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OPPORTUNITY AND PLANNING BIM-ANALYSIS FOR MONITORING BLOOD

Results of the study of the possibility of using the results of the bioimpedanceometry method for monitoring hidden and
spontaneous bleeding are presented. The current problem of accounting for blood loss during resuscitation, surgery and
rehabilitation activities is shown. The use, as informative parameters, of the spectral properties of the bioimpedance signal,
namely, the coefficient of inter-spectral correlation of the original measurement signal and its linear transformation is
proposed. In work, the existing models substantiating the prospects of using the bioimpedance method for such problems
are considered in detail, and the calculated empirical expressions for determining the volume of liquid segments of the
human body are given. The mathematical substantiation of the method of inter-spectral correlation based on the calculation
of the correlation coefficients of the wavelet-decomposition coefficients of the original signal and its linear transformation
is given. The results of experimental studies on the approbation of this method for fixed venous blood sampling are
presented in the work. Using criterial T-statistics, a quantitative evaluation of the effectiveness of the options for choosing
the spatial placement of measuring electrodes in bioimpedanceometry was carried out. The obtained results allow to draw a
conclusion about the possibility and prospects of the proposed method for real-time monitoring of the onset of latent and
spontaneous hemorrhages, and also make it possible to formulate recommendations for placement of measuring electrodes
on the patient's body.

Keywords: blood loss; active monitoring; bioimpedance analysis; wavelet transformation; inter-spectral correlation;
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Introduction

Statement of problem. The problem of taking
into account the volume of blood loss is of exceptional
importance not only for choosing a strategy for any
resuscitation in traumatic amputations, but also for
diagnosing  closed trauma and  postoperative
complications. The existing methods [1-2] of monitoring
such blood loss are imperfect and exclude the possibility
of monitoring in real time, which is critical, especially
for cases of acute blood loss.

The analysis of literature sources [3-4] showed
great promise of using the bioimpedancometry method
for studying the state of the vascular bed and liquid
media of the organism, which gives definite hopes for
the effective application of this method to control
hidden blood loss.

The aim of work is development of a method for
active monitoring of hidden and spontaneous blood loss
in the process of postoperative rehabilitation based on
bioimpedance analysis of the patient's body.

Analysis of literature sources and recent
research. According to the generally accepted
classification, three degrees of blood loss are

distinguished: mild, moderate and severe [2, 5]. Their
main characteristics are given in Table 1.

Usually, when calculating the estimated volume of
blood loss, a shock index is calculated that is equal to
the ratio of the heart rate value to the systolic blood
pressure value. Table 2 shows the correspondence of the
calculated indices to the estimated values of blood loss.

The method of assessing the volume of blood loss,
based on a comprehensive approach that takes into
account both the nomogram for determining
hemorrhagic hemorrhage, is more accurate (table 3).

With gastrointestinal bleeding, the deficit of
volume of circulating blood can be determined by the
parameters of hematocrit (table 4).

The bioimpedance method is based on measuring
the impedance Z of the whole body or individual body
segments using special instruments - bioimpedance
analyzers [6-10]. The electrical impedance of biological
tissues has two components: active R and reactive
resistance X.

The component of the active resistance R in the
biological object are liquids (cellular and extracellular),
which possess the ionic conduction mechanism [11-15].
The component of reactive resistance X are cell
membranes.

Table 1. Blood loss rates

The degree of hemorrhage

Rate of blood loss
mild moderate severe
1+ O
Volumfi 1jieeﬁmt, % Up 1020 21 t0 30 M0r3e Othan
Number of ell"%fth— 3.50r 2535 Less than
rocytes, x10°° /1 higher T 2.5
Hemoglobin level, g| More than 80-100 Less than

/1 100 80

Pulse rate, number More than
of beats per minute Up to 80 80-100 100
Systolic blood 100 or 80-100 Less than
pressure, mmHg higher 80
. More than Less than
0 -
Hematocrit,% 30 25-30 25

Table 2. Correspondence of shock indices
to estimated values of blood loss

Index Blood loss volume,%
0,4 0
0,78 10-20
0,99 20-30
1,11 30-40
1,38 40-50
More than 1,5 More than 50
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Table 3. Assessment of the volume of blood loss

The volume of blood | Volume of | Systolic blood Systolic blood | Volume of | The volume of blood

loss (in dm®) with body | circulating pressure, ?:3:}: pressure, circulating loss (in dm®) with

weight kg blood % mmHg mmHg blood % body weight kg
60 70 80 60 70 80
2,8 | 2,5 2,1 50 40 3,0 0 55 2,3 2,7 3,1
L5 | 22 1,9 45 50 3,5 40 50 2,1 2,5 2,8
2,1 1,9 1,6 38 70 2,0 50 45 1,9 2,2 2,5
1,7 1,5 1,3 30 80 1,5 70 38 1,6 1,4 2,1
1,0 | 09 0,8 18 90 1,0 90 0 0,8 1,0 1,1
injury surgery

Table 4. Volume of circulating blood shortage estimation

Hematocrit value,% | 12 | 16 | 20 | 24 | 28 | 32 | 36

Deficiency of volume
of circulating blood, | 50 [ 35 [ 25|21 | 17 | 14 | 12
ml/kg

Bioimpedance analysis of the body composition is
to estimate the amount of fluid in the bioobject, since it
is the liquid medium that creates the active constituent
of conductivity [3-4, 16-18].

