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Introduction

We consider one of the problems of the socio-economic development of the region, namely, the
increasing territorial disparity in terms of of the level of medical services for socially significant
diseases (Fig. 1). They are urological diseases and, in particular, the kidney stone disease. In the
Krasnoyarsk Krai over the past 5 years the incidence of the kidney stone disease was at the level
of 29.4 % due to various socio-economic and environmental causes. In the Republic of Khakassia
and Tyva the incidence was even higher: at the level of 29.8 % and 30.1 %, respectively.

Fig. 1. Structure of diseases in the Krasnoyarsk Krai

The territories of the Yenisei Siberia, where the Krasnoyarsk Krai is the key region, have
significant meridional extent. This causes a variety of climatic features and sharp distinctions
in socio-economic conditions. There are large industrial facilities on the territory of the region.
It causes emissions of harmful substances and leads to soil and groundwater pollutions. At
present, the modern multi-level system of rendering assistance to urological patients requires
new optimization approaches. The monitoring of urological morbidity is not actively conducted
to predict the morbidity and calculate the needs of consumables.

The specific feature of nephrolithiasis in the region includes a relatively large number of cal-
culuses which are difficult to treat by the distant lithotripsy. One should also mention that it
is impossible to provide the specialized urological assistance with all the technical capabilities
of modern diagnostics and treatment in each settlement. All these result in late hospitaliza-
tion of patients and a large number of complications, in particular, acute pyelonephritis with
nephrolithiasis. Urolithiasis is often accompanied by severe complications with relapses in a
large percentage of cases. The importance of the problem is also due to the fact that the disease
is more common mainly among people of working age. People with the kidney stone disease
accounts for 6% of people with disabilities and 7.6% of patients have one kidney. More than
90 % of people with disabilities are people of working age.

Numerous studies devoted to this problem allowed us to highlight the most important reasons
contributing to the development of the kidney stone disease in the region. They are environmental
factors that include chemical composition of soil and plants, the degree of mineralization of water,
climate, gender, age, production and living conditions. Moreover, the geographical distribution
of patients, even within the same region, is very heterogeneous. There is a tendency to believe
that for each geographic region or locality there is one or several factors that serve as a trigger
for the development of the kidney stone disease among the population living in this territory.
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1. Modern digital technology and data modeling

The study is to determine intraterritorial factors which contribute to the development of the
kidney stone disease and to outline the digital model of patient ecology. The following problems
are considered: computer analysis of climatic and environmental features of the region, computer
analysis of the survey to determine the regional model of ecology of humans with the kidney stone
disease, development of digital diagnostic criteria for the kidney stone disease with the definition
of a patient-oriented routing algorithm, expert selection of general metaphylactic measures based
on the results of a comprehensive numerical analysis of the chemical composition of stones using
IR spectroscopy and IC.

Therefore, the main objective of the research is to determine the factors that contribute to
stones formation on the basis of data of quality of soil and water for the Krasnoyarsk Krai;
to develop the data base of the patients with the kidney stone disease; to develop the digital
questionary on the kidney stone disease; to perform computer analysis of preliminary diagnostics
with the kidney stone disease determined for the first time; to develop an algorithm for phased
diagnosis of the kidney stone disease; to implement the phased diagnostic algorithm for the
kidney stone disease; to perform computer analysis of groups of patients with the kidney stone
disease who underwent surgical treatment, taking into account the implementation of the phased
algorithm; to select general preventive measures based on the results of comprehensive analysis
of environmental data for each district of the region; to develop postoperative metaphylaxis on
the basis of the chemical composition of stones using IR spectroscopy and IC. As a result, we
plan to obtain the accessible and unified approach in the diagnosis and treatment of the kidney
stone disease, uniform quality criteria, control of quality criteria. We also plan to change the
approach to the diagnosis and treatment of urolithiasis which is associated with the introduction
of modern digital methods of early diagnosis into practice implementation of metaphylaxis.

We considered morbidity of the population with the kidney stone disease, the degree of
pollution of the air and drinking water, climate conditions, optimization of patients routing,
diagnostic measures in accordance with the stages of routing and chemical composition of the
extracted stones for 5 districts of the region (Norilsk, Lesosibirsk, Achinsk, Minusinsk, Krasno-
yarsk). The obtained results were analysed in order to determine regional features of the progress
of the kidney stone disease [1–7].

Currently, X-ray examinations are performed with the Siemens equipment. They include
an overview image of the urinary tract, excretory, retrograde and/or antegrade (if indicated)
urography. In order to diagnose urological diseases, including urolithiasis, multispiral computed
tomography (MSCT) is used with the BRIGSPID multispiral computed tomograph (General
Electrics). The method is non-invasive and highly informative. It allows one to receive infor-
mation not only on the structure of the pelvicalyceal system but also on the angioarchitecture
of the kidney (presence of large segmental vessels in the puncture zone) and the state of the
surrounding tissues.

The research under the "TissueVolume" programme contributed to the determination of the
exact location, size and density of the stones to be removed. This information in combination
with traditional diagnostic methods allows one to carefully plan the upcoming surgery, especially
with percutaneous nephrolithotripsy. Non-invasive nephrolithiasis research methods include the
widely used ultrasound scanning, which is performed with the use of ALOKA Pro Sound SSD

3500 (Japan) ultrasonic device. To determine the component composition in viva DECT was
used. The method of ion chromatography was used to control the effectiveness of metaphylaxis.
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It should be noted that data from space satellites are also used to determine the level of air
pollution in various locations of the region.

2. Computer shell of the information system

Let us briefly consider the software shell of the information system which includes new al-
gorithms developed for data modeling and analysis. The software was developed in Microsoft
Visual Studio with the use of C# programming language. The databases are located on the lo-
cal MS SQL Server at the Ecological Centre for the Rational Development of Natural Resources
(Krasnoyarsk). The programme complex has an internal division into modules.

The main form of the information system is shown in Fig. 2. The form contains a list
of all municipalities of the region, information on developer and the authority responsible for
compliting and maintaining the eco-passport.

Fig. 2. The main form of the programme complex

The form contains general information on municipal districts, the map of municipal districts
with the indication of settlements and three main information blocks: 1 — environmental impact,
2 — the state of environmental components, 3 — environmental and economic indicators. Each
block contains several sub-blocks represented as tables in the database. Navigating the database
tables, as well as editing the tables (adding, deleting, changing information) is done using the
"navigation panel". It is located at the bottom of the table form. The databases of the developed
software are designed in such a way that the user can perform an on-line search for the required
information using the list filtering. Using table data from the tab "Table", one can build graphs
by various digital (not text) columns.

Fig. 3 shows an option of data processing and constracting a graph in the 3D projection.
Users can also group together similar content in any of the columns in the table using the
context menu. For example, the database "Discharges of Pollutants" in Fig. 4 presents grouped
information on the types of wastewater receiver. It should be noted that the components of the
environment are automatically assessed on the basis of criteria for assessing the environmental
state with the use of the obtained values of the indicators. It allows the comprehensive assessment
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Fig. 3. Data processing (left) and graph construction (right)

Fig. 4. Grouping of information for solving applied problems

of the environmental situation in any municipal district. It is assumed in the framework of the
information system that calculated data are exported to the Excel environment. A library for
Excel was developed to construct approximate models, and to export tables. It is also used to
perform data analysis within the Matlab computing environment.

3. Models of relationship between morbidity and
environmental factors

A method for constructing a predictive model based on approximation of some function of
five variables was proposed [8, 9]. The following mathematical formalization of the relationship
between morbidity and the most influential factors was used

Zi = a1Ti + a2Wi + a3Vi + a4
lnPi

lnVi
+ a5 lnCi,
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where Ti is the average annual air temperature (in Celcius), Wi is the medical service density
(number of doctors per 1,000 people), Vi is the average annual wind velocity (m/s), Pi is the
integral indicator of atmosphere pollution (standard units), Ci is the social conditions typical
for the city (expert assessment, points).

The unknown coefficients aj , j = 1..5 are calculated by the least square method where the
discrepancy between calculated and experimental data to be minimized has the form

F (a) =
12∑
i=1

(Zi(a)−Hi)
2
,

where Zi(a) are estimated data, Hi are actual data on the mordibity of the population.
To minimize the functional F (a) in the volume D = {a ∈ Rn | ai 6 ai 6 ai} the PARABOL

programme was used [8, 9]. It implements the method of searching for the global extremum of
a functional. As a result we obtained the relationship between the morbidity rate of the adult
population and considered factors in the form

Z = 62.72T + 521.39W + 86.13V + 90.17
lnP

lnV
− 181.81 lnC.

A comparison between observed morbidity and calculated morbidity is shown in Fig. 5. The
obtained results allowed one to forecast the morbidity of various population groups on the basis
of expert assessments of social factors.

Fig. 5. Comparison between observed morbidity and morbidity obtained on the basis of the
proposed model (adults)

An improved methodology for modeling observational data with the use of neural networks
was studied. Regression analysis was also performed to assess the ralationship between the
morbidity and environmental factors on the basis of the observational data analysis [10,11]. The
base function has the form

Y t
a = ba + ca

∑
j

sin

(
φaj +

∑
i

wjiX
t
i

)
,

where X are the input dataset (training set), i is the index of input (sample), j is the index of
neuron, t is the index of the task in the sample, a is the index of output, bk, ck, wpq, φuv are
adjustable parameters. Initial data for neural network modeling is shown in Fig. 6. The pro-
gramme window for setting the neural network parameters is shown in Fig. 7. Fig. 8 presents the
results of the comparative analysis of observed data (adolescents and adults) and data obtained
with the use of neural network model. Exact match was obtained.
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Fig. 6. Initial data for model construction

Fig. 7. The programme window for setting the neural network parameters

Fig. 8. Comparison between observed data (a — children, b — adolescents) and the results of
regression model (exact match)

Numerical experiments were performed to analyze how environmental conditions influence the
morbidity of certain populaiton groups. The obtained models reveal the relationship between the
morbidity of certain population groups and conditions of the natural and social environment. Ad-
ditional procedures of the improved methodology allowed us to successfully solve typical problems
of environmental monitoring with a given accuracy in the framework of the information system.
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4. Choosing the method of treatment of the kidney stone
disease with use of neural network

Currently, there is a trend in the medical practice to quantitatively evaluate clinical indicators.
Moreover, this applies not only to laboratory data but also to factors that are very subjective
in character. Artificial neural networks are used to solve such problems. The main advantage
of application of neural networks in medicine is that they are capable to process a large number
of parameters which are often impossible for a doctor to identify. This is the main difficulty
in diagnosing because much information is the subjective assessment of doctors based on their
knowledge and experience [12, 13]. Nevertheless, the impact of these data on the diagnosis or
choice of treatment is quite high. Neural networks are able to make decisions based on hidden
patterns by filtering large amounts of data [14].

The neural network model is fundamentally different from other mathematical classifiers.
Firstly, neurocomputers and neural programmes are self-learning. Secondly, the principles of
their work are very similar (in a very simplified form) to the interaction of neurons through
synapses [14]. According to the available literature data, neural networks are not used in the
treatment of the kidney stone disease. There are not prognostic expert systems that allow choos-
ing the most acceptable method of treatment in each specific case and considering postoperative
complications.

The research objective was to develop elements of the expert system for recognition and
selection of methods of treatment of the kidney stone disease based on the neural network clas-
sifier. The training sample consisted of the data from 510 patients of urological departments
of the Krasnoyarsk Interdistrict Clinical Emergency Hospital named after N. S.Karpovich and
Road Clinical Hospital at Krasnoyarsk Station of Russian Railways. 352 patients (69 %) were
men, and 158 patients (31 %) were women. 249 patients (48.8 %) were hospitalized according
to the schedule and 261 patients (51.2 %) were hospitalized urgently. The urolithiasis was first
determined in 313 (61.4 %) patients, recurrent stones were found in 197 (38.6 %) patients, in
68 (13.4 %) cases the stones were localized in the renal pelvis, in 46 (9.0%) cases the stones were
localized in calyxes. Stone obstruction of the urethral segment was observed in 16 patients.

The sizes of ureteral stones ranged from 0.4 to 1.2 cm. Stones were localized in the lower third
in 174 (34.1 %) patients, in the upper third in 132 (25.9%) patients and in the middle third in 90
(17.6 %) patients. All patients were examined according to the standard diagnostic procedure.
It includes laboratory and X-ray methods. They allow one to choose the optimal treatment
that depend on the anatomical and functional state of the upper urinary tract, localization
and size of stones and the phase of pyelonephritis. Medical care for patients with the kidney
stone disease, algorithms for prediction of nephrolithiasis treatment were realized with the use
of the expert neural network system (Fig. 9). Remote shock-wave lithotripsy was performed in
141 (27.6 %) cases, conservative therapy was performed in 125 (24.5%) cases. Endourological
treatment methods (ureteroscopy, percutaneous nephrolitholapaxy) were used in 110 (21.6%) and
81 (15.9 %) cases, respectively. The remaining stones were removed during traditional upfront
surgery in 53 (10.5%) cases.

Information about each patient is presented in the form of a vector (Fig. 10). It has 28
components: data from clinical examination, instrumental and laboratory research. Each case
has the "class" parameter. It represents the specified method of treatment (0 is the conservative
treatment,1 is the CLT ureteroscopy, 2 is DLT, 3 is the percutaneous nephrolitholapaxy, 4 is the
pyelolithotomy,and 5 is the ureterolithotomy). The number of cases of each class consisted of all
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patients treated in these urological departments.

Fig. 9. Flow chart of the expert system

Fig. 10. Process of the neural network training

We used a three-layer neural network in the Panalyzer 5.0 environment. It is the most
optimal neural network to solve the problem of producing experience from scientific data in the
humanities. Training of the neural network consists of finding patterns and many parameters
by comparison with the standards. At the output we get a certain conclusion, which is made on
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the basis of the experience gained. Network training for 28 input vectors and 510 records took
about 65 minutes.

The next important task was to study the significance of the input parameters for the diagno-
sis. The trained neural network automatically deleted the least significant input parameters. As
a result, we identified 13 parameters that had the greatest influence on the choice of the method
of treatment (Fig. 11).

Fig. 11. Average significance of input parameters

The most significant indicators (p < 0.05) were the localization and size of calculus, the
visibility in the images, the indicators of erythrocyte sedimentation rate, urea and creatinine, and
the degree of violation of urodynamics. A distinctive feature of the Panalyzer 5.0 programme
is the ability to create a separate programme (neural network expert system) that allows one to
test the data. Testing of the expert system was carried out on 22 examples. In this case, the
neural network has identified all the proposed examples correctly. Moreover, the expert system
"rejected" two examples that were introduced into the test sample by mistake. In a retrospective
analysis of case histories of these patients, it turned out that in both cases the stones of the lower
third of the ureter went out independently a day before the ureteroscopy. During surgery the
stones in the urinary tract were not detected.

Conclusion

In the course of experimental studies the environmental monitoring data were analyzed. They
are presented in the database of the information system that contains specialized information
about all municipalities and cities of the Krasnoyarsk Krai as the key region of the Yenisei Siberia.
The problem of determining a regression between the morbidity and environmental factors based
on the analysis of observational data was solved.

A neural network method for the choice of treatment of urolithiasis (kidney stone disease) is
proposed. Training of the artificial three-layer neural network of direct propagation was based
on 510 cases and a multidimensional vector characterized by 28 input parameters. The training
of the neural network consists in searching regular trends in the set of parameters through
comparison with the reference results. Testing of the expert system was carried out on 22
examples. In this case, the neural network has identified all the proposed examples correctly. An
expert system was developed that classifies methods of treatment (6 types) of the kidney stone
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disease with a degree of confidence of 91 %. The expert system can be used in the regions of the
Yenisei Siberia adjacent to the Krasnoyarsk Krai.

The study was supported by Krasnoyarsk Region Science and Technology Support Fund and
by Krasnoyarsk Regional Fund of Support Scientific and Technical Activities
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Исследование посвящено разработке алгоритмического обеспечения для моделирования данных при
решении трудно формализуемых социально значимых задач, связанных с здравоохранением в раз-
резе взаимосвязей и взаимодействий территорий Енисейской Сибири, где Красноярский край иг-
рает роль ключевого региона. В работе предлагаются элементы информационной системы для
анализа текущего состояния и оценка сценариев будущего взаимодействия территорий Енисей-
ской экономической зоны в решении проблем в этой актуальной предметной области. Предла-
гаются решения в формате ГИС-технологий и современные средств моделирования разнородных
данных наблюдений.

Ключевые слова: алгоритмы анализа данных, базы данных, ГИС, моделирование данных, нейросе-
ти.
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