCTI KOPOHAPHUX CYIHMH Peali30BaHO HAa OCHOBI AJTOPUTMY BH3HAYCHHS TEILIOBUX
KOHTYPIB, 110 OOYHCITIOIOTHCS 32 TPaIiEHTAMH TEMIIEPATYPHOTO MOJIs Ha 300pakeHHi ceplis B
iH(ppauepBOHOMY CIEKTpi. BIockoHaneHHS po3po0IICHOro paHille METONy BH3HAUYCHHS TEll-
JIOBUX KOHTYPIiB Ha OCHOBI anroputMmy KaHHI noJisirae B nepexo/ii Bijl SKICHOTO JI0 KiJIbKiCHO-
T0 OLIHIOBAHHS NIBUJKOCTI 3MiHM TEMIIEpPaTypH Ha IIOBEPXHI MioKap/a.

MeTo10 T0CJiIKEHHS € OLIHIOBAHHS MPOBITHOCTI KOPOHAPHUX CYAMH VISl TOCIiKEH-
Hsl KPOBOILIMHY Y TIOBEPXHEBOMY IIapi MioKapJa IiJi 4ac 3irpiBaHHs Ta OXOJIOJKSHHS CepIs
B YMOBAaX IITYYHOTO KPOBOOOIry.

PesyabraTn.UnciioBe 3HAYCHHsT KUTbKICHOTO KPHTEPII0 OTPHMAaHO IUIIXOM BH3HAYCHHS Pi3-
HHII TEMIIEpaTyp MK KPOB'O 1 MIOKap/IOM, SIKe OOUHCITIOIOTH SIK PI3HHIFO TEOMETPHYHHX TUTOLT T
KPUBHUMH PO3IOALTY TEMIEpaTyp y PiBHAHHI TEMIIEPAaTypHOI'O MO UL MOCTIHHOTO i IOTOYHOTO
TeMIIepaTypHOro Haropy. MeToa KOHTypyBaHHS JUIs BU3HAUESHHS IIPOBITHOCTI KOPOHAPHUX CYAMH
Jla€ 3MOTY BUAUTMTY AULTHKY Ha OBEPXHI MiOKap/ia, B SIKUX 3MiHa TeMIIEpaTypy 3HAYHO BICTae Bif
CepeiHbOl TEMITepaTypy Ha MOBEPXHI TIijl Yac 3irpiBaHHsS a00 OXOJIOMKEHHS CEpIis, 10 YMOKIIHB-
JIIOE OLUHIOBAHHS CTaHy JPiOHUX KOPOHAPHUX CYAUH B MiOKap/i.

Knrouosi cnosa: mamemamuune Mooento8ants, arcopumm demekmyeanus Kaunni, memnepa-
mypa cepysi, memnepamypHi npopii, sinomepmis, inepmepmis, WmMy4HUul Kpoeoooie.
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METO/ OITPEAEJIEHUVS ITPOBOAMMOCT KOPOHAPHBIX COCYIOB
CPEACTBAMU TEPMOI'PA®UN

BBenenme. /{151 KonM4YeCTBEHHON OIIEHKH HEPAaBHOMEPHOCTH PACHpEesIeHUs] TeMIepaTyphl
Ha TOBEPXHOCTH Cepla MPeUIoKeH aJrOpUTM pacyeTa KOJUYECTBEHHOI'O KPUTEpHUs, KOTO-
PBI MOXKET SBIATHCS OOBEKTHBHBIM MapKepoM d3(GQEKTUBHON 3alIUTHl CepAla W MO3ra.
Merton onpezeeHus IPOBOJUMOCTH KOPOHAPHBIX COCYAOB peaM30BaH HA OCHOBE allrOPUT-
Ma KanHE Ui ompeneneHus TEIJIOBBIX KOHTYPOB, KOTOPbIE BEIYHCISIOTCS IO TPaJUEHTaM
TEMIIepaTypHOro I0JIs Ha N300paKeHNH cep/ia B HHPPAKpaCHOM CIIEKTpE.

Ieabio uccaeaoBaHUs SIBJIsETCS OLEHKA IIPOBOAMMOCTH KOPOHApPHBIX COCYIOB AT
UCCIIEIOBaHUS KPOBOTOKA B TIOBEPXHOCTHOM CJIO€ MHOKapia BO BpeMsl COTPEBaHMS U OXJIAXK-
JICHUSI CepALia B YCIOBUAX MCKYCCTBEHHOTO KPOBOOOPAICHUS.

PesyabTaThl. [lomyyeHo 4HciIOBOE 3HaYEHHE KOJIMYECTBEHHOTO KPHUTEpHUS, KOTOPBIH
pacCUUTHIBAaeTCSl IyTEM ONpENEeNICHNsT PA3HHULBI TEMIEPATYp MEXKIY KPOBBIO U MHOKapIOM,
YTO KOCBEHHO ITO3BOJISICT OLIEHUBATH COCTOSHHE MEIIKUX KOPOHAPHBIX COCY/I0B B MUOKap/Ie.

Knrouegvie cnoea: mamemamuueckoe Mmooenuposanue, memnepamypa cepoya, memnepa-
mypHvle npopuiu, 2UNOMepMUs, 2unepmepmus, UCKYCCMEEHHOe KpO8oobpauyeHue.
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