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DIGITAL TRANSFORMATION IN MEDICINE: FROM FORMALIZED
MEDICAL DOCUMENTS TO INFORMATION TECHNOLOGIES
OF DIGITAL MEDICINE

Introduction. According to the Concept of Ukraine's Digital Economy and Society Develop-
ment in 2018-2020, the key components of “digitalization” are the development of digital
infrastructure — broadband Internet throughout Ukraine, and the promotion of digital trans-
formations in various sectors of the economy and society, including medicine.

The purpose of the paper is to analyze the stages of digital transformation in medicine
and the results of authors and their colleagues of the MIS department for the development of
information technologies of digital medicine.

Results. A generated model of digital transformation in medicine is presented and sev-
eral main stages of this transformation are highlighted: I — digital transformation of pri-
mary medical information, II — development of support systems for the diagnostic and
treatment process,; III — development of technologies and systems for supporting the physi-
cians” activities with digital information; IV — mobile medicine; V — the digital medicine
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globalization. The method of determining the markers of the functional state of the cardio-
vascular system based on mathematical models of forecasting and classification with the use
of Data Mining is proposed. The method allows detecting and determining the prognostic
values of ECG parameters of the CVS functional state for different groups of patients. The
developed IT for supporting the processes of receiving, transmitting and storing digital medi-
cal images is aimed at ensuring the effective operation of a physician with digital information
from various sources: functional diagnostic complexes, digital medical data storage and
images using Picture Archiving and Communication Systems (PACS) and cloud technologies.
The proposed telemedicine systems theory including the formulated principles of organizing
these systems, criteria and methods for analyzing digital medical data has been implemented
for elaborating and functioning the Telemedicine Center. It enables to cover the population
in more than 20 Ukraine’s regions with qualified medical assistance.

Conclusions. The digital transformation in medicine like any new process takes place
with a gradual complication of tasks, methods and means of their implementation: from formal-
ization of primary medical information to improvement of methods of its analysis, transfer and
storage to improve the quality of medical care for patients at any point of the world.

Keywords: digital transformation in medicine, formalized medical records, Data Mining, IT for
assessing human state and physiological systems " state, telemedicine, m-medicine.

INTRODUCTION

Today, Ukraine’s pace of transition to high-tech industries and efficient proc-
esses is increasing using IT technologies and communications. According to the
Concept of Ukraine's Digital Economy and Society Development in 2018-2020,
the key components of “digitalization” are the development of digital infrastruc-
ture — broadband Internet throughout Ukraine, and the promotion of digital
transformations in various sectors of the economy and society, including medi-
cine [1]. On the way to the digital society, it is necessary for Ukraine to combine
the possibilities of domestic production with the possibility of wide use and con-
sumption of communication and digital technologies. The experience of many
world countries and the results of the implementation of products, designed by
Ukrainian specialists, demonstrate the unique opportunities that digital medicine
provides for increasing the efficiency of medical care.

More than 50 years ago, on the initiative of academicians V.M. Glushkov
and N.M. Amosov, a new direction of scientific research — biological and
medical cybernetics, was founded. During these years, scientists of the Medical
Information Systems Department of the International Research and Training
Center for Information Technologies and Systems have carried out research,
have developed and implemented methods and means of formalization and in-
formation support for diagnostic and treatment processes.

PROBLEM STATEMENT

The modern world is rushing into the process of digital transformation (DT). First of
all, this process covers the commercial activities of modern society. In their funda-
mental report, “Digital Transformation: A Roadmap for Organizations with Billion
Turnovers”, which was named as one of the top five intellectual ideas of the decade
according to Whitespace/Source.com., George Westerman, Didier Bonnet, Andrew
McAfee defined digital transformation for the sphere of production and management
as the use of modern technologies for drastically increasing the productivity and
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Fig. 1. Digital transformation model in medicine

value of enterprises [2]. The authors identified three key areas of enterprise activity
in the digital transformation: customer experience, operational processes and busi-
ness models, described the components of these areas and concluded that digital
technologies combined with integrated information allow companies to obtain a
global synergistic effect, while retaining the ability to react sensitively to local
changes. Only some components of this model are currently implemented, the digi-
tal transformation is developing. There is a further expansion of the functions used
and components of the DT.

Digital medicine (DM) as branch of digital transformation is an extremely spe-
cific area not only according to the subject, but also to the quality of the information
analysed. Therefore, we define the main components of the digital transformation
model (DTM) in medicine, taking into account its tasks and terminology (Fig. 1).

Digital medicine is a set of methods, technologies and technical means of
computer support for the treatment and diagnostic processes, the use of which
dramatically increases the efficiency of providing medical care to a specific in-
dividual/patient, as well as to the whole population or some population groups.

