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Abstract

Objectives. The widespread use of computed tomography (CT) for diagnostic and treatment purposes can lead
to excessive cumulative doses of ionizing radiation received by patients in medical institutions. Currently, there
are no effective methods of visualization and control of cumulative doses of patients in medical institutions. Thus,
there is a need for operational monitoring of the dose load from ionizing radiation. The purpose of this work is to
present a developed algorithm for the creation and functioning of an information and analytical system (IAS) for the
retrospective accounting, analysis and visualization of cumulative doses of ionizing radiation received by patients
undergoing radiation diagnosis and treatment.

Methods. When forming visual output forms for accounting, analyzing and identifying critical values of the dose load
of ionizing radiation and the number of CT scans of patients, structured query language (SQL) was used to select the
necessary data in order to apply them in summary tables and volumetric diagrams.

Results. An algorithm has been developed for the formation and functioning of IAS based on client-server technology
using summary tables and volumetric diagrams in a client application. The algorithm can be used to visualize the
analysis and accounting of cumulative doses of ionizing radiation in patients undergoing treatment and medical
examination in large multifunctional medical research hospitals, identify the types of CT scans for reducing the
number of sessions and limit the growth of cumulative doses of ionizing radiation in patients, as well as to detect errors
in data entry by medical professionals into medical information systems and provide timely correction. In addition,
an unlimited number of forms can be created for viewing, analyzing, and accounting for data.

Conclusions. The developed methodology for the formation of IAS can be scaled up to other multidisciplinary
medical centers for tracking critical values of cumulative doses of ionizing radiation in patients in order to apply the
necessary medical solutions in radiation diagnosis.
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Pe3iome

Llenun. LLnpokoe npumeHeHmne komMmnbloTepHOoM Tomorpadum (KT) B LLeNsx AMarHOCTUKM U IEHEHNS MOXET NPUBO-
ONTb K N30bITOYHLIM KYMYNSATUBHBLIM J03aM MOHU3UPYIOLLEr0 N3Ny4eHUs, NOsly4aeMbIM NaumeHTamMm nevebHbIX yu-
pexaeHnii. B MeguuMHCKNX y4pexXaeHns Ha AaHHbI MOMEHT OTCYTCTBYIOT 9ddEKTUBHBIE METOAbLI BU3yann3aunm
N KOHTPONS 32 KYMYNIATUBHBIMU 03aMU NaumeHToB. CyLLeCcTBYET HEOOXOAMMOCTb ONepaTMBHONO KOHTPOSIA 3a [0-
30BOW Harpy3koi OT MOHN3MPYIOLLEro nanydyeHus. Lienbio gaHHoM paboTbl ABnsieTcs pa3paboTka anroputma dyHk-
LMOHNPOBaHUSA MHDOPMaUNOHHO-aHanuTnyeckon cuctemsl (MAC) ona peTpocnekTMBHOMO yyeTa, aHanmsa n Bu-
3yann3aumm KyMyAsTUBHbBIX 003 MOHU3MPYIOLLEro U3My4eHnsl, Noy4aeMbiX naumeHTamm, NpoxXoaswmmMm yyeByto
OVNAarHOCTUKY U NeYeHne.

MeTopabl. Micnonb3osaHbl SQL'-3anpockl Ans BLIGOPKM HEOBXOANMBIX AAHHBIX C LIENbI0 NMPUMEHEHNS X B CBOAHbIX
Tabnmuax n 06beMHbIX anarpammax npyv GopMrMpoBaHUM BbIXOAHbIX HArNSaaHbIX GOPM yyeTa, aHann3a v BbiiBNEHUS
KPUTUYECKMX BENMYNH AO30BOM HArPy3Ky MOHN3UPYIOLLErO N3ny4eHuns 1 konndectsa KT-nccnegoBaHnii NaumMeHToB.
PesynbTartbl. PazpabotaH anroput™M GopMupoBaHus 1 GyHKUMoHMpoBaHus MAC Ha OCHOBE KIIMEHT-CEPBEPHOI
TEXHOJIOMMM C UCMOJIb30BAaHNEM CBOAHBIX TabnuL, 1 0OBbEMHBIX AMarpaMm B KJIMEHTCKOM MPUAOXEHUN, KOTopas
obecneynBaeT, BO-NEPBbIX, BU3yann3aLmio aHann3a 1 ydeta KyMynsTUBHbBIX 03 MOHU3MPYIOLLEro U3Ny4YeHus na-
LMEHTOB, MPOXOOALMX NEYEHNE U OUCMAHCEPU3ALMIO B KPYMHbIX MHOMOQYHKLMOHAMbHBIX nevyebHo-nccnenoBa-
TENbCKMX CTaumMoHapax. Bo-BTOpbIX, AaHHbIN anropuTM No3BONSIET BbIABASATL BUAbI KT-nccnegosaHunii, no KOTOpbIM
BO3MOXHO YMEHbLUUTb YACO MPUMEHSIEMbIX CEaHCOB C Lefbl0 OrpaHnN4yeHnst pOCTa KYMYNATUBHbIX 003 MOHU3U-
PYIOLLErO M3MyYEHMS NaUMEHTOB. B-TpeTbux, anroputM AaeT BO3MOXHOCTb OOHapyxXvBaTb OWMOKM BBOