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KaroueBsble ci10Ba: MeOuyuHCKUL MeXHOIOSUYECKULL NPOYECe, UHMEIEKMYAIbHbLE CUCTEMbl, UCKYCCIGEHHDbII
UHMEILIeKM, KAYeCME0 JACUZHU, KOMNLEKC MEOUYUHCKUL IKCREPNHbLU

Kiawu4oBi ciioBa: meouunull mexHono2iuHuti npoyec, ihmeiekmyaibHi CUCIEMU, WIYYHUL IHMeleKm, SKiCMb JCUmmsL,
KOMNIEKC MeOUYHULl eKCnepmHull

Abstract. Intellectual systems in the management of medical technologies and quality of life. Kizhaev S.O.,
Petrenko V.O., Mazur N.V., Belitsky V.V., Mazur A.V., Dudnikova O.1. The article is devoted to the development
and use of intelligent systems in the management of medical technological processes and health-related quality of life
(HRQOL). The relevance of the work is due to the need for effective use of intellectual systems in healthcare. The
purpose of this work is to study the possibilities and prospects of using information technologies and artificial
intelligence systems in clinical medicine to improve the efficiency of providing medical care to the population.
Information retrieval method, theoretical analysis of legislative and regulatory documents, literary sources, Internet
resources, research results; spectral-dynamic and mathematical analysis of the current state and assessment of the
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quality of life of an individual using the artificial intelligence system Complex Medical Expert (CME). The paper
analyzes the development trends of information technologies and artificial intelligence systems, as well as the features
of their use in medical technological processes. As an example, the technological capabilities of the intelligent system
CME are briefly described.

Pedepar. UHTeiuieKkTyajbHbIE CHCTEMBI B YNPaBJEHHH MEIMIMHCKMMHU TEXHOJIOTHSIMU M KAa4eCTBOM KHM3HHU.
Ku:kaeB C.A, Ilerpenko B.A., Ma3yp H.B., Benenkuii B.B., Ma3yp A.B., lynuukoBa E.. Cmames noceawena
PA36UMUIO U UCTIONb30BAHUIO  UHMELIEKMYAIbHbIX CUCTHEM 6 YNPAGLeHUU MEOUYUHCKUMU MEXHON02UYeCKUMU
npoyeccamu U KayecmeoMm XHCU3HU, C8A3AHHbIM co 30oposvem (HRQOL). Axmyanvnocme pabomel o0Oyciosnena
He0OX00UMOCmbl0 IPHEKMUEH020 UCNONB306ANUS UHMEIEKIYANbHBIX CUCmeM 6 30pasooxpanenuu. Llenv Oanmnoi
pabomuvl — ucciedo8anue B03MONCHOCMEU U NEPCNEeKMUE NPUMEHEHUS UHQOPMAYUOHHBIX MEXHOA02UU U CUCmeM
UCKYCCMBEHHO20 UHMENLEKMA 6 KIUHUYECKOU Meduyune Oiisl NOGblueHUst IPDEKmueHOCmu OKA3AHUSL MEOUYUHCKOU
nomowu Hacenenuio. Mcnonvsosansl: uHGOPMAYUOHHO-NOUCKOBBIL MEMOO; MEOPEMUYeCcKUll aHaIU3 3aKOHOOAMENbHO-
HOPMAMUGHBIX OOKYMEHMO8, TUMEPAMYPHbIX UCMOYHUKOS, UHMEPHEM-PEeCypcos, pe3yIbMmamos HAYYHO-UCCIe00-
B8AMENLCKUX pAOOM, CNEKMPATbHO-OUHAMUYECKUI U MAMEMAMUYEeCKUl aHaau3 aKmyanbHo20 COCMOSHUSL U OYeHKA
Kauecmea JHCusHu UHOUBUOYYMA NPU NOMOWU CUCeMbl UCKYccmeenno2o unmeniekma «KMOy. B pabome npoananu-
3UPOBAHBL MEHOCHYUU PA3CUMUST UHPOPMAYUOHHBIX MEXHOAOSUN U CUCTEM UCKYCCMBEHHO20 UHMENLIEeKMA, d MaKice
0COOEHHOCMU UX UCNOIL30BAHUSL 8 MEOUYUHCKUX MEXHOIOSUYECKUX npoyeccax. B kavecmee npumepa kpamko onucarvl

MexXHON02UYeCKUe 803MONCHOCMU UHMeTIeKmYyanbHol cucmemsl Komniexe Meouyunckuil Okcnepmmbiil.