Equivalent scheme of the bioobject, also called the
Fricke-Morse model, contains the resistance of the
extracellular fluid Rg, the resistance of the cell fluid R¢
and the capacity C), of the membranes. To determine
the volume of extracellular fluid, it is necessary to
measure the impedance at a constant current, since in
this case the cell membranes remain impermeable, and
the intracellular fluid does not affect the measurement
result. To determine the total body fluid, it is necessary
to measure the impedance at an infinitely large
frequency when the current passes through the cell [19-
25].

In the classical representation for bioimpedan-
cometry (BIM), there are several physical models of the
body composition (Fig. 1), the main ones of which are
the model of a homogeneous body (Fig. 1, a) and the
model of the mixture (Fig. 1, b) [14, 26-27].
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Fig. 1. Electrophysical models of the human body
for the bioimpedanceometry method:
a — a cylindrical model of a homogeneous body;
b — a cylindrical model of mixture (Hanai).

The basic element of the homogeneous model
(Fig. 1, a) of the human body for evaluating the liquid
content in the body is a cylinder with a cross-sectional
area S and a height L and a constant specific resistance -
p [28-30].

The cylinder is divided into two sectors, one of
which fills all cells of the body, the other - a conductive
electrolyte of extracellular fluid.

The resistance of a cylindrical body is given by

2
R-EC-2, ()

_pL’

Vv .
R

2

The homogeneous body model does not take into
account the fact that nonconducting components are
distributed inside the volume of the conducting medium
and therefore the current density is spatially
nonuniform. Hanai (1968) proposed a model for a
mixture in which biological tissue is represented as a
suspension of nonconducting particles in a liquid
conducting medium (Fig. 1, b) [31]. This model is valid
only if the organism is sensed by currents of low
frequency.

The average resistivity p in the mixture model is
described by the expression:

P
P=ﬁa 3)

where py — resistivity of liquid conducting medium, P —
percentages of nonconducting particles in the total body
volume.

Bioimpedance measurement is of three types:

local - the measurement of the impedance of an
individual part of the body;

segmental - measurement of bioimpedance of a
separate part of the body;

integral - the measurement of the bioimpedance of
the whole organism.

In addition, according to the number of frequencies
used in measuring the bioimpedance of the body, there
are: single-frequency BIM, two-frequency,
multifrequency and spectroscopy [32].

It is of interest to use the time-frequency properties
of BIM signals correlated with the dynamics of the
blood supply to the organism [33]. Such signals make it
possible to obtain control information in real time,
monitoring the time-dependent nonstationarity of the
blood flow with random factorial influence (change in
the volume of the vascular bed).

68



ISSN 2522-9052

CyudacHi iHpopMmariiiai cucremu. 2018. T. 2, Ne 2

Mathematical justification of the
method of inter-spectral correlation

Consider the result of measuring
bioimpedancometry at several frequencies as random
processes. It is known that when the harmonics of the
original processes are correlated, the latter become
spectrally nonstationary [34]. Such non-stationarity can
be identified by calculating the coherence function [35],
which is determined by the expression [36].

Yy (@) = @] )

(/@ fy@)]”

— mutual spectral density of stationary coupled

Sy (©)
signals x(t) u y(t); fi(®) ; fy () — spectral densities
of nonstationarity of any of the processes x(¢) and
y(t) . Hence, a condition is obtained

0<y (@<l )

Let us now consider some random measuring
signal existing on a finite interval T of its observation
time. To reveal the spectral properties of such a signal,
we use its two-dimensional time-frequency (on the scale
n_n

a" and the shift "b") wavelet transform, carrying out
the convolution of the signal x(¢) with a certain basis

wavelet function y(¢) [36].

V@b =— [x0-vDdt ©)

1
Jd =

For a discrete continuous wavelet transform, the
convolution results will be represented by a set of

wavelet coefficients W, (a;,b;)=m;, j=1, Lh, i=lm
[36], where /4 is the number of scales, m is the number
of shifts. It is known. that such a model of a continuous
wavelet transform increases the mutual correlation of

the wavelet coefficients obtained [35]. To reduce the
latter, we differentiate (for example, k times) the

analyzing wavelet W [x(¢)], which is equivalent, based

on the properties of the wavelet transform, to
differentiating the realization of the signal X(¢) .

d* d*

We denote the wavelet coefficients obtained with
this differentiation as Wy(a;, b;). We will consider the

basic and differentiated spectra, both realizations
Vii= Wy(aj,bl-) uUj =Wy(aj,bl-) of system (V,U)
for random variables ¥ and U.

