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Abstract—The article considers the feasibility of using artificial intelligence, artificial neural networks
and machine learning in the tasks of classification and forecasting in the medical field. The directions in
the field of health care in which artificial intelligence was used and the expediency of their use are
considered. The analysis of the most frequent diseases among the population is made and the growth rate
of diseases is shown. Proof of the success of neural networks when working with cardiovascular diseases,
oncology, Covid-19. Machine learning algorithms that can be used to create an intelligent system for
diagnosing cardiovascular diseases are considered. The characteristics that are advisable to use when
creating such a system are presented. The requirements for the creation of an intelligent system that
would allow to increase the level of qualification of health care professionals through their interaction

with artificial neural networks are formed.

Index Terms—Artificial intelligence; artificial neural network; cardiovascular diseases; decision trees;
deep learning; k-nearest neighbor method; machine learning algorithms.

I. INTRODUCTION

To date, cardiovascular disease is the most
important cause of death in the world. According to
the State Statistics Service of Ukraine for 2021, the
three most common causes of death among
Ukrainian citizens are cardiovascular disease,
cancer, Covid-19 [1]. From the latest published data
of the World Health Organization for the year 2020
we can see that the mortality rate from this disease is
increasing (Fig. 1).

Leading causes of death globally
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Fig. 1. Comparative statistics of mortality from the most
common diseases 2000-2019

Every year more than 2 million people die of
cardiovascular diseases [2]. Mortality from
cardiovascular diseases ranks first not only in
Ukraine, but also in the world as a whole, but
because of the total number of deaths in relation to
the entire population the problem is very relevant to
Ukraine and Bulgaria (Fig. 2).

Fig. 2. Comparison of cardiovascular mortality statistics
between countries 2019

II. PROBLEM STATEMENT

From the above data, we can conclude that there
is a problem in identifying and treating patients to
prevent them from dying from cardiovascular
disease, but how can the healthcare system be
improved? The main factors of quality diagnosis of
patients are the availability of highly qualified
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personnel and their provision with the necessary
conditions for work. The health care system in
Ukraine feels the shortage of qualified medical
personnel more and more acutely [3]. An analysis of
the downward trend in the number of medical
personnel, followed by extrapolations of the data,
suggests that by 2030 the staffing level of medical
institutions in Ukraine will reach 75% of doctors,
and that of nursing and junior medical personnel will
reach 73.6% of the need. Already today there is a
shortage of vacancies in healthcare in the amount of
about 13 thousand positions. The reasons are aging
of specialists, uneven number of doctors in the
regions, which causes oversupply of specialists in
big cities and deficit in villages, level of wages, and
migration of specialists to other countries. If we
compare average earnings of medical personnel with
the countries-neighbors, in Belarus doctors receive
1.2 times higher wages, in Moldova — 2.2, in
Romania — 4.7, in Poland — 5.8, in Hungary — 6.1, in
Czech Republic — 8.1.

To overcome the problem, the optimal solution is
to optimize the level of education of specialists,
ensuring decent working conditions and material
provision. This can be achieved through
optimization and redistribution of finances, but in
this case there will be an additional burden on
medical personnel. To prevent the overload of
people in the world actively use systems for
decision-making, which allow one person to do
more work while spending less time on it. In
healthcare, there are intelligent systems that, based
on artificial intelligence and medical knowledge
bases, solve the problem of diagnosis, diagnosis and
decision-making tactics for the treatment of patients
without the participation of a medical specialist.
Such systems currently solve simple tasks like
analyzing computer scans or . The advantage is in
processing large amounts of data and reducing the
percentage of false positive diagnoses. Such systems
can be based on machine learning algorithms such as
artificial neural networks, deep learning, decision
trees, and the k-nearest neighbor method.

Unlike artificial neural networks, deep learning
uses a much larger number of layers, mostly 10 to
100 layers, while a neural network has 2-3 layers
[4]. Each layer analyzes certain features from the
dataset, forming a hierarchy from low level features
to high level features, using learning algorithms with
or without a teacher. As a consequence of this
feature, neural networks cannot analyze complex
parameters. Deep learning requires more data to
train and more resources to execute. Layers have

more neurons, allowing more parameters to be
worked through.

Decision trees, by analyzing patients' medical
records, identify the main symptom or trait, then
create a tree that, depending on the traits, leads along
branches to leaves that can no longer be separated.
The branching process will continue until all leaves
are reached [5]. In diagnosis with a decision tree, the
patient will receive a series of questions. By
analyzing the answers to them, decisions are made
according to the traits that the algorithm has
highlighted. The questions are built from more
important to less important.

