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Summary

As traumatic brain injury (TBI) causes the highest level of mortality and disability among all types of mechanical injuries,
forensic authorities pay a lot of attention to investigating the circumstances of its receipt. In turn, in order to reproduce the events
preceded death from TBI, investigative bodies need to know as precisely as possible the time of hemorrhage formation, which
can often be close to the moment of death. Therefore, scientists in the field of forensic medicine are working on the development
of express methods that would allow to geta quick and objective answer to the question of establishing the age of the formation
of a hemorrhage in the substance of the human brain.

The purpose and tasks of the research. To develop, within the framework of the statistical analysis of optical anisotropy
maps, universal forensic medical criteria for the determination of time of haemorrages formation due to TBI, cerebral infarction
of ischemic and hemorrhagic genesis by the method of diffuse tomography of the polycrystalline component of native histological
sections of the brain with algorithmic reproduction of fluctuations in the value of linear birefringence.

Research materials and methods. Native slices of human brain from the parietal area were taken for the study from the dead
with a known time of hemorrhage formation from 1 to 7 days, according to medical documents. The cause of death was traumatic
hemorrhage — 1l group (n=100), ischemic cerebral infarction — I11 group (n=110), non-traumatic hemorrhage — IV group
(n=105), acute coronary insufficiency — I group — control (n=20). In the laboratory of the Institute of Physical, Technical and
Computer Sciences of the Yuriy Fedkovich Chernivtsi National University, studies of the obtained samples were carried out using
a Stokes polarimeter by the diffuse tomography method of reproduction of fluctuations of linear birefringence (FLB).

The evaluation of the obtained results was carried out by means of statistical (statistical moments of the 1st — 4th orders
were determined) and informational analysis (the operational characteristics of the strength of the methods were determined:
sensitivity, specificity and balanced accuracy).

The study was carried out in compliance with the main provisions of the GCP (1996), the Council of Europe Convention on
Human Rights and Biomedicine (from 04.04.1997), the Helsinki Declaration of the World Medical Association on the ethical
principles of conducting scientific medical research with human participation (1964-2013), order of the Ministry of Health of
Ukraine No. 690 dated 23.09.2009, No. 616 dated 03.08.2012 at the Department of Forensic Medicine and Medical Law of
Bukovinian State Medical University as a fragment of the complex research work of the Department of Forensic Medicine and
Medical Law «Using modern morphological and physical methods for diagnosing the time and cause of death, the occurrence of
bodily injuries, the development of their remote and immediate consequences in order to solve the urgent tasks of law enforcement
agencies and current issues of forensic science and practice» 0123U101978. The author is a co-performer of the research work.

Research results. As part of the statistical analysis of the data of the diffuse tomography method, universal forensic criteria
(markers) for determining the age of the formation of hemorrhages were established — asymmetry and excess, which characterize
the temporal transformation of the coordinate distributions of the random values of the optical anisotropy parameters for cases of
TBI, death due to brain infarction of ischemic and hemorrhagic genesis. It was established that degenerative-dystrophic changes
and necrotic destruction of the polycrystalline structure formed by optically active spatially structured protein fibers of nervous
tissue are objectively manifested in statistically reliable linear (within 120 hours) changes in the magnitude of the statistical
moments of the 3rd and 4th orders, which characterize the asymmetry and excess of distributions of random values of the FLB
value of fibrillar networks with the increasing age of the formation of hemorrhages.

Conclusions. Statistical analysis of temporal transformation of maps of optical anisotropy of nervous tissue revealed
universal criteria (statistical moments of the 3rd and 4th orders) for forensic assessment of the age of formation of hemorrhages
of various genesis. By monitoring the time change in the magnitude of statistical moments of the 3rd and 4th orders, which
characterize the asymmetry and excess of distributions of random values of the magnitude of fluctuations in the manifestations
of optical anisotropy of nervous tissue, were determine the duration (120 hours) and the ranges of linear changes in the
values of the following universal detection parameters of occurrence of hemorrhages in case of TBI (WA:O,SE— 3,31); brain
infarction of ischemic genesis (SM,:0,33 — 2,21; SM,:0,48 — 3,5) and brain infarction of hemorrhagic genesis (SM,:0,28 — 1,96;
SM,:0,39 — 2,7). Diagnostic accuracy is 1.5 h = 20 min.
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Introduction

Since traumatic brain injury (TBI) causes the
highest level of mortality and disability among all types
of mechanical injuries, forensic authorities pay a lot
of attention to investigating the circumstances of its
occurrence [1,2]. Due to the high lethality and conditions
of occurrence, almost all those who died from this type
of injury are sent to the forensic medical examination
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bureau for an autopsy to clarify the mechanism and cause
of death [3]. However, sometimes there are cases when,
in the absence of external damage to the soft tissues of
the head, internal examination of the membranes and
hemispheres of the brain reveals sub- or supra-membrane
hematomas and intracerebral hemorrhages. Or in the
literature you can find descriptions of cases when a heart
attack developed against the background of previously
received craniocerebral injuries, and more often the
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situation develops on the contrary [4]. In such cases, in
order to find out the circumstances preceding the death,
the investigating authorities need to know as precisely as
possible the time of the formation of hemorrhage, which
can often be close to the moment of death [5,6]. Therefore,
scientists in the field of forensic medicine are working on
the development of express methods that would allow
to get a quick and objective answer to the question of
establishing the age of the formation of a hemorrhage in
the substance of the human brain.