For processes x(¢) and y(¢), condition (5) for the
coherence function (4) leads to the condition

0<|Ryy|<1, ®)

where Ryy = |KV |/[cs[2, . c%] T/z , )

Kpy — covariance (a joint second-order central

moment) between the spectra Vii and U i

012/, c%] — dispersion of spectra Vj; and U j; .
Taking into account that the coefficient of linear
pair correlation Ryy; normalized (—1<Ryy <1), It

makes sense to remove the modulus constraint for this
coefficient.

In this case, the restriction on the sign of
covariance Kpg; , which is defined by expression

h m
Kyy =(N-D'Y >0

j=li=l

—NU;=U),  (10)

where N=h-m, 7, U - average values of wavelet
= Wx(al’bl) u U/>l = Wy(al’bl)

Taking into account the two-dimensionality of the
wavelet spectrum with respect to the frequency o (given
by the scale) and in time ¢ (given by a shift), we
introduce factor models of the spectral nonstationarity
of the process x(f).

1. Frequency nonstationarity (in scale)

spectra V; ;

Ve =1 +8( 42, (11)

where 8(/.@)

scale axis, caused by the influence of the spectral
nonstationarity factor (for a fixed observation time);

S0

Jl

— functional spectrum change V; along the

— random (residual) changes in harmonics

(a j-bi ) spectrum over time (for a fixed scale).

2. Temporary non-stationarity (by shift):

t t
v =+ 2,

(12)

where ng)

the shift axis (due to the nonstationarity factor);
(@)
Ji

— functional change in the spectrum along

— random (residual) changes in the spectrum Vii
by frequency (shift - fixed).

In the models (11) and (12) for deviations
5(@) 50 ;0

’l’]l

DILTERS SIS 30 JE 20 30 )

i=1 i=1 j=li=1 Jj=li=1
the conditions for the constancy of residual dispersions
2 2 t 2 2 .

M[z(;)) }:o(@) u M Z_(ji) =0 (M][-] - sign of
mathematical expectation.

With respect to the spectra Wa, b) u (a, b) of signal
U(?) and its linear transformation Vi(f), the coherence
function can be transformed into a coefficient of normalized

inter-spectral correlation (as an analog of the auto-coherence
function [35]):

can impose conditions
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V(e Sla)

Rey = ) 7, o 13
M{v(a,b)z} -M{o(a,b)z}

Actually, R,, — this is the normalized joint second-
order moment of random variables Wa, b) and v(a, b).

In the case of active monitoring of blood loss, that
is, the receipt and processing of informative parameters
of the organism's state (in this case, the circulatory
system), the indicators of nonstationarity in time (in the
case of wavelet transforms by shift) will be of particular
interest.

Use of inter-spectral correlation
coefficients (ISCC) for active
monitoring of blood loss

The input signal when using ISCC for active
monitoring of blood loss will be a sampled BIM signal
x; at several frequencies, for example, x20;, x100, u
x500y, at frequencies 20,100 u 500 kHz. In this case, & is
the time reference number, i = 0..n. The linearly
transformed signal, in our case the first derivative, is
denoted by dx;.

We perform a wavelet transformation of a signal
with a window of width b. The choice of the parent
wavelet and the width of the window will be carried out
in subsequent work. In this paper we used a Morley
wavelet with a window width of 30. The results of the
wavelet transform of the signal and its linear
transformation will be two coefficient matrices X; ; and
dX,, ; The coefficient of spectral nonstationarity by the
shift will have the form:

a-1

> [ (K — M ) — M, ) |

RSM ; = —1=0

(14)

i=0 i=0
1 b-1
where Z X;, Mdx; = Z Z dx; -
j=0

mathematical expectatlons on the scale of the wavelet

coefficients of the signal X;; and its linear

transformation dXj ;.

The developed method makes it possible to obtain
additional information on the nonstationarity of higher-
order spectra.

For example, for a second-order spectrum (a power
spectrum), the spectral non-stationarity by shift will
have the form

a-1

Z[(XI-J- - Ddx; )-(dX;; - Dds; )|

(15)

1 b-1
where - Z (X; - Mx;)
=
Jj=0
1 b-1
Ddx; =—- > (dX; —Mdyx;) .
b i

As an integral indicator, we can use the average
value of the correlation coefficient on the observation
window for the spectrum of the first

S [(Mxl- - Mxl) . (del- - de2)}

RSM = (16)
1 2 aa 2
D (Mx; - Mx1) -, | > (Mdx; — Mdx2)
i=0 i=0
and of the second order
a—1
> [ (Dx; — Bx1)-( Bdx; - Bdx2) |
RSD = —=0 (17)

a- 2
Z de —de2

A significant change in the hemodynamics of the
vascular bed, which can be interpreted as an external
factorial effect of the blood-vessel system, can be
estimated from a significant change in the coefficient of
inter-spectral correlation (in the temporal region).
Checking the significance of the differences in the
coefficients is possible according to one of the standard
statistical tests (for example, T-statistics) taking into
account the given level of risk.

\/az_l: (Bxl- - Bxl

i=0

Approbation of the developed method.
The discussion of the results.

To achieve this goal, a series of test active (with
deterministic moments of the beginning and end of the
selection of a fixed volume of blood) experiments was
carried out. The experiment was conducted on the basis
of the Military Medical Clinical Center of the Northern
Region. A series of 9 measurements with different
patients was performed. Selection of blood was carried
out by medical personnel, volume fixed - 450 ml.
Measurements of the BIM signals were carried out at 2
frequencies — 20 and 500 kHz. To obtain the primary
signal, we used a four-electrode circuit for obtaining a
BIM signal with four different electrode deposition
options. Fig. 2 shows typical implementations of BIM
signals for frequencies of 20, 100 and 500 kHz. This
figure shows the boundaries separating the complete
period of the patient's observation into three phases:
phase 1 - absence of blood loss (initial phase); phase 2 -
the presence of blood loss (active phase); phase 3 - no
blood loss (end phase).

Fig. 3 shows the results of estimating ISCC (RSM,
RSD) for 20 kHz, calculated from Egs. (14, 15).

Table 5 presents the results of ISCC (RSM and
RSD) estimation for the four spatial arrangements of the
BIM transducers on the patient's body.
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Fig. 2. Typical implementations of BIM signals
for frequencies of 20 and 500 kHz
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Fig. 3. Results of ISCC (RSM, RSD) estimation for 20 kHz

Table 5. Values of ISCC (RSM u RSD)
for four electrode locations

Number of ISCC
Variant Phase | BIM signal
samples RSM RSD
A third of the left 1 6 -0,11017 | 0,661
forearm is the middle
of the shoulder of the 2 13 -020723 | 0352
left arm 3 8 -0,11288 | 0,626
Palm-the middle of 1 6 0,29983 0,931
the shoulder of the 2 7 0,14814 0,931
left hand 3 12 -0,17992 | 0,9296
1 10 0,4902 0,6089
Wrist of left hand - > 2
left ankle 2 12 0,0315 0,4976
3 7 0,121143 | 0,6704
Wrist of left hand - 1 6 0,424833 | -0,0988
. 2 8 0,1735 0,21
ankle of right foot
3 5 0,0548 0,3982

To test the differences in the correlation
coefficients RSM, RSD for the adjacent phases of the
experiment (phases 1-2 and 2-3), a standard significance
test was selected [37], whose criterion T-statistics can
be used to quantify the effectiveness of the options for
selecting certain components of the total plan of the
experiment. Table 6 gives the T-statistic values for four
patients with different variants of installation of BIM-
signal primary converters (pairs of electrodes installed
in different spatially separated parts of the patient's
body).

Table 6. Values of T-statistics for four options for spatial separation of electrodes on the patient's body

(frequency - 20 kHz, RSM)

Patient 1 2 3 4
A third of the left forearm Palm-the middle of Wrist of left Wrist of left
Electrode location is the middle of the the shoulder of the left hand - left hand - ankle
shoulder of the left arm hand ankle of right foot
Conditional distance dl d2 d3 d4
The value of T-statistics. Phase 1-2 0,5711 0,8139 3,3348 4,4575
The value of T-statistics. Phase 2-3 -0,6101 1,9693 -0,5372 -0,5974

Table 6 clearly shows the decrease in ISCC for
phase 2 with respect to phase 1 (T-statistics is positive).
This indicates an increase in the dynamics of the spectral
nonstationarity of the BIM signal over a time interval
corresponding to this phase. In fact, the onset of blood
loss is accompanied by a decrease in ISCC with respect
to the previous phase (phase 1), and the end of blood loss
leads to an increase in ISCC with respect to phase 2. In
Table 6, only one (smoothed) T-statistics can be
considered a miss, since its sign for phase 2-3 is positive.
For Table 6, the RSM coefficient was used, because it
was for him, in contrast to the RSD coefficient, of Table
5, that there was a qualitative dynamics of the change in
the ISCC during the transitions from phase 1 to phase 2
and from phase 2 to phase 3. Table 6 is compiled taking
into account the ranking (by increasing the value) of the

geometric distances between the electrodes, which
corresponds to the condition
dl<d2<..<dA4. (18)

