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Anomauisn
IIpoananizoéano OCHOBHI HANPIMU 3ACMOCY8AHHS MAMEMAMUYHUX Memooie Y MeOuuHil OlaeHOCmuyi,

CcopMyILOBaAHO iX HEOONIKU , NPUHYUNU OIASHOCUKY, 3ACHO6AHI HA Hewimill 1o2iyi. Po3pobneno mamemamuyuni mooeni ma
aneopummu, wo Gopmanizyoms npoyec NPUUHIMmMsL 0ideHOCMUYHUX PilleHb HA OCHOBL HeuimKol 102IKU npu KLIbKICHUX ma
SKICHUX napamempax Cmamy RayicHma; po3poOsliombCs MAMeMamuyti Mooeni QYHKYIl YleHYSaHHs, (DOPMANi3yiouu
npeocmasieHHst KLIbKICHUX [ SKICHUX Napamempie Cmany NAyicHmis y Uil HeuimKux MHOJNCUH, WO 6UKOPUCITO8YIOMbCSL
6 MOOCSX [ ANeOPUMMAx OlAZHOCMUKY I BU3HAYEHHSL OlA2HO3Y npu 0iaOemuyHOMY Kemoayuoosi.

Knrouosi cnosa: inopmayiiino-excnepmua cucmema, KOHMpPOIb-Memoo0 HeUimKux MHONCUH, OaMYUKU, MEOUYHA
diaeHocmuka, JiabemuyHull Kemoayuoo3.

Abstract

Main directions of the application of the mathematical methods in medical diagnosis are analyzed, their
drawbacks are evaluated , principles of diagnosis, based on fuzzy logic are formulated. Mathematical models and
algorithms, formalizing the process of diagnostic decisions making on the base of fuzzy logic at quantitative and
qualitative parameters of the patient state are developed; mathematical models of the membership functions, formalizing
the presentation of quantitative and qualitative parameters of the patients state in the form of the fuzzy sets, used in the
models and algorithms of diagnosis and determining the diagnosis in case of diabetic ketoacidosis are developed.

Aim of the study is realization of the computer-based expert system for the solution of the problems, dealing with
medical diagnosis on the base of fuzzy logic in case of Diabetic Ketoacidosis.

Key words: information expert system, control-method of fuzzy sets, sensors, medical diagnostics, diabetic
ketoacidosis.

Introduction

Diabetes — is one of the growing problems of the public health service in XXI century. According
to the data of the 9™ edition of the Diabetes Altas of IDF (The International Diabetes Federation) for a year
2019 the amount of diabetic patients among the adult population in the world is on average 9.3 % (from 6 to
11 % in different regions). In absolute terms this is approximately 463 million persons, among them more than
1.1 million of diabetes cases of the first type is among children.

Diabetic ketoacidosis(DKA) is an acute decompensation of the diabetes as a result of poor control of
glycemia, that is characterized by the sharp increase of the glucose level and Ketone bodies in the blood,
emergence of the ketone bodies in the urine and metabolic acidosis, that may cause death as a result of brain
edema [1, 2]. Acute complication of diabetes results in considerable financial loading both on the health care
system and the patient. The amount of expenses may reach approximately 26566 USD per patient for the period
of the hospitalization in the USA [3]. Main standard approach to the stratification of the patient by the degree
of Diabetic Ketoacidosis severity is the assessment and distribution according to the level of blood pH (for
the arterial blood DKA 1 7.21 - 7.34, DKA 1l 7.10 - 7.20, DKA 11I<7.1) [4, 5, 6]. Additional criteria of the
severity assessment in some countries are level of bicarbonates and beta-y-hydroxybutyrate [7, 8].
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Aim and tasks of the research

Aim of the research is the realization of the automated expert system for the solution of the problems
of medical diagnostics, on the base of fuzzy logic in case of Diabetic Ketoacidosis.

The given paper analyses main directions of the application of the mathematic methods in medical
diagnostics, the drawbacks of these method are analyzed, principles of diagnostics, based on fuzzy logic are
formulated, mathematical models and algorithms, which formalize the diagnostic decisions making process
on the base of fuzzy logic at quantitative and qualitative parameters of the patient’s state are developed,
mathematical models of the membership functions, formalizing the presentation of quantitative parameters of
the patient’s state in the form of fuzzy sets, used in the models and algorithms of Diabetic Ketoacidosis
diagnostics are elaborated.

Usage of mathematic tools of fuzzy logic for the processing of the diagnostic information

In the given study such laboratory indices of the arterial blood were determined, blood pH, partial
pressure of carbon dioxide - pCO, total content of carbon dioxide in the blood - tCO; and partial pressure of
oxygen - pOz. All the patients were taken blood tests regarding the gas composition and indices of acid-base
balance. Blood sample was taken mainly from the radial artery of the nondominant hand in the place of the
palpatory determination of the best pulsation of the vessel in the heparinized syringe of 2 ml of volume during
the hospitalization. Prior Allan’s test was taken. Blood samples were taken to the laboratory during 1-2 min
for the immediate laboratory study. If necessary, the corrective indices of Hg, body temperature, oxygen
concentration in the mixture, taken by the patient were input into “Easy Blood Gas” (USA, 2008). Gas analysis
of the blood was determined by the method of the potentiometric measurement, by means of ion-selective
electrodes, using automatic analyzer “Easy Blood Gas” (USA, 2008).

Necessary range will correspond to this decision, this range indicates the degree of the severity level in
case of Diabetic Ketoacidosis.

Practical realization of the medical expert system for the assessment of diabetic ketoacidosis severity

For the realization of the operation of the blocks of adjustment, membership functions storage, fuzzy
processing and output of the expert system principles of obtaining the valid diagnosis on the base of fuzzy
logic were provided as the basis.

Analytical expressions of the functions p/(x;) from the value X; (PHARTERIA), if PH = 6,9; 7,45 [8]
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Basic ideology of the information medical expert system operation for the assessment of the Diabetic
Ketoacidosis severity, on the base of the introduction of fuzzy logic blocks for the assessment of the severity
stage in case of Diabetic Ketoacidosis is shown in Fig. 1 (to improve the reliability of the assessment it is
planned to perform the assessment by the venous component).

The result of realization of the given blocks was the developed programming shell, in this case, the
user is proposed after the launching of the program to introduce the value of the low and upper scale of values,
that is in the data base of certain pathology, in our case, we introduce the values which are basic for the
determination [8].

Fig 1. Fuzzy logic blocks for the assessment of the severity stage

Conclusions

Method of the application of fuzzy sets for the realization of the information expert system for the
solution of the problems of medical diagnostics, in particular for Diabetic Ketoacidosis diagnosis was further
developed.

Main directions of mathematic methods application in medical diagnostics were analyzed, their
drawbacks were evaluated, principles of diagnostics, based on fuzzy logic were formulated.

Basic scientific results: mathematical models and algorithms, formalizing the process of diagnostic
decisions making on the base of fuzzy logic, taking into account quantitative and qualitative parameters of
patient’s state were developed; mathematical models of the membership functions, formalizing the
presentation of the quantitative and quantitative parameters of the patient’s state in the form of fuzzy sets, used
in the models and algorithms of diagnostics and determining the diagnosis in case of Diabetic Ketoacidosis
were developed.

The developed models and algorithms of medical diagnostics are based on the ideas and principles of
artificial intelligence and knowledge engineering, theory of the experiments planning, theory of fuzzy sets and
linguistic variables. Validation of the expert system is performed on real data.

Practical value of the research is the possibility of the application of the automated expert system for the
solution of the problems of medical diagnostics on the base of fuzzy logic for the classification of the severity



degree of Diabetic Ketoacidosis. Program shell on the base of fuzzy expert system is created. This shell can
be used as a tool for the design of the object-oriented systems, necessary for the intelligent support of diagnostic
decisions in different branches of medicine, including clinical practice and doctors training. Characteristic
feature of the shell is that it enables to create expert diagnostic systems without special training in the sphere
of programming and fuzzy sets.

References

1. Khan, Vinshi, et al. "Incidence, Predictors and Outcomes of Cerebral Edema Among Patients
With Diabetic Ketoacidosis (DKA) From Nationwide Inpatient Sample (NIS) 2002-2015: 2725." American
Journal of Gastroenterology 113 (2018): S1519.

2. Rotshtein A. Design and Tuning of Fussy IF — THEN Vuly for Medical Didicol Diagnosis. In
Fuzzy and Neuro-Fuzzy Systems in Medicine (Eds: N. Teodovescu, A. Kandel, I. Lain.). — USA. CRC-Press,
1998, pp. 235-295.

3. Valentina K. Serkova, Sergey V. Pavlov, Valentina A. Romanava, et al. Medical expert
system for assessment of coronary heart disease destabilization based on the analysis of the level of soluble
vascular adhesion molecules // Proc. SPIE 10445, Photonics Applications in Astronomy, Communications,
Industry, and High Energy Physics Experiments 2017, 1044530; doi: 10.1117/12.2280984.