For a long time, the domestic forensic medical practice
was satisfied with the data obtained through forensic
histological examination, however, the obtained results
usually gave superficial data on the age of the hemorrhage
[7,8]. Computed tomography effectively diagnoses
hemorrhage, but provides little information about its
antiquity [9]. In addition, this is an expensive study that is
not always possible to conduct.

Laser-optical methods [10-16] have demonstrated their
effectiveness in determining the antiquity of processes
in the tissues and fluids of the human body in the field
of forensic medicine [10-16] research, which can testify
to their effectiveness in diagnosing the antiquity of the
formation of hemorrhages [17-19].

The purpose and tasks of the research

To develop, within the framework of the statistical
analysis of optical anisotropy maps, universal forensic
criteria for determining the age of hemorrhage due to TBI,
death due to brain infarction of ischemic and hemorrhagic
genesis by the method of diffuse tomography of the
polycrystalline component of native histological sections
of the brain with algorithmic reproduction of fluctuations
in the value of linear birefringence (FLB) by means
of multichannel linearly and circularly polarized laser
probing followed by polarization filtering of a set of partial
microscopic images of native biological preparations.

Research materials and methods. For research,
native slices of human brain from the parietal area from
the dead with a known time of hemorrhage formation from
6 h to 168 h, according to the data of medical documents.
The cause of death was hemorrhages of traumatic
genesis—I1 group (total number n=100), cerebral infarction
of ischemic genesis — 111 group (n=110), hemorrhage of
non-traumatic genesis— IV group (n=105), acute coronary
insufficiency — | group — control (n=20).

The selected samples of brain substance were
immediately subjected to quick freezing at a temperature
of—70 °C, and further histological sections were made using
a freezing microtome. In the laboratory of the Institute
of Physical, Technical and Computer Sciences named
after Yuriy Fedkovich, studies of the obtained samples
were carried out with the help of a Stokes polarimeter
by the method of diffuse tomography of reproduction of
fluctuations in the value of linear birefringence.

For the forensic assessment of the age of traumatic
hemorrhage, cerebral infarction of ischemic and
hemorrhagic genesis, the following research design
and reconstruction of fluctuations in the parameters of
the optically anisotropic polycrystalline structure of

histological sections of experimental samples from all
groups was developed and implemented [11-19]:

1) Mueller-matrix mapping of test samples using well-
known biomedical and optical techniques [17] of multi-
channel polarization laser probing and analysis of a series
of polarization-filtered microscopic images followed
by algorithmic acquisition of a series of Mueller-matrix
images of the polycrystalline structure of test samples of
all groups.

2) In the time interval from 6 h to 168 h, within each
of the experimental groups 11, 111, 1V, 10 partial subgroups
were formed (for the following times (T, h) after the onset
of death — 6; 12; 18; 24; 48; 72; 96; 144 and 168) with
10-11 samples each.

3) Within each partial subgroup, for each sample of
a native histological section of the brain, the coordinate
distributions of the elements of the differential matrix of
the 2nd order were measured (the biophysical method
of experimental measurements is presented in detail in
a series of publications [17,18]) and on this basis the
coordinate distributions (maps) random values of the FLB
map of protein fibrillar networks were established.

4) Central statistical moments of the 1st to 4th orders
(SM._,.,.5.,), Which characterize the mean (SM,), dispersion
(SM,), asymmetry (SM,) and kurtosis (SM,) of distributions
of random values of the FLB were calculated.

5) For each of the ten (j = 1,2,...,10) «time» partial
subgroups 10 partial subgroups (TJ., h--6;12; 18; 24, 48;
72;96; 120; 144 i 168) mean values SM. and statistical

i=1;2;3;4
errorsm. of each of the four statistical moments SM.

i=1;2;3;4 i=1;2;3;4
were calculated according to the following algorithms

_ Xja(sMy);j _ sA((sMy);) |
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6) Within the limits of each partial group (as the
time increases from the time of hemorrhage formation),
the statistical reliability of the difference between the
determined mean values Wi:m“ and statistical errors
M._, .., Were determined for values of each of the set of
central statistical moments SM_, , .., by establishing the
value of t — Student’s criterion, which corresponds to the
statistical measure p not less than 0,05 - p < 0,001 + 0,05.

7) On this basis, statistically reliable parameters
(markers WF (p <0,05)) were determined within the
set of central moments of the 1st to 4th orders SM_,,..,,
which characterize temporal changes of the coordinate
distributions of random values of the FLB value of native
histological sections of the brain.

8) For such parameters, time dependences of changes
in their values were determined Wiz (T p <0,05).