It can be seen from Table 6 that the maximum value
of the T-statistic carrying information on the change in
the ISCC at the boundary of the two phases is maximal
for the distance d4 (T = 4.4575). This distance is

geometrically maximized and allows us to justify the
choice of the sensor placement option on the patient's
body. In fact, this is the task of planning the metrological
component, associated with the conditional optimization
of the variant with the maximum of the objective function
in the form of T-statistics. This optimization is
conditional, since the number of initial conditions is
limited in this variant by the number of patients, although
the total number of variants tends to infinity. However,
any restriction of the options makes it possible, for
example, on the basis of Table 6 to choose a variant that
is close to known biophysical models, supported by
maximizing T-statistics. Analysis of the results presented
in the second line of Table 6 indicates their ambiguity,
which allows us to conclude that the use of ISCC is
effective only in problems of detecting the beginning of
blood loss. Table 6 gives the possibility of not only a
qualitative (on the sign of T-statistics), but also a
quantitative (by its magnitude) analysis of the options
for choosing one of the two solutions:
v0: there is no difference between

the ISCC of the compared phases; (19)
v1: ISCC of neighboring phases
are statistically different. (20)
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In the case of a positive T-statistic, the validity of
the choice of the solution y1 (the onset of hemorrhage)
is based on the normative requirements of the theory of
statistical decisions [37, 38], When T-statistics exceed
the critical value for a given level of significance. For
the level of significance o =0,05 The value of the
critical statistics is 1,645.

Thus, the planning of an experiment for active
monitoring of the appearance of blood loss should
provide the maximum length of the path for the passage
of the scanning current of the BIM signal, by selecting
the locations for fixing the electrodes according to the
variant "left hand-right foot".

dynamic parameters of non-stationarity of BIM signals
in problems of detecting hidden bleeding. Particularly
important is the possibility of automating active
monitoring in the framework of already existing
computerized medical information systems. Such
automation is based on the construction of a plan for a
biomedical experiment in which a sliding observation of
the BIM signal using a dual observation window is used.
This window represents two consecutive time intervals
for each of which an independent value of the ISCC is
calculated (for example RSD), and a comparison of these
ISCC:s is performed using T-statistics. If in the course of
the comparison a solution y1 is obtained according to the

models (19, 20), then the beginning of the blood loss
corresponds to the positive sign of the T-statistic. In this
case, the statistical significance of a reliable solution will

Conclusions

The conducted studies indicate the prospects of an

information-measuring  procedure for monitoring not be less than 0.95.
REFERENCE

1. Aslanyan, S.A. (2014), Guidelines for Military Field Surgery, Ministry of Defense of Ukraine, Kyiv, 400 p.

2. Jovenko, L.A., Kobelyatsky, Yu.Yu. and Tsarev, A.V. (2016), “Intensive therapy for blood loss, coagulopathy and
hypovolemic shock in polytrauma”, Emergency Medicine, No. 4, pp. 64-71.

3. Moissl, U.M., Wabel, P., Chamney, P.W., Bosaeus, I. and Levin N.W. (2006), “Body fluid volume determination via body
composition spectroscopy in health and disease”, Physiol Meas, No. 27, pp. 921-933.

4. Sergi, G., Bussolotto, M., Perini, P. and Calliari, I. (1994), “Accuracy of bioelectrical bioimpedance analysis for the
assessment of extracellular space in healthy subjects and in fluid retention states”, Ann Nutr Metab, No. 38 (3), pp. 158-165.

5. Hartig V. (1982), Modern infusion therapy. Parenteral nutrition, Publishing House "Medicine", Moscow, 469 p.

6. Earthman, Mass Carrie, Traughber, Diana, Jennifer, Dobrat and Howell Wanda (2007), “Bioimpedance Spectroscopy for
Clinical Assessment of Fluid Distribution and Body Cell”, Nutr Clin Pract., August, 2007; 22 (4), pp. 389-405.

7. Jaffrin, M.Y. and Morel, H. (2008), “Body fluid volumes measurements by impedance: A review of bioimpedance
spectroscopy (BIS) and bioimpedance analysis (BIA) methods”, Med Eng Phys, No. 30(10), pp. 1257-1269.

8. Kushner, R.F and Schoeller, D.A. (1986), “Estimate of total body water by bioelectrical impedance analysis”, Am J Clin
Nutr, No. 44, pp. 417-424.

9. Gudivaka, R., Schoeller, D.A., Kushner, R.F. and Bolt M.J.G. (1999), “Single - and multifrequency models for bioelectrical
impedance analysis of body water compartments”, J Appl Physiol, No. 87, pp. 1087-1096.

10. Grimnes, S. and Martinssen O.G. (2000), Bioimpedance and electricity basics, Academic Press, 471 p.

11. Lukaski, H.C., Bolonechuk, W.W., Hall, C.B. and Siders W.A. (1987), “Validation of the bioelectrical impedance method to
assesshuman body composition”, J Appl Physiol, No. 60, pp. 1327-1332.

12. Matthie, J.R. (2008), “Bioimpedance measurements of human body composition: critical analysis and outlook”, Expert
Review of Medical Devices, March 2008, Vol. 5, No. 2, pp. 239-261.

