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DIAGNOSTICS OF THE DEGREE OF BLOOD LOSS BY THE METHOD OF
STATISTICAL ANALYSIS OF MAPS OF OPTICAL ACTIVITY OF THE
POLYCRYSTALLINE COMPONENT OF BIOLOGICAL TISSUES AND FLUIDS
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Bukovinian State Medical University, Chernivtsi, Ukraine

Summary. The research was conducted to create a reliable and accurate approach to
determining the volume of blood loss, which will allow forensic experts to increase objectivity and
accuracy in establishing the causes and circumstances of death, as well as assessing the degree of
traumatic injuries, and will help ensure more reliable examination results in forensic practice.

The aim of the work is to develop and evaluate the effectiveness of a method for differential
diagnosis of the degree of blood loss in corpses using statistical analysis of optical activity maps of
the polycrystalline component of biological tissues and fluids.

Material and methods. The study material was brain, kidney and blood samples (n=124) from
corpses aged 18 to 60 years with a previously known blood loss volume from Omm?3 to 2500mm?.
The study was conducted using the method of multiparametric differential Muller matrix tomography,
which allows detecting changes in the structure of polycrystalline elements of biological tissues at
different degrees of blood loss. Calculation of digital values was performed using a laser polarimeter
of a standard scheme, further statistical processing was performed using MS® Excel® 2010™ and
Statistica® 7.0 software.

Results. For all studied biological samples, the method demonstrates high sensitivity in the
range of blood loss volume from 0 mm? to 1500 mm® with an accuracy level of 86%-92%. Within the
range of blood loss volume from 2000 mm? to 2500 mm?® the accuracy of the method decreases to 56%-
68%. The maximum level of accuracy is achieved for statistical parameters of kidney samples
(SM4>86%-92%), brain (SMs<—86%-90%) and blood films (SM2«90%-92%), which characterize
the Muller matrix maps of circular birefringence.

Conclusions. Based on the conducted study, the high efficiency of the multiparametric Muller
matrix differential tomography method in determining the degree of blood loss within the volume of
lost blood A V=0mm*+1500mm® was established. The obtained results demonstrate that this method
allows for an objective assessment of structural changes in biological tissues and fluids caused by
blood loss. This makes it a unique tool for objectively determining the volume of blood loss.
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Introduction. Determining the extent of blood loss is one of the key aspects of forensic medical
examination during the investigation of the causes and circumstances of death. Massive blood loss
can be both the direct cause of death and a concomitant factor that complicates the overall clinical
picture of traumatic injuries [1, 2]. Assessing the volume of blood loss is crucial in conducting
forensic medical examination of a corpse for the accurate interpretation of the mechanisms of injury
and establishing the sequence of events. However, existing methods for determining blood loss, such
as visual assessment or biochemical tests, do not always meet high standards of accuracy and can be
subjective or depend on many factors. Often, due to postmortem changes, as well as in the case of
external blood loss, it is quite difficult to establish their exact volume [2-4].

Modern methods, such as optical analysis of polycrystalline tissue structures, can solve this
problem, as they make it possible to detect changes at the microscopic level that correspond to
different degrees of blood loss. [5]. In our opinion, the use of optical technologies in forensic practice
opens new opportunities for differential diagnostics, allowing us to obtain additional information
about structural changes in tissues caused by blood loss [6-8].

The proposed method of statistical analysis of optical activity maps of the polycrystalline
component of biological tissues and fluids can significantly increase the accuracy of diagnostics,


http://forensic.bsmu.edu.ua/

Cydoso-MeduyHa ekcnepmus3a, 2024, Ne2 http.//forensic.bsmu.edu.ua

allowing to establish the volume of blood loss with high accuracy and sensitivity. This, in turn, will
contribute to the objectivity of forensic medical examination and increase the reliability of the
obtained results, which is of critical importance for ensuring justice.

The aim of the work is to develop and evaluate the effectiveness of a method for differential
diagnosis of the degree of blood loss in corpses using statistical analysis of optical activity maps of
the polycrystalline component of biological tissues and fluids.

Material and methods. The study material was brain, kidney and blood samples (n=124) from
deceased persons aged 18 to 60 years. According to the previously known volume of blood loss, all
samples were divided into the following groups: group 1 (control) — 0 mm?® (n=10); group 2 —
500+100 mm?® (n=14); group 3 — 1000+100 mm? (n=25); group 4 — 1500+100 mm? (n=36); group 5
—2000+100 mm3 (n=21); group 6 — 2500+100 mm? (n=18).

The chosen research method is multiparametric differential Muller matrix tomography, which
is based on the principles of optical polarimetry and allows detecting changes in the structure of
polycrystalline elements of biological tissues. Such changes can be a clear indicator of the volume of
blood loss, as it leads to specific microscopic changes in the optical activity of tissues, especially in
protein structures. Statistical analysis of optical activity provides quantitative data that reflects the
level of blood loss, making it particularly valuable for forensic examination.

The calculation of digital values was performed using a laser polarimeter of a standard circuit,
and further statistical processing was performed using software. MS® Excel® 2010™ and Statistica®
7.0.

The determination of the volume of blood loss was carried out according to the following
algorithm:

v, = (SML) - SMW)) x (WZ Y/ (

Here:

SMI—one of a set of statistical parameters;

AV=(V>— V1) — diagnostically relevant range of change in blood loss volume V;

SMI+ — value of the statistical parameter Q of the image of a histological section of tissue or

blood film of a deceased person with an unknown volume of blood loss;

V-« — specific value of blood loss.

Results. During the study of brain tissue of cadavers who died due to acute blood loss, it was
found that the distributions of the value of the algorithmically reproduced phase Muller matrix
invariant (MMI) of circular birefringence (CB) with a higher level of blood loss are characterized by
a smaller mean value and the range of dispersion of random values of the optical activity of CB in
comparison with the experimental sample from control group 1 (Fig. 1).

The revealed data can be connected with the fact that phase modulation in points of parenchymal
structure of brain tissue is mainly formed due to CB. This mechanism is determined by the influence
of the “island” anisotropy of molecular protein complexes and the anisotropy of blood formed
elements. Due to this, the change in the phase MMI of the optical activity of CB is mainly due to a
decrease in the concentration of formed elements against the background of insignificant CB.
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Fig. 1. Maps and histograms of CB values of histological brain sections of control (1) and
experimental group 3 (2).

Quantitatively, this scenario of changes in the phase CB structure of samples of histological
brain sections with different degrees of blood loss is illustrated by SMi-1.2:3.4, Which characterize the
CB distributions and are presented in Table 1. A graphical representation of the change in their values
is shown in Fig. 2, which demonstrates a linear change in the range of blood loss volume 0 mm?®
+1500mm?.

Table 1

Statistical structure of the Muller matrix invariant of circular birefringence maps of

histological brain sections with different degrees of blood loss

Blood loss, mm?® 0 (500+100) mm?® (1000+100) mm?®
Average, SM; 0.164+0.0074 0.143+0.0061 0.124+0.0043
P <0,05 <0,05 <0,05
Dispersion, SM> 0.16+0.0078 0.134+0.0057 0.103+0.0045
P <0,05 <0,05 <0,05
Asymmetry, SM3 0.23+0.011 0.73+0.031 1.22+0.054
P <0,05 <0,05 <0,05
Excess, SMy 0.38+0.015 0.98+0.042 1.52+0.067
P <0,05 <0,05 <0,05
Blood loss, mm?® (1500+100) mm?3 (2000£100) mm?3 (2500+100) mm?3
Average, SM1 0.10840.006 0.109+0.006 0.11340.005
P >0,05 >0,05 >0,05
Dispersion, SM> 0.069+0.004 0.07540.005 0.07140.004
P >0,05 >0,05 >0,05
Asymmetry, SM3 1.7440.089 1.83+0.092 1.79+0.081
P >0,05 >0,05 >0,05
Excess, SMy 2.1640.11 2.03+0.098 2.1940.107
P >0,05 >0,05 >0,05
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Fig. 2. Diagram of the values of average (SMy), dispersion (SM>), asymmetry (SM3) and excess

(SMa4), which characterize the MMI maps of CB of histological brain sections of deceased people
with different degrees of blood loss.

Similar results were obtained when studying the polycrystalline component of histological
sections of the kidney at different volumes of blood loss (Fig. 3). It was found that with an increase
in the degree of blood loss (decrease in the concentration of formed blood elements), the depth of
phase modulation of laser radiation by optically active molecular complexes of structurally
anisotropic collagen networks of the kidney decreases.

Due to this, the average and dispersion values that characterize the distributions of the
algorithmically reproduced phase MMI of CB of histological sections of kidney for all studied groups.
This scenario is accompanied by inverse increasing changes in the magnitude of the 3rd and 4th order
statistical moments, which characterize the distributions of the corresponding MMI of CB of
histological sections of the kidney in the range of blood loss up to V= 1500mm3+100mm?,
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Fig. 3. Maps and histograms of CB values of histological kidney sections of control (1) and
experimental group No. 3 (2) with different blood loss volumes.

