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Abstract. Problem statement. A future doctor should possess basic and professional
theoretical knowledge, have certain practical medical skills as well as skills in working with
information systems and digital programs. It is very important that medical students are pre-
pared to work with the digital healthcare environment if they want to work effectively in
modern medical institutions in their future professional activities. Using the digital healthcare
environment in educational and subsequent professional activities of physicians contributes to
improving the quality of medical care and medical services, accessibility of medical services,
and reducing the number of medical mistakes. Methodology. Each digital healthcare environ-
ment is designed for a specific area of medicine, i.e. for solving a narrow range of problems.
Therefore, the creation of a universal digital system for intelligent analysis of medical data
obtained from different devices and different doctors is an important task of the performed
research. Results. The learning digital medical environment was created aiming at integrating
and analyzing medical data and electronically supporting future physicians in prescribing la-
boratory and instrumental examinations, making a diagnosis, and prescribing appropriate
treatment. Conclusion. The main advantage of the developed learning digital medical envi-
ronment is its universality, as it is suitable for a doctor of any specialty, providing continuous
interaction between them. The digital environment will be used both in the process of training
medical students and in their future professional activities.

Keywords: digital healthcare environment, digitalization of education, electronic health
record, symptoms, objective examinations, medical history, preliminary diagnosis, final diag-
nosis, treatment

Author’s contribution. The authors contributed equally to this article.

© Grinshkun V.V, Itinson K.S., 2024
This work is licensed under a Creative Commons Attribution 4.0 International License
CaTEl https://creativecommons.org/licenses/by-nc/4.0/legalcode

HHUDPOBAS OBPA3OBATEJIbHAS CPEJIA 169


https://orcid.org/0000-0002-8204-9179
https://orcid.org/0000-0003-3039-9609

Grinshkun V.V, Itinson K.S. RUDN Journal of Informatization in Education. 2024;21(2):169-180

Conflicts of interest. The authors declare that there is no conflict of interest.

Article history: received 3 November 2023; revised 28 December 2023; accepted
13 January 2024.

For citation: Grinshkun V'V, Itinson KS. Learning digital medical environment as a tool
of teaching computer science to medical students. RUDN Journal of Informatization in Educa-
tion. 2024;21(2):169-180. http://doi.org/10.22363/2312-8631-2024-21-2-169-180

YyeOHaa undppoBas MegULMHCKaa cpepa
KaK cpeacTBO 00y4yeHns nHpopmaTuke CTyAEeHTOB-MeaAnKoB

B.B. I'punmkyn''”, K.C. ATuncon?

' Poccuiickuti ynusepcumem opyoicovl Hapodos, Mockea, Poccutickas @edepayus
2Kypckuii 2ocyoapemeennviii meduyunckuil ynusepcumem, Kypex, Poccutickas @edepayus

e-mail ksitinson@gmail.com

Annotanust. [locmaroeka npodaemvl. By yluii Bpad IOJDKEH BIaeTh 0a30BBIMH U TIPO-
(hecCHOHANBEHBIMU TEOPETHYCCKUMHE 3HAHUSIMH, HMETh OIIPE/ICIICHHBIC TIPAKTUYECKHIE MEIUIIMH-
CKHE HABBIKH, a TAKXKE HABBIKH PabOTHI ¢ HH(POPMAIIMOHHBIME CHCTEMaMHU H IA(PPOBBIMH TIPO-
rpammamu. CTYZEHTOB METUIIMHCKOTO By3a Ba)KHO TIOATOTOBUTH K paboTe B IUQPOBOI cpere
31paBoOXpaHeHus Ui 3QPEKTUBHOTO (PYHKIIMOHMPOBAHHS B COBPEMEHHBIX MEIMIIMHCKUX ydpe-
KIEHUAX B Oyy1iei mpodeccuoHnanbHO# aesrenbHocTH. Heo0xoaumo BHeaApeHue udpoBoit
MEMILIHCKON Cpe/ibl KaK B TIPoIecC 00yUIEHHs CTYICHTOB-MEIIKOB, TaK U B UX MPO(ecCHOHATBHYIO
JESTETEHOCTD, YTO 3HAYHUTEIILHO ITOBBICUT KA4eCTBO JICUCOHON 1 MPOPUITAKTUICCKOH eI TEIBHOCTH
Bpaueil, a TAKKE CHU3UT KOJIMIECTBO BpaueOHBIX OmHOOK. Memoodonoeus. Kaxnas uudposas
cpezia 3paBOOXpaHEHIS PACCUMTAHA Ha OMPEIeTICHHYIO 00JIaCTh MEIUIIMHBL, TO €CTh IS PEIIICHUS
y3KOro Kpyra 3aja4. [loatoMy cosfaHue u arnpoOaiis yHUBEPCATLHOM IH(POBOH CHCTEMBI HHTEN-
JIEKTYaJIbHOTO aHAIN3a MEAUIMHCKIX TAHHBIX, TIOMYYEHHBIX U3 Pa3HBIX IPUOOPOB U OT Pa3HBIX
Bpauei, SBIAIOTCS BXHBIMU 33JadaMU M METOAAaMH HcclieioBaHusl. Pesyromamer. Co3naHa
yueOHas 1udpoBas MEIUIMHCKAs Cpe/ia, TJIAaBHOH IIEIbI0 KOTOPOH SIBISAETCS MHTETPAIUS U
aHaJM3 MEIUIMHCKHUX TAHHBIX M AJICKTPOHHAS MOIICPIKKa OYAYIINX Bpadyel IpH Ha3HAUCHHUU
a00paTOPHBIX ¥ MHCTPYMEHTAJIBHBIX OOCIICOBAHUH, TIOCTAHOBKE JUArHO3a W HAa3HAYCHUU
COOTBETCTBYIOIIETO JICUCHHUS. Jaxnoyerue. | TaBHBIM IPEHMYIIIECTBOM pa3paboTaHHOH yueo-
HOU TM(POBOY METUIIMHCKON CpEsl SIBISICTCS €€ YHUBEPCAIBHOCTh, TaK KaK OHA MOIXOTHUT
JUISL Bpada JI000i crennansHOCTH, 00ecneynBas HepEepPhIBHOE B3aUMOACHCTBIE MEXKAY HU-
Mmu. [udposast cpena OymeT HCIOIB30BATHCS KaK B IIpoIecce 00YUCHUS CTYIEHTOB-MEINKOB,
TaK U B X Oyaymied npohecCHOHAIBEHOHN e TebHOCTH.

KiroueBsble ciioBa: 31IeKTPOHHAS UCTOPHSA OOJE3HH, CUMIITOMBI, OOBEKTUBHOE HCCIIC-
JIOBaHUE, MPEABAPUTEIBHBIN JUArHO3, OKOHYATEIbHBIN IUAarHO3, JICUCHHE

Bxaan aBTOPOB. ABTOpLI clieNialii SKBUBAJICHTHBIN BKJIAJl B IMOATOTOBKY Hy6J'II/IKaL[I/II/I.

3asiBiieHne 0 KOH(INKTE HHTEPECOB. ABTOPHI 3asBIIAIOT 00 OTCYTCTBUH KOH()IUKTA
HUHTEPECOB.

Hctopus crathbu: nocrynwia B peaakiuto 3 HosOps 2023 r.; mopaboTaHa mocie pe-
ueH3upoBanus 28 aexabps 2023 r.; mpuHsaTa K myonukanuu 13 saBaps 2024 r.
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Problem statement. The system of higher medical education in Russia is
constantly changing related to the introduction of digital technologies into the ed-
ucational process. A modern graduate of a medical university must possess a set
of basic and professional theoretical knowledge, have the definite practical skills
and of course skills in working with information resources, digital programs and
analyzing the information received. Obviously, future doctors must be ready to work
in a digital healthcare environment if they want to work effectively in modern
medical institutions.

The digital healthcare environment is a combination of information systems
that are necessary to achieve the goals of informatization, improving the quality of
medical care and medical aid, including reducing the number of medical errors,
the availability of medical services, as well as protecting personal and medical
data.

Modern digital healthcare environments are computer programs that can help
a doctor diagnose diseases based on clinical findings. The aim of such environ-
ments is to support future doctors, help them in prescribing treatment and exami-
nations. Moreover, digital healthcare environments help doctors in making a dia-
gnosis on the basis of a patient data, including full-age data, patient’s complaints
and symptoms, the results of objective examination, laboratory and instrumental
methods of investigation [1; 2].

Nowadays all medical institutions need to use modern equipment, especially
in situations related to emergency situations, when doctors must make decisions
very quickly. Besides, improvement and introduction of new methods of treatment
and investigation, using of medical environments or systems of medical care,
medical emergency, one way or another, are connected with information techno-
logies [3].

D.A. Mikov proves that the procedure of making a medical decision can be
presented in the form of the following stages [4]:

— description of the patient's condition (conducting examinations, diagnosis);

— analysis of limitations (allergies, dysfunctions of body subsystems, etc.);

— selection of treatment method/drugs;

— prognosis of treatment outcome options (safety assessment, possibility of
adverse reactions).

All these stages should be realized in the interaction between doctors and
the digital healthcare environment is as follows [5]:

1. The patient undergoes an examination.

2. The image obtained from the diagnostic equipment is loaded into the system.

3. To clarify the diagnosis, the attending physician can contact a diagnostician.
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4. The diagnostician uses an expert program for processing studies, make a dia-
gnosis.

5. Diagnostic results are posted to the digital system.

6. The attending physician prescribes treatment based on the data obtained.

The creation of a digital healthcare environment is a prerequisite for the
training of a new type of personnel on local and international levels for the medi-
cine of the future, who are able to solve professional problems using digital tech-
nologies [6; 7]. Sabitova N.G. proves that there should be serious requirements for
the training of future physicians and their mastery of digital literacy and compe-
tencies to solve professional tasks in the digital healthcare environment, master
software platforms in medical information systems and communication compe-
tencies in telemedicine technologies, carry out electronic document management,
manage information and digital arrays in medical databases, etc. [8].

In developing digital healthcare environments, used in medicine, several
goals are pursued. First, it is necessary to increase the efficiency of treatment.
Secondly, it is necessary to minimize the number of medical errors. Third, it is
necessary to optimize the cost of patient care. Next, it’s crucial for medical uni-
versities to provide the country with doctors, who are highly qualified specialists
with profound medical knowledge. Moreover, a digital healthcare environment
helps doctors to work in changed epidemiological situation, for example, there
was the epidemic of COVID-19 in 2020. The last aim is the introduction of
the systems for monitoring patients’ condition and preventive work [9—11].

To achieve the above goals, it is necessary to provide real-time decision-
making process of medical staff. It is a digital healthcare environment that allows
to achieve proper automation of these goals.

As arule, each digital healthcare environment is designed for a specific field
of medicine: ophthalmology, oncology, pediatrics, cardiologist, surgery, etc., thus
it can be argued that each system is designed to solve a narrow range of problems.
In turn, it can be concluded that the data, collected for electronic health records,
have different formats of both structured and unstructured records. Thus, there is
an urgent problem of creating a system or an environment, aimed at analysis of
medical data of patients, the results of examinations, different doctors’ notes and
diagnosis with different types of data (graphical, numerical, textual) [12—14].

The development of such digital healthcare environments is an important task,
because when doctors try to make diagnoses, they can make mistakes. The main
reasons are a lack of knowledge, little time, inexperienced doctors and incomplete
medical information about patients’ conditions [15-17].

Methodology. The performed analysis of the used means of informatization
in the educational process of a medical university allowed to conclude that it is
necessary to develop a universal digital platform, which implies the use of infor-
mation technologies and tools to improve the quality of decisions made by doc-
tors. Such a platform will be used by teachers and students while studying at uni-
versity, and then by doctors in their professional work and will be an important
part of an information educational environment of a medical university [18].
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As part of the research, a Learning Digital Medical Environment was creat-
ed, the objectives of which are as follows:

— electronic document management (electronic health records of patients, in-
formation about patients, their laboratory and instrumental examinations, medical
diagnosis of different doctors);

— analyzing large amounts of medical data;

— electronic support for physicians in prescribing laboratory and instrumen-
tal examinations, making a diagnosis and prescribing appropriate treatment;

— unification of the medical environment (doctors of any specialty work in
the digital environment);

— medical data integration (collection and integration of all laboratory and
instrumental tests and doctors' conclusions on a particular patient for qualitative
assessment of the patient's current condition, giving diagnosis and prescribing ef-
fective treatment).

Results and discussion. The design and interface of the created Learning Digi-
tal Medical Environment was developed in the Figma program, which is a collabo-
rative graphic editor. The interactive prototype of the learning digital environment
created in the ProtoPie program was tested by students and teachers, as a result of
which changes were made to the prototype after analyzing the results obtained.
The finished learning digital environment was created using the Python program-
ming language. Python is a high-level, interpreted programming language that
supports several programming paradigms, including procedural, object-oriented
and functional programming.

The Learning Digital Medical Environment is both a database of electronic
health records of patients and the system which a doctor uses during an appoint-
ment at a medical institution. The main idea of the system is that it helps students
in learning process and doctors in making professional decisions.

The main menu of the developed Learning Digital Medical Environment
consists of six blocks: “Patient Data”, “Symptoms and Complaints”, “Examina-
tion and Tests”, “Preliminary Diagnosis”, “Final Diagnosis”, “Complete an Ap-
pointment”.

The “Patient Data” block contains information about a patient: date of birth,
passport data, place of registration, actual residence address, phone number.

The “Symptoms and Complaints” block includes the following sub-blocks:
“Symptoms and Complaints of a patient”, “Medical History”, “Objective Exa-
minations of a Patient”, which are filled in by a doctor at the first appointment of
a patient (Figure 1).

The “Tests and Examinations” main menu block contains main menu all la-
boratory and instrumental examinations prescribed by a doctor and performed by
a patient.

The “Preliminary Diagnosis” main menu block is a preliminary diagnosis
offered by the system based on the analysis of patient's symptoms and complaints
entered into the system by a doctor, patient's medical history and objective exami-
nation. The “Preliminary Diagnosis” block contains sub-blocks “Recommended
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Laboratory and Instrumental Examination” and “Necessary Medical Consultations”,
which Learning Digital Medical Environment recommends to a doctor based on
a preliminary diagnosis, which the doctor agrees with or modifies (Figure 2).

Q. search B = a Litvinenko Anna Anatolyevna

data Symptoms and complaints of the patient
£ Symptoms and complaints Pain in the right leg X Tirst X Dry mouth X Dizziness %
ps and examination Headache X Swelling of the right X

Fa Preliminary diagnosis

Final diagnosis

Medical history

Complete the appointment

There was a pronounced thirst, sweating in a dream, increased urination during three months.

Objective examination of the patient

Skin: the skin of the right lower limb is edematous, hyperemic in the area of the foot
Blood pressure — 160/90 mm Hg

Reduced pulsation in the paripheral arteries of the lower extremities

Figure 1. Determining the patient’'s symptoms and complaints, performing an objective examination
of the patient as an important stage in making a preliminary diagnosis

Source: made by Vadim V. Grinshkun, Kristina S. Itinson.

O, Seamch =] ? Litvinenko Anna Anatolyevna -
Patient data Preliminary diagnosis
Symptoms and complaints
Diabetes type Il
B i tais y and instr T
Glycemic profile X Blood sugar test X Blood chemistry X
Medical consultation is needed
Cardiciogist X Surgeon X Ophthaimologist X
[ swetomedcainsory & Prim @ Downioad Excel

Figure 2. Preliminary diagnosis, examinations and medical consultations to a patient
offered by Learning Digital Medical Environment based on patient's symptoms and complaints,
medical history, objective examinations entered into the system by a doctor

Source: made by Vadim V. Grinshkun, Kristina S. Itinson.
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The “Final Diagnosis” main menu block involves downloading patient's
medical data from an electronic health record, namely the results of medical con-
sultations and laboratory and instrumental tests in xlsx format.

Learning digital medical system, having analyzed patient's medical exami-
nations downloaded from an electronic health record, displays a final diagnosis and
recommended treatment, which a doctor proves or makes adjustments (Figure 3).

Q. dewch B8 (=] 9 Litvinenko Anna Anatolyevna -
Patient data Final diagnosis
Symptoms and compiints Kornilova Anna Vasilyevna 4 Saveto medical history & Primt (S Downioad Excel

Analyses and examination
Diabetes type Il of moderate severity, decompensation stage (ICD code E-11)

[fe Preliminary diagnosis
Ischemic heart disease. Atherosclerotic cardiosclerosis. Angina pectoris. Atrial fibrillation,
tachysystolic form. Symptomatic arterial hypertension (ICD code 125)

E3 Final diagnosis

Diabetic-hypertonic angiopathy of the retina, Primary complicated cataract in both eyes. (ICD
Complete the appointment code H36.0, H28.0)

Diabetic foot syndrome, mixed form (ICD code 179.2)
Atherosclerosis of the arteries of the lower extremities (ICD code 170.2)

Treatment

1. Diet number 9.

The calculation of nutrition is carried out taking into account the general condition, gender,
height and weight indicators and energy costs (for a specific type of activity). Norm: 30 kcal /
kg of physiological weight. The physiological weight of this patient is 55 kg. Calculation:
75%30=2250 kcal / day. Frequent meals - 5-6 times a day. The following distribution of the
daily ration Is recommended: Food intake Volume in % First breakfast 8 a.m. 20% Second
breakfast at noon 10% Lunch at 2 pm 20-30% Afternoon snack at 5 pm 10% Dinner at 7 pm
20% Second dinner at 9 pm 10%

2. Stationary mode.

3. Increase in physical activity.

4. Diabeton MR 30 mg, 1 tablet once a day in the morning 30 minutes before meals.
5. Aspirin 325 % tablet orally once a day at 7 p.m

. Nitrogranulong 0.005 1 tablet 3 times a day.

7. Captopril 25mg Vs tablet 2 times a day.

8. Sol. Vit B6 5% - 2.0 ml intramuscularly once a day.

9. Mildronate 5.0 mi intravenously bolus once a day.

10. Piracetam 5.0 ml intravenously bolus once a day.

1. Furosemide 2.0 mi intravenous bolus every other day.

12. Asparkam 1 tablet 3 times a day.

Figure 3. Final diagnosis and treatment offered by Learning Digital Medical Environment
based on analysis of the patient's medical data

Source: made by Vadim V. Grinshkun, Kristina S. Itinson.

An important structural element of Learning Digital Medical Environment is
the database of electronic health records. Any physician authorized in the digital
system can search for a patient by name, date of admission, an attending physician,
and department.

Let's consider an example of storing medical data about patients in the data-
base of electronic health records of Digital Learning Medical Environment. So,
a diagnostician writes a conclusion on a clinician generates a diagnosis in doc
format, which are saved in an electronic health record. Digital Learning Medical
Environment analyzes the received files and converts them into universal xlsx-
files, which are further used by the system to make a final diagnosis
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Electronic health record

[ ECG.doc

Kornilova Anna Vasilievna

ormosystole, regular rhythm
Heart rate=82 bpm

Cardiac electrical axis deviation to the left
Complete blockade of the left bundie branch of Hiss.

Figure 4. ECG transcription results used by Learning Digital Medical Environment for final diagnosis

Source: made by Vadim V. Grinshkun, Kristina S. Itinson.

Electronic health record

[55 ECG.xlIsx

Figure 5. ECG report converted by Learning Digital Medical Environment into the xisx format required for diagnosis

Source: made by Vadim V. Grinshkun, Kristina S. Itinson.

Each electronic health record of a patient contains the following sections:
“Patient Data”, “Outpatient Visits”, “Examination Results”, “Hospitalization
History”, “Medical Examinations”, “Referrals For Hospitalization”, “Medical
Consultations”. The electronic health record stores all doctor's appointments,
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consultations (in doc and xlIsx formats), results of laboratory and instrumental
examinations (also in doc and xIsx formats) and hospitalization histories.

For example, Figure 4 shows an ECG transcript written by a general
practitioner (or a cardiologist) based on the results of an electrocardiogram per-
formed on a patient, in doc format.

The ECG data transcription document converted by the Learning Digital
Health Environment into xslx format is shown in Figure 5.

Conclusion. The main advantage of the Learning Digital Medical Environ-
ment is its universality, as it is suitable for a doctor of any specialty, ensuring in-
teraction between them. Thus, the interface of the program is the same for all doc-
tors, so a surgeon, as well as an endocrinologist, will fill in the blocks “Symptoms
and Complaints”, “Tests and Examinations”, form a preliminary and then a final
diagnosis.

The exchange of medical data between doctors takes place in the system using
a specific data format (xIsx), which is used by the program to analyze the data and
help the doctor to make a final diagnosis formed on the basis of diagnoses-
consultations of the necessary doctors and the results of laboratory and instrumen-
tal examinations. All examinations performed by a patient, as well as their ana-
lyses, are stored in a format that is easy to recognize by the digital system.

The Learning Digital Medical Environment will be used in teaching medical
students at university, and then by doctors in their professional work and career.
Moreover, the Learning Digital Medical Environment will be an essential part of
an information educational environment of a medical university.
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