13. Sun, S.S, Chumlea, W.C., Heymsfield, S.B., Lukaski, Henry C., Schoeller, Dale, Friedl, Karl, Kuczmarski and Hubbard Van
S. (2003), “Development of bioelectric impedance analysis prediction equations for body composition with the use of a
multicomponent model for use in epidemiologic surveys”, The American Journal of Clinical Nutrition, No. 77, pp. 331-340.

14. Nikolaev, D.V., Pushkin, S.V., Gvozdikova, E.A. and Smirnov A.V. (2004), “Polysegment methods in BIA. Review on the
materials of foreign publications”, Sixth Scientific and Practical Conference, Main Clinical Hospital of the Ministry of
Internal Affairs of Russia, Moscow, pp. 115-127.

15. Heymsfield, S.B., Wang, Z.M. and Withers R.T. (1996), “Multicomponent molecular level models of body composition
analysis”, Champaign, Human Kinetics, pp. 129-148.

16. Matthie, J.R. (2005), “Second generation mixture theory equation for estimating intracellular water using bioimpedance
spectroscopy”, J. Appl. Physiol, No. 99, pp. 780-781.

17. Jaffrin, M.Y., Fenech, M., Moreno, M.V. and Kieffer, R. (2006), “Total body water measurement by a modification of the
bioimpédance spectroscopy method”, MedBioEng Comput, No. 44, pp. 873-882.

18. Hannan, W.J., Cowen, S.J., Fearon, K.C., Plester, C.E. J.S. and Richardson R.A. (1994), “Evaluation of multi-frequency
bioimpedance analysis for the assessment of extracellular and total body water in surgical patients”, Clin Sci., No. 86, pp. 479-485.

19. Seoane, Fernando, Shirin, Abtahi and Farhad, Abtahi (2015), “Mean Expected Error in Prediction of Total Body Water. A
True Accuracy Comparison between Bioimpedance Spectroscopy and Single Frequency Regression Equations”, BioMed
Research International, No. 11.

20. Zink, M.D., Weyer, S., Pauly, K. and Napp A. (2015), “Feasibility of bioelectrical impedance spectroscopy measurement
before and after thoracentesis”, BioMed Research International, p. 9.

21. Ward, L.C., Czerniec, S. and Kilbreath S.L. (2009), “Quantitative bioimpedance spectroscopy for the assessment of
lymphedema”, Breast Cancer Res treat, No. 117, pp. 541-547.

22. Ward, L.C. (2006), “Bioelectrical impedance analysis: proven utility in lymphedema risk assessment and therapeutic
monitoring”, Lymphat Res Biol, No 4, pp. 51-56.

23. Ward, L.C., Czemiec, S. and Kilbreath S.L. (2009), “Operational equivalence of bioimpedance indices and perometry for the
assessment of unilateral arm lymphedema”, Lymphat Res Biol, No. 7, pp. 81-85.

24. King, R.J., Clamp, J.A., Hutchinson, J.W. and Moran C.G. (2007), “Bioelectrical impedance: a new method for measuring

post-traumatic swelling”, J Orthop Trauma, No. 21, pp. 462-468.

72



ISSN 2522-9052 CyuacHi indopmaniiini cucremu. 2018. T. 2, Ne 2

25. Halter, R.J., Hartov, A., Heaney, J.A., Paulsen, K.D. and Schned, A.R. (2007), “Electrical impedance spectroscopy of the
human prostate”, IEEE Trans Biomed Eng., No. 54 (7), pp. 1321-1327.

26. Pekker, Ya.S., Brasilovsky, K.S. and Usov, V.Yu. (2004), Electrical Impedance Tomography, NTL, Tomsk 2004, 192 p.

27. Danilov, A.A., Nikolaev, D.V., Rudnev, S.G., Salamatova, V.Yu. and Vassilevski, Yu.V (2012), “Modelling of bioimpedance
measurements: unstructured mesh application to real human anatomy”, Numer. Anal. Math. Modelling, Vol. 27, No. 5, pp. 431-440.

28. Martinsen, O.G., Nordbotten, B., Grimnes, S., Fossan, H. and Eilevstjonn J. (2014), “Bioimpedance-Based Respiration
Monitoring With a Defibrillator”, Biomedical Engineering, IEEE Transactions, pp. 1858-1862.

29. Danilov, A.A., Kramarenko, V.K., Nikolaev, D.V., Rudnev and Vassilevski, Yu.V. (2013), “Sensitivity field distributions for
segmental bioelectrical impedance analysis based on real human anatomy”, J. Phys., Conf. Series, pp.434-437.

30. Deurenberg, P., Tagliabue, A.and Schouten F.J.M. (1995), “Multifrequency impedance for the prediction of extracellular
water and total body water”, Brit. J. Nutr., No. 3, pp. 349-358.

31. Hanai, T. (1960), “Theory of the dielectric dispersion due to the interfacial polarization and its application to emulsions”,
Kolloid-Zeitschrift 171, pp. 23-31.