4, Khan, Vinshi, et al. "Incidence, Predictors and Outcomes of Cerebral Edema Among Patients
With Diabetic Ketoacidosis (DKA) From Nationwide Inpatient Sample (NIS) 2002-2015: 2725." American
Journal of Gastroenterology 113 (2018): S1519.

5. Desai, Dimpi, et al. "Health care utilization and burden of diabetic ketoacidosis in the US over
the past decade: a nationwide analysis." Diabetes Care 41.8 (2018): 1631-1638.

6. Nyenwe, Ebenezer A., and Abbas E. Kitabchi. "The evolution of diabetic ketoacidosis: an
update of its etiology, pathogenesis and management.” Metabolism 65.4 (2016): 507-521.

7. Pavlov V.S. . Information Technology in Medical Diagnostics Il // Wéjcik, W., Pavlov, S.,
Kalimoldayev, M. (2019). London: Taylor & Francis Group, CRC Press, Balkema book. — 336.

8. Zorina Nizhynska-Astapenko, Sergiy Pavlov, Oleg Vlasenko, Waldemar Wojcik, Maryna
Vlasenko, Olga Chaikovska, Volodymyr Pavlov, Ainur Orazayeva, Katerina Shevchuk, and Tetiana Vuzh
"Information medical fuzzy-expert system for the assessment of the diabetic ketoacidosis severity on the base
of the blood gases indices", Proc. SPIE 12126, Fifteenth International Conference on Correlation Optics,
1212626 (20 December 2021); https://doi.org/10.1117/12.2616675

Ilagnoe Bonooumup Cepeiiiosuu - acnipanm xagedpu biomeouunoi indicenepii, gpaxyromem ingpopmayitinux
eleKmpoHHUX — cucmem,  Binnuyoxkuil  nayionanemuii  mexwiunuil  yHieepcumem, M.  Binnuys,  e-mail:
volodymyrpavloff@gmail.com

Xom’tox Ipuna Bonooumupiena - 0. neo. 1., npogecop, npoghecop kagedpu suwoi mamemamuxu, Binnuyvruil
HayionanbHutl mexuiunuill ynieepcumem, m. Binnuys, e-mail: vikiravwwh@gmail.com

Illesuyk Kamepuna Cepeitena- macicmpanmka kagedpu 6iomeduuroi inxcernepii, paxyromem ingopmayitinux
eleKMpPOHHUX ~ cucmem,  Binnuyvkuil — HayioHaneHuil — mexuiuHuu  yHigepcumem, M.  Binnuys, e-mail:
katenka.shevchuk@gmail.com

Volodymyr S. Pavlov - postgraduate student of the Department of Biomedical Engineering, Faculty of
Information  Electronic  Systems, Vinnitsa National Technical University, city of Vinnytsia, e-mail:
volodymyrpavloff@gmail.com

Irina V. Khomyuk - Doctor of Science (Ped.), Professor of Higher Mathematics Department, Vinnytsia National
Technical University, Vinnytsia, e-mail: vikiraivh@gmail.com

Katerina S. Shevchuk- master of the Department of Biomedical Engineering, Faculty of Information Electronic
Systems, Vinnytsia National Technical University, Khmelnytsky Hwy, 95, 21021 Vinnytsia, Ukraine, E-mail:
katenka.shevchuk@gmail.com


https://www.spiedigitallibrary.org/profile/notfound?author=Valentina_Serkova
https://www.spiedigitallibrary.org/profile/notfound?author=Valentina_Serkova
https://www.spiedigitallibrary.org/profile/notfound?author=Valentina_Serkova
https://www.spiedigitallibrary.org/profile/notfound?author=Sergey_Pavlov
https://www.spiedigitallibrary.org/profile/notfound?author=Valentina_Romanava
https://www.spiedigitallibrary.org/profile/notfound?author=Valentina_Romanava
https://www.spiedigitallibrary.org/profile/notfound?author=Valentina_Romanava
https://doi.org/10.1117/12.2616675
mailto:vikiravvh@gmail.com
mailto:katenka.shevchuk@gmail.com
mailto:volodymyrpavloff@gmail.com
mailto:vikiraivh@gmail.com
mailto:katenka.shevchuk@gmail.com

	Usage of mathematic tools of fuzzy logic for the processing of the diagnostic information