The results of statistical analysis of such changes in the phase structure of CB of histological
sections of the kidney with different degrees of blood loss illustrate SMi=i.2:3.4, Which are given in
Table 2.
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Table 2

Statistical structure of the Muller matrix invariant of circular birefringence maps of
histological sections of the kidney with different degrees of blood loss

Blood loss, mm?® 0 (500£100) mm?® (1000£100) mm?®
Average, SM; 0.112+40.0057 0.09240.0043 0.071+0.0034
P <0,05 <0,05 <0,05
Dispersion, SM> 0.13440.0061 0.11240.0052 0.0911+0.0044
P <0,05 <0,05 <0,05
Asymmetry, SM3 0.83+0.041 1.1740.054 1.42+0.065
P <0,05 <0,05 <0,05
Excess, SM4 1.4540.062 1.69+0.074 1.9540.092
P <0,05 <0,05 <0,05
Blood loss, mm?® (1500+100) mm?® (2000£100) mm?® (2500+100) mm?®
Average, SM; 0.05240.003 0.05140.003 0.054+0.003
P >0,05 >0,05 >0,05
Dispersion, SM> 0.072+0.0034 0.07540.0035 0.078+0.0036
P >0,05 >0,05 >0,05
Asymmetry, SM3 1.744+0.089 1.684+0.082 1.614+0.085
P >0,05 >0,05 >0,05
Excess, SM4 2.02+0.098 1.93+0.091 1.8940.089
P >0,05 >0,05 >0,05

Fig. 4 presents diagrams of changes in the set of statistical moments SMi-i.2;3.4, Which
characterize the coordinate structure of the phase MMI of the optical anisotropy of CB of histological
sections of the kidney from all groups by the level of blood loss.
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Fig. 4. Value of average (SM), dispersion (SM2), asymmetry (SMs) and excess (SMs), for
kidney samples from cadavers with varying degrees of blood loss.
From the obtained data of statistical analysis of polarization manifestations of changes in optical
anisotropy caused by blood loss (Fig. 4, Table 2) it is seen that the values of the average, dispersion,
asymmetry and excess, which characterize the distributions of the optical anisotropy of
polycrystalline networks of histological sections of the kidney of the deceased, vary within the
volume of blood loss 0 mm?+1500mm?3. The most sensitive to changes in optical anisotropy of the
morphological structure of the kidney at different levels of blood loss were asymmetry and excess, as
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in the study of brain tissue.

At the next stage, we examined blood samples from individuals with different levels of blood
loss. Multiparametric Muller matrix tomography allowed us to directly detect changes in the optical
anisotropy of CB due to a decrease in the concentration of formed blood elements.

Figure 5 presents maps and histograms of the distributions of the phase MMI of CB values of
samples of polycrystalline blood films from control group 1 (1) and experimental group 3 (2).
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Fig. 5. Maps and histograms of the distribution of the phase MMI of CB values of blood films
from the control (1) and experimental group 3 (2).

For blood, the main factor in changing the coordinate polycrystalline structure is the optical
anisotropy of the formed elements, which scatter (depolarize) laser radiation against the background
of the unchanged structural anisotropy of polycrystalline aloumin-globulin networks. Therefore, with
a decrease in the concentration of formed elements in blood in cases of blood loss, the depth of phase
modulation of laser radiation by protein networks decreases. This, in turn, is illustrated by a decrease
in the CB values of the optically active component of such samples (table 3).

Table 3
Statistical structure of circular birefringence maps of polycrystalline blood films at
different blood loss volumes

Blood loss, mm?® 0 (500£100) mm?® (1000+100) mm?®
Average, SM1 0.153+0.0067 0.122+0.0053 0.091+0.0044
D <0,05 <0,05 <0,05
Dispersion, SM> 0.131+0.0064 0.114+0.0051 0.097+0.0047
» <0,05 <0,05 <0,05
Asymmetry, SM3 0.68+0.031 1.1940.052 1.7240.077
p <0,05 <0,05 <0,05
Excess, SMy 0.84+0.039 1.22+0.064 1.65+0.059
» <0,05 <0,05 <0,05
Blood loss, mm?® (1500+£100) mm?3 (2000+100) mm?3 (2500+100) mm?3
Average, SM1 0.062+0.003 0.058+0.003 0.059+0.003
» >0,05 >0,05 >0,05
Dispersion, SM» 0.071+0.0034 0.073+0.0035 0.075+0.0036
» >0,05 >0,05 >0,05
Asymmetry, SM3 2.1740.099 2.08+0.092 2.16+0.095
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P >0,05 >0,05 >0,05
Excess, SMy 2.06+0.098 1.9840.091 1.92+0.089
P >0,05 >0,05 >0,05