We have identified several main stages in digital medicine developing:
I — digital transformation of primary medical information; Il — development of
support systems for the diagnostic and treatment processes; 11l — development
of technologies and systems for supporting the physician's activities with digital
information; IV — mobile medicine; V — the digital medicine globalization.
These stages do not have clear boundaries and can occur simultaneously when
solving problems of different levels or with different degrees of preparedness of
digital medicine users — medical institutions, medical workers and patients.
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The purpose of the article is to analyse the stages of digital transformation
in medicine and authors’ contribution to the development of information tech-
nologies of digital medicine.

DIGITAL TRANSFORMATION OF PRIMARY MEDICAL INFORMATION

At this stage, digital medicine has been developing both technically and infor-
mationally. In accordance with the proposed DT model, the “Operational proc-
esses of the CM” (the digitalization of qualitative medical information, man-
agement of medical institutions) and the “Business-models of the medical proc-
esses” (Electronic medical document platform) are included.

As a part of the technical component, diagnostic devices giving information
about the patient’s health and certain physiological systems not in analogue (tra-
ditional recordings of cardiogram, encephalogram, electromyogram, etc.), but in
digital form were developed.

At the same time, methods for primary processing of the received informa-
tion (information component) were developed.

The beginning of the information component implementation was the stage
of formalization of medical information: medical data and records, medical
documents, the creation of a formalized medical history based on in-depth
analysis of a patient data.

These tasks, in particular, were solved in the Medical Information Systems
Department in the second half of the twentieth century. The monograph “Medi-
cal Information Systems” edited by Academician N. M. Amosov and Professor
Popov A.A. that laid the foundation for the methods of formalizing medical in-
formation was first published in 1971 and republished [3]. This monograph
raised a questions and gave the first decisions on the transformation of medical
data presentation forms, the organization of their automated processing, the crea-
tion of formalized medical cards for some nosological groups and approaches to
the development of mathematical software for medical information system.

Approaches to and methods for transforming qualitative medical informa-
tion into quantitative, digital records were formed.These methods of medical
data formalization became the basis for the development of standardized medical
documents (health passport), as well as the creation of electronic medical re-
cords. Standardized cards for various diseases and Standardized resort card and
other cards were created. Automated systems for entering, recording and storing
patient’s data were developed. Today, similar methods have been applied in
developing the standard for open EHR electronic medical records (Australia).

DEVELOPMENT OF SUPPORT SYSTEMS FOR THE DIAGNOSTIC AND TREATMENT PROCESSES

The beginning of this stage was laid down in the middle of the last century by
few developments, now this process covers all areas of medicine, work is being
carried out to create and improve DM diagnostic complexes: increasing the ac-
curacy of analysis and diagnostics, expanding the tasks, improving usability and
non-invasiveness. The development of such complexes covers a wide range of
objectives, and primarily on the components of the GT model “Object” (knowl-
edge about the object — about the patient) and “Business models of the diagnos-
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tic and therapeutic process” (using mathematical modeling methods to analyze
the state of the object).

Note the enlarged groups of tasks and the results obtained by employees of
MIS Department in each direction. In the 70-80 years of the twentieth century,
the first in the USSR models of the course of myocardial infarction were devel-
oped based on electrocardiographic and biochemical data, which made it possi-
ble to foresee its dynamics [4]. These models were implemented into the clinical
practice of the Kyiv Strazhesko Research Institute of Cardiology.

At the same time, theoretical and practical bases for the analysis of the elec-
tric field of the heart were developed using mathematical models, which made it
possible to create methods for automated analysis of ECG. Software realizing
the proposed algorithms was developed for the first time.

Of particular note are the problems of disaster medicine, a solution that was
based on long-term (since the 70s of the last century) studies, analysis and mod-
eling of the influence of external factors on the state of biosystems of different
levels by Vasilik P.V. He created a theory of the influence of heliogeomagnetic
factors on biosystems, which combines the principle of multichannel influence
of solar activity on living organisms, including human, the hypothesis about the
wave component of the gravitational field and the presence of a channel of non-
electromagnetic nature, along with the electromagnetic channel [5]. This made it
possible to predict the occurrence of epidemics, acceleration process, and cli-
mate change on Earth [6]. According to the results of the analysis of accident
data on various public infrastructure objects, periodograms of time series were
calculated and it was determined that there are rhythms in land and air transport
accidents, which will reduce the probability of emergency situations and, conse-
quently, the level of injuries [7].

Studies of changes in the state of an individuals and several physiological
systems using methods of mathematical modeling were carried out and their
results have formed the basis of decision support information technology in the
field of preventive medicine. Developed IT for assessing the psychophysiologi-
cal state of students to support the activities of psychologists in middle and high
schools [8-9], functional state models of the operators with high visual strain to
identify asthenopic disorders [10—11], IT for assessing of the population medical
and demographic state under the influence of various factors, which serve as the
basis for the formation of information support for management decision-making
in the health care system [12—15].

In recent years, we have developed the method for determining markers
of the cardiovascular system functional state, which is based on mathematical
models of communication of the ECG signs [16] and comprehensive assess-
ments of the regulation, state and reserves of the myocardium.

