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Abstract

The paper investigated the possibility of correct replacement of missing values in sets of acid-base state in the artery and
vein in different groups of patients with different outcomes of the disease: “discharged”, “died”, “transferred to another
medical institution”, as well as prospects for the application of individual optimization multidimensional estimates of
these biomedical parameters in the form of projections on a one-dimensional space. The relevance of the above tasks
is determined by the need for the full use of medical data in the analysis of large repositories of information of medical
organizations and the provision of verified multidimensional assessments of biomedical systems to doctors from a large
range of patient health indicators. A statistical method has been applied to verify the correctness of imputation data sets
using discriminant analysis procedures. Further, the imputed data set was processed to obtain a symmetric correlation
matrix optimized in a certain way and the accompanying logarithms of criterion functions that are individual system
assessments of the condition of each patient in different groups of patients at a certain point in the study. After that,
to identify differences in the logarithms of the criterion functions of the acid-base state parameters between groups of
patients with different outcomes, the authors used the method of calculating multidimensional Hotelling T2 statistics.
The correctness of the application of discriminant analysis procedures to verify the imputation of data sets is shown.
Differences in the logarithms of the criteria functions of the acid-base state indicators between venous and arterial
blood by patient outcome groups were revealed. Significant differences in the parameters of acid-base state based on
the multidimensional statistics of T2 Hotelling between groups of patients with different outcomes were revealed. It is
found that data imputation significantly increases the volume and representativeness of the sample under study. It is
demonstrated that the substituted data make it possible to carry out a systematic statistical assessment of the totality
of body parameters based on the calculation of the logarithms of the criterion functions of the acid-base state. Such
logarithms make it possible to reliably distinguish patients in different groups of patients by outcomes in three groups:
“discharged”, “deceased”, “transferred to another medical institution”. 100 % differences of biochemical parameters
according to the multivariate T2 Hotelling statistics between these three groups of patients with COVID-19 are shown.
The results of the study can be applied in the development of information systems of individual medical biochemical
and hematological devices and analyzers and corresponding artificial intelligence systems in the future.

Keywords

acid-base state, imputation, medical information system, COVID-19, criterion function

Acknowledgements
The research was supported by the Russian Science Foundation under Grant No. 17-15-01177.
The research was carried out within the framework of the budget theme No. 0060-2019-0011.

For citation: Kurapeev D.I., Lushnov M.S., Man T., Zhukova N.A. Imputation and system modeling of acid-base state
parameters for different groups of patients. Scientific and Technical Journal of Information Technologies, Mechanics
and Optics, 2022, vol. 22, no. 1, pp. 155-166. doi: 10.17586/2226-1494-2022-22-1-155-166

© Kurapeev D.I., Lushnov M.S., Man T., Zhukova N.A., 2022

Hay4HO-TeXHNYEeCKNn BECTHUK MHDOPMALMOHHbBIX TEXHOOMMIA, MEXaHWKKN 1 onTukn, 2022, Tom 22, N2 1
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 1

155



VK 616.092+616.98, 303.425.6, 338.45, 519.873, 681.518

BMeHeHue U cCTEeMHOE MO/IeJINPOBAHUE TApaMeTPOB
KHCJIOTHO-OCHOBHOTO COCTOSIHMSI PA3JIMYHBIX TPYIIN NAIIMEHTOB

Jmurpuii Minbuy Kypanees!, Muxaunia Crenanosuy Jlymunos2, Tanbcun Man3,
Haraabs Anexcanaposna Kykopad™

1.2 HarmoHanbHbI MEIMIMHCKU MCCIen0BaTeNbCeKui 1IeHTp uMenn B.A. Anmaszosa, Caukt-IletepOypr, 197341,
Poccuiickas @enepanus

3.4 Yausepcurer UTMO, Cankr-TletepOypr, 197101, Poccniickas ®enepanus

4 Canxr-IletepOyprekuii DenepanbHbIN MCcIenoBaTeNnbeKuil nenTp Poccuiickoit akanemnn Hayk, Cankt-IletepOypr,
199178, Poccuiickas @enepanus

I dkurapeev@gmail.com, https://orcid.org/0000-0002-2190-1495

2 Lushnov_ms@almazovcentre.ru, https://orcid.org/0000-0002-9683-1858
3 mantx626@gmail.com, https://orcid.org/0000-0003-2187-1641

4 nazhukova@mail.ru®, https://orcid.org/0000-0001-5877-4461

AHHOTANMSA

IIpeameTt ucciaenoBanus. VccienoBana BO3MOXHOCTh KOPPEKTHOH 3aMEHbBI HEJOCTAIOMINX 3HAYCHUH B Habopax
KHCJIOTHO-OCHOBHOTO COCTOSIHMSI B apTepHUM M BEHE B Pa3HbIX I'pylIax INalUEHTOB € Pa3JIMYHbIMU HCXOJaMU
3a00JIeBaHMsI: «BBIMUCAH», KYMEP», KIIEPEBE/ICH B APYroe MEAMIMHCKOE YUPeKICHHE». PacCMOTPEHBI MepCIEeKTHBBI
NPUMEHEHUST WHIUBH/YallbHbIX ONTUMU3AI[MOHHBIX MHOTOMEPHBIX OLEHOK JaHHBIX OMOMEAMIIMHCKUX MapaMeTpoB
B BHJIE MPOEKINI HAa OJHOMEPHOE MPOCTPAHCTBO. PelreHne mocTaBleHHbIX 33134 HEOOXOAUMO ISl MOTHOLEHHOTO
HCTIONB30BAHMS MEUIIMHCKHIX JAHHBIX TIPH aHATH3€ OONBIINX XPAHMINI HHPOPMAIIMH MEUIIMHCKUX OPTaHU3aIUN 1
MIPeIOCTABICHHS BpadaM M3 OOJIBIIOro Kpyra IMOKa3aTesleH O 30pOBbe MAallEeHTOB BePUHUIINPOBAHHBIX MHOTOMEPHBIX
OLICHOK OMOMeMIIMHCKUX cucTeM. MeTtoabl. [IprMeHeH craTucTHIeCKHi MEeTOI JUTs IPOBEPKU KOPPEKTHOCTH B Habopax
JTAaHHBIX BMECHECHUS € MCIOJIb30BAaHUEM [IPOLECAYP JUCKPUMUHAHTHOIO aHaiu3a. BeinoaHeHa oleHka UMITyTHPOBAHHOTIO
Habopa JaHHBIX JUIS HOJIyYEeHHs] ONTHMH3HPOBAHHON CUMMETPUYHON KOPPEIISILIMOHHOM MaTPUIIbI M COITYTCTBYIOIIMX
norapu(MoB KpuTepuanbHbIX GyHKIHH. [TonydeHbl HHAMBUAYAIBHBIE CHCTEMHBIC OLICHKH COCTOSIHHS KaXk0T0
MalyeHTa B Pa3HbIX IPyINNax MalMeHTOB B ONpPEAEIeHHbIH MOMEHT HccieoBaHus. [IpuMeHeH MeToa BBIYNCICHUS
MHOTOMEPHOM CTATUCTUKKM XOTeJUTMHTa T2 JUls BBIABIEHUS PA3IMuUi B JIOrapupMax KPUTEPHAILHBIX (yHKIHMI
MapaMeTpoB KUCIOTHO-OCHOBHOTO COCTOSTHUSI MEXK/Iy TPyNIIaMH TAI[MEeHTOB C PA3NNYHBIMU HcXofaMHu. Pe3yabTaThl.
IToxa3zana KOPPEKTHOCTh NPUMEHEHHsS IPOLEAYp TUCKPUMHHAHTHOTO aHANN3a JUIS IIPOBEPKH BMECHEHHS HaOOPOB
JTAHHBIX. BBISIBIICHBI CTATUCTHYECKN 3HAYMMBIEC OTIIMYHS JIOTapu()MOB KPUTEPHAIBHBIX (DYHKIIHIT TIOKa3aTeNel KNCIOTHO-
OCHOBHOTO COCTOSTHHSI MEK/ly BEHO3HOI M apTepHaIbHON KPOBBIO M OMOXMMHYECKHX MapaMeTPOB KPOBH Ha OCHOBE
MHOTOMEpPHOM cratucTuki Xoremmiara T2 Mex/y TpyninamMy NamueHToB ¢ pasindHbiMu nexonamu. [lpakraveckast
3HAYMMOCTh. J[0Ka3aHO, YTO MMITyTalUs JAHHBIX 3HAYUTEIBHO yBEIWYUBACT 00BEM M IMPEACTABUTEIBHOCTh
uccienyemoit Bei6opku. IIpoeMOHCTPUPOBAHO, YTO 3aMENIEHHbIE JaHHBIE MTO3BOJIAIOT MPOBOAUTH CHCTEMHYIO
CTAaTHCTHYECKYIO OLEHKY COBOKYIHOCTH TapaMeTPOB OpTaHM3Ma Ha OCHOBE pacueTa J0rapu()MoB KPUTEPHATBHBIX
(YHKIUH KHCIOTHO-OCHOBHOTO COCTOSTHMS. Takue JIorapr(Mbl MO3BOJSIOT TOYHO PA3INdaTh MAIHEHTOB M0 HCXOAaM
B TPEX IPYINax: «BBITHCAHHBIC», yMEPIINE», «IIePEBEACHHBIC B IPyroe MeAUIMHCKOe yupexaenne». [Tokazans
100 % pasnnuusi OHOXMMHUYECKUX TTOKA3aTeNlell 0 MHOTOMEPHOI craTucTrke Xotemwmara T2 Mex1y yKa3aHHBIMA
Tpems rpynnamu nanueHToB ¢ COVID-19. Pesynprarsl mcciaeoBaHUSI MOTYT OBITH IPUMEHEHBI TIPH pa3padoTke
MH(MOPMALIMOHHBIX CHCTEM OT/IEJIBHBIX MEUIMHCKAX OHOXUMHUYECKHUX M FeMaTOJIOTHYeCKIX IIPHOOPOB U aHAIN3aTOPOB
U B [ICPCIEKTUBE COOTBETCTBYIOLUIUX CUCTEM UCKYCCTBEHHOI'O HHTEIICKTA.