Worldwide, according to the WHO, more than
400 million people have various diseases and need
treatment [44]. Among the main causes of morbidity
and mortality of the population are acute vascular
disorders in the circulatory system: stroke, myo-
cardial infarction, internal bleeding [36]. Appro-
ximately 10% of patient deaths are due to diagnostic
errors [12].

The main task of the health care system is to
reduce morbidity and mortality, and the ultimate
goal of any health initiative today should be
considered to achieve a better quality of life for
patients while maintaining their ability to work and
well-being [27, 44].

In this regard, the problem of optimizing resource
provision and improving the efficiency of
management of medical technological processes to
achieve higher performance in the health of the
population is becoming increasingly important.

Modern medicine is developing very dyna-
mically. This is due to its social aspect and the huge
impact on the quality of life of the population [6].
Most countries around the world are trying to reform
their health care systems to meet the expectations of
the population and ensure the structural efficiency of
health care. Integration into the European Union
contributes to the reform of health care in Ukraine
[1], which should be carried out using innovative
medical and management technologies focused on
the development of innovations in the industry [24].

Due to the introduction of medical reform, health
care institutions in Ukraine began to compete with
each other on medical technologies and the quality
of services that the patient can assess on certain
grounds: availability, efficiency, uniqueness, speed
of service, etc. [42].
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The state, for its part, promotes the development
of research in the field of health care and the
implementation of their results in the activities of
institutions and the work of healthcare professionals
(Article 20 "Fundamentals of Ukrainian legislation
on healthcare") [29].

Development and implementation of modern
information and communication technologies and
robotics for quality medical care and treatment is
one of the most important strategic priorities (Article
4 of the Law of Ukraine "On priority areas of inno-
vation in Ukraine") [33].

Improving the efficiency of the health care
system is largely determined by the effectiveness of
the main components of medical technology. The
introduction of knowledge-intensive medical techno-
logies involves the following: improving the techno-
logical base, the use of medical information
technology (IT); technical re-equipment of treatment
and prevention institutions and training of personnel
who will be able to professionally use new techno-
logical opportunities [11, 41]. The urgency of the
work is due to the need for effective use of intel-
ligent systems in healthcare.

The purpose of this work is to study the pos-
sibilities and prospects of application of information
technologies and intelligent systems in the mana-
gement of medical technological processes and
quality of life.

MATERIALS AND METHODS OF RESEARCH

Information-search method and theoretical
analysis of legislative and normative documents,
literature sources, Internet resources, results of
research works. Empirical analysis of the current
condition of the patient using the artificial intel-
ligence system "CME".
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RESULTS AND DISCUSSION

Medical technological process (MTP) is a system
of interconnected measures, the implementation of
which enables to complete the most rational treat-
ment course and ensure the achievement of
maximum compliance of scientifically predicted
results with real minimization of costs. In clinical
medicine it is a process of management of an
organism (change of structure and functions) which
is realized in space and time for the purpose of
improvement of its condition. The object of research
and management is the patient's body and the
external environment in relation to him, and the
subject of management - the doctor. Lineament of
the management process includes four stages: 1)
collection and processing of information about the
state of the control object; 2) diagnostics; 3)
decision-making on the impact on the object; 4)
implementation of the decision [20, 22].

Changes in patients are traditionally determined
by laboratory or clinical studies. However, they do
not take into account a person's personal and social
context and cannot give a doctor a complete picture
of the disease, as the disease affects not only a
person's physical condition but also his behavior,
emotional reactions, often changing his place and
role in social life [10, 50].

Satisfaction of patients with treatment is a rather
acute medical and social problem, associated not
only with the quality of care provided, but also the
adherence of patients to treatment [49]. The
treatment process, despite the established standards,
is always individual (personalized), and manage-
ment is considered as a sequence of actions
(operations) of the attending physician and is based
on the patient's condition, treatment standards,
analysis of knowledge bases regarding treatment, i.e.
precedents. The main criterion for assessing MTP is
the patient's condition, which is often not
quantifiable and requires, for example, the use of
fuzzy logic methods. Improving MTP management
processes requires new and more advanced
methods based on automated acquisition and
generalization of knowledge, the involvement of
intelligent technologies and methods to support
decision-making [26].

Therefore, the assessment of quality of life,
which is one of the most pressing problems of
modern society and medicine in different countries
[3, 46, 50, 52], has become increasingly important in
world medical practice recently.

The term "quality of life" was officially recog-
nized in medicine in 1977, and at the beginning of
the XXI century this concept was redefined -
"health related quality of life " (HRQOL) — the
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degree of human comfort both within oneself and
within one’s society [3].

HRQOL is recognized as an integral part of a
comprehensive analysis of new methods of
diagnosis, treatment, prevention, quality of treatment
and medical care. This is not a criterion for the
severity of the disease, but an indicator of the
general condition of the patient, the effectiveness of
treatment and rehabilitation measures, prognostic
criterion for the end of the disease, an important
pharmaco-economic criterion for creating and
testing new medical technologies

HRQOL assessment makes it possible to more
accurately identify disorders in the patient's health,
more clearly present the essence of his clinical
problem, determine the most rational method of
treatment, as well as assess expected results by
parameters that are at the intersection of scientific
approach and subjective point vision of the patient.
HRQOL indicators can be used to identify problems
and benefits, facilitate communication, track chan-
ges or reactions to treatment, staff training, clinical
audit and clinical practice management, i.e. prob-
lems beyond common competence of medical care
can be identified. The use of HRQOL indicators in
clinical practice ensures that treatment is focused on
the patient and not on the disease [3, 10, 46, 50, 52].

The most important thing is the assessment of
medical aspects of HRQOL in patients with chronic
diseases, because the goal of therapy for most of
them is not to treat as such, but to improve their
functioning by reducing symptoms or limiting
disease progression, which allows to determine
factors that contribute to the improvement of life and
life meaning [3, 21, 27, 52].

WHO has developed criteria for assessing the
quality of life due to health: physical (strength,
energy, fatigue, pain, discomfort, sleep, rest);
psychological (positive emotions, thinking, learning,
remembering, concentration, self-esteem, ap-
pearance, negative experiences); level of indepen-
dence (daily activity, ability to work, dependence on
drugs and treatment); social life (personal rela-
tionships, social value of the subject, sexual acti-
vity); environment (well-being, safety, life, avai-
lability and quality of medical and social security,
availability of information, opportunity for training,
advanced training, leisure, ecology); spirituality
(religion, personal beliefs) [21, 51]. HRQOL can be
measured by interviewing the patient or using
various instruments. Instrumental research methods
are more sensitive to assess the dynamics of the
condition, the therapeutic potential of the
treatment, the probability of recurrence at different
stages of remission [40].

Licensed under CC BY 4.0
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The main tool for "quantifying" HRQOL is
questionnaires: general, narrowly focused, spe-
cialized. General — aimed at assessing the health of
the population as a whole, regardless of pathology
(for example, the questionnaire "MOS SF-36").
Special — used to assess the effectiveness of a
particular method of managing a particular disease
and focused on a specific nosology and its treatment.
With their help one certain category of HRQOL
(physical or mental condition) is assessed, or
specific disease, or certain types of treatment is
performed. They allow us to notice changes in the
HRQOL of patients that occurred in a relatively
short period of time [27].

In the world medical practice there are several
problems that affect the preservation of health and
improve the quality of life 8, 34, 38]:

- due to the increase in life expectancy and aging
population, the proportion of age-related chronic disea-
ses, non-infectious or caused by unhealthy lifestyle;

- an increase in the number of medical errors that
lead to negative consequences for the patient;

- an increase in the general shortage of qualified
personnel in the industry.

Comprehensive solutions to these problems are
concentrated in the field of information technology
(IT), the use of universal and specialized computer
technology, development and practical application
of cognitive intelligent systems capable of perfor-
ming professional functions at the level of human
intelligence.

Many healthcare projects (e. g., electronic patient
health card software, mobile diagnostic devices,
medical programs, biochips-implants) belong to the
category of IT technologies and are able to provide a
breakthrough in the field of public health. Their
implementation allows you to: reduce the cost of
medical care; to increase the profitability of medical
institutions, the quality of patient care, performance
appraisal of medical staff. The most promising are
considered to be IT technologies with large amounts
of information and the creation of mobile diagnostic
devices. Mass introduction of IT technologies has
led to the emergence of a scientific field - medical
informatics [6].

IT technologies cover a wide class — system,
virtual, multimedia, telecommunication, Internet
technologies, monitoring systems and technologies.
Management of innovative IT technologies and
projects enables to provide [5, 15, 25, 30]:

- telemedicine services, thanks to which doctors
can remotely provide counseling;

- quick access to databases and the ability to
obtain the necessary data on medical history, make
quick decisions about care;
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- access to online education;

- the possibility of holding online symposia;

- use of information in mobile applications on the
correct drug taking.

The development of IT technologies enables to
automate tasks that require human perception skills,
such as handwriting recognition or identification,
and tasks that require cognitive skills, such as
planning, reasoning based on partial or uncertain
information and learning. Cognitive technology is a
product of a field of research known as artificial
intelligence (AI). Research in the field of Al is based
on the ability of the biological nervous system to
learn and correct own mistakes [54].

The use of applied intelligent systems in the
management of MTP can improve the quality of medi-
cal care and ultimately — the quality of life of the pa-
tient as a criterion for its effectiveness [13, 19, 37, 54].

Artificial Intelligence (Al) is a science and
technology of creating intelligent machines and
intelligent computer programs, which is part of the
computer science, and the technologies created on
its basis belong to IT technologies [35, 48].
Conventionally, Al systems are divided into two
classes — strong (general, universal) and weak
(applied) ones. Strong Al can be compared to
human, it can learn as people do, and is not inferior
to the level of development of most people. All other
Al systems are applied, as they can do only one
thing, for example, diagnose a specific disease,
search the Internet, etc. [35]. Al systems are a set of
software and hardware that use in their operation the
knowledge laid down by experts and allow them to
perform the functions inherent in these experts.
These include expert systems, intelligent infor-
mation retrieval systems and intelligent decision
support systems [16, 23].

Al systems use technologies: modeling of
intellectual behavior with minimal human inter-
vention; presentation of knowledge, their acquisition
and further manipulation of them. Unlike rigid
algorithms, Al is self-learning. Al includes various
software systems and methods and algorithms used
in them [12, 35, 48].

Al combines five groups of technologies [9]:
machine vision; natural language; virtual assistants;
robotic process automation; advanced machine
learning.

In the 1970s, expert systems began to be
developed — specialized software that can partially
replace an expert, and which, based on knowledge
bases, help the doctor in making decisions in
diagnosing, predicting, choosing strategies and
treatment tactics, and also give the chance to address
to the computer for consultation in difficult
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diagnostic cases. The general principle underlying
the formation of medical expert systems is the
inclusion in the knowledge base of syndromes that
reflect the state of all major organ systems [2, 7, 53].

In the 1980s, scientists tried to combine and
encode all knowledge into a system of rules and
teach Al common sense. Then the methods of self-
learning of machines became important, intellectual
educational systems appeared, machines began to be
programmed so that they independently obtained
patterns from a large data volume [2, 7, 53].

Since the late 90's, machine learning has been
developing — a set of algorithms and methods that
allow you to teach computers to draw conclusions
based on available data. Artificial neural systems are
created that are able to make decisions based on the
hidden patterns they have discovered in multi-
dimensional data that simulate the work of the
human brain and are able to self-learn based on
previous experience. Since 2012, deep learning
methods based on reinforced learning and neural
networks have been developed. Today, most
advances in Al relate to deep learning and the deep
neural networks that implement it, which have
become the standard in image, speech, and video
processing [2, 7, 44, 45, 53].

