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INFORMATIONAL AND SOFTWARE MODULE "CLINASS" FOR
REGISTRATION AND ABALYSIS OF CLINICAL DATA ABOUT
THE PATIENT'S CONDITION

Introduction. Personalized medical care in clinical settings is an important factor for improving the provision of medical services.
It is based on clinical indicators and the progression of the disease at the individual level, which makes it possible to get an idea
of the dynamics of diseases and their treatment in different conditions of patients. The World Health Organization considers it
necessary to use the methods and tools of digital medicine to implement the analysis of large data sets and calls for the use of digital
technologies that make it possible to raise the level of medical care.

The purpose of the paper is to develop the information and software module "ClinAss” for registration and analysis of clinical
data on the patient’s condition based on formalized business processes of registration and analysis of data on the patient's health
using classification models using Data Mining methods.

The results. To formalize the studied business processes, the definition of 1) participants in the process of accumulation and
exchange of medical data in the infrastructure of digital medicine and 2) two types of sources of medical information about the
patient are taken into account. Taking into account the characteristics of individual links of business processes and the sequence of
processes of providing medical care, an information model for the implementation of business processes of registration and analysis
of clinical data on the patient's condition in the infrastructure of digital medicine was formed.

According to the developed IT for classification of the patient's condition using a complex of filtering, clustering, and classifica-
tion algorithms, rules for determining the stage of disease activity were formed. An appropriate classification algorithm was built
according to these decisive rules, on the basis of which the "ClinAss" information and software module was developed for registra-
tion and analysis of clinical data about the patient’s condition.

Conclusions. Formalized business processes for registration and analysis of patient health data define information flows for the
optimal functioning of the medical data warehouse, to ensure their exchange between analytical specialists and doctors who use
software modules and applications for the purpose of analyzing the health of patients.

The developed information and software module "ClinAss" is focused on the information interaction of different groups of users
with the aim of analyzing the condition of patients during their treatment in clinical conditions using models of the severity of this
condition, ensures the creation of a common information environment with the placement of a database about patients in a cloud
storage.

Keywords: formalized business processes, medical data repositories, classification models, Data Mining methods, software
module, clinical data analysis.
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Introduction

Personalized medical care in clinical settings is an
important factor for improving the providing medi-
cal services. It is based on the analysis of clinical
indicators and the determination of the disease
progression features at the individual level, which
makes it possible to form an idea about the course
of diseases and their treatment in different patients’
conditions.

Digital revolution in personalized medicine and
healthcare have seen recent years [ 1—5]. The World
Health Organization considers it necessary to apply
the methods and tools of digital medicine to imple-
ment the tasks of analyzing large data sets and calls
on its member states to prioritize the development
and use of digital technologies in the field of health
care to promote universal coverage of medical care
[6]. It is digital health, which is based on modern
intelligent information technologies, will make it
possible to raise the level of providing medical care
to the population.

Modern directions of digital medicine are fo-
cused on the application of systems for multifunc-
tional monitoring of patients' condition, the use of
individual mobile health monitoring devices, but
the problem of processing primary arrays of het-
erogeneous medical data for their analysis and in-
terpretation is becoming even more relevant. One
of the approaches to its solution is the development
and application of information technologies using
Data Mining methods.

Problem Statement

Traditional health assessments require visits to a
clinic to have biosignals measured by professionals
using special devices. However, it is often inconve-
nient and expensive to practice this among a wide
population.

In turn, the developed digital devices are mobile
(or portable) with fast data transmission wirelessly.
This enables remote and non-invasive health as-
sessments and encourages self-care for users.

The collection of a large number of medical pa-
rameters cannot be carried out without the use of
mobile sensors, which automates the collection of
large-scale data [7, 8], automatic de-identification
of data, encryption and transmission makes it pos-
sible to compare personal data with population

counterparts [9]. We emphasize that the automa-
tion of registration and collection of data on the
health status of patients supports early disease de-
tection, intervention and individualized treatment
[10—-12].

The need to combine various sources of clini-
cal information (EHR, laboratory data, monitors,
medical images) in the diagnostic process stimu-
lates, on the one hand, data exchange technolo-
gies, and on the other hand, the application of data
mining and machine learning methods to classify
patients into risk groups and predict treatment re-
sults, mortality rate, disease stages, etc. [13-15].
The most common tools for intelligent data anal-
ysis (Data Mining) and IT development are such
software products as: SAS Data Mining [16], Sta-
tistica Data Miner [17], WEKA [18], RapidMi-
ner [19], Python programming environment, R,
among which are available with open source. By its
purpose, Data Mining is the process of identifying
regularities in data arrays with subsequent use for
health forecasting and decision-making [20].

The advantages of using Data Mining methods
(in particular, decision trees) for the analysis of
clinical data are due to the absence of requirements
for the distribution of data and their type, as well as
the possibility of interpreting the results, display-
ing the model in the form of a tree, the structure
of which is determined by logical rules as the basis
for the formation of decision rules for classification
and diagnosis the state of human health.

The purpose of the paper is to develop the in-
formation and software module "ClinAss" for regis-
tration and analysis of clinical data on the patient's
condition based on formalized business processes
of registration and analysis of data on the patient's
health using classification models using Data Min-
ing methods.

Formalized Business Processes of
Registration and 1Analysis of
Patient Health Data

Accumulation and exchange of medical data in the
infrastructure of digital medicine. For the optimal
functioning of the medical data warehouse, to
ensure their exchange between the data analysis
specialist and the physicians who use the software
applications for the analysis and forecasting of the
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health status of patients, the first stage should be
the accumulation of various medical data about the
patient.

At this stage, in order to formalize the studied
business processes, we identified the participants in
the process of accumulating and exchanging medi-
cal data in the infrastructure of digital medicine,
which require personal medical repositories [21]
and identified two basic types of sources of medical
information about the patient [22]:

1. the results of diagnostic studies, which were
performed in any health care fasilities and verified
by an authorized medical worker;

2. data and measurements received by the pa-
tient himself using mobile devices.

Taking into account the characteristics of
individual links of business processes and the se-
quence of providing medical care, an information
model of this technological business processes in
the infrastructure of digital medicine was formed
(Fig. 1).

We will provide a description of business pro-
cesses for the accumulation and processing of
medical data.

Stage 1. Collection of clinical data — indicators
of the patient's condition according to a certain
diagnosis. Acquisition of data from many patients
(from 100 to 500 patients) in digital format from
diagnostic devices. The data is depersonalized.

Stage 2. Formation of a database of patient
health indicators:

= database integrity check;

= checking of log files and elimination of identi-
fied problems, if any;

= create/edit/delete users and manage access
rights.

Stage 3. Registration of patients; entering and
saving the results of examinations, patient studies.

Stage 4. Passing the authorization procedure;
entry of doctor's notes; local protocol input.

Stage 5. Performing data analysis and forecast-
ing based on Data Mining models. Comparison
of prediction results with clinical data of a specific
patient.

Stage 6. Receiving the results of the analysis to
the doctor. The doctor's correction of treatment

measures for a specific patient with the introduc-
tion of certain changes to local protocols.

Stage 7. To check the effectiveness of the results
of treatment and rehabilitation measures, an anal-
ysis of clinical indicators is carried out.

Stage 8. Entering data into the database of medi-
cal records of patients, validated by a medical spe-
cialist.

Basic functions and requirements for the imple-
mentation of the accumulation algorithm. An algo-
rithm for the personal medical data accumulation
has been developed, which takes into account a set
of functional capabilities of users, depending on
the role of a specific participant. The main func-
tions and requirements for the implementation
of the algorithm for the digital medical data ac-
cumulation are based on the features of receiving
medical information from various sources and the
choice of targeting a certain group of users. Tra-
ditionally, healthcare, and especially the digital
product development industry, has been focused on
the healthcare provider. Taking into account mod-
ern challenges, it is necessary to change this ori-
entation, switching attention to another group of
users — to the patient. Such a patient-oriented
principle has to begin to operate from the moment
when the patient needs to use medical care. And
first of all, patients need to have easy access to their
own digitized medical records regardless of the en-
vironment they work in (low-tech or high-tech).

Analysis of Medical Data Based on
Data Mining Models

For the analysis of medical data, for prediction and
comparison of prediction results with the clini-
cal data of a specific patient (see stage 5), the in-
formation technology (IT) of classification of the
patient's condition was used [22]. The developed
information technology for the classification of
the patient's condition is based on the used Data
Mining methods based on the processing of digital
medical data (ECG, Echo-CG, laboratory data,
doctors’ records). A hybrid approach was used
to develop models for determining the patient's
condition (disease activity): a complex of filter-
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Fig. 1. An information model for the implementation of business processes of accumulation and analysis of medical data in

the infrastructure of digital medicine

ing, clustering, and classification algorithms. The
models were developed based on the integration
of clinical databases into the STATISTICA Data
Miner data mining environment. In the future, it is
possible to use other platforms: SAS Data Mining,
WEKA, RapidMiner, KNIME, Python program-
ming environment, etc.

With the help of the developed IT, a set of in-
formative ECG indicators was determined for
evaluating changes in the patients’ functional state.
ECG and echocardiogram indicators — markers
of cardiovascular disorders and classification signs
of the patients' condition — were determined. For
children with manifestations of inflammation of
the connective tissue, the limit values of the condi-

tion severity indicators, which are not included in
the standard determining the activity of the disease
JADAS (Juvenile Arthritis Disease Activity Score),
have been determined. The rules for classifying the
patients' condition (decision rules) were developed
in the form of "if, then" based on a set of diagnostic
indicators of ECG and Echo-CG.

Preliminary processing of the studied data in-
cludes their arrangement and structuring, filtering
and determination of informative features.

Clustering algorithms based on sets of informa-
tive features are applied (to exclude non-repre-
sentative learning). In the next step, the clustering
results (identified subgroups) are used as training
samples to develop classification models. Algo-
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rithms of cluster analysis (k-means clustering,
Fuzzy clustering), Hierarchical clustering were ap-
plied.

According to the developed IT [23], the ensem-
ble of classification methods can include: logistic
regression, SVM, decision trees (CART, Random
Forest, Boosted decision trees), neural networks
(ANN). In this study, the method of building a de-
cision tree (CART, Random Forest, Boosted deci-
sion trees) was used.

Coordination and comparison of classification
models was carried out according to classification
efficiency indicators (Accuracy, F-score). Indica-
tors of sensitivity, specificity, and predictive accu-
racy were calculated for each class. The number
and composition of sets of classification features
selected by different models were compared. The
overall classification accuracy of different models
(error) was compared, as well as the quality indica-
tors for each class. The optimal model was selected
based on the criterion of the highest classification
quality and the smallest number of features. In case
of unsatisfactory quality, it is possible to return to
the previous stages using other methods of select-
ing subsets of features or selecting model param-
eters. The final result is the formulation, general-
ization and optimal composition of the found rules
in the form of logical expressions.

The study is based on the results of laboratory
and clinical examination of children with manifes-
tations of connective tissue inflammation, expert
values of disease activity were determined accord-
ing to the Juvenile Arthritis Activity Scale (JADAS)
[24] and compared with the analysis of informative
ECG indicators detected by models: heart rhythm
disorders, T amplitude in the II lead (Ampl. T
wave amplitude (lead II)), integral indicator of the
form of STT in lead II (Integral indicator of the
form of STT (lead II)), QRS angle in the frontal
plane ( QRS alpha angle), T wave symmetry in-
dex (T wave symmetry ratio).

The target variable disease activity, had three
gradations: 1 initial stage of activity (D1), 2 (D2),
3 (D3) subsequent stages of connective tissue in-
flammation.

The following decisive rules for the classification
of the severity of the condition were formed:

* High disease activity level D3 =3:

if Sim T(I) > 0,57 and Ind STT < 49,5 or Ind
STT > 49 then D3=3.

* Middle disease activity level D2 =2:

Amp T(II) > 160,5 and QRS > 75,5 or Simm
T(I) > 0,57) then D2=2.

» Low disease activity level D1:

if (SimT(I) < 0,57 and Amp T(II) > 160 and
QRS <75,5or Amp T(1I) < 160,5) D1 =1.

Therefore, the final result is classification rules
based on an informative set of ECG indicators that
determine the severity of the patient's condition.
The procedures of the Data Miner module of the
STATISTICA 10 package were used during devel-
opment.

Implementation of the "ClinAss"
Software Nodule

The "ClinAss" module are built taking into account
the main functions that are implemented during
the exchange of information and data between var-
ious participants of this process, as it is taken into
account in the information model of the medical
data exchange in the infrastructure of digital medi-
cine created by us (see Fig. 1).

The structure of the "ClinAss" module in a gen-
eralized form consists of three main levels:

= central virtual storage (virtual data center that
provides implementation of specified functions);

= remote administration segment (technical
support and administration network);

= user segment (mobile devices and user-patient
and doctor applications).

The remote administration segment includes
administrators' workstations that ensure the work
of administrative staff.

The above servers can function both on physi-
cal servers and in a virtual environment under the
virtualization system control. In the first case, each
server with corresponding functions works on a
separate physical server, in the second case, a vir-
tual environment is created on a physical server/
server cluster, in which, in turn, corresponding vir-
tual servers are created. Also, in the case of building
a system in a virtual environment, servers for creat-
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ing and managing the virtual environment or sepa-
rate management mechanisms must be provided

"ClinAss" Module Software

The "ClinAss" software module is a client-server
application that operates with data in conjunction
with a database management system.

The following server technologies are used:

= main programming language: PHP 8.0;

= server software: Apache 2.4.23 or Nginx 1.5.13;

= database management system: MySQL 8.0.17;

= additional package of functions: NET HL7
1.0.1;
and client technologies:

= main programming language: JavaScript;

= the main markup language of the project:
HTML 5;

= the main design language of the project: CSS
3orCSS4;

= additional libraries: jQuery 3.3.1, Bootstrap
4.0.

The information and software module "ClinAss"
offered by us is built using the international stan-
dard HL7 CDA, is based on an electronic medical
document, which structurally corresponds to the
accounting form F003.0 "Medical card of an in-
patient.”

The application of the HL7 CDA standard makes
it possible to formalize electronic medical records
using RIM (Reference Information Model), which
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IHOOPMALIMHO-MTPOTPAMHU MOJYJIb “CLINASS” JUISI PEECTPALIIT TA AHAJNI3Y KJIIHIYHUX
JAHUX ITPO CTAH ITALIIEHTA

Beryn. [lepcoHnanizoBaHa MeouWyHa J[OOMOMOra B KIIIHIYHMX YMOBax € BaXJIMBUM (AKTOPOM [UISl TOJIMILIEHHS
MpolLeCy HalaHHS MEAUYHUX Mocayr. BoHa 6a3yeThcsl Ha KITiHIYHMX MOKAa3HMKAX i MTPOTpecyBaHHI 3aXBOPIOBaHHS Ha
IHAMBIAYaJbHOMY PiBHi, 1110 A€ MOXJIMBICTb CKJIACTH YSBJIEHHS PO Mepedir 3aXBOpIoBaHb Ta JIIKyBaHHSI 3a Pi3HUX CTaHIB
nauieHTiB. BcecBiTHSI opraHizalliss OXOpOHU 310pOB’sI BBaXKa€ 3a HEOOXiHE 3aCTOCOBYBAaTH METOAU Ta 3aCO0U 1L POBOL
MEIULIMHU JJIs peasli3allii 3aBIaHb 3 aHali3y BeJIMKUX MACUBIB JaHUX i 3aKJIMKA€ BUKOPUCTOBYBATU LIM(PPOBi TEXHOJIOTI],
110 TaCTh MOXJIUBICTD MITHITY PiBeHb HATAHHS MEIUIHOI JIOTTOMOTHY HaCeJIeHHIO.
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Metowo crtarti OyJ10 po3poOsieHHsT iH(opMalliitHO-niporpaMHoro moayiato “ClinAss” st peectpaliii Ta aHamizy
KJIIHIYHUX TaHUX PO CTaH Nali€eHTa Ha OCHOBI (hopMasizoBaHuX Oi3HEC-MPOLIECIB PEECTPALlii Ta aHAi3y JAHUX [TPO CTaH
3I0pPOB’A TMAIIEHTIB 3 BUKOPUCTaHHS KJacudikaliitHUX Moaeseit 3a Mmerogamu Data Mining.

Pesynbratu. [ns dopmanizaiii mociimkyBaHuX Oi3Hec-TIpoleciB BpaXOoBaHO BU3HAYeHHs 1) yYaCHUKIB IpoLECy
aKyMyJIIOBaHHS Ta OOMiHy MEIMYHUMU JaHUMU B iH(GpacTpyKTypi MG poBoi MENUIIMHU Ta 2) 1BA TUIU JXKEPe MeTUYHOL
iHdopMallii mpo naiieHTa. 3 ypaxyBaHHSM XapaKTepUCTUK OKPeMUX JIJAHOK Oi3HeC-TIPOIIeCiB Ta MOCIiIOBHOCTI MPOLIeCiB
HaJlaHHSI MeAWYHOI JoroMoru cchopMoBaHO iH(opMalliiiHy Moze/lb peaizallil 0i3HecC IMpolieciB peecTpallii Ta aHalIi3y
KJIIHIYHUX JAHUX TIPO CTaH NalieHTa B iHPpacTpykTypi LMbpPOBOT MEAULIMHU.

3a pospobaeHoro IT xkmacudikamii craHy TallieHTa 3 BUKOPHUCTAHHSAM KOMIUIEKCY aJTOPUTMIB (iibTpallii,
KJacTepu3allii, Kiacudikalii cchopMoBaHO BiplyBaJbHi MpaBuja A BU3HAYCHHS CTajii aKTUBHOCTI 3aXBOPIOBaHHSI.
[ToGynoBaHO BiAIOBIAHMIT aArOpUTM Kiaacudikallii 3a UMY BUPILLYyBaIbHUMMU MpaBUIaMu, Ha OCHOBI SIKOTO PO3p0O0JIEHO
iHbopmaliliHo-TporpaMHuit Moay/b “ClinAss” 1151 peecTpallii Ta aHaJli3y KJIiHIYHUX JaHUX PO CTaH MallieHTa.

Bucnosku. ®opmarizoBaHi GizHec-TIpollecy peecTpallii Ta aHaJli3y JaHWUX PO CTaH 3M0POB’S MAIIEHTIB BU3HAYAIOTh
iHdopMaliliHi MOTOKU /I ONTUMAJIbHOIO (DYHKIIIOHYBaHHS CXOBHUILIA MEAUYHUX NaHUX, JJIs 3a0e3Me4eHHs] OOMiHY
HUMM MiX (axiBUAMU-aHATITUKAMU Ta JIKapsMU, SIKi BUKOPUCTOBYIOTb MTPOTPaMHi MOIYJi Ta 3aCTOCYHKU 3 METOIO
aHaJli3y CTaHy 3lI0pOB’s IMalliEHTIB.

Pospob6nenuii iHbopmaliiiHo-nporpaMHuii Moayb “ClinAss” opieHToBaHO Ha iH(DopMalliiiHy B3a€MO/iI0 Pi3HUX IPYIT
KOPUCTYBayiB 3 METOIO aHaIi3y CTaHy Malli€HTIB Migyac Oro JiKyBaHHS B KJIiHIYHMX YMOBaX 32 BUKOPUCTAHHS Mofesieit
TSKKOCTI 1IbOTO CTaHy, 3a0e3Ieuy€e CTBOPEHHS 3arajlbHOTo iH(opMalliliHOro cepeoBHIlia 3 PO3MIILIEHHSIM 0a3u JaHUX
PO MAali€HTIB Y XMapHOMY CXOBUIII.

Karouoei caoea: gpopmanizosani biznec-npouecu, cxoguua meoutHux 0anux, Kiacugixayiiini modeai, memoou Data Mining,
Npoepamuuii Mo0yab, AHANI3 KATHIYHUX OQHUX.
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