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ABSTRACT

A new digital technique for objective differential diagnosis of the septic process severity was developed and
experimentally tested by phase mapping of microscopic images of histological sections of polycrystalline internal organs
and blood films of laboratory rats. the results of statistical analysis of histological sections of the internal organs of rats
from control group 1 and research groups 2 to 4 with different severity of septic pathology are presented.

Keywords: polarization, Jones matrix, biological crystals, diagnostics

1. INTRODUCTION

Representative variances of the samples of histological sections of the internal organs of the following groups of rats are
formed:

1) Intact rats - "control" group 1 (39 samples)
2) Sick rats (sepsis - light form) - "research" group 2:
a. duration 12 hours. (39 samples) - “research” subgroup 2.1;
b. duration 48 hours. (39 samples) - "research" subgroup 2.2.
3) Sick rats (sepsis - middle form) - "research" group 3:
a. duration 12 hours. (39 samples) - “research” subgroup 3.1;
b. duration 48 hours. (39 samples) - "research" subgroup 3.2..

2. METHOD FOR MEASURING COORDINATE DISTRIBUTIONS OF PHASE SHIFTS
BETWEEN ORTHOGONAL COMPONENTS OF THE AMPLITUDE OF THE LASER
RADIATION FIELD

This method is based on the formalism of the Jones matrix, the measurement scheme of which is classical and is
presented in detail in works of 1. Wang', Tuchin’, or Yao™:

U ={P}{D}{4}U, O

were {P} - polarizer Jones matrix; {D} - Jones matrix of an optically uniaxial birefringent biological crystal; {A} -

. . 1-
analyzer Jones matrix; U, - Jones vector of the incident laser wave; U - Jones vector converted laser wave ',
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To directly experimentally determine the coordinate distribution of phase shifts & (x, y)between the orthogonal amplitude
components at the points 7 <> (x, y) of the laser image of the optically anisotropic layer [6], it was proposed [6, 7] to

place its sample between two crossed polarizing filters — quarter-wave plates and polarizers, the transmission planes of
which are angles with axes of maximum speed +450 and - 450.

The amplitude E of the converted laser beam in such an experimental arrangement is determined by the equation
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The solution to the matrix equation (2) is the intensity / (5) value at the point with the coordinates (x, y) of the laser
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here {®1}, {2} denote Jones matrices of quarter-wave plates.

image of the biological crystal [4,9,10].
_pp® _ 7 2
1(5)= EE® = I,sin [%] 3)

An experimental measurement of the coordinate distributions of the magnitude of the phase shifts was carried out at the
location of the laser micro-polarimeter, the optical scheme of which is given in scientific papers [10] and is presented in
our work in Fig. 1.

1 2 3 4 5 6 7 8 9 10 11

Figure 1. Optical design of a micro-polarimeter. Here: 1 - He-Ne laser; 2 - collimator; 3, 5, 8 - quarter-wave plates; 4, 9 -
polarizer and analyzer, respectively; 6 - object of study; 7 - microlens.

The irradiation was carried out by a parallel beam (& = 10* pm) of a He-Ne laser (A = 0.6328 pm) 1. A circularly
polarized right beam was formed using a polarizing illuminator (quarter-wave plates 3, 5, and polarizer 4). The image of
layers of biological tissues or fluids 6 was projected using a microlens 7 into the plane of the photosensitive area
(800x600) of the CCD camera 10.

By rotating the transmitting axis of the analyzer 9 by an angle ® =—45° relative to the axis of the maximum speed of
the quarter-wave plate 8, the conditions for transmitting left-circularly polarized oscillations of the laser image [, 5(m X n)

points for each individual pixel (mn) of the CCD camera were formed.

Then, according to relation (3), the coordinate distributions (phase maps) of phase shifts 5(m><n) between the
d 9,10,11-

orthogonal components of the laser radiation amplitude of the image of the biological object were calculate

3. DIFFERENTIAL DIAGNOSIS OF SEPSIS SEVERITY ACCORDING TO PHASE MAPS
OF IMAGES OF HISTOLOGICAL SECTIONS OF THE SPLEEN

In a series of fragments of fig. 2 - fig. 3 shows phase maps (left column) of microscopic images of histological sections

of the spleen and histograms of the distribution of phase shifts (right column) determined for biological preparations of

rats from group 1 (fig. 2, (top row)), group 2.1 (fig. 2, (bottom row)), groups 3.1 (fig. 3, (top row)) and groups 4.1 (fig. 3,
(bottom row)).
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Figure 2. Phase maps and histograms of the distributions of the magnitude of phase shifts at the points of microscopic
images of histological sections of the spleen of rats from group 1 and group 2.1.
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Figure 3. Phase maps and histograms of the distributions of the magnitude of phase shifts at the points of microscopic
images of histological sections of the spleen of rats from group 3.1 and group 4.1.

