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CONCEPTS OF CREATING AN INTELLIGENT MEDICAL DIAGNOSTIC SYSTEM
TO ASSIST IN THE WORK AND TRAINING OF DOCTORS BASED ON ARTIFICIAL INTELLIGENCE

Abstract. The article is devoted to the development of intelligent medical diagnostic systems using information
systems and technologies. The article provides an overview of the current state and development of information systems,
technologies and artificial intelligence in the medical field, analyzes existing intelligent diagnostic systems in medicine and
cardiology in particular, and proves the need to create intelligent systems to help primary care physicians and cardiologists.
The purpose of the publication was to investigate the current state of intelligent medical diagnostic systems, analyze the
shortcomings of such systems, determine the feasibility of creating a new diagnostic system, and formulate principles
and criteria for its operation. The scientific novelty of the article is a new approach for diagnosing and treating patients,
as well as training medical professionals using an intelligent medical system based on artificial intelligence. Leveraging
advanced Al algorithms, the system analyzes vast datasets encompassing patient records, medical literature, and real-time
clinical data to provide accurate and timely diagnostic insights. The intelligent medical diagnostic system operates as a
supportive tool, aiding doctors in the diagnostic process by offering refined suggestions, identifying potential anomalies,
and recommending personalized treatment plans. By harnessing machine learning and deep learning techniques, the
system continuously adapts and evolves, learning from each diagnostic scenario and refining its predictive accuracy over
time. Through interactive simulations and case-based learning modules, aspiring and practicing doctors can engage in
immersive, realistic scenarios, honing their diagnostic skills and expanding their knowledge base. The disadvantages of this
article include only a theoretical approach to the formation of concepts and tasks for an intelligent medical system, and a
review of existing systems.

Key words: diagnostics, intelligent information system, training, forecasting, artificial intelligence.

KOHLENLII CTBOPEHHS IHTEJIEKTYAJIbHOI MEJJUMHOI CHCTEMM JAIATHOCTHUKH
14 JOMMOMOT'H B POBOTI TA HABYAHHI JIIKAPIB HA OCHOBI HITYYHOTI'O IHTEJIEKTY

AHomayis. Cmamms npucesayeHa po3guMKy iHmeaekmyaabHux MeduyHux cucmem 0iazHOCMUKU 3 BUKOPUCMAHHAM
iHopmayiliHux cucmem ma mexHos02ill. Y cmammi npedcmagieHo 02450 cy4acHo20 cmaHy i po3eumky iHgopmayitiHux
cucmem, mexHo/102ili ma wmy4yHoz2o iHmesekmy 8 Meduy4Hill 2a1y3i, npoaHai308aHO iCHyO4U IHMeeKmyaabHi cucmemu
diaeHocmuku 8 meduyuHi ma kapdiosoeii 30kpema, dosedeHo Heob6XiOHiCMb CMBOPEHHs [HMe/AeKmMyaabHUX cucmem
0151 donomozu sikapsim nepeuHHoi naHkKu ma kapoionozam. Memoto ny6aikayii 6yno docaidumu cyvacHull cma
iHMeeKmyaabHUX MeOUYHUX cucmeM diazHOCMUKU, NPoaHaAizysamu HedoiKU makux cucmem, susHayumu doyiabHicmb
cmeopeHHs1 H080i cucmemu diaeHocmuku ma cgopmyarweamu npuHyunu ma Kpumepii das ii po6omu. Haykogoio
HOBU3HON cmammi € Hosull nidxid 045 diazHocmuku ma AIKy8aHHs nayieHmie, a makox HA84aHHs MedUYHUX NPAYIBHUKIE
3a donomozoi iHmesekmya/abHoi meduvHOi cucmemu Ha OCHO8I WMY4YHO20 iHMesaekmy. Bukopucmosyruu nepedosi
a/s120pummu Wmy4vyHo20 iHmeieKkmy, cucmema aHani3ye 8eauKi macugu 0aHux, Wo 0Xona00ms 3anucu nayieHmis, Meou4Hy
simepamypy i KAiHiuHi daHi e pesxcumi peasnbHo20 vacy, wo6 Hadamu mouHy I ceoevacHy diazHocmuvHy iHpopmayiro.
InmesnexkmyanvHa mMeduuHa diazHOCMUYHA cucmema npayre K OONOMINCHUU [HCMpymeHm, donomazaryu AIKaApsaMm

28 Inpopmayiini mexnonoeii ma cycninecmeo. Bunyck 5 (11). 2023



Information Technology and Society. Issue 5 (11). 2023

Yy npoyeci diazHocmuku, nponoHyw4u ymouHeHi npono3uyii, eusHauaw4u nomeHyiliHi aHomanii ma pekomeHdyrouu
nepcoHanizosaHi naaHu AiKysaHHs. Bukopucmosyouu memoou MAWUHHO20 mMa 2AUOGUHHO20 HABYAHHSA, cucmemda
nocmitiHo adanmyembscsi ma po38UBAEMbCS, HABYAIOYUCL HA KOXCHOMY diazHOCMUYHOMY cyeHapii ma edockoHaaww04U
C8010 MOYHICMb NPO2HO3YBAHHS 3 HACOM. 3a80aKU [HMEePAKMUBHUM CUMYASIYIAM | HABYUANbHUM MOOYASIM, 3ACHOBAHUM
Ha KOHKpemHux eunadkax, Jikapi-noyamkieyi ma npakmukyrwoui JAikapi Moxcymes 6pamu yvyacmb y 3aX0N/amw4ux,
peasicmuyHux cyeHapisx, eiomoyyruu ceoi diazHOCMuU4HI HABUYKU MA po3WUp4U c80t 6a3y 3HAHb. o Hedosikie
daHoi cmammi mModxcHa 8i0Hecmu auwe meopemuvHull nidxio do popmyeaHHs koHYenyiil ma 3adau do iHmeaekmyaabHoi
Medu1HoI cucmemu, 02450 8dce ICHYIOHUX CUCMEM.

Kawuosi cnosa: diaeHocmuka, iHmeaekmyaavHa iHpopmayitina cucmemd, HABYAHHS, NPO2HO3YBAHHS, WMYYHUL
iHmesaexkm.

Introduction. In 2019, Ukraine conducted the first nationwide survey to study the prevalence of
noncommunicable disease (NCD) risk factors - STEPS [1].

The STEPS study reflects the World Health Organization's (WHO) STEPwise approach to noncommunicable
disease risk factor surveillance and is a simple, standardized method for collecting, analyzing and disseminating
data in WHO member countries.

The STEPS tool covers three different levels of risk factor assessment - three steps: questionnaires, physical
measurements, and biochemical analyses. Each level is divided into basic, advanced and additional modules
that can be used in the study depending on the conditions and needs of different countries.

The research results can be used not only to study trends within a country, but also for comparisons between
countries. In particular, they contain socio-demographic indicators, data on alcohol and tobacco consumption,
nutrition, physical activity, blood pressure, glucose, cholesterol, information on the presence of circulatory
system diseases, physical examination data, and biochemical indicators.

More than 130 countries around the world have participated in STEPS at least once. In some countries, this
study has been conducted several times, while in Ukraine it was organized for the first time. The study was
conducted in 2019, and in 2021, WHO presented the results to the public.

In Ukraine, cardiovascular disease is the leading cause of death. By this indicator, our country remains one
of the world leaders (Figure 1) [2].
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Fig. 1. Statistics from IHME (Institute for Health Metrics and Evaluation
founded by Bill and Melinda Gates). Global mortality rates from cardiovascular diseases in 2019

According to a ranking based on the number of deaths in Ukraine, the most common causes are:

1. Cardiovascular diseases (64.3%).

2. Neoplasms (14.1%).

3. Diseases of the digestive system (4.3%).

4. Neurological disorders (3.1%).

5. Self-harm and interpersonal violence (2.7%).

It was also possible to identify the most common causes of death from cardiovascular diseases by gender
among all age groups (Table 1).
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Table 1
Causes of death of Ukrainians from cardiovascular diseases
Ne Male Female
1 Coronary heart disease Coronary heart disease
2 Cerebrovascular diseases Cerebrovascular diseases
3 Cardiomyopathy and myocarditis Cardiomyopathy and myocarditis
4 Diseases of peripheral vessels Atrial fibrillation
5 Aortic aneurysm Diseases of peripheral vessels
6 Atrial fibrillation Other cardiovascular diseases
7 Other cardiovascular diseases Hypertensive heart disease
8 Hypertensive heart disease Rheumatic heart disease
9 Rheumatic heart disease Aortic aneurysm
10 Endocarditis Non-neuromuscular valve disorders