KiroueBblie ciioBa

KHCJIOTHO-OCHOBHOE COCTOSIHHME, BMEHEeHHUe, MeTulnHcKas nHdopmarponnas cuctema, COVID-19, kputepuasibHast
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Ceblaka aas uutupoBanus: Kypanees J[.1., Jlymuos M.C., Man T., )Kykoa H.A. Bmenenue u cucremHoe
MOJIETIMPOBAHHE MTAPAMETPOB KUCIOTHO-OCHOBHOTO COCTOSIHHS Pa3IMYHbIX IPYII MAneHToB // HayqHO-TeXHUYeCKHit
BECTHHK MH()OPMAMOHHBIX TeXHOJOTHH, MexaHuku u ontuku. 2021. T. 22, Ne 1. C. 155-166 (na anr. s3.). doi:
10.17586/2226-1494-2021-22-1-155-166

Introduction

Nowadays, there are currently millions of records
accumulated in medical information systems (MIS) and
databases. Data tend to contain a significant number
of omissions. Medical data can be analyzed from
physiological system positions [1] and synergetics [2]. In
the first case, when considering MIS, the term “system”
is understood primarily from the technical point of view

as data accumulation and storage, and in the second case,
it is used as a medical and physiological concept for the
meaningful modeling of the conditions of patients with
various diseases. Therefore, for the qualitative modeling of
the systemic conditions of patients, it is important to take
into account the maximum possible amount of data without
their distortion and loss of information since the system
model implies the most extensive filling of data sets. The
results of the research and scientific ideas of academician
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P.K. Anokhin [1] are taken as the basis for the description
of physiological systems in this work.

The aim of the work is to conduct systematic studies
that are based on correctly replaced missing values and the
assessment of the average criterion functions (CF) of a set
of parameters of the acid-base state of arterial and venous
blood in different groups of patients (DGP) [3-8].

Materials and Methods

The calculation of the criterion functions (CF) is
carried out based on the results of measurements for many
individual parameters that characterize the state of the
system under study. A correlation matrix is constructed
for the entire sample of the biosystem, which is subjected
to a special transformation using branches and boundaries
with the selection of the optimal subset of features and
the evaluation of the criterion function for each patient.
The method is based on the estimation of some monotone
function — CF from some biological set (A). The algorithm
is based on calculating the maximum CF based on a certain
quadratic form and on finding the largest set of n variables
that maximizes the CF for the entire subset containing m
features.

CF is calculated using the quadratic form: C(A,,) =
=(X,,N8,, 1(X,,), where A,, is a set of m variables, X,, is
vector of variables (a set of bioparameters — the functional
system of a particular patient) and S,, is symmetric positive
definite correlation matrix of size m x m; symbol X,,”
means the operation of transposing a vector, S,, ! is the
operation of calculating the inverse matrix [8].

Thus, the above information shows that correctly
constructed matrices without missing data can ensure
successful modeling.

The relevance of the problem focusing on the influence
of omissions in data on the results and conclusions of
medical research is noted in a large number of publications
[9, 10].

In the field of medical statistics (the generally accepted
Russian and English terminology has not been defined yet)
the following are the terms used to search for publications:
data with omissions, omissions or omitted values
(observations), censored values (observations), censorship
(the process of forming censored data and data with
omissions), random omissions, non-random omissions,
non-random censorship (that is, a non-random mechanism
for forming omissions and censored observations), offset
(in the results and the conclusions of the study), the loss
of part of the data, imputation (replacement of the missing
value by its assessment) [11]. The omissions in the datasets
can be processed using statistics, for example, using
multivariate analysis.

The problem of omissions and the resulting shifts
in research output is most relevant in the branches of
medicine dealing with extreme and terminal conditions,
that is, in traumatology [12, 13], resuscitation [14],
emergency cardiology [15, 16]. The problem of data loss
in experimental and clinical pharmacology studies remains
relevant [17]. In the USA, a special regulatory act has been
issued [18], which defines 3 gradations of omissions in
clinical pharmacology data, depending on the degree of

their randomness, and gives instructions for their statistical
processing. However, some experts in this field express the
opinion that this is not recognized as a serious problem, or
consider it a nuisance that should be ignored [16].

Usually, the data of sociological research obtained
through interviews are characterized by a large number of
omissions [19]. To work effectively with them, it becomes
necessary to fill in the gaps in the data since simply
discarding observations containing missing values can lead
to changes in the statistical characteristics of the sample
[20].

Despite many years of development of methods for
analyzing data with omissions, satisfactory solutions for
many medical problems have not been found yet. Most
authors recognized that there is no universal algorithm
for statistical and mathematical processing of data with
omissions [17, 21]. As a result, for example, in the work
[22], 6 methods of data processing with omissions were
used in parallel.

One of the most common methodological approaches
is the imputation (replacement) of the missing value by
its statistical assessment, that is, the value obtained from
the preserved (non-missed) values that are closest to the
missed one. Among such methods, multiple imputation is
very promising, and it is used, in particular, in the works
[13,21, 23, 24].

The implementation of the MICE algorithm (R-package)
made it possible to form the database necessary for the
study with the restored values [25]. The obtained data sets
are used to solve the problem of modeling the dependence
of the labor supply on the individual’s health characteristics
using spatial regression with fixed effects on panel data. It
is shown that filling in the gaps in data makes it possible
to eliminate some obstacles that arise during econometric
modeling. In addition, excluding observations with
omissions would probably lead to a bias in parameter
estimates [26, 27].

Thus, from the conducted literature review, it can be
concluded that in recent years, methods for statistical and
mathematical analysis of data with omissions have been
intensively developed.

Ethical considerations. In this paper, studies of
depersonalized acid-base state (ABS) data of DGP were
conducted. The purpose of the study was not to make
contacts with patients and to store and process their
personal data.

Results

When analyzing the biochemical parameters in
DGP (patients with COVID-19), a systematic approach
to functional systems was applied according to [2]. At
the beginning of March 2021, 1,687 such patients were
registered in the MIS qMS of the Almazov National
Medical Research Center (Saint Petersburg, Russia).
Among them, 3 groups of patients were identified:
“discharged*, “died”, and “transferred to another medical
facility (MF)”.

The gender and age composition of the patients was
as follows. There were about the same number of men
and women. Men 21-35 years — 6 %, 35-60 years —
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42 %, 6075 years — 35 %, 75-90 years — 16 %. Women
20-35 years — 6 %, 35-55 years — 28 %, 55-75 years —
49 %, 75-90 years — 16 %.

ABS samples were made to patients as needed
according to the indications and prescriptions of the
medical staff. From the database, 18,658 studies of ABS of
patients with COVID-19 were uploaded to the “Statistica”
system of the company “StatSoft-Tibco”. These acid-
base state (ABS) samples consisted of 21 parameters,
e.g. arteries: ABE_(art) — excess of bases, Ca2* (art) —
calcium ion concentration, Cl-_(art) — concentration of the
chlorine ion, ctBil_(art) — bilirubin, ctCO,(B) (art) —
total carbon dioxide content (calculated), ctCO,(P) (art) —
total carbon dioxide content in the plasma (calculated),
ctHb_(art) — reference hemoglobin level, ctO, (art) —
the total concentration of oxygen in the blood including
the concentration of oxygen dissolved in the plasma,
Glu_(art) — glucose concentration, HCO5(P)_(art) —
plasma bicarbonate, Hct (art) — hematocrit, Lac_(art)
— lactate content, Na* (art) — sodium ion concentration,
p50_(art) — the affinity of hemoglobin for oxygen, CO,
(art) — partial pressure of oxygen, pH_ (art) — acidity,
O, (art) — partial pressure of oxygen, SBE (art) — lack
of bases, sO, (art) — oxygen saturation, K* (art) —
potassium ion concentration, Osmolarity (art) — arterial
blood osmolarity.

A line-by-line deletion can destroy a noticeable part of
the data if missing values are scattered throughout the data
table or are located in several variables. And this is true in
our case.

In such cases, a deeper analysis is usually made, using
additional R-libraries for multiple substitution, such as
“Mice”. One can look at the relationship between the
presence of missing values of one variable and the observed
values of other variables and what happens in this case. The
imputation for the parameters of the artery and vein was
performed separately. 5 imputation sets were generated to
select the best set.

The predicted mean matching method (PMM) was set
as an imputation model for quantitative variables. PMM is
a type of linear regression in which the imputation values
calculated from the regression model are compared with the
nearest observed values. The method of fully conditional
specification of PMM — “predictive mean matching” was
used due to the degeneracy of some regression parameters.
The minimum and maximum values of the parameters of
the 0-data set are used as restrictions on the maximum and
minimum values for subsequent imputations (Table 1).

The data group the artery ABS. The table shows
the minimum and maximum values of arterial blood
parameters. They are the same for all five imputed data
sets in order to avoid data distortion and prevent biases
of statistical sets. These are the set values for imputation.

In all six data sets, including the initial imputed one,
the entire set of 21 parameters for the artery and vein
ABS were distributed according to the normal distribution
law according to the Kolmogorov-Smirnov and Liliefors
criteria with a probability less than 0.01.