The k-nearest neighbor method is used to classify
medical records in disease diagnosis [4]. During data
analysis, medical records are categorized into groups
of similar cards. Such groups represent classes of
cases. When partitioning, the parameter k to
determine the number of groups is specified. The
main advantages of this method are that the
reasoning for assigning a particular case to a
particular group is clear to experts, and this approach
is stable to abnormal cases.

III. FUNCTIONALITY OF ARTIFICIAL NEURAL

NETWORKS
Due to the wide range of problems solved by
BNMs (pattern recognition, decision
making/management, clustering, prediction,

approximation, data compression and associative
memory) and their advantages over traditional
computational methods (problem solving under
uncertainty, resistance to noise in input data),
flexibility in structure, high speed performance,
adaptation to changes in the environment and fault
tolerance), neural networks are becoming
increasingly popular in creating new computational
systems. SNM has disadvantages such as a large
sample for training and duration of the process, the
inability to make decisions in several stages. To
date, the most promising use of artificial intelligence
in the diagnosis of cardiovascular disease is the
analysis of images and detection of cardiac
abnormalities. Given the disadvantages of such
systems, namely the impossibility of solving the
problem in one action, it is necessary to divide the
work of NM into stages: identification of signs of
cardiac diseases by analyzing images by a neural
network and making decisions based on the signs.
That is, divide one task into two neural networks,
which perform it gradually. For tasks such as image
analysis by a neural network, deep learning is used,
namely convolutional neural networks, a type of
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deep artificial neural network architecture aimed at
effective recognition and analysis of visual images.

A convolutional neural network is a class of
artificial neural networks that uses convolutional
layers to filter input data to obtain useful
information. The convolution operation involves
combining the input data (object map) with a
convolution kernel (filter) to form a transformed
object map. Filters in layers are modified based on
learned parameters to extract the most useful
information for a particular task. The convolution
nets are tuned to find the best function depending on
the task. When we have similarly shaped objects, the
system will recognize them by their color rather than
their shape, because the variation in color is much
higher than the variation in shape.

Applications of convolutional neural networks
include various image processing systems (image
recognition, image classification, video labeling, text
analysis) and language processing systems (language
recognition, natural language processing, text
classification), as well as advanced artificial
intelligence systems.

A convolutional network consists of an input
layer, a source layer and one or more hidden layers.
A convolutional network differs from a conventional
neural network in that the neurons in its layers are
arranged in three dimensions (width, height and
depth). This allows the CNN to transform the input
volume in three dimensions into the raw data.
Hidden layers are a combination of convolution
layers, union layers, normalization layers, and fully
connected layers. CNNs use multiple message layers
to filter input volumes into higher levels of
abstraction.

Today, CNNs use initial modules that use 1x1
convolutional cores to further reduce memory
consumption while providing more efficient
computation (and hence learning). This makes
CNNs suitable for a number of machine learning
applications.
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Fig. 3. Image of the convolutional neural network

The activation function in a neural network
applies a non-linear transformation of weighted
inputs. A popular activation function for CNNs is

ReLu or a rectified linear function that nullifies
negative inputs. The initial modules in CNN allow
you to speed up the computation. This is done using
1x1 convolutions with a small object map size, for
example, 192 28x28 object maps can be reduced to
64 28x28 object maps using 64 1x1 convolutions.
Because of the reduced size, these 1x1 convolutions
can be accompanied by large 3x3 and 5x5 "packs".
In addition to the 1x1 pack, maximum aggregation
can also be used to reduce dimensionality. In the
input data of the initial module, all large
convolutions are combined into an extensive object
map, which is then fed to the next level (or initial
module).

Pulling is a procedure that reduces the input data
over a certain area to a single value. Pulling provides
basic invariance of rotations and translations and
improves the ability to detect objects in
convolutional networks. For example, a face in an
image that is not in the center of the image, but
slightly offset, can still be detected by convolutional
filters, since the information is transferred to the
right place through a pooling operation. The larger
the size of the pooling area, the more the
information is condensed, resulting in small
networks that fit more easily into the GPU memory.
However, if the object pooling area is too large, too
much information is thrown away, and predictive
performance is reduced.

IV. DIAGNOSIS OF DISEASES BY A CARDIOLOGIST

A cardiologist is responsible for diagnosing and

prescribing therapy for conditions such as:

o Hypertension. Constantly elevated BP, which
causes unpleasant symptoms and can lead to
crises.

o Heart failure. Reduced ability of the heart
muscle to perform its primary function of
pumping blood.

e [ncreased cholesterol levels, which can lead
to plaque formation and blockage of blood

vessels.

o Myocarditis — inflammation of the heart
muscle.

o Cardiomyopathy — damage to the heart
muscle;

e Heart defects — congenital or acquired
abnormalities and deformities of the

myocardium and coronary vessels.

o Coronary heart disease, when the heart does
not get enough oxygen.

o Angina pectoris — insufficient blood supply to
the myocardium.
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o Rehabilitation after a heart attack and stroke.

o Arrhythmia of various kinds — an accelerated
or decreased rhythm of heart contractions.

To identify the above-mentioned diseases, the
doctor should collect the patient's medical history
and prescribe additional examinations depending on
the preliminary diagnosis:

e coronarography — an x-ray of the coronary

arteries to establish coronary heart disease;

o clectrocardiography (ECG) to determine heart
rhythm parameters;

o echocardiography or ultrasound of the heart
to determine the size and structure of the heart
and assess its function;

o doppler ultrasound — shows vascular function;

o daily ECG and BP monitoring by Holter
shows changes in blood pressure and heart
rhythm during the day;

o [laboratory examination (general blood and
urine tests, blood chemistry, lipid profile,
coagulogram and other specific indicators).

V. CONCLUSIONS

Artificial neural networks are the most accurate
method, but potentially deep learning can develop the
same accuracy. In terms of speed, artificial neural
networks are the worst, while k-nearest neighbor
methods and decision trees showed good speed.
Fuzzy logic based systems showed average speed and
accuracy relative to other algorithms. It is not possible
to determine how much the human factor (quality of
expert inference) influenced this system.

If the tasks need a large number of layers, for
example, analysis of X-rays, MRI, it is better to use
systems with deep learning.

The main advantage of machine learning
algorithms is the identification of hidden relationships
of analysis components and the identification of the
most important diagnostic parameters.

Depending on the operating principle and
requirements for an intelligent system, a machine
learning algorithm should be selected. There are
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studies that have identified key characteristics for
learning systems depending on the method.

Studies have shown that the application of
diagnosis, diagnosis and choice of treatment tactics
is appropriate for the field of health care. The
greatest amount of research has focused on cancer
and Covid-19 and in these areas the use of artificial
intelligence has proven effective, but this has not
meant that the use of Al will be effective for
cardiovascular disease. However, University of
Nottingham research has proven in practice that,
compared to the standard approach, machine
learning algorithms are better at identifying
cardiovascular disease and excluding patients who
do not have the disease.

To date, there is no intelligent system that can be
practically used by any cardiologist, and existing
projects are limited to studies within institutions
where they are conducted, so there is a need to
create such a system.
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O. I. Yymayenko, C. O. Konomoenb. BUKOpHCTAHHA IITYYHOro iHTeJIEKTY JAJIA PO3B'sI3aHHSA 3ajavi JiarHOCTUKH
cepueBO-CyAMHHUX 3aXBOPIOBAaHb

VY crarti po3rISHYTI MUTaHHS JOLIJBHOCTI BHUKOPUCTAHHS INTYYHOTO IHTEJEKTY, IITYYHHX HEHPOHHHX MEpEeK Ta
MAaIIMHHOTO HaBYaHHS B 33ja4ax Kiacuikamii Ta MporHo3yBaHHs B Mean4Hiil cdepi. Posrmsayro Hampsmku y cdepi
OXOpPOHH 3/I0pPOB'sl, Y SIKUX IITYYHHUH 1HTEIIEKT BUKOPHCTOBYBABCS Ta JOLIBHICTh iX BUKOPHCTaHHS. 3pOOJIEHO aHai3
HaYacTIIMX 3aXBOPIOBaHb CEpeJ] HACEJCHHS 1 ITOKa3aHO TEMIM 3pPOCTaHHS 3aXBOpIOBaHb. J(OBEIEHHS YCHIIIHOCTI
pOOOTH HEHPOHHHUX MEPEXk MpH POOOTI 3 CEPIIEBO-CYIUHHUMH 3aXBOPIOBaHHAMH, oHKOoriero, Covid-19. PosrisayTo
ITOPUTMU MAIIMHHOTO HABYaHHS, [0 MOXYTh BHKOPHUCTOBYBATUCS IIPH CTBOPEHHI IHTENIEKTYaJbHOI CHCTEMH
JIIarHOCTUKHU CEPLEBO-CYIMHHUX 3aXBOPIOBaHb. [IpefcTaBieHO XapaKTepUCTUKH, SKi JOIUIBHO BUKOPHCTOBYBATH IIPH
cTBOpeHHI Takoi cucremu. C(OpMOBaHO BHMOTH JUIsi CTBOPEHHS IHTEJEKTYyalbHOI CHCTEMH sika O J03BOJHIIA
MIBUIINTH piBeHb KBawiQikamii criemianicTiB cdeprn OXOpOoHH 3[0pOB'S 3a PaxyHOK IXHBOI B3a€MOJIl 3 IITYYHHMH
HEWPOHHUMH MEpeKaMHU.