From the above data, we can conclude that cardiovascular diseases require more attention, especially in
Ukraine. The average time for an outpatient visit to a doctor is 15-20 minutes, during which it is impossible to
fully diagnose a patient's problem and prescribe treatment. The patient has to undergo a large number of tests
and repeatedly come to the doctor's office. There are also often difficult cases when the doctor is unsure of the
diagnosis and needs to prescribe additional tests or an outside expert opinion. These problems can be solved by
optimizing the work of healthcare professionals with an Al-based intelligent cardiovascular disease diagnostic
system that would predict diagnosis and treatment based on the available medical history to verify the doctor's
preliminary diagnosis, work in conditions of incomplete information, suggest additional necessary tests (if
necessary), and help with the determination of the treatment regimen.

Problem statement. Resistant arterial hypertension (RAH) is defined as hypertension in which blood
pressure (BP) remains above the target level despite the simultaneous use of 3 antihypertensive drugs
of different classes [3]. Ideally, one of the 3 drugs should be a diuretic and all drugs should be prescribed
in optimal doses. Despite the relative arbitrariness of the requirements for the number of prescribed
drugs, resistant hypertension is defined in order to identify patients who are at higher risk or who have
treatable causes of hypertension and/or patients who may benefit from additional special diagnostic
and therapeutic measures due to persistently high blood pressure. As defined, resistant hypertension
includes patients whose blood pressure is controlled with more than 3 medications. That is, patients
whose blood pressure is controlled but requires 4 or more medications should be considered resistant to
treatment (Figure 2).

The study focused on the problem of predicting the probability of true resistant hypertension based on
the analysis of general clinical data for primary care physicians (family doctors, general practitioners). This
intelligent system is designed for both primary care physicians and subspecialists - cardiologists, because
patients always see a primary care physician first, and then a subspecialist. The task consists of two stages:
1) to create an intelligent system based on artificial intelligence, which, based on the available tests and data
from the primary care physician, could determine whether the patient has true or false resistance to treatment
of hypertension. 2) If the patient does have true resistance, which fourth-line drug would be appropriate for
him or her to overcome hypertension.

The analysis is based on two groups of patients: controlled hypertension (CH) and resistant hypertension
(RH). To determine the patient group, the physician must have the following patient data:

- office blood pressure (BP) level;

- heartrate;

- duration of arterial hypertension (AH);

- body mass index (BMI);

- waist circumference (WC);

- history of stroke;

- coronary heart disease (CHD), myocardial infarction;

- atrial fibrillation (AF);

- diabetes mellitus (DM);

- ECHO cardiography parameters (Tcp, Tmrp, LVMI, LV);

- blood test results: potassium, sodium, creatinine, total cholesterol, LDL cholesterol, TG, glucose, CRP, uric
acid (UA);

- glomerular filtration rate (GFR);

- albuminuria (BUN).
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Treatment of patients with
resistant hypertension
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¢ You should use available drugs with the maximum number of
favorable characteristics

e If combination therapy with drugs in one pill is not available
or expensive, any combination of drugs should be used

e It is advisable to prescribe thiazide diuretics if thiazide-like
diuretics are not available

e It is recommended to use alternative strategies if
dihydropyridine-derived calcium channel blockers are not

Kavailable or are not tolerated j
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e Step 1: Double combination of drugs in low doses
e Step 2 Double combination of drugs in full dose
L| e Step 3 Triple combination of drugs

e Step 4 Resistant hypertension: triple combination of
drugs + spirolactone or other agent
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Fig. 2. Pharmacological strategy for the treatment of patients
with hypertension in accordance with the standards

These parameters can be used to identify truly resistant patients. If the patient does not have true resistance,
it means that he or she is pseudo-resistant, which may be due to: incorrect BP measurement technique, low
adherence to treatment, and "white coat" hypertension [4]. If therapy is followed correctly, a pseudoresistant
patient will overcome hypertension. After that, the intelligent system should determine the sensitivity to the
fourth antihypertensive drug in patients with true RAH based on all available indicators.

Intelligent information system. An intelligent information system (IIS) is a type of automated information
system; a set of software, linguistic and logical-mathematical tools for the implementation of the main task: to
support human activity and search for information in the mode of extended dialogue in natural language [5].