The 5th group of the set of ABS for arteria with
imputation is presented in Table 2. Similar sets of

Table 1. Average statistical parameters of the artery ABS in the group without imputation (0-data set)

Variable Number of observations Mean Minimum Maximum Standard deviation
ABE art 11871 0.4503 —-31.0000 28.0000 5.10135
Ca?*_art 11563 0.9676 0.2500 151.0000 1.40431
Cl-_art 11541 109.9747 79.0000 149.0000 7.34768
ctBil_art 1601 26.8499 0.0000 265.0000 26.36076
ctCO,B_art 11713 48.0726 7.4200 107.9000 12.01896
ctCO,P_art 11513 55.2930 8.6000 121.3000 13.55506
ctHb_art 11885 107.7292 10.0000 195.0000 22.52998
ctO, art 11277 14.2235 1.8000 33.3000 2.98734
Glu_art 11647 8.9560 0.1000 37.0000 4.01030
HCO4P_art 11894 24.7031 2.9000 59.1000 5.10861
Het_art 2659 1.1126 0.0400 59.0000 5.10570
Lac_art 11684 2.5942 0.0000 30.0000 2.65705
Na_art 11895 142.3490 97.0000 195.0000 7.58373
p50 art 10533 25.7687 11.0000 262.4000 5.15931
pCO, art 11901 40.3392 10.0000 192.0000 13.14258
pH_art 11902 7.4116 6.7300 7.7600 0.09963
pO, art 11873 96.3650 18.0000 541.0000 41.05349
SBE art 1013 1.7253 —27.2700 30.0000 7.60385
sO,_art 11880 95.4498 10.5000 100.9000 6.50825
K* art 11861 4.1157 1.8000 19.6000 0.75089
Osmolarity art 11317 293.0776 202.0000 402.0000 16.08119
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Table 2. Average statistical parameters of the ABS of the artery in the imputation group 5 (5-data set)

Variable Number of observations Mean Minimum Maximum Standard deviation
ABE art 18658 0.4434 —-31.0000 28.0000 5.18306
Ca2" art 18658 0.9885 0.2500 151.0000 2.20358
Cl-_art 18658 109.9232 79.0000 149.0000 6.76504
ctBil art 18658 35.1288 0.0000 265.0000 41.66691
ctCO,B_art 18658 47.8398 7.4200 107.9000 9.98395
ctCO,P_art 18658 54.6650 8.6000 121.3000 11.45273
ctHb art 18658 107.2712 10.0000 195.0000 19.92765
ctO, art 18658 14.2043 1.8000 33.3000 2.60291
Glu_art 18658 9.0953 0.1000 37.0000 4.36174
HCO4P_art 18658 24.6568 2.9000 59.1000 4.36005
Hct art 18658 1.0042 0.0400 59.0000 4.95924
Lac_art 18658 2.5468 0.0000 30.0000 2.53684
Na_art 18658 142.3128 97.0000 195.0000 6.37804
pS0 art 18658 25.0472 11.0000 262.4000 9.41725
pCO, art 18658 40.7309 10.0000 192.0000 15.32162
pH_art 18658 7.4134 6.7300 7.7600 0.14171
pO,_art 18658 100.1013 18.0000 541.0000 46.94539
SBE art 18658 0.0432 —27.2700 30.0000 5.36797
sO,_art 18658 95.4232 10.5000 100.9000 6.30708
K* art 18658 4.1217 1.8000 19.6000 0.82043
Osmolarity art 18658 293.2238 202.0000 402.0000 13.34610

data imputation were obtained for the models of the ABS
vein.

It is also noteworthy that all significantly different
parameters have smaller average values compared to
the initial indicators and smaller standard deviations
(variances), which indicates that at least the imputed values
do not fluctuate more significantly in the vicinity of their
average values, compared with the initial sample.