9) In the obtained time dependences of statistical
markers Wiz (T p <0,05), linear sections were determined,
according to the duration of which the antiquity of the
formation of hemorrhage was found and the accuracy of
its establishment was established.
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The evaluation of the obtained results was carried out
by means of statistical (statistical moments of the 1st—4th
orders were determined) and informational analysis (the
operational characteristics of the strength of the methods
were determined: sensitivity, specificity and balanced
accuracy).

The study was carried out in compliance with the main
provisions of the GCP (1996), the Council of Europe
Convention on Human Rights and Biomedicine (from
04.04.1997), the Helsinki Declaration of the World
Medical Association on the ethical principles of conducting
scientific medical research with human participation
(1964-2013), order of the Ministry of Health of Ukraine
No. 690 dated 23.09.2009, No. 616 dated 03.08.2012 at
the Department of Forensic Medicine and Medical Law
of Bukovinian State Medical University as a fragment of
the complex research work of the Department of Forensic
Medicine and Medical Law «Using modern morphological
and physical methods for diagnosing the time and cause of
death, the occurrence of bodily injuries, the development of

their remote and immediate consequences in order to solve
the urgent tasks of law enforcement agencies and current
issues of forensic science and practice» 0123U101978. The
author is a co-performer of the research work.

Research results

Fragments of a series of figs. 1-3 illustrate the maps
(fragments (1), (3)) and histograms of distributions
(fragments (2), (4)) of random values of the FLB value
of optically active protein structures and networks of
a set of histological sections of nerve tissue of patients
who died from traumatic hemorrhage (Fig. 1), ischemic
cerebral infarction (Fig. 2) and non-traumatic hemorrhage
(Fig. 3) with different age of hemorrhage formation:

e mage (map) size, pixels — 1240920;

e Total number of pixels of the image (map)—1140800;

e To build a histogram within the framework of the
software product MATLAB R2022 100 columns were used,
that is, a step X/100.

Fig. 1. Maps ((1),(3)) and histograms ((2),(4)) of the distribution of FLB value of histological sections
of the brains of the deceased from group 2 for the age of formation of hemorrhages of 6 ((1),(2))
and 24 h ((3), (4)).

.

2

Fig. 2. Maps ((1),(3)) and histograms ((2),(4)) of the distribution of FLB value of histological sections
of the brains of the deceased from group 3 for the age of formation of hemorrhages of 6 h ((1),(2))
and 24 h ((3), (4)).
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Fig. 3. Maps ((1),(3)) and histograms ((2),(4)) of the distribution of FLB value of histological sections
of the brains of the deceased from group 4 for the age of formation of hemorrhages of 6 h ((1),(2))
and 24 h ((3), (4)).

Time dependences of statistically significant values
of statistical moments S_Mi: (T p <0,05) and statistical
errors m_ and their determinations, which characterize
necrotic degenerative-dystrophic changes in the coordinate
distributions of random values of FLB (at an interval of 6

h—168 h) of fibrillar networks of samples of histological
sections of nerve tissue of the brain with different age of
formation of hemorrhages are presented in tables 1-3:
deceased within group 2 (table 1), group 3 (table 2) and
group 4 (table 3).

Table 1

Temporal dynamics of changes in the statistical moments of the 4th orders, which characterize the distributions
of the FLB value of the histological sections of the brains of the deceased from group 2

T, h 6 12 18 24 48
WA +m, 0,33+0,014 0,650,023 0,81+0,035 0,960,039 1,59+0,11
p p <0,05 p <0,05 p <0,05 p < 0,05
T, h 72 96 120 144 168
WA £m, 2,22+0,14 2,86+0,16 3,31+0,23 3,39+0,25 3,14+0,21
p p <0,05 p <0,05 p < 0,05 p > 0,05

Table 2

Temporal dynamics of changes in the statistical moments of the 3rd and 4th orders, which characterize the
distributions of the FLB value of the histological sections of the brains of the deceased from group 3

T,h 6 12 18 24 48
S_M3 £m, 0,33+0,013 0,53+0,018 0,64+0,024 0,73+0,029 1,15+0,088
p p <0,05 p <0,05 p <0,05 p < 0,05
W4 tm, 0,480,015 0,81+0,033 0,95+0,039 1,11+0,053 1,730,078
p p <0,05 p <0,05 p <0,05 p < 0,05
T,h 72 96 120 144 168
W3 tm, 1,54+0,081 1,93+0,092 2,21+0,12 2,29+0,13 2,11+0,11
p p <0,05 p<0,05 p <0,05 p > 0,05
WA tm, 2.22+0,12 2,85+0,14 3,56+0,18 3,62+0,18 3,33+0,15
p p <0,05 p <0,05 p <0,05 p > 0,05
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Table 3

Temporal dynamics of changes in statistical moments of the 3rd — 4th orders, which characterize the
distributions of the FLB value of the histological sections of the brains of the deceased from group 4

T, h 6 12 18 24 48
SM, + m, 0,28+0,13 0,46+0,19 0,57+0,21 0,64+0,025 0,99+0,041
p <0,05 p < 0,05 p <0,05 p < 0,05
} 0,39+0,014 0,630,022 0,750,031 0,87+0,036 1,34+0,11
p < 0,05 p < 0,05 p < 0,05 p < 0,05
T, h 72 96 120 144 168
SM, +m, 1,35£0,11 1,71%0,13 1,96+0,14 2,01+0,15 1,92+0,14
p p <0,05 p <0,05 p <0,05 p > 0,05
W4 tm, 1,84+0,11 2,31+0,18 2,72+0,22 2,81+0,23 2,66+0,22
p p <0,05 p <0,05 p < 0,05 p > 0,05