In the field of medical services, Al has a huge
potential, and this area of health is one of the most
dynamic and fast-growing markets in the world. Al
systems provide the opportunity to effectively solve
industry problems, which also does not require
significant human influence [8]. Modern medicine
faces the problem of obtaining, analyzing and
applying a large data volume needed to solve
complex clinical problems. Diagnosis, treatment and
prediction of results in many clinical situations de-
pend on the complex interaction of many clinical,
biological and pathological variables. Therefore,
there is a growing need for analytical tools, such as
artificial intelligent systems, which can exploit the
complex relationships between these variables [18, 47].

The relevance of the use of Al in medical
forecasting is so high that a number of authors
propose to refuse to patent Al algorithms and make
them open and widely available [32, 55]. For
example, for the Python language, these capabilities
are provided through the open machine learning
software library TensorFlow, the open neural
network library Keras and some other sources [32].

In clinical and preventive medicine, Al systems
can be used to support medical decision-making
based on the processing of patient health indicators
to monitor health status: patients with any chronic
diseases, the elderly, people in dangerous and
responsible occupations, in order to clarification of
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the diagnosis, for disease prevention, assessment and
improvement of quality of life [17, 23]. According
to analysts, the most promising are automatic de-
tection of deviations in diagnosis, early detection
and prediction of epidemics and pandemics, pre-
vention and reduction of risks, image analysis [8].

The effectiveness of Al methods is clinically
proven, and they are integrated into wearable
devices, medical equipment, telemedicine, medical
information systems, electronic medical records, etc.
Al is widely and legally used in the commitment to a
healthy lifestyle, prevention, examination and
treatment of patients as a reliable digital assistant for
the patient and the doctor, certified on the criteria of
safety and effectiveness [43].

Al-based devices are able to accumulate a
"digital footprint" from a variety of patient data-
bases, including: a complete medical history, test
data for all years of treatment, and the current state
of the body. These data can be used to preserve
health, predict risks, prevent the development of
diseases and develop methods of analysis of large
amounts of data [12, 31, 43].

Al systems can learn, collect, analyze and
structure large amounts of information, as well as
make decisions independently. This saves time,
money and increases the efficiency of patient care
[31]. Al reduces the number of medical errors and
the burden on the doctor, which helps to increase life
expectancy, reduce morbidity and mortality,
personalize preservation of health [43].

One of the significant problems in the use of Al
in medicine is the preparation of correct medical
data for the training of algorithms, as this requires a
large amount of time of specialists of a narrow
profile. A possible solution may be to create a
unified platform for medical data storage, where
doctors will be able to prepare data for the use of Al
in their specialty [48].

Al technologies and systems in medicine allow
improving work processes in the conditions of
multitasking, carrying out more exact manipulations,
differential diagnostics, reducing decision-making
time, automation treatment process, collecting and
analyzing a large amount of necessary information.
They became the basis for the creation of new
methods of treatment (microneurosurgery, neuro-
endoscopy, radiosurgery, endovascular neurosur-
gery, robotics, neuromodulation, navigation techno-
logies) [39]. Intelligent performance monitoring
systems tailored to a specific person can effectively
show the condition of a patient at a long distance in
real time [44].

Al can make a diagnosis based on hundreds of
signs, unlike a doctor who relies on personal

Licensed under CC BY 4.0
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experience. Automatic intelligent systems of diag-
nostics, robotic care of bedridden patients, systems
of control of functioning of an organism, artificial
substitutes of human bodies, exoskeletons, robots-
surgeons who carry out cavity operations, works which
perform operations on implantation of teeth - these and
other systems are very in demand [44].

There are many examples of using Al systems in
medicine. Al systems help to increase the accuracy
and efficiency of diagnostics in various specialties.
They can: scan images from MRI, CT scanners and
X-rays, providing accurate analysis and non-
invasive visibility of the internal workings of the
human body; collect and analyze patient data from
multiple sources; can be used for control of cardio-
vascular diseases; detection of skin, lung and breast
cancer; recognition of malignant tissues at a level
comparable to the level of qualified physicians [14].