For prenosological diagnostics, it is important to carry out a comprehensive
assessment of the functional state (FS) of the cardiovascular system (CVS),
based both on the study of heart rate variability (HRV) [17] and on in-depth
analysis of 6, 12-channel ECG recordings [18].

A large amount of the initial data set (more than 300 ECG signs) and the need
for standardization of indicators into the interval deviation scale necessitated the
development of a multivariate method for analysis the functional state of the CVS
using Data Mining methods (DM). The peculiarity of medical data is a large num-
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ber of various interrelated parameters, often for small groups of observations. Data
Mining methods are more efficient for the selection of informative features, since,
unlike the statistical ones, there are no prerequisites for the data. Data processing
methods allow us to build a large number of prognostic models for both large and
small groups of observations. This allows us to obtain in an accessible form a new
knowledge that may be introduced into clinical practice.

The method combines the following stages.

Stage 1. Data preparation. The objectives of this phase are:

* primary processing, which covers the cleaning, transformation, identifica-
tion of missing data, recoding;

« standardizing of primary indicators using an interval scale;

* defining target (dependent) variables and a set of independent indicators;

+ dividing data into training and examination, testing samples in the case of
large samples (databases).

Stage II. Clustering Data. Segmentation includes the following steps.

2.1. The division of the sample of patients into typological groups is carried
out according to complex indicators (vegetative regulation state, estimates of the
myocardium and its reserves) and/or disease severity. To distribute patients into
groups, the ~-Means method is used, which is implemented in the DM module.
This method makes it possible to calculate the optimal division into groups ac-
cording to the following criteria:

- Criterion for calculating cluster centres with minimization of the target

function:
k
F=32

n=l x;eX,

2 .
— min,

|u[ - l’l'n

where 7 is the number of objects to be divided into k-groups (clusters), F| is the
sum of squares of distances between each object x; and the centre of the cluster
W, to which it belonged at each iteration;

- Criterion of the largest sum of distances between clusters:

k
Fy= |u -n,

n,i=l1

2
—> max.

2.2. In contrast to the classical k&-Means method, in this method we addi-
tionally included a cross-check for » random samples, which allows minimizing
the error and choosing the optimal number of clusters. Optimization is carried
out before solving for clusters £+1, at which the error function (average distance
to cluster centres) is not more than 5% better compared with the solution of clus-
ters k. Then the solution with & clusters will be optimal and final.

2.3. Standardization of variables is carried out to convert it to the range
from O to 1:

X - X

max min

The distance between objects and cluster centres is calculated using the
Euclidean distance.
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The results of this stage make it possible to identify and analyse the typo-
logical features of the selected clusters, taking into account such indicators as
evaluation of the CVS regulation, myocardial state (level of adaptation) and
others for the subsequent determination of predictors (the most informative
signs) on the basis of which violations of the regulation of cardiovascular system
and of myocardium state can be forecasted.

Stage I1l. Building models. This stage is aimed at identifying predictors and
combines several steps.

3.1. Feature Selection:

* identifying important predictors from a variety of prognostic features;

* removing unnecessary predictors.

3.2. Building models (forecast and classification) may be carried out using
several approaches: Neural Networks, Method of Classification and Regression
Trees, Boosted Trees.

3.3. Evaluation and comparison of simulation results to determine the opti-
mal model (for performance and complexity).

In this investigation, we use the Method of Classification and Regression
Trees (C & RT). The method of decision trees is a hierarchical and flexible
means of predicting the belonging of objects to a certain class or predicting the
values of quantitative variables. This method allows us to get a model, which is
a set of rules "IF (A) THEN (B)", where A is a logical condition, B is a subdivi-
sion procedure a subset into two parts, for one of which condition A is true, and
for the other, it is wrong. The results are easy to interpret because the rules are
presented in the form of a graphic structure (tree).

The construction of the tree goes from top to bottom by applying a recursive
procedure to a training sample ( size N ) using the following algorithm.

Selecting the threshold value of the variable x = 4 will provide “optimal
partitioning” according to a certain criterion for the target variable y.

For regression trees, the function of estimating the quality of a partition is
the sum of squared deviations or the mean square error:

&
MSE=—3% (y,-»)"
N4

For classification trees (target variable is categorical), the Gini index or the
statistical criterion 2 can be chosen as such a criterion:

k
Gini(d)=1-Y_p{ p!,

i#]

where p; is the classification probability at node d as i or j, Gini (d) is the degree
of uncertainty reduction at node d.

Separation of data into subsets is applied for each subset (internal node).

Thus, the algorithm for constructing decision trees allows us to define a set
of characteristic values (attributes) that separate one data category from another.
This process is called segmentation.

The depth of the tree (its size) depends on the amount of data. The more
branches a tree has, the better results of its testing on a training sample will be,
but less successful they will be on an examination sample. Therefore, the con-
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structed model should also be optimal in size, that is, it should contain informa-
tion that improves the quality of recognition, and should ignore the information
that does not improve it. To do this, tree pruning is done.

A peculiarity of the C & RT algorithm is the choice of the optimal tree size
using cross-validation.