Statistical analysis of temporal transformation of
maps of optical anisotropy of nervous tissue revealed
universal criteria (statistical moments of the 3rd and 4th
orders) for forensic assessment of the age of formation of
hemorrhages of various genesis. By monitoring the time
change in the magnitude of statistical moments of the 3rd
and 4th orders, which characterize the asymmetry and
excess of distributions of random values of the magnitude
of fluctuations in the manifestations of optical anisotropy
of nervous tissue, were determine the duration (120 hours)
and the ranges of linear changes in the values of the
following universal detection parameters of occurrence
of hemorrhages in case of TBI (SM,: 0,33 — 3,31);
brain infarction of ischemic genesis (SM,: 0,33 — 2,21,
SM,: 0,48 — 3,56) and brain infarction of hemorrhagic
genesis (SM,: 0,28 — 1,96; SM,: 0,39 — 2,72).

The following ranges of change have been identified

The error in determining the age of hemorrhage by
comparing the time dependences S_Mi=3;4: (T p<0,05)
determined by us and experimental data with unknown age
of hemorrhage does not exceed + 20 min with an accuracy
of up to 1.5 hours.

The established regularities of the temporal change
(growth) of the value of statistical markers S_Mi=3;4(T, p<0,05)
within the framework of the biophysical theory [19] of the
necrotic transformation of the optical anisotropy of the
biological tissues of human organs can be related with the
following objective factors:

1) the maximum level of optical anisotropy of protein
networks is determined by the degree of consistency of
their spatial and angular orientation and the distribution
of transverse geometric dimensions of fibrils [19] of
healthy (intact) tissue. Statistically, this is revealed in
the individual for different types of biological tissues,
but the maximum values of the mean SM, and dispersion
SM,, which characterize the distributions of fluctuations
of optical anisotropy parameters. Statistical moments of
higher orders S_Mi:w, which are inversely proportional to
— /T 1 =7 1
SM, (SMs~ s SMa~ s
possible values;

2) degenerative-dystrophic and necrotic changes in
biological tissue morphologically lead to disorder in the

), have the minimum
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spatial-angular orientation of fibrils and their geometric
thinning. Within the framework of the statistical approach,
such changes are quantitatively revealed in the reduction of
the mean SM, and dispersion SM,. Accordingly increase the
values of asymmetry and excess of distributions of random
values of fluctuations in the optical anisotropy of fibrillar
networks of native histological sections of the brain;

3) with the increase in the age of the formation of
hemorrhages, the degree of degenerative-dystrophic and
necrotic changes in the optically anisotropic component
of the brain tissue consistently increases and within the
limit reaches a certain and constant or fluctuating level
of its degradation. Quantitatively, such processes in our
specific studies are detected in a linear increase in the value
of statistical moments of higher orders SM__, , at a certain
time interval (up to 120 hours). Next, the temporal change
of values S_Mi:“(T) is transformed into non-informative
fluctuating statistically unreliable dependencies.

Conclusion

1. Conducted research in forensic medical practice
on the effectiveness of the method of diffuse tomography
of depolarizing histological sections of the brain and
computer reproduction of topographic distributions (maps)
of optical anisotropy fluctuations and their polycrystalline
structure demonstrated a high level of effectiveness in
determining the age of traumatic hemorrhages, ischemic
and hemorrhagic brain infarctions.

2. Statistical analysis of temporal transformation of
maps of optical anisotropy of nervous tissue revealed
universal criteria (statistical moments of the 3rd and 4th
orders) for forensic assessment of the age of formation of
hemorrhages of various genesis.

3. By monitoring the temporal change in the magnitude
of the statistical moments of the 3rd and 4th orders, which
characterize the asymmetry and excess of the distributions
of random values of the magnitude of the fluctuations of the
manifestations of optical anisotropy of the nervous tissue
the time duration (120 hours) and the ranges of the linear
change in the values of the following universal parameters
were determined to detect the time of the formation of
next cases: traumatic brain injuery (W4: 0,33 — 3,31);
cerebral infarction of ischemic genesis (SM,: 0,33 — 2,21;
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W4: 0,48 — 3,56); cerebral infarction of hemorrhagic
genesis (SM,: 0,28 — 1,96; SM,: 0,39 — 2,72).

4. The error in determining the age of hemorrhage
formation by comparing the time dependences
Wi:“ (T p <0,05) determined by us and experimental

the background of the distorting effect of depolarization of
laser radiation.

Therefore, it is urgent to further develop and test
the latest methods of laser tomography to improve the
indicators of forensic medical practice and to study

data with unknown age of hemorrhage does not exceed

VIH the depolarizing laser radiation of brain samples of the
20 min with an accuracy of up to 1.5 h.

deceased.