A comparative analysis of the results of polarizing microscopic phasometry of microscopic images of the polycrystalline
component of histological sections of the spleen has found:

e the presence of phase shift distributions, which are formed by the optical anisotropy mechanisms of the
polycrystalline component of samples from all groups;

o the dependence of the statistical distributions of the magnitude of the phase shifts (right columns) at the points of
digital microscopic images of histological sections of the spleen on the state of rats - healthy and septic affected;

o the difference for the intact and research groups of rats of the topographic and statistical structure of phase maps
(left columns) of polarized-filtered digital microscopic images of biological preparations;

o the dependence on the severity of the septic process of the position of the main extreme of the histograms and the
range of variation in the magnitude of the phases in the polarized filtered microscopic images (right columns in
fig. 2 and fig. 3, respectively).
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The quantitatively detected transformations of phase maps are illustrated by the statistical analysis data shown in table 1.

Table 1. Statistical parameters of phase maps of microscopic images of histological sections of the spleen '%.

Group 1 Group 2 Group 3 Group 4
Groups Intact Sepsis (light) Sepsis (middle) Sepsis (severe)
(n=39) (n=39) (n=39) (n=39)
Duration 0 h. 21(12h) | 22@8h) | 3.1(12h.) | 32(48h.) | 41(12h.) | 4.2 (48h.)

Average,S 1,23 £0,059 | 1,02 £0,044 | 0,85 +0,038 | 0,72 +0,033 | 0,56 +0,021 | 0,43 +0,027 | 0,36 +0,022
Dispersion, D | 1,04 £0,043 | 0,89 +0,041 | 0,66 +0,028 | 0,48 £0,021 | 0,34 +0,014 | 0,26 0,015 | 0,21 +£0,014
Asymmetry,4 | 0,78 £0,035 | 0,99 +0,051 | 1,28 £0,059 | 1,53 0,067 | 1,81 +0,082 | 2,03 +0,12 | 2,11 +0,13

Excess, £ 1,78 £0,077 | 1,45 +£0,068 | 1,21 +0,055 | 0,99 £0,041 | 0,72 +0,033 | 0,62 £0,036 | 0,55 +£0,031

A comparative analysis of the values of the set of statistical moments of the Ist - 4th orders that characterize the
histograms of the phase distributions at the points of microscopic images of histological sections of the spleen revealed:
1) Central statistical moment of the 1st order (average S ):
a. the average group S value within the range of representative samples "group 1 - group 4" decreases
from 1.23 to 0.36;
b. intergroup differences - statistically significant ( p,.,, p,.s> Psoa> Prrs = );
2) The central statistical moment of the 2nd order (dispersion D ):
a. the average group dispersion within the set of representative samples “group 1 - group 4” decreases
from 1.04 to 0.31;
b. intergroup differences - statistically significant for all groups ( p,.,, Py.35 Py.s Prs = );
3) The central statistical moment of the 3rd order (asymmetry A4 ):
a. the average group value of asymmetry A within the aggregate of representative samples “group 1 -
group 4” grows in the range from 0.78 to 2.11;
b. intergroup differences - statistically significant for all groups ( p,.,, Py.5» Py.ss Prus = )
4) The central statistical moment of the 4th order (excess E ):
a. the group average excess £ within the range of representative samples “group 1 - group 4” decreases
from 1.78 to 0.55;
5) intergroup differences - statistically significant ( p,.,, p,.5» Ps.4» Pos < ).

6) For all statistical moments, the intergroup differences "4.1-4.2" are statistically unreliable p,, ,, =

4. OPERATIONAL CHARACTERISTICS OF THE STRENGTH OF THE METHOD OF
DIFFERENTIAL DIAGNOSIS OF SEPSIS SEVERITY ACCORDING TO PHASE MAPS
OF IMAGES OF HISTOLOGICAL SECTIONS OF THE SPLEEN

When conducting an information analysis of the data of the polarization-phase microscopy method, we will use the
terminology — “operational characteristics of the diagnostic force” *~'*:

e Interpretation "positive" for rats with the presence of the disease - "truly positive case" — (TP =a).

e Interpretation "negative" for rats with no disease - "true negative case"—- (TN =c).

e Interpretation "positive" for rats with no disease - "false positive case" — (FP=5b).

e Interpretation "negative" for rats with the presence of the disease - "false negative case"— ( FN =d ).
The following group of operational characteristics is applied. Sensitivity (Se) i.e. the proportion of correct positive
results (7P) of the phasemetry of biological preparations of all sick rats (D, ) Se=7P/D, -100%. Specificity (Sp) —

this is the proportion of correct negative results 7N of the phasemetry method of biological preparations among a group
of healthy rats (D_) Sp=TN/D_-100%. Accuracy ( Ac) — proportion of correct results (7P+7TN) of the phase

preparation test of biological preparations among all the studied rats (D, +D ) Ac = %100% .

+
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Table 3. Information on video and audio files that can accompany a manuscript submission.

Groups “1-(2,3,4) “2-3” “2-4” “3-4”
a=31;b=8 a=3Lb=8; a=31;b=8 a=31b=8
Average,S {c=30;d=9} {c=29;d=10} {c—30 d= 9} {c 30;d = 9}
78,2 76,9 78,2 78,2
a=3Lb=§ a=30;b=9; a=3Lb=§ a=3Lb=§
Dispersion, D {c =31;d = 8} {c 30;d = 9} {c 30;d = 9} {c 30;d = 9}
79,5 76,9 78,2 78,2
a=37b=2; a=37;b=2; a=37;b=2; a=33b=06;
Asymmetry,4 {c 37,d = 2} {c 35;,d = 4} {c=36,d 3} {0:33,51 6}
94,8 92,3 93.6 84,6
a=35b=4 a=36;b=3; a=37b=1; a=3Lb=§
Excess, E {c 36;d = 3} {c 35,d = 4} {c 36;d = 3} {c 30;d = 9}
94,8 78,2
Groups “2.1-2.2” “3.1-3.2” “4.1-4.27
a=32%b=T, a=30;b=09; a=22;b=17;
Average,S {c:32,d 7} {c:29;d:10} {czzo;d _19}
82,1 75,6 53,2
a=30,b=09; a=28,b=11 a=22;b=17,
Dispersion, D { =29;d = 10} {c =28;d =11 } {c =22;d = 7}
75,6 70,5 55,4
a=36;b=3; a=35b=4; a=24;b=15;
Asymmetry,4 {c =36;d =3 } {c 34d =5 } {c =23,d =16 }
92,3 88,5 60,3
a=35b=4 a=34;,b=5, a=22;b=17,
Excess, £ {0234,0’ 5} {c:Bl,d 8} {c=22;d_17}
88,5 83,3 55,4

The following ranges of maximum balanced accuracy were identified:

e intact - patients "1 - (2,3,4)" - excellent quality Ac(A.E)z 91% —94,8%;

e light - medium grade "2-3" - excellent quality AC(A.E ): 91%-92,3% ;
e light - severe degree "2-4" - excellent quality Ac(A)= 92,3%;

e medium - severe degree "3-4" - good quality AC(A): 84,6% ;
e internal group light degree "2.1 - 2.2" - excellent quality Ac(A.E)z 91%—-93,6%;
e the internal group average degree "3.1 - 3.2" - very good quality Ac(A): 88,5%;

e the internal group severe degree "4.1 - 4.2" - unsatisfactory quality Ac < 70%.

CONCLUSIONS

The optical arrangement of the system of phasometric mapping of microscopic images of histological sections of the
internal organs of laboratory rats was experimentally tested. An album of maps of the distribution of the magnitude of
the phase points of a digital microscopic image of histological sections of internal organs and blood films from control
group 1 and research groups 2—4 with different severity of septic pathology was obtained. The most diagnostic-sensitive
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statistical criteria for the differentiation of phase maps of microscopic images of histological sections of the internal
organs of rats from control group 1 and research groups 2 - 4 with different septic pathology severity were found. The
operational characteristics of the diagnostic strength of the method of polarization-phase microscopy of histological
sections of tissues of the internal organs of the control and experimental groups are determined. Established balanced
accuracy:

e - differentiation of healthy and septic rats;

e - intergroup differentiation of septic process severity in sick rats;

e - intra-group differentiation of septic patients in rats.
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