Stage 1V. Verification of the classification model.

At this stage, the selected model with the optimal set of predictors is com-
pared with the previously obtained division into typological groups (clusters of
the II stage) or with the patient's state (severity of the disease). The confusion
matrix is calculated on typological groups obtained at the II and III stages.

Thus, the proposed method allows the construction of predictive and classi-
fication models of the relationship of complex indicators of the cardiac activity
regulation, assessments of the myocardium state and its reserves with ECG indi-
cators, the analysis of these models makes it possible to study the peculiarites of
the cardiac activity regulation.

The method was used to analyze the functional state of the CVS of children with
rheumatic diseases according to the signs system of a 6-channel ECG. The results of
the clinical and instrumental examination of children (41 children with rheumatic
diseases) who were hospitalized at the Institute of Pediatrics, Obstetrics and Gynecol-
ogy of the Academy of Medical Sciences of Ukraine were the basis for developing
models of the relationship of the studied parameters according to the proposed
method. ECGs were recorded and analyzed using the “Cardio Plus P” software and
hardware complex with the Cardio ORAKUL software. The “Cardio-plus P” registers
a large number of amplitude-time parameters, frequency indicators, characteristics of
the in-depth analysis of the ECG, and with the help of computer programs it calculates
a multi-level system of ECG estimates. The analysis is carried out according to the
hierarchical system of ECG assessments proposed in [18]. The system under study
identifyes four blocks of indicators.

Block of heart rate variability (HRV). HRV indices reflect the work of the car-
diovascular system and the mechanisms of regulation of the whole organism. The
HRYV method is widely used in functional diagnostics, mass prenosological surveys,
for rapid diagnosis. These are indicators of temporal, spectral, geometric analysis, as
well as measures of nonlinear analysis of the heart rhythm complex dynamics. On
their basis, two secondary indicators are formed — operational control of regulation
and the state of regulation reserves, the third generalizing indicator — a comprehen-
sive regulation assessment, is formed from them [16, 18].

The block of amplitude-time ECG indicators has more than 130 signs. It is
known that a complex of ECG amplitude-time indicators may be the markers of the
risk of adverse cardiovascular events (sudden death, myocardial infarction, heart
failure). This complex characterizes the regulation of the heart (operative control of
the myocardium state and reserves), and the degree of compliance of these indica-
tors with the norm is a measure of the functional reserve.

Based on the primary features of these two blocks, comprehensive assess-
ments of the HRV regulation, myocardial conditions and indicators of in-depth
ECG analysis are formed.

The following blocks combine ECG signs of cardiac arrhythmias and psycho-
emotional indices. The final assessment is an integral indicator of the FS of the CVS.
It is formed as a linear convolution of complex indicators and other ECG signs.
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The algorithm for calculating the complex indicators system as a method of
electrocardiogram universal score evaluation was proposed and described in
detail in [20]. According to the specified system of indicators, forecast and clas-
sification models were constructed. The model in the form of a decision tree
clearly represents the rules for classifying observations, and the regression tree
shows the dependence of the target variable on the predictors. Each classifying
rule reflects a certain regularity that is hidden in empirical data.

Let us give a solution to one of the research problems. Figure 2 shows the
regression tree calculated by the C & RT algorithm for a complex indicator (as-
sessment) of the myocardium state. This tree obtained by cross-validation (10-
fold cross-validation), is optimal both in size and in the number of predictors.
Teaching data set — 41 children. The predictors are 5 signs:

1) the integral indicator of the form STT (lead II) integral form indicator
STT (lead II);

2) ECG wave amplitude index (lead AvF) ECG wave amplitude index
(V AvF));

3) T wave amplitude (lead II);

4) ST segment offset 0.08 sec after point J (lead IT) ST-segment depression
at 80 ms after the J-point (V II)

5) angle oT in the frontal plane (lead II).

Tree 10 graph for KIICM
Num. of non-terminal nodes: 4, Num. of terminal nodes: 5

ID=1 N=41

Mu=57,682927
Var=72,411660

CwmelleHune cermenta ST yepes 0,08 cek nocne Touku J (oteeaexue )

<=0,050500 >0,050500
ID=2 N=28| ID=3 N=13|
Mu=54,000000 Mu=65,615385

Var=43,357143

Var=42,852071

WHTerpanbHbIii nokasatens ¢opmel STT (otBeaeHue 1) WHTerpanbHsbiii nokasatens ¢opmel STT (otBeaeHue 1)
L —

Var=9,000000

Var=32,000000

Var=17,250000

<=44,500000 >44,500000 <=60,500000 >60,500000
D=4 N=2] ID=5 N=26 ID=22 N=6 ID=23 N=7|
Mu=41,000000 Mu=55,000000 Mu=60,500000 Mu=70,000000

Var=23,142857

WHpexkc amnnnTya 3ybuos OKI (oTBeaeHne AvF)
—

<=41,000000 >41,000000
ID=6 N=14 ID=7 N=12]
Mu=51,714286 Mu=58,833333

Var=31,489796 Var=5,305556

Fig. 2. Regression tree for a complex indicator (assessment) of the tate of the myocardium
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The root node indicates the average value of the complex indicator of the
myocardium state (CIMS) of a group of children with rheumatic diseases
(CIMS = 57.6%). The value of the indicator “ST segment displacement after
0.08 s after point J” equal to 0.05 mV determines the division into two main
groups (with low and higher myocardial scores).

The method allows to indicate the ECG predictors of the cardiovascular system
functional state according to estimates of vegetative regulation, the state of the myo-
cardium and its reserves, to determine the boundary values of these predictors for
different groups of patients, as well as to identify different functional classes.

DEVELOPMENT OF INFORMATION TECHNOLOGIES AND SYSTEMS
T0 SUPPORT THE PHYSICIAN S ACTIVITIES WITH DIGITAL MEDICAL DATA

The development of this stage corresponds to the components of the DTM
model — “Object: patient” (knowledge of the treatment and diagnostic process)
and “Operational processes” (increasing the possibilities of a specialist; manag-
ing the medical institutions activities).

1. The level of medical institutions

Over the past 30 years, a large number of complex medical systems (CMS)
have been developed. The implementation effectiveness of these CMS depends
on their compliance with the real needs of the medical institution, so CMS func-
tional content must be analyzed at the pre-project stage [19]. Recently the main
efforts have been made to ensure the effective information exchange between
different systems and modules. It is the reliability of this exchange that will en-
able the physician to use the necessary set of various digital medical data for the
diagnosis and treatment of patients.

Digital medical data includes, in addition to clinical and laboratory data,
such large groups as digital medical signals and digital medical images (DMI). A
large amount of unique medical information comes to the physician in the medi-
cal images form. It should be emphasized that such information will be sufficient
for analysis only if there is metadata that links the images with complete patient
data, time and means of obtaining these images. The necessary conditions for the
diagnostic process are the unification of medical data, convenient storage and
data losless transmission both across the hospital's local network and between
different medical institutions using the standard for regulating the creation, stor-
age, transmission and visualization of medical images and documents — Digital
Imaging and Communications in Medicine (DICOM) [20].

Solving various problems of information support of providing medical care to
patients of the Hospital for Scientists of the National Academy of Sciences of
Ukraine has been the subject of our research and development for more than 20
years. A Hospital information network combining a medical information system
(MIS), diagnostic digital devices of various modalities with a DICOM prefix and a
medical image storage module has been developed. To ensure the interaction of
old-style equipment (without using the DICOM standard), a module has been de-
veloped for the transmission and conversion to digital medical images, which al-
lows communication with the Conquest DICOM Server and supporting the neces-
sary functions of operating with data and digital medical images.
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The main task of the developed information technology for supporting the
processes of receiving, transmitting and storing digital medical information is to
ensure effective work of the physicians with digital information from various
sources: diagnostics complexes, digital medical data and image storage using
Picture Archiving and Communication Systems (PACS) and cloud technologies.
The use of this technology provides the organization of long-term storage of
digital medical images obtained from diagnostic systems, and the ability to use
this medical information by the physician at his workplace in the current treat-
ment and diagnostic process [21, 22].

2. Telemedicine — interregional level

The theory of telemedicine (TM) systems developed by us includes the formu-
lated principles of TM systems organization (principles of hierarchy, adaptability,
fractality and scaling), criteria and methods for analyzing digital medical data [23, 24].

The principle of hierarchical construction of the TM network allows to co-
ordinate its structure with the organization of the health care system, in the in-
formation environment of which the TM network functions. The principle of
adaptability provides the opportunity to develop the network using new techno-
logical platforms to expand the target space and increase the efficiency of medi-
cal care by upgrading the information and communication basis of TM tech-
nologies. The principle of fractality provides a “vertical” similarity to different
levels of the structure of the MT network and determines the flexible process of
preparing and exchanging medical data by implementing the similarity function.
According to the principle of scaling, the “horizontal” organization of the MT
network is carried out, ensuring the possibility of replication of software prod-
ucts at the regional level and at the level of individual medical institutions.

There are several levels of telemedicine institutions that are interconnected
technically, informationally and documentally. The first level of the TM network
includes telemedicine centres or nodes located in different districts and regions
of the country (Counseling Objects). Counseling Subjects are medical institu-
tions that provide consulting services and have a staff of highly qualified medi-
cal specialists in various fields of medicine, as well as appropriate equipment for
remote consultations, medical diagnostic procedures and organization of training
for network users. This is the second level of the MT network and organization
can be both objects and subjects of counseling. At the third level, there is the
Telemedicine Center of the Ministry of Health of Ukraine, which includes a
dispatch center and also carries out scientific and methodological activities.

The introduction of this IT into the work of the Telemedicine Center of the
Ministry of Health of Ukraine enabled to provide the population of more than 20
regions of Ukraine with qualified medical assistance.

3. Harmonization of medical informatics standards

To integrate MISs into a single network and to enter the international infor-
mation space, it is necessary to ensure the standardization of information carriers
and the transmission of medical images. On the basis of international standards
Health Level 7 and DICOM, we harmonized standards in the field of medical
statistics and health informatics. Harmonized standards are focused on defining
data types for information exchange, defining requirements for the general struc-
ture of biometric data exchange formats, presenting units of measure for data
exchange between computer applications, requirements for drugs dictionary
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systems for healthcare and to electronic prescriptions. Such standards are essen-
tial for the development of mobile medicine.

MOBILE MEDICINE

At the present stage, the development of mobile intelligent information tech-
nologies (IIT) for digital medicine is underway. The basic structure of any mo-
bile application consists of a kernel (platform based on Android, IOS or Win-
dows Mobile) and functional blocks that are formed taking into account the spe-
cific tasks of this mobile application for a specific group of users (Fig. 3) [25].
When developing medical mobile applications, we focus on two main types of
users — the physician and the patient. They differ one from other intheirs pos-
sibabilities and restrictions on access to certain information. Applications can be
used in full or partial mode.

Methods and means of IIT based on the use of mobile devices provide in-
creased efficiency of medical care to the population by preventing chronic dis-
ease, increasing the duration of remission, reducing the recurrence of the dis-
ease. When using such IT for medical care to patients, there is also a decrease in
the cost of treating and rehabilitating patients, increasing the efficiency of stor-
ing and transmitting medical data with accelerating the exchange of digital
medical information.

FB (Laborato:
FB (Drugs) ( fests) Y
FB

(Hospitalization)

FB (Instrumental

Models for DSM |a—p]| Decision Support / studies)

Module
Kernel
(platform based on

™~

Gimitcd access to specific databases and functional b1009

Android, IOS or \

Windows Mobile) FB (Patients)

A

loud-based mobile platform

Fig. 3. Interconnection of mobile applications targeting a physician and patient
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THE DIGITAL MEDICINE GLOBALIZATION

This is the stage of the future development of digital interstate medicine. Tele-
medicine and the use of mobile applications are only two facets of this process.
It is necessary to create global knowledge bases that include detailed information
not only about standard pathological cases, but also about deviations in the
course of pathological processes and the corresponding medical means, about
risk groups etc. As any interstate process, globalization of digital medicine re-
quires serious analysis and development of legal foundations taking into account
the principles of insurance medicine in different countries.

But we should not forget the ambiguous moments of the DM spread. The indis-
putable relevance and significance of DM induces a proposals flurry from the fields of
engineering and technology, much of which are “quickly baked”, not based on the
principles of evidence-based medicine, and on a rigorous analysis of the preliminary
studies results. There are cases of development of automated decision support systems
by physicians, in which the physician is practically excluded from the technological
chain. One of the mostly developing areas of DM is the creation of a variety of sensors
to collect information about the patient's state. But only a part of these proposals was
accepted by physicians for practical use.

Thus, the digital transformation in medicine, like any new process, under-
goes the stages of gradual complication of tasks, methods and means for their
implementation: from formalization of primary medical information to improv-
ing methods for its analysis, transmission and storage to improve the quality of
medical care for patients any time and at any point of the world.

CONCLUSION

The developed model of digital transformation in medicine includes such com-
ponents: Object, Operational processes and Business models of the treatment
and diagnostic processes, for which functions and tasks are selected taking into
account the specifics of the subject area according to object and quality of the
analyzed information.

There are several main stages in the digital medicine development:
I — digital transformation of primary medical information; Il — development of
support systems for the diagnostic and treatment process; 111 — development of
technologies and systems for supporting the physician’s activities with digital
information; IV — mobile medicine; V — the digital medicine globalization.
The beginning of the digital transformation of primary medical information laid
the formation of methodological foundations for the creation of formalized
medical records and standardized documents.

The proposed method for determining markers of functional status of the
CVS, based on mathematical models of forecasting and classification using Data
Mining, allows to determine the boundary values of these predictors by the iden-
tified ECG predictors of the CVS functional status (estimated vegetative regula-
tion, myocardial state and its reserves) for different groups of patients, as well as
to define different functional classes.

The development at the stage of IT support for a physician’s activity with
digital medical data ensures the implementation of such functions of digital
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transformation model in medicine: the acquisition of knowledge of the diagnos-
tic and treatment processes, enhancement of the specialist’s possibilities, man-
agement of medical institutions. These functions are carried out both at the level
of a medical institution and at the interregional level using international stan-
dards of presentation and transmission digital medical data.

The basic structure of any mobile application consists of a kernel (platform
based on Android, IOS or Windows Mobile) and functional blocks that are formed
taking into account the specific tasks of this mobile application. The development of
medical mobile applications is focused on at least two main types of users — the
physician and the patient, mobile applications for them are distinguished by a set of
opportunities and restrictions on access to certain information.

Medicine is already faced with the squall of information, which is being
formed through the use of new IT sources: large functional diagnostics com-
plexes, digital clinical laboratories, mobile data sensors of patients' health in real
time regime and others. This necessitates the creation of large information net-
works using cloud technologies for storing information and intelligent informa-
tion technologies to provide the necessary level for analysing this huge amount
of information and supporting decision-making by the physicians at all the
stages of the diagnostic and treatment processes.
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HNUPPOBA TPAHCOPOPMALIIS B MEJIULIVIHI: BIJI ®OPMAJIISOBAHUX
MEJWYHNX JOKYMEHTIB JJO IHOOPMALIIMHNX TEXHOJIOI'TA
MUOPOBOT MEJIMITVHU

Beryn. Bianosinzo 1o Konueniii po3Butky mudpoBoi €eKOHOMIKH 1 CycIijibcTBa YKpaiHH Ha
2018-2020, npwuitasaroi y ciuni 2018 poky, cepea KIOYOBUX CKIAJHUKIB «uuppoBizalii» €
PO3BUTOK HUPPOBOI iHPPACTPYKTYpH — IIHPOKOCMYTOBHU IHTEpHET IO BCii TepHTOPii
VYKpaiHu, i CTUMYJTFOBaHHS H(DPOBUX MEPETBOPEHD Y PI3HUX rally3sX €KOHOMIKH 1 CYCIiIbC-
TBa, 30KpEMa y ME/IULIMHi.

Mertolo cTaTTi € aHali3 eramniB H(POBOT TpaHCHOpMAIlil B MEAUIUHI 1 pO3pOOOK aBTO-
piB 1 IXHIX KoJler BiIily MeAWYHHMX iHGOpMalifHUX CHCTEM 3 PO3BUTKY iHGbOpMamiiHUX
TEXHOJIOTIH U(PPOBOT METUIIUHU.

PesyabsTaTu. Hagano cdopmoBany mozens udpoBoi TpaHchopMallii B MEWIMHI Ta BUJLIE-
HO JICKiJIbKa OCHOBHHX €TaITiB pO3BUTKY IrpoBoi Meauimun: | — nudposa tpanchopmariis nep-
BHHHOI MeuuHOI iHdopmaii; II — po3poOneHHs cucTeM MiATPUMKY JIIKYBalbHO-AiarHOCTHYHOTO
nporiecy; Il — po3poOieHHsS TEXHOMOTIH 1 CHCTEM MiATPHUMKH TSUTBHOCTI JIiKaps 3 IU(PPOBOO
inpopmartieto; IV — MoOitbHa MeuiHa; V — niobanizanist LuppoBoi MEAUIMHY.

3anporoHOBaHO METOJ BU3HAUCHHS MapKepiB ()YHKIIOHATEHOTO CTaHy CEepLEBO-CYAUHHOT
CHCTEMH, B OCHOBY SIKOTO IOKJI/ICHO MaTeMaTH4YHi MOJIEN MPOTHO3Y Ta Kiacudikarlii i3 3actocy-
BanHsAM Data Mining, 1110 Jia€ 3MOTy BUSIBJIATH Ta BU3Ha4YaTH rpaHuyHi 3HaueHHs EKI npequkTo-
PiB QyHKIIOHAILHOTO CTaHy CEpLIEBO-CYJUHHOI CUCTEMH JULS Pi3HUX IPYII HallieHTiB. Big3HaueHo
iH(opMAIlifiHy TEXHOJIOTIIO MiATPUMKH MPOLECIB OTPUMAHHS, TIepeiadi Ta 30epiraHnHs HTUPPOBUX
MEIMYHUX 300pakeHb, SIKY CIPSIMOBAHO Ha 3a0e3nedeHHs e()eKTHBHOT poOOTH JiKaps 3 LHU(pPOBIO
iHhOopMaITi€ro 3 PI3HUX JKeper: KOMIDIEKCH (DYHKIIOHATBHOI TIarHOCTUKH, CXOBHIIA [H(DPOBHX
MEIMYHHUX JIaHUX 1 300pakeHb 3 BUKOpUCTaHHAM PACS 1 XMapHUX TeXHOJOTIi. 3aCTOCYBaHHS B
poboTi LleHTpy TeleMeIuIMHN 3ampOIOHOBAHOI TEOpii TENEMEANYHUX CHUCTEM, SKa BKIIOUAE
chopMyJIbOBaHI TMPHUHIMIK OpraHi3alii UX CHCTEM, KpPUTEpil Ta METOAM aHalily Lu(poBHX
MEINYHUX JTAHKX, JAJI0 MOYKIUBICTH OXOIUTH KBaTi(piKOBAHOIO MEIMYHOIO IOIIOMOTOI0 HACENICH-
Hs Oinbiie 20-Tu obnactet Ykpainu.

BucHoBku. Po3BuToK nmdpoBoi TpaHcopMmanii y MEIUIUHI MPOXOAUTH CTaJil 3 TO-
CTYIIOBMM YCKIIQJIHEHHSIM 3aBJJaHb, METO/IIB 1 3ac00iB 1X peamizauii: Big dopmamnizauii mep-
BUHHOI MEAWYHOI iH(pOpMAIii 10 YAOCKOHAIECHHS METOMIB ii aHawi3y, mepenayi i 30epiraHas
JUTS TIJIBUINEHHS SKOCTI MEAMYHOI JONOMOTH MAallieHTaM B OyIb-iKUH 4yac Ta y OyIb-sKiii
TOYI KpaiH CBITY.

Knwuoei cnosa: yugposa mpanchopmayin y meduyuni, ghopmanizosani meOudHi 3anucu,
iHghopmayitini mexHono2ii oyinIoganHs cmany J0OUHU ma Qi3i0N0IYHUX CUCTEM OP2AHI3MY,
menemeouyuHa, MobLIbHI 3aCMOCYHKU.

ISSN 2519-2205 (Online), ISSN 0454-9910 (Print). Ku6. 1 Bbra. Text. 2018. Ne 4 (194) 77



Kozak L.M., Kovalenko A.S., Kryvova O.A., Romanyuk O.A.

Koszak JI.M., n-p 6uoi. HayK, CTapIil. Hay4. COTp.,Be/. HAy4. COTP.

OT/. MEAUIIMHCKUX HHPOPMAIMOHHBIX CUCTEM

e-mail: Imkozak52@gmail.com

Kosanenxo A.C., n-p Mea. Hayk, pog.,

3aB. OTJ. MEULIIHCKUX HH(POPMAIIMOHHBIX CUCTEM

e-mail: askov49@gmail.com

Kpusosa O.A., Hayd. cotp.

OT/. MEAUIMHCKHX HHPOPMAIMOHHBIX CHCTEM

e-mail: ol.kryvova@gmail.com

Pomaniok A.A., MnaanL. Hay4. COTp. OTIl. MEAULIMHCKUX MH()OPMALIMOHHBIX CUCTEM
e-mail: ksnksn7@gmail.com

MexyHapOAHBIA HAYIHO-YIEOHBIN IEHTP HHHOPMAIIMOHHBIX TEXHOJIOTUI U CHCTEM
HAH VYxpaunst 1 MOH Yxkpaunsr, ip. Akan. [mymxosa, 40,

M. Kues, 03187, Ykpauna

MUDPPOBAS TPAHCOOPMALIMA B MEJIMITUHE: OT ®OPMAJIM30BAHHBIX
MEJIMIAHCKHX NTOKYMEHTOB K MTHOOPMAIIMOHHBIM
TEXHOJIOTMAM IM®POBOU METMIMHBI

[Tpoananu3upoBaHbl 3Tarnbl MUPPOBOI TpaHCPOpMalu B MeaulinHe: | — nudposas TpaHc-
(dopmarus mepBUYHON MemuuuHCKoi mHbopmarmu; I — pa3paboTka cCHCTEM MOJIEPIKKU
nedeOHO-MarHocTuaeckoro npoiecca; [II — pa3paboTka TEXHONOTHIT M CHCTEM MOAICPIKKH
JIeITeILHOCTH Bpaya ¢ nudpoBoi nHpopmanueid; [V — MoOmnpHas MeaunuHa; V — ri100a-
m3arus g poBoi MeauuuHEL [lokazaH BKiIan pa3paOOTOK aBTOPOB M MX KOJUIET (OTAENT
MEJUIMHCKUX MH()OPMAIIMOHHBIX CHCTEM) IO DPa3BUTHIO WH(OPMAIMOHHBIX TEXHOJOTHU
(poBO MEIUIIMHEI HA ATUX dTamnax. [IpeacTaBieHsl pa3paboTaHHbBIE: METO] ONPEICIICHHUS
MapkepoB ¢yHkunoHanbHoro cocrosusi CCC; UT noanep K MpoLeccoB MONIydeHHs, Te-
penaun WM XpaHeHUs LU(POBBIX MEIUIUHCKUX H300paKeHUH; TEOpHs TeJeMeTUINHCKAX
CHUCTEM M pe3yJbTaThl €€ NPUMEHEHHs; 0a30Bas CTPYKTypa MOOHMJIBHOTO MEIHIIMHCKOTO
TIPWIIOKEHUS ¥ B3aUMOZEHCTBHE ee (QyHKIMOHAIBGHBIX OJIOKOB C BEIJETICHHEM 3a1ad M orpa-
HUYEHUH JeMCTBUI OCHOBHBIX MOJIb30BATENIECH — Bpaya U MalMeHTa.

Knrouesnvie cnosa: yugposas mpancghopmayus ¢ meouyune, Qopmaru308anHvle MeOUYUHC-
kue 3anucu, Data Mining, ungopmayuonnvie mexnono2uu OYenKu COCMOsHUSL Yel08eKd U
Puszuonocuueckux cucmem opeaHu3IMa, MmeieMeouyuHa, MOOULbHbIE NPULOHNCEHUS.
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