Prospects for further research

In the future, it is possible to improve the informativeness
of traditional, well-tested methods of Mueller-matrix
mapping of histological sections of biological tissues against

Conflict of interest: none.

Source of funding: self-financing

References:

1. Bertozzi G, Maglietta F, Sessa F, Scoto E, Cipolloni L, Di Mizio G, et al. Traumatic Brain Injury: A Forensic Approach: A Literature
Review. Curr Neuropharmacol. 2020;18(6):538-50. doi: 10.2174/1570159x17666191101123145

2. Asken BM, Rabinovici GD. ldentifying degenerative effects of repetitive head trauma with neuroimaging: a clinically-oriented
review. Acta Neuropathol Commun [Internet]. 2021[cited 2023 Aug 22];9(1):96. Available from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC8141132/pdf/40478_2021_Article_1197.pdf doi: 10.1186/s40478-021-01197-4

3. Mimanos B/, I'ypina OO, Xoxonesa TB, Kozaus HM, [lynaes OB. CynoBo-MenuuHa oniHka naroMopdoIoTriqYHuX 3MiH Mpu
BHYTpIIIHbOUYEPEHNX YKo DkeHHs X, Kuis; 2018. 125c¢.

4. Bahri R, Sharma RS, Jain V. Mineralizing angiopathy with basal ganglia stroke after minor head trauma; a clinical profile and follow
up study of a large series of paediatric patients from North India. Eur J Paediatr Neurol. 2021:33:61-7. doi: 10.1016/j.ejpn.2021.05.011

5. Savka IH, Kozan NM, Dunaiev OV, Oliinyk Ilu. Vstanovlennia tochnykh kryteriiv diahnostyky davnosti nastannia smerti v
sudovo-medychnii praktytsi [Establishment of accurate criteria for diagnosis of the time since death in forensic medical practice].
Sudovo-medychna ekspertyza. 2021;1:18-24. doi: 10.24061/2707-8728.1.2021.3 (in Ukrainian)

6. Savka IH, Kryvetskyi VV, Kozan NM. Suchasni mozhlyvosti ta perspektyvy doslidzhennia ridyn ta seredovyshch orhanizmu
liudyny dlia diahnostyky chasu nastannia smerti [Modern possibilities and prospects of research of fluids and environments of the
human organism for the time of death estimation]. Bukovynskyi medychnyi visnyk. 2020;24(3):179-84. doi: 10.24061/2413-0737.
XX1V.3.95.2020.90 (in Ukrainian)

7. Dettmeyer RB. The role of histopathology in forensic practice: an overview. Forensic Sci Med Pathol. 2014;10(3):401-12.
doi: 10.1007/s12024-014-9536-9

8. Harazdiuk M. Dyferentsiini mozhlyvosti metodu zabarvlennia histolohichnykh preparativ za perlsom dlia vstanovlennia davnosti
utvorennia krovovylyvu travmatychnoho ta netravmatychnoho genezu v rechovynu holovnoho mozku [Differential possibilities of
the method of staining histological speciments by perls for establishing the time of formation of traumatic and nontraumatic genesis
hemorrhages]. Sudovo-medychna ekspertyza. 2022;1:40-4. doi: 10.24061/2707-8728.1.2022.6 (in Ukrainian)

9. Peng Q, Chen X, Zhang C, Li W, Liu J, Shi T, et al. Deep learning-based computed tomography image segmentation and volume
measurement of intracerebral hemorrhage. Front Neurosci[Internet]. 2022[cited 2023 Aug 29];16:965680. Available from: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC9575984/pdf/fnins-16-965680.pdf doi: 10.3389/fnins.2022.965680

10. Pavliukovych O, Pavliukovych N. Doslidzhennia chasovoi dynamiky zminy stupenia depoliaryzatsii lazernoho vyprominiuvannia
tkanynoiu holovnoho mozku [Research of time dynamics of change of the step of depolarization of laser radiation by tissue of the main
brain]. Sudovo-medychna ekspertyza. 2022;1:87-93. doi: 10.24061/2707-8728.1.2022.13 (in Ukrainian)

11. Dubolazov OV, Sakhnovskyi Mlu, Olar OV, Hryhoryshyn PM, Ushenko Yu O. Prostorovo-chastotna filtratsiia poliaryzatsiinykh
proiaviv liniinoho ta tsyrkuliarnoho dvopromenezalomlennia polikrystalichnoi struktury plivok plazmy krovi liudyny [Spatial-frequency
filtration of polarization manifestations of linear and circular birefringence of polycrystalline structure of human blood plasma films].
Optyko-elektronni informatsiino-enerhetychni tekhnolohii. 2019;37(1):17-23. doi: 10.31649/1681-7893-2019-37-1-17-23 (in Ukrainian)

12. Zabolotna NI, Sholota V'V, Zahoruiko VI. Systema bahato parametrychnoho poliaryzatsiino-fazovoho kartohrafuvannia
biolohichnykh shariv iz binarnoiu klasyfikatsiieiu. Optyko-elektronni informatsiino-enerhetychni tekhnolohii [System of multi-parametric
polarization-phase mapping of biological layers with binary classification]. 2021;42(2):44-52. doi: 10.31649/1681-7893-2021-42-2-4
4-52 (in Ukrainian)