Large enterprises such as Microsoft, Apple,
Google, and IBM are working to create products
using Al for health care [53]. At the heart of all
research on Al is the idea of modeling human
thinking processes using a computer [7].

For example, IBM Watson Health is used for
automated analysis of medical images, which allows
physicians to instantly analyze information, draw
conclusions, and make the correct diagnosis. By
comparing the patient's data with other medical
histories, the system can identify potential problems
with the vascular system, the tendency to form blood
clots, recognize cancer, predict the likelihood of
diabetes and some other chronic diseases. Developed
by Google - DeepMind Health is able to process all
the information and formulate a conclusion about
human health, helping the doctor to make the correct
diagnosis. Systems like Ada can communicate
directly with a person and give him/her recom-
mendations. The program based on II Sense.ly
monitors the condition of patients with chronic
diseases and during rehabilitation. Genetic analysis
systems, such as Sophia Genetics, can detect a
patient's susceptibility to various diseases [18].
Implanted multi-electrode multi-electrode implants —
"brain-machine" Neuralink allow reading the signals
of neurons and as a result to refuse operations on the
open brain [39]. The machine-based DreaMed
system allows you to develop an optimal insulin
therapy plan for diabetics based on data collected
from glucometers, fitness trackers and other
measuring devices over time, and the DeepMind II
system can diagnose eye diseases by imaging.
optical tomography and perform automated diag-
nosis of kidney disease [14].

Al systems can be used to diagnose various
parameters of the human body, such as blood test
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results, X-rays, lymph node status, etc. The main
purpose of applications related to human health is to
analyze the relationship between methods of
prevention or treatment and results.

Most Al systems use different options for visua-
lizing processes in the human body. This approach,
along with the undeniable advantages (detection of
the clinical picture of pathology) has a significant
disadvantage - the observed process is already under
development. Methods of energy information
medicine allow to study the emerging pathologies at
the preclinical stage, as well as to correct the
condition of the body, preventing the development
of the disease.

Among the developments that are actively
advancing in domestic medicine and currently have
undeniable functional advantages, as an example, let
us consider the Complex Medical Expert (CME).
This system of Al works on the principle of holistic
medicine and provides ample opportunities to
determine the current state of a human being on the
basic parameters that characterize his quality of life
associated with health. The application of the
technology of spectral-dynamic analysis and
screening of individual characteristics allows
structuring the obtained data by comparison on the
basis of mathematical analysis [28].

CME consists of a laptop with the original
computer program ERI ™, a sensor for recording the
signal of the electric-field strength of the studied
biological object, which includes an analog-to-
digital reversible converter. The Al CKME system
belongs to the class of applications. The CME
database has a set of digital characteristics of the
electric field of average statistical states ("markers")
of processes in the human body. The standard
method of CME application is the use of auto-
algorithms for analysis and assessment of the current
state of the human body, determination of methods
and techniques for correction of the existing
condition. Additional constructions of dominants
allow estimating various hierarchical levels of a
condition of an organism and its systems. The auto-
algorithm in the automatic system reviews the most
active changes in physiology and psychosomatics in
each of the systems and indicates why and for what
reason the changes occurred. The Al CME system
allows not only to detect a pathological process in
any of the organ systems, but also to track sequential
and parallel connections with other systems and
organs, helping the doctor to determine the cause
of this process and the condition that led to the
disease [28]. A comprehensive analysis of the
causal relationships of the body allows you to get
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to the deepest cause, which caused changes in a
number of chains [28].

In CME the functional possibilities are laid
down: carrying out the analysis in a manual mode
according to the algorithm of the user, habitual and
applied by him in daily practice; correction of
psychosomatic markers of the studied object in its
current state according to the indicators of quality of
life assessment [28].

CONCLUSIONS

The development and use of IT technologies and
Al systems in the management of medical techno-

logical processes can significantly increase the
efficiency of medical care. Both large foreign
companies and startups are working intensively in
this direction. Reforming the health care system in
Ukraine contributes to the introduction of IT
technologies in practical medicine, but the deterrent
is the human factor and the lack of necessary
financial resources.
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