32. Nikolaev, D.V., Smirmov, A.V., Bobrinskaya, L.G. and Rudnev, S.G. (2009), Bioimpedance analysis of human body
composition, Nauka, Moscow, 392 p.

33. Shchapov, P.F., Tomashevsky, R.S., Tkachuk, B.V. and Pavlyuk V.M. (2018), “Information technology of statistical control
of the procedure of ultrafiltration in software hemodialysis”, Control, navigation and communication systems [Systemy
upravlinnya, navihatsiyi ta zvyazku], PNTU, Poltava, No. 1 (47), pp. 153-159.

34. Merry, R.J.E., Steinbuch, M. and van de Molengraft, M.J.G. (2005), Wavelet Theory and Applications a literature study,
Eindhoven Univer of Technol. Dep. of Mechanical Engin. Control Systems Technol. Group, 41 p.

35. Lee, D.T.L. and Yamamoto, A. (1994), Wavelet analysis theory and application, Hewlett-Packard Company, pp. 44-52.

36. Voskoboynikov, Yu.E., Gochakov, A.V. and Kolker, A.B. (2010), Filtratsii signalov i izobrazheniy: Fure i veyviet algoritmyi
(s primerami v Mathcad) [Filtering signals and images: Fourier and wavelet algorithms], NGASU (Sibstrin), 188 p.

37. Pollard, J. (1982), Handbook of Computational Statistics, Finance and Statistics, Moscow, 344 p.

38. Johnson, N. and Lyon, F. (1981), Statistics and experiment planning, Mir, Moscow, 520 p.

Received (Hapniiinma) 22.03.2018
Accepted for publication (ITpuitasita mo apyky) 30.05.2018

MoxnanBoCTi 3aCTOCYBaHHS i INIaHYBaHHsA 0iM-aHAaJIi3y VI MOHITOPHHTY KPOBOBTPAaTH
P. C. Tomamescekuii, T. B. Cokon, 3. O. JlonieHko

B poGoti HaBeneHi pe3yabTaTd AOCIIDKCHHS MOXIIMBOCTI 3aCTOCYBaHHs pe3yJbTaTiB MeTomy OioiMienaHcoMeTpii uist
MOHITOPHHTY IPUXOBaHUX 1 CIIOHTaHHUX KpoBOBTpaT. Iloka3aHa icHyroua mpoOiema oOiKy KpOBOBTpAT IPH peaHiMaliiHuX,
omnepamiiHux i peabimiTaniifHUX 3axo1ax. 3anporoOHOBAHO BUKOPUCTAaHHS, B SIKOCTI iH)OPMATUBHUX IapaMeTpiB, CIEKTPAIbHUX
BJIaCTHBOCTEHl O0iOiMIIEJAaHCHOrO CUTHaly, a came, Koe(ili€eHTa MiXKCIEKTPAIbHOI KOpesslii BHXiIHOrO BHUMipIOBAJIBHOIO
CHTHally 1 Horo JiHiiHOro nepeTBOpeHHs. Y po0OTi JeTalbHO PO3MIIAHYTI icHyroui Giodi3uuHi Mozneni, 10 OOIPYHTOBYIOTh
MEePCIEKTHBHICTh BUKOPUCTaHHA 010iMII€IaHCHOTO METO.Y JUlsl HOMIOHMX 3aB/laHb, 1 HABEAEHI PO3PAXYHKOBI EMIIIPUYHI BUPa3H
JUIL BU3HA4eHHS 00CATY pIJMHHUX CErMEHTIB JIIOICBKOro opradismy. HaBeneHo MaremaTuuHe OOIDYHTYBAaHHS METOLY
MIDKCIEKTPaJIBHOI KOPEJIALil, 3aCHOBaHE HA 00YMCICHHI KOPEALIHHIX MTOKa3HHUKIB Koe]ilieHTIB BEHBIET-PO3KIIALy BUXiJHOI'O
CHUTHaJly i HOro JIiHIHHOro nepeTBopeHHs. Y poOOTi HaBe/IeHI Pe3ylIbTaTH KCIIEPUMEHTAIBHUX J0CIILKEHb 110 anpodariii JaHoro
Merony pu (hikcoBaHMX 300pax BEHO3HOI KpOBi. 3 BUKOPUCTaHHAM KpHTepiabHOI T-cTaTHCTUKM Oyna IpoBeieHa KUIbKiCHA
oliHKa e(eKTHBHOCTI BapiaHTiB BHOOPY IPOCTOPOBOTO PO3MIIIEHHS BHUMIpIOBAIBHHUX EJEKTPOAIB IpH OioimIienaHcoMeTpii.
OtpuMaHi pe3ysbTaTH JO3BOJIAIOTH 3pOOMTH BHUCHOBOK IIPO MOXIIMBICTBH 1 HMEPCIEKTUBHICTH 3alPOIIOHOBAHOTO METOLY JUIS
MOHITOPHHTY B PEXHMI PEaJIbHOr0 4acy Mo4aTKy NPUXOBAaHUX 1 CHOHTAHHHMX KPOBOBTPAT, a TAKOX JO3BOJIIOTH c(OpMYBaTH
PpeKOMeHIaii M0/I0 PO3MILCHHSI BUMIPIOBAJIBHUX €JIEKTPO/IB Ha TLIl MalieHTa.