13. Peyvasteh M, Dubolazov A, Popov A, Ushenko A, Ushenko Y, Meglinski I. Two-point Stokes vector diagnostic approach for
characterization of optically anisotropic biological tissues. J Phys D: Appl Phys [Internet]. 2020[cited 2023 Aug 22];53:395401. Available
from: https://iopscience.iop.org/article/10.1088/1361-6463/ab9571/pdf doi: 10.1088/1361-6463/ab9571

14. Ushenko O, Zhytaryuk V, Dvorjak V, Martsenyak 1V, Dubolazov O, Bodnar BG, et al. Multifunctional polarization mapping
system of networks of biological crystals in the diagnostics of pathological and necrotic changes of human organs. In: Mohseni H,
Agahi MH, editors. Conference materials SPIE NANOSCIENCE + ENGINEERING Biosensing and Nanomedicine XII [Internet];
2019 Sep 11-15; San Diego. California: San Diego; 2019[cited 2022 Jan 22];11087. Available from: https://www.spiedigitallibrary.
org/conference-proceedings-of-spie/11087/110870S/Multifunctional-polarization-mapping-system-of-networks-of-biological-
crystals-in/10.1117/12.2529362.full doi: 10.1117/12.2529362

15. Olar OV, Ushenko VO, Sakhnovskyi YuO, Ushenko OV, Dubolazov OV, Ushenko OH, ta in. Metody i zasoby azymutalno-
invariantnoi Miuller-matrychnoi poliarymetrii optychno-anizotropnykh biolohichnykh shariv [Methods and means of asymutal-invariant
muller matrix polyarimetry of optical and anisotropic biological layers]. Biofizychnyi visnyk. 2019;41:52-62. doi: 10.26565/2075-381
0-2019-41-04 (in Ukrainian)

16. Harazdiuk MS. Wznachennia davnosti utvorennia krovovylyviv travmatychnoho ta netravmatychnoho heneziv u rechovynu
holovnoho mozku liudyny metodom rekonstruktsii rozpodiliv velychyny fluktuatsii liniinoho dykhroizmu [Time since hemorrhages of
traumatic and non-traumatic genesis into the substance of the human brain formation using distribution of linear dichroism fluctuations
reconstruction]. Sudovo-medychna ekspertyza. 2021;1:25-35. doi: 10.24061/2707-8728.1.2021.4 (in Ukrainian)

113



HEOHATONOTIA, XIPYPrISl TA NEPUHATANIbHA MEAULUVHA T. XIv, Ne 2(52), 2024

NEONATOLOGY, SURGERY AND PERINATAL MEDICINE voL. xiv, Ne 2(52), 2024 KEY TITLE: NEONATOLOGIA, HIRURGIA TA PERINATAL'NA MEDICINA (ONLINE)
ABBREVIATED KEY TITLE: NEONATOL. HiR. PERINAT. MED. (ONLINE)

ISSN 2226-1230 (PRINT) ISSN 2413-4260 (ONLINE)

17. Ushenko V, Sdobnov A, Syvokorovskaya A, Dubolazov A, Vanchulyak O, Ushenko A, et al. 3D Mueller-matrix diffusive
tomography of polycrystalline blood films for cancer diagnosis. Photonics[Internet]. 2018[cited 2024 Jan 4];5(4):54. Available from:
https://www.mdpi.com/2304-6732/5/4/54 doi: 10.3390/photonics5040054

18. Peyvasteh M, Tryfonyuk L, Ushenko V, Syvokorovskaya A-V, Dubolazov A, Vanchulyak O, et al. 3D Mueller-matrix-
based azimuthal invariant tomography of polycrystalline structure within benign and malignant soft-tissue tumours. Laser Physics
Letters[Internet]. 2020[cited 2024 Jan 18];17(11):115606. Available from: https://iopscience.iop.org/article/10.1088/1612-202X/abbee0
doi:10.1088/1612-202X/abbee0

19. Ushenko AG, Dubolazov AV, Litvinenko OY, Bachinskiy VT, Bin L, Bin G, et al. 3D polarization correlometry of object
fields of networks of biological crystals. In: Fourteenth International Conference on Correlation Optics; 2019 Sep 16-19; Chernivtsi.
Proc SPIE[Internet]. 2020[cited 2023 Dec 29];11369:113691M. Available from: https://www.spiedigitallibrary.org/conference-
proceedings-of-spie/11369/113691M/3D-polarization-correlometry-of-object-fields-of-networks-of-biological/10.1117/12.2553942.
full doi: 10.1117/12.2553942

BUKOPUCTAHHS METOAY JU®Y3HOI TOMOT PA®II JIJIsI JTOCJIIIKEHHS JTABHOCTI YTBOPEHH S
KPOBOBUJIMBIB Y PEHOBUHY I'OJIOBHOI'O MO3KY JIIOAUHHU

M. C. I'apa3zoiwx

BykoBuHCBHKHIi Nep:kaBHMII MeJUYHMIT YHiBepcuTeT
(YepHiBui, Ykpaina)

Pesrome.

Tax sik yepenHo-Mo3koBa Tpasma (UMT) cepen ycix BHIIB MEXaHIYHHX MOIIKO/DKCHb CIIPUYHHSE HANBUIMI PIBEHb CMEPTHOCTI
Ta IHBAJNIIU3aIlil, TOMY CYIOBO-CJiI4l OpraHH MPUAIISIOTE 0araTo yBaru po3ciiyBaHHIO 00CTaBUH ii oTpuMaHHs. J[is 3’sicyBaHHS
obcTaBuH, 110 nepeaysain cmepti Bix UMT, opranam ciincTBa HE0OXiHO 3HATH SIKOMOTA TOYHIIINI Yac yTBOPEHHsI KPOBOBUIIUBY,
KU HepiKo Mo)ke OyTH HAaOIMKEHHM 1 10 MOMEHTY HacTaHHs cMepTi. ToMy HayKoBL y raiy3i CyZoBoi MEIUIMHU HPALIOIOTh HaJ
PO3pOOKOIO eKCIIPeCc-METOAIB, SIKi O JO3BOIMIN MIBUAKO Ta 00’ €KTHBHO BiATIOBICTH Ha MIMTAHHS BCTAHOBIECHHS JaBHOCTI YTBOPEHHS
KPOBOBHJIMBY y PEYOBHHY I'OJIOBHOTO MO3KY JIFOIHHH.

Mera i 3aBganns gocaaigpxennsi. Po3poOuTy B paMKax CTaTHCTHYHOTO aHaJIi3y Mall ONITHYHOI aHi30TPOII YHIBEpCallbHi CYI0BO-
MEIMYHI KpUTEpii BU3HAUCHHS JTaBHOCTI YTBOPEHHS KPOBOBMWIMBIB BHacHinok YMT, cmepTi BHACTIAOK iHpApKTy MO3KY iMIEMi4HOTO
Ta reMOpariqyHoro reHe3iB MeToaoM Iudy3Hoi ToMorpadii MOMKpPUCTANIYHOT CKIaA0BOT HATUBHHUX TiCTOIOTIYHHUX 3pi3iB MO3KY 3 aJro-
PUTMIYHHUM BiATBOPEHHSM (IYKTYyalliil BETMYMHH JIIHIHHOTO ABOIPOMEHE3JIOMIICHHSL.

Marepiaan Ta MeToau aociaiizKeHHs. J1s 1ociiKeHHS BiqOUpaNncs HATUBHI 3pi3H PEUOBHHU TOJIOBHOTO MO3KY JIFOIWHU 3i
CKPOHEBHX Ta TiM SIHOT IIISHOK Bijl TOMEPIHX i3 BiIOMHM 4acoM yTBOPEHHs KPOBOBMIUBY Bif 1 10 7 mi0, 3riiHO AaHUX MEAUYHHX
nokyMenTiB. [Ipuunnoro cmepti Oyinu kposoBuausu Tpasmaruunoro reresy (KTI) — 11 rpyna (n=100), inpapkr Mo3Ky imemiuHOro
renesy (IIM) — I1I rpyna (n=110), kxpoBosuiue HerpasMaruanoro renesy (KHI) — IV rpyna (n=105), roctpa KOpoHapHa HEAOCTATHICTH
— I rpyna — koutpons (n=20). V naboparopii [HcTUTYTY (hi3HKO-TEXHIYHHX Ta KOMIT IOTEPHHUX HAayK YepHIBEIBKOr0 HAIlIOHAIBHOTO
yHiBepcutety iMmeHi FOpist enpkoBuda OyIu MpoBeieHi JOCIIPKEHHST OTPUMAHNX 3pa3KiB 3a 10MoMOror CTOKC-TOISIPUMETPa METOI0M
mudy3HOi Tomorpadii BinTBopeHHs (urykryariii giniiiHoro qeonpomenesatomiens (DOJIT).

JlocmipKeHHSI BUKOHAHE 3 IOTPUMaHHAM 0CHOBHUX monoskeHb GCP (1996 p.), Konsentiii Pagu €Bportu nmpo mpasa JroanHy Ta 6io-
meuirny (Big 04.04.1997 p.), Tenbcincnkoi nekiapaitii BeecBiTHROT MEIMYHOT acOMiallii po eTHYHI TPUHIIUATIN IPOBEICHHS HAyKOBHX
MEIMYHMX JOCIIKEeHb 3a yyacTio moauau (1964-2013 pp.), nakazy MO3 Vkpainu Ne 690 Bix 23.09.2009 p., Ne 616 Big 03.08.2012 p.
Ha Kadeapi cy/10BOi MEANIMHN Ta MEAWYHOTO NPABO3HABCTBA ByKOBUHCHKOTO /IepKaBHOTO MEJUYHOTO YHIBEPCUTETY K (hparMeHT
KOMIIIEKCHOI HayKOBO-IOCIIiTHOT poOOTH Kadeapy CyI0BOT MEJUIIHHI Ta MEIHYHOTO TPAaBO3HABCTBA « BUKOPHUCTAaHHS CydacHHX MOp-
(hororiyHmX Ta (i3UIHIX METO/IB VIS JIarHOCTHKH Yacy Ta MPUYUHU HACTAHHS CMEPTi, BAHUKHEHHS TUIECHUX YIIKOIKEHB, PO3BUTKY
BiZIaJIEHUX Ta HAOMMKEHUX iX HACHIAKIB 3 METOIO BUPILICHHS HaraJbHHUX 3aBIaHb IPABOOXOPOHHUX OPraHiB Ta aKTyaJbHUX MUTAaHb
cynoBo-MenuyHoi Hayku Ta npaktuki» 0123U101978. ABTop € criBBHKOHABIIEM HayKOBO-IOCITIHOT POOOTH.