Figure 6 presents graphical diagrams of changes in the set of statistical moments SM;.; 5.4,
which characterize algorithmically reproduced Muller matrix maps of CB of polycrystalline blood
films with different degrees of blood loss. The results of the study of the dynamics of changes (Fig.
6) in the magnitude of statistical values for polycrystalline blood films vary linearly within the range

of blood loss volume 0 mm?+1500mm?.

SM2 SM1

0,27 0,70+
10,26 068 4
[0,25

0,24 0667
[0,23 0,64
0,20 0,60
[0,19 0,58
[o,18 ]
[0,17 0,58
[0,16 0,54
0,15 0,52
[0,14

0,13 0507
0,12 0,48

V, sz 2500 2000 1500 1000 500 0 0 1000 1500 2000 2500 V, sz

500

0,36

SM3 SM4
Fig. 6. Dependences of the values of average (SM1), dispersion (SM2), asymmetry (SMs) and
excess (SMy), for blood samples of deceased persons with different degrees of blood loss.

We would like to present the systematic results of the study of the effectiveness of determining
the volume of blood loss by the method of multichannel Muller matrix tomography of CB of
histological sections of the kidney, brain and blood films from corpses with different volumes of
blood loss. For each statistical moment that characterizes the MMI distributions of a set of biological
tissue and blood samples from different study groups, the accuracy of determining the degree of blood

loss was established based on experimentally obtained nomograms (Tab. 4-6).

Table 4
Accuracy of blood loss determination for brain samples
Blood loss (500+100) | (1000+£100) | (1500+100) | (2000+100) | (2500+100)
volume, mm?® mm?® mm?® mm?® mm?® mm?®
SM; 84 82 80 56 53
SM; 82 80 80 58 56
SM3 88 86 84 63 62
SMq 90 88 86 62 64
Table 5
Accuracy of blood loss determination for kidney samples
Blood loss (500+100) | (1000£100) | (1500+100) | (2000+100) | (2500100)
volume, mm?® mm?® mm?® mm?® mm?® mm?®
SM; 58 62 56 54 56
SM; 68 72 56 58 56
SM3 90 88 84 66 64
SMy 92 90 86 61 56
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Table 6

Accuracy of blood loss determination for blood samples

Blood loss (500£100) | (1000£100) | (1500£100) | (2000£100) | (2500%100)
volume, mm? mm? mm? mm? mm? mm?
SM; 68 64 60 60 57
SM; 90 92 90 76 12
SM3 70 72 67 63 64
SMy 72 70 66 61 62

For all studied biological samples, the method demonstrates high sensitivity in the range of
blood loss volume from 0 mm? to 1500 mm® with an accuracy level of 86-92%. Within the range of
blood loss from 2000 mm® to 2500 mm® the accuracy of the method decreases to 56-68%, which
indicates the dependence of diagnostic efficiency on the degree of blood loss.

o The maximum level is achieved for the following statistical parameters that
characterize the Mueller matrix CB maps of the following biological samples:
. idney - {SMg & 84% — 90%;
SM, < 86% — 92%;
o brain - SM, © 86% — 90%;
. blood - {SM, & 90% — 92%.

Conclusions. Based on the conducted study, the high efficiency of the multiparametric Muller
matrix differential tomography method in determining the degree of blood loss within the volume
AV=0mm3+1500mm®. The obtained results demonstrate that this method allows for an objective
assessment of structural changes in biological tissues and fluids caused by blood loss. This makes it
a unique tool for objectively determining the volume of blood loss.

The introduction of this method into forensic practice will contribute to increasing the accuracy
and objectivity of examinations related to establishing the causes of death, especially in cases
involving massive blood loss. This provides more reliable data for legal investigations and improves
the quality of forensic conclusions.
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BU3HAYCHHA 00’€MY KpPOBOBTPATH, SIKUH JO3BOJIUTH CYIOBO-MEAWYHMM EKCIIEPTaM IiJBUIUTH
00'€KTHBHICTh Ta TOYHICTh Y BCTAQHOBJICHHI NMPHYMH 1 OOCTaBHH CMEPTi, a TAaKOX OILIHI CTYIEHs
TpaBMaTHYHUX YIIKO/PKEHb Ta JOTIOMOXKE 3a0€3MeuuTH OUTBII HAMIiiHI pe3yJdbTaTH EKCIEPTU3H B
CYIOBIil IPAKTHUIIL.