To assess the degree of differences between the original
array and the imputed data, we performed a discriminant
analysis between these samples (sets of imputations).
Canonical discriminant functions for imputed artery data
sets are obtained (Table 3).

For the analysis, the first 4 of the canonical discriminant
functions were used, which 100 % describe the variances
and the first of which “explains” the process of “scattering”
by 96.3 %, and the second by 2.1 % (in total 98.4 %). The
first two canonical discriminant functions for the Ist data
set (without imputation) and the fifth set of imputed data
are shown in Fig. 1.

According to Table 3, the results of classification and
comparison of forecasts for belonging to the implanted
artery data were obtained and showed that 21.9 % of the
initial grouped observations were classified correctly.
This means that only 22 % of the imputed observations
differ from each other, which implies that the differences
between the imputed sets of arterial blood parameters are
not significant. This fact suggests that the imputed sets do
not differ from each other, but they allow for the problems
of system models to use correctly (in the sense of without
omissions) the criteria functions of the ABS, which will be
discussed below.

The graphical results of comparing the canonical
discriminant functions (for two canonical functions that
explain 98.4 % of the variance of the artery parameters
in total) are presented in Fig. 1, in which the practical
equivalence of the initial and the fifth imputed artery data
sets is clearly demonstrated.

Canonical discriminant functions for imputed vein data
sets are obtained in the same way (Table 4).

Table 3. Canonical discriminant functions of the ABS artery and their eigenvalues

Function Eigenvalue Variances, % Total, % Canonical correlation
1 0.123 96.3 96.3 0.331
2 0.003 2.1 98.4 0.052
3 0.002 1.3 99.7 0.041
4 0.000 0.3 100.0 0.021
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Fig. 1. Comparison of canonical discriminant functions (centroids of groups) of the ABS artery for data sets without imputation (a)
and in the 5th group of imputation (b)

Table 4. Canonical discriminant functions of the ABS vein and their eigenvalues

Function Eigenvalue Variances, % Total, % Canonical correlation
1 0.101 93.8 93.8 0.303
2 0.004 3.7 97.5 0.063
3 0.002 1.8 99.3 0.043
4 0.001 0.7 100.0 0.028

For the analysis, the first 4 of the canonical discriminant
functions were used, which 100 % describe the variances
and the first of which “explains” the process of “scattering”
by 93.8 %, and the second by 3.7 % (in total 97.5 %). The
first two canonical discriminant functions for the Ist data

set (without imputation) and the fifth set of imputed vein
data are shown in Fig. 2.
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The results of classification and comparison of forecasts
for belonging to the imputed data of the vein are obtained,
from which it follows that 25.9 % of the initial grouped
observations are classified correctly. This means that only
26 % of the implanted observations differ from each other,
which means that the differences between the implanted
sets of venous blood parameters are not significant.

b
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Fig. 2. Comparison of canonical discriminant functions (centroids of groups) of braid veins for data sets without imputation (a)
and in the 5th group of imputation (b)
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Table 5. Hotelling T2 statistics for comparing the parameters of ABS in the artery and vein of sample groups: “Died”, “Discharged”,
“Transferred to another medical facility”

Vessel parameter Comparison groups Hotelling T2
Art Died — Discharged 1220.570
Art Died — Transferred to another medical facility 1742.560
Art Discharged — Transferred to another medical facility 741.517
Vein Died — Discharged 1696.840
Vein Died — Transferred to another medical facility 496.160
Vein Discharged — Transferred to another medical facility 351.272

The graphical results of comparing the canonical
discriminant functions (for two canonical functions that
explain 97.5 % of the variances of the vein parameters in
total) are presented in Fig. 2. The practical equivalence
of the original and the fifth imputed data sets is clearly
demonstrated.

Let us move on to a multidimensional comparison based
on the statistics of Hotelling T2 of imputed data between
3 groups of patients (Table 5): “discharged”, “died”,
“transferred to another medical facility”. A significance
level p = 0.0000 for F-statistics was obtained for all
comparison groups.