Knaro4doBi cioBa: KpoBOBTpara; akTHBHHI MOHITOPHHT; Oi0IMIIEZJaHCHUI aHaIi3; BEUBIIET-TIEPETBOPEHHS; MIKCIIEKTpaIbHa
KopeusLis,; T-craTucruka.

Bo3mo:kHOCTH TpUMeHeHNs U TJIAHUPOBAHNE OMM-aHAIN3a /151 MOHMTOPHHTA KPOBONOTEPH
P. C. Tomamesckuit, T. B. Coxkoun, 3. A. Jlonienko

B pabore npuBeeHs! pe3yabTaThl HCCIISI0BaHHS BO3MOXKHOCTH IIPUMEHEHHSI PE3YJIbTaTOB METO/la OMOMMITEIaHCOMETPHH ISl
MOHUTODHHIA CKPBITBIX M CIOHTaHHBIX KpoBoTeueHWi. Iloka3aHa cymiecTByromas mpoOieMa ydera KpOBOINOTEPh IPH
PCaHNMAIIMOHHBIX, ONEPALMOHHBIX ¥ peaOMIMTAlMOHHBIX ~MEpONpUATHsAX. IIpeIUIOKEHO HCIIONBb30BAaHUE, B  KauecTBE
MH(POPMATHBHBIX N1APAMETPOB, CIIEKTPAIBHBIX CBOMCTB OMOMMIIEIAHCHOTO CHI'HAJIA, 3 UMCHHO, KO3((ULHEHTa MEXKCIIEKTPaIbHON
KOPpEJLSILMM  UCXOAHOI'O HW3MEPUTEIBHOr0 CUTHAJla M €ro JIMHeHHoro mpeoOpasoBaHus. B pabore neTaqbHO paccMOTPEHbI
cyliecTByromye onodusnueckue Moaeny, 000CHOBBIBAIOLINE MEPCIIEKTUBHOCTh HCIONB30BaHUS OMOMMIIEZIAHCHOTO METOAA IIs
MOOOHBIX 3a]a4, U IPHUBEICHBbI PAacyeTHbIE SMIIMPUYECKUE BBIPAKCHUS I ONpeleNIeHHs 00beMa >KHIKOCTHBIX CErMEHTOB
4eJIOBEYeCKOro opranusma. [IpuBeieHO MareMaTHueckoe 0OOCHOBaHHME METOIAa MEXCIEKTPAIbHOH KOPPEISIUY, OCHOBaHHOE Ha
BBIYHCIICHUH KOPPEJIALMOHHBIX MOKa3aTened Kod(Q(UIMEHTOB BEHBIET-Pa3IOKEHUS MCXOIHOIO CHIHAIA U €ro JIMHEHHOro
npeobpazoBanust. B pabore mpuBeseHbl pe3ysbTaThl SKCIEPUMEHTAIbHBIX MCCIEOBAaHUI MO anpoOaliM JIAHHOTO METOoja Ipu
(buKcupoBaHHBIX 3200pax BeHO3HOH kpoBH. C HCIIONB30BaHUEM KpUTEpHaTIbHOW T-crarHcTuku Oblia IpOBEEHA KOJIUYECTBEHHAS
oneHKa 3()QEKTUBHOCTM BapHAHTOB BbIOOpA  NPOCTPAHCTBEHHOIO  pAa3MEINECHHUS HM3MEPHUTENbHBIX  JJIEKTPOIOB  IIPH
6uonmnenancoMeTpuu. I1omydeHHbIe pe3ynbTaThl O3BONISIOT C/ENATh BBIBOJ] O BO3MOMKHOCTH H NIEPCIEKTUBHOCTH HPEUI0KEHHOTO
METOJIa 111 MOHUTOPMHIA B PEXHME PEalbHOrO0 BPEMEHM Hayasla CKPBITBHIX M CIIOHTAHHBIX KPOBOTEUCHHH, a TaKKe MO3BOJISIOT
copMHpOBATH PEKOMEHAALIUN OTHOCUTEIIEHO Pa3MELEHHS M3MEPHUTENIbHBIX AEKTPOIOB Ha TeJIe MAIMEHTa.

Kamo4ueBnle ciaoBa: KPOBOIIOTEPSI; AKTUBHBIN MOHUTOPHHT; 6I/IOI/IMHGZ[3HCHLI171 aHaJlu3; BeﬁBneT—npe06pa3OBaHHe;
MEKCIICKTPpaJIbHasl KOPPEJIALUSL] T-cratucruka.
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