Koaro4ogi ciioBa: miTy4Huil iHTEIEKT; IITYyYHA HEHPOHHA MEpeka; CEpLEBO-CYIMHHI 3aXBOPIOBAHHS; JIepeBa IPUHHSATTS
pilieHb; TIMOMHHE HaBYaHHs; k-MeTo HalOIMmKUIOro cycifa; anropuTMy MalllMHHOTO HABYaHHSI.
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E. U. Yymauenko, C. A. Konomoen. Hcnonb3oBanue MCKYCCTBEHHOI0 HMHTE/LIEKTA JUIA pelIeHUs] 3aJa4uu
AUATHOCTHKH CePIeYHO-COCYAMCTHIX 3a001eBaHui

B cratbe paccMOTpeHBI BOIPOCHI EIeCO00Pa3HOCTH HCIIONB30BAHUS MCKYCCTBEHHOTO WHTEIUIEKTA, WCKYCCTBEHHBIX
HEWPOHHBIX CETeH M MAIIMHHOI'O OOYYEHUs B 3aja4ax KJIACCU(PHUKALUHM U MPOTHO3UPOBAHUS B MEIULIMHCKON cdepe.
Paccmotpens! HampaBneHust B cepe 31paBOOXpaHEHHUS, B KOTOPBHIX HCKYCCTBEHHBIH WHTEIJIEKT HMCIOIB30BAJICS U
LIeNIecO00pa3HOCTh UX HCIOb30BaHMs. ClenaH aHajiu3 CaMbIX 4YacThIX 3a00JeBaHUN CpPeay HacelleHHs M MOKa3aHbl
TeMITbl pocTta 3aboneBaHui. Jloka3zaHa yCIemHOCTh padOThl HEMPOHHBIX ceTel MpH padoTe C CepledHO-COCYAUCTHIMU
3aboneBanusiMy, onkosorueit, Covid-19. PaccmMoTpeHbl anropuTMbl MalIMHHOIO OOYYEHHs, KOTOpbIE MOTYT
UCIIONIb30BaThCsl MPU CO3JaHUM HHTEIJIEKTYaIbHOW CHCTEMBl JUArHOCTUKU CEpIEeYHO-COCYIUCTBIX 3a00JIeBaHHM.
[IpencraBneHsl XapaKTEPUCTHKH, KOTOpPHIE IIEIECOO0pa3HO HCHONB30BaTh IPU CO3/JaHMUM TAaKOW CHUCTEMBI.
CdopmupoBanbl TpeOOBaHUS ISl CO3AaHHS HHTEIUIEKTYaILHON CUCTEMBI, KOTOpasi ObI IMO3BOJIMIIA TIOBBICHTh YPOBEHb
KBaJM(DUKAIMHU CIIENHUAINCTOB CEPBI 3[]paBOOXPAHEHHS 33 CUET X B3aMMOJICHCTBHUS C NCKYCCTBEHHBIMH HEWPOHHBIMU
CEeTSMH.

KaroueBble c10Ba: MCKYCCTBEHHBIH HHTEIUIEKT; HCKYCCTBEHHAsI HEWPOHHAS CETh; CEPlIeYHO-COCYANCThIE 3a00IeBaHus;
JiepeBbsl IPUHATHSI PELICHUI; TIIyOuHHOE 00ydeHue; k-Meros Onmkaiiiero coceaa; alNropuTMbl MAITMHHOTO 00Y4EHUsL.
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