From Table 5, presented above, it follows that
the 21 ABS parameters in both artery and vein in a
multidimensional space differ in pairs for 3 “states”
according to the multidimensional statistics of Hotelling
T2. This remarkable fact confirms, firstly, the significant
difference between these conditions in the outcomes
of treatment of patients with COVID-19, secondly, the
adequacy of the applied multidimensional Hotelling T2
statistics, and thirdly, the correctness of the initial data
imputation, along with the results of the discriminant
analysis with its canonical discriminant functions and
centroids.

Dynamic system statistical analysis of ABS parameters
in DGP

Now we present the results of a systematic dynamic
analysis of the ABS for each individual patient with
COVID-19. System analysis assumes a fully filled data
matrix. Hence, the reasons for the above data imputation
are clear.

The average statistical indicators of the decimal
logarithms of the CF ABS were calculated on an IBM-
compatible PC with a clock frequency of 2.5 GHz of the
Intel 15-2400S processor for 7 hours. The reliability of the
differences in the averages and variances for survivors,
deceased, and transferred to other medical institutions of
patients is calculated; the results are shown in Fig. 3.

It follows from Fig. 3 that both the mean and variance
values of the logarithm of the CF of the ABS in patients
with COVID-19 differ for the artery and vein according
to the outcomes in the groups “discharged”, “died” and
“transferred to other medical facilities” significantly. This
fact is confirmed by the graphs of the average values of this

indicator by groups. The results are noteworthy: despite
the very insignificant numerical differences between the
averages and variances, they are nevertheless statistically
significant. In addition, these are decimal logarithms, and
they are the power of the number that needs to be raised
to get the true value of the CF of the ABS, which in turn
reflects the “level of correlation” within the ABS system of
a particular patient. Moreover, since the logarithms have a
value greater than 3 in our case, the indicators of CF ABS
have an order of magnitude from 1000 to 10 000, and the
differences in the average logarithms for the deceased and
those discharged from the clinic are even on near 0.12,
they can have a statistically significant control effect on
the ABS system.

According to the data in Fig. 3, it can be seen that all
the compared groups differ significantly in mean values
and variances, except for the absence of differences in
the average values of the logarithm of the CF ABS vein
between the groups “discharged” —“transferred to another
medical facility” (Fig. 3, f).

Thus, from Fig. 3, a pairwise difference in the
logarithms of the CF ABS for all groups of states (“died”,
“discharged”, “transferred to another medical facility”)
follows, which emphasizes the diagnostic value of the
system indicator under consideration.

We will demonstrate how the decimal logarithm of the
system criterion function of the ABS behaves for individual
groups of patients: “died” (Fig. 4), “discharged” (Fig. 5),
“transferred to another medical facility” (Fig. 6).

Discussion

The results of the studies revealed a certain statistically
significant determinism in the response of ABS to Covid
infection (DGP) from the standpoint of dividing patients
into groups: “discharged”, “died”, and “transferred to
another medical facility”. There is probably a certain
uncertainty in the outcome of the disease, depending on
the initial state of the ABS at the time of contact of the
coronavirus with the human body. This is indicated by
the “levels — groups” of outcomes. This paper presents
the results of studies for men and women at all ages. The
results for different age categories for men and women
may likely differ. Subsequent studies may reveal the
peculiarities of the response of gender and age groups of
people to contact with the coronavirus.
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The clinical implications of this work are that research
doctors receive a new analytical tool for evaluating the
multidimensional ABS of DGP in the form of a criterion
function, by which it is possible to determine the dynamics
of a particular patient’s system. The social consequences of
this scientific work show that when treating and evaluating
patients with COVID-19, it is necessary to pay attention to
the prognostic value of the dynamics of CF ABS, which
can indicate the possibility of a fatal outcome in a certain
category of patients.
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