Meta po60oTH — po3pOoOUTH Ta OLIHUTH €(PEKTUBHICTD METOAY AU(epeHIianbHOT 1IarHOCTUKH
CTYIECHsI KpOBOBTPATH Y MTOMEPIIUX 32 JIOTIOMOT'0I0 CTATHCTUYHOTO aHAJIi3y Mall ONTUYHOI aKTUBHOCTI
MOJTIKPUCTAIYHOT CKJIAIOBOI 010JIOTIYHUX TKAHUH 1 PiJTUH.

Martepianun Ta mMeroau. MartepiasoMm AOCHiKEHHS OyJM 3pa3Ku MO3KY, HUPKH Ta KPOBi
(n=124) momepnux BikoM Bixg 18 mo 60 pokiB 3 MONMEPEAHLO BIIOMUM 00’€MOM KPOBOBTpPATH BiJ
0mm?® 0 2500mm?. JlocnimKeHHs MPOBOAMIM METOOM OaraTonapaMeTpHdHoi AudepeHIiaabHol
Mromep-matpuaHoi TomMorpadii, o J03BOJISE BUSABIATA 3MIHU Y CTPYKTYpl MOMIKPUCTATIYHAX
€JIEMEHTIB Ol0JIOTIYHUX TKAaHWH NPU PI3HUX CTYNEHsSX KpoBoBTpaTH. OOYHMCICHHS H(PPOBHUX
3HA4YeHb MPOBOIIM 32 JOMOMOTOI0 JIA3€PHOTO MOJSPUMETpPA CTAHAAPTHOI CXEMH, MOJAIBIITY
CTaTUCTUYHY OOpOOKYy NpPOBOAMIM BHUKOPHUCTOBYIOUM HporpamHe 3abesnedeHHs MS® Excel®
2010™ ra Statistica® 7.0

Pesyabratn pociaimkenHs. [[ns Bcix JociipkeHuX O10JNOTIYHMX —IpernapaTiB  METOj
JIEMOHCTPY€E BUCOKY UYTJMBICTh Y Jiana3oHi 00’emy kpoBoBTpaTH Big 0 Mm? 1o 1500 mm? 3 piBHEM
To4HOCT1 86%-92%. ¥V mexax 00’emy kpoBoBTpatu Big 2000 MmM? 1o 2500 MM? TOUHICTH METOY
3HIKYETbCS 10 56%-68%. MakcumanbHUN PIBEHb TOYHOCTI JOCSTAETHCA IS CTAaTUCTHUYHUX
napameTpiB npenapatiB HUPKH (SMs—86%-92%), mMo3ky (SM486%-90%) Ta mriBox KpoBi
(SM290%-92%),  siki  XapakTepu3ywTh  Mrouiep-MaTpu4yHi  Mand  [UPKYJISPHOTO
JBOITPOMEHE3TOMIICHHSL.

BucnoBku. Ha ocHOBI NpoBe€HOTO AOCHIKEHHsI O0yJI0 BCTAHOBJIEHO BUCOKY €(EKTHUBHICTh
MeTony OararomapameTpuyHoi Mromep-mMarpuuHoi nudepennianbHoi ToMorpadii y BU3HAYEHHI
CTyIeHs KPOBOBTPAaTH y TIOMEPIHMX B MekaX 00’eMy BTpaueHoi kposi AV=0mmi+7500mm?3,
OTpumaHi pe3yJbTaTh JAEMOHCTPYIOTh, IO 1€ METOMA J03BOJISIE 00'€KTHBHO OIIHUTH CTPYKTYpHI
3MiHM B OIOJIOTIYHMX TKaHWHAX 1 pIAWHAX, IO CIPHYMHEHI BTPATOI KpPOBi, M0 POOHWTH HOTO
YHIKQJIBHUM THCTPYMEHTOM JIsl 00’ EKTUBHOT'O BU3HAYCHHS 00’ €My KPOBOBTPATH.

KuarouoBi ciaoBa: cymoBa MeaullMHA, KpOBOBTpaTa, Miojuiep-MaTpuyHa Tomorpadis,
IarHOCTHKA.
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