OuiHKa OTPUMAHKX PE3YJIBTATIB IPOBOJHMIIACS LUISIXOM CTATUCTUYHOTO (BU3HAYAINCS CTATHCTHYHI MOMEHTH 1-r0 — 4-ro MOpsi/IKiB)
Ta iHpopMaIiifHOTO aHai3y (BU3HAYAIMCS OIEpalliiiHi XapaKTepUCTUKH CHIIM METO/IB — Yy TJIMBICTh, CHIEHU(IYHICTh 1 30anaHCcOBaHa
TOYHICTB).

PesyabraTu qocaigkeHHs. B paMkax cTaTHCTHYHOTO aHAII3y JAaHUX METOLY MUQy3HOI ToMorpadii ycTaHOBIEHI YHIBEpcalbHi
quist Bunaakis YMT, cmepti BHACHiIoK iH(papKTy MO3KY ilIEMiYHOTrO Ta FeMOpariqyHoOro TeHesiB, CyI0BO-MeAnYHI KpuTepii (MapKepH)
BH3HAYEHHS J1aBHOCTI yTBOPEHHS KPOBOBHJIMBIB — aCHMETPIs 1 €KCIEC, sIKi XapaKTePU3yIOTh YacOBY TPaHC(OPMAIIIF0 KOOPIUHATHIX
PO3MOALTIB BUMAIKOBHUX 3HAYCHb BEINYUHN ITapaMeTPiB ONTHYHOT aHi30Tpomii YCTaHOBIIEHO, IO AeTeHepaTHBHO-UCTPOGIUHI 3MiHN
1 HEKpOTUYHA PyHHAILS NOMIKPUCTANIIYHOT CTPYKTYPH, cPOPMOBAHOT ONITHYHO AKTUBHHUMH IPOCTOPOBO-CTPYKTYPOBAaHHUMH MPOTETHO-
BHMH BOJIOKHAMH HEPBOBOI TKAHMHH 00’ €KTHBHO BUSBJISIOTBCS y CTATUCTHYHO JOCTOBIpHUX JiHilHKUX (Ha mpotsizi 120 rox.) 3minax
BEJINYMHU CTATUCTUYHUX MOMEHTIB 3-T0 1 4-T0 TIOPSIKIB, SIKi XapaKTepU3yI0Th aCHMETPII0 Ta eKCIIEC PO3MO/IiIiB BUIAAKOBUX 3HAYCHD
BesinurHU DJIJ] hiOpHISpHUX CITOK 3 YaCOM 3pOCTaHHS JaBHOCTI YTBOPEHHS KPOBOBHJIHBIB.

BucnoBku. CratucTi4HuUil aHaii3z 4acoBoi TpaHcdopMarii Man ONTHYHOI aHI30TPOIIT HEPBOBOT TKAHMHU BUSIBUB yHIBEpCallbHI
Kputepii (crarucTHdHI MOMEHTH 3-T0 1 4-T0 MOPSIIKIB) TS CYA0BO-MEAUTHOTO O HIOBAHHSI ITABHOCTI YTBOPEHHST KPOBOBUIIUBIB Pi3HOTO
reHe3y. LLI1s1xoM MOHITOPHHTY 4acOBOi 3MiHU BEJIMYNHN CTATUCTHYHUX MOMEHTIB 3-T0 1 4-r0 MOpsIAKIB, SIKi XapaKTepH3yIOTh aCUMETPII0
Ta eKCLeC PO3IOALTIB BUMNAIKOBHUX 3HAYE€Hb BEJINYMHH (DITyKTyallil IPOSIBIB ONITHYHOI aHi30TPOII] HEPBOBOT TKAHWHH, BU3HAYEHO YaCOBY
tpuBaticts (120 rox.) i xiana3onu JiHIHHOT 3MiHH 3HAYEHb HACTYITHUX YHIBEPCATbHHUX TAPAMETPIB 3 ICTEKTYBAHHSI JABHOCTI yTBOPEHHS
sunaakis UMT (); inapkTy Mo3Ky imemiuroro () Ta remopariudoro () reHesis. TouHiCTh AiarHOCTHKH cTaHoBUTH 1,5 Tox + 20 XB.

Kuarwo4osi ciioBa: YeperHo-MO3KOBa TPaBMa; CyZ0Ba MEIUIIMHA; Yac YTBOPSHHS KPOBOBHMIIMBY; JMdy3Ha TOMOrpadis.
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