The characteristic features of IIS are:

1) developed communication skills;

2) the ability to solve complex and poorly formalized problems;

3) ability to develop and self-learn.

Intelligent information systems can be divided into 3 classes (Table 2):

Table 2
Classification of intelligent information systems
Class I: systems with an intelligent Class II: expert systems Class III: systems capable
interface (communication abilities) (solving complex problems) of self-learning
1. Intelligent databases 1. Systems that classify 1. Inductive systems
2. Natural language interface 2. Systems that redefine 2. Neural networks
3. Hypertext systems 3. Systems that transform 3. Precedent-based systems
4. Contexts and systems 4. Multi-agent systems 4. Information repositories
5. Cognitive graphics
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Intelligent diagnostic systems in cardiology. Intelligent systems based on artificial intelligence
are constantly becoming more widespread and in demand in medicine, especially in certain areas such as
ophthalmology, cardiology, oncology, orthopedics, and dentistry [6]. It can be concluded that the use of
intelligent diagnostic systems in medicine is widely used and is in demand and expedient. Let's consider the
feasibility of using intelligent diagnostic systems in cardiology, since cardiovascular mortality is the highest
in Ukraine.

As of today, there are many works and created intelligent diagnostic systems dedicated to cardiology. Among them:

1) Intelligent decision support system for radionuclide diagnostics in cardiology [7];

2) Ischemic heart disease [8];

3) Valvular heart disease [9];

4) Atrial fibrillation [10];

5) Heart failure [11];

6) Cardiomyopathy [12];

7) Congenital heart disease [13];

An analysis of publications [7-13] confirms that the creation of intelligent systems based on artificial
intelligence improves the diagnosis and treatment of both cardiac and general diseases. Since the problem
of identifying a patient with hypertension treatment resistance is extremely urgent and poorly diagnosed by
doctors, it would be advisable to use information systems and technologies to solve this problem.

Consider the problem of intellectual classification of a set of patient's signs in order to prescribe the optimal
method (protocol) of hypertension treatment

Algorithm for improving the diagnosis and treatment of true/false resistance of hypertension:

1) Examination of a patient with controlled /resistant hypertension by a primary care physician, examination,
and initial tests. After receiving the tests, the doctor uses an intelligent system to classify the patient (enters all
available data).

2) Classification task. Determine whether the patient has true drug resistance (if the resistance is false, the
patient needs to lose weight, modify lifestyle, strictly adhere to medication, and if these conditions are met,
hypertension will be controlled and blood pressure will be within normal limits).

Diagnosed: if the patient's blood pressure is above 160 mmHg, lifestyle modifications have been made,
weight is normal, and the patient is taking 3 antihypertensive drugs, the primary care physician assumes that
the patient has true resistance to antihypertensive drugs and refers the patient to a specialized cardiologist.

Proposal: The primary care physician enters all available patient data (age, gender, height, weight, race), test
results, and patient lifestyle questionnaire data into the app; the neural network classifies the patient into one
of two groups based on the available data.

3) If resistance to three drugs is true, the cardiologist must select a fourth drug to stabilize the patient's
blood pressure.

Diagnosed: the doctor tries to determine the optimal combination for the patient by selecting different
drugs (time-consuming, costly, the patient will have high blood pressure and discomfort for a long time due to
the search for a combination that suits him).

Proposal: the app will calculate which fourth drug will be suitable for this particular patient based on
additional tests and trained on a large sample of patients.

Conclusion. The most common cause of death in Ukraine is cardiovascular disease. Stabilizing blood pressure
can significantly reduce mortality and improve the quality of life of patients. To determine the true resistance of
hypertension, speed up the diagnostic process, understand the feasibility of prescribing additional tests, and select
the fourth line of therapy for patients with resistant hypertension, it would be advisable to use an ANN to solve the
decision-making problem. It is proposed to create an artificial neural network (multilayer perceptron), where the
inputs will be the basic data for determining the group of patients with true hypertension, and the output will be
one, because it is a binary classification task. The following publications will discuss the results of the described
ANN. The intelligent medical diagnostic system represents a pioneering advancement in the healthcare landscape,
revolutionizing the diagnostic process and elevating the standard of medical education. As Al continues to evolve,
its synergistic integration with human expertise holds the promise of a more efficient, accurate, and personalized
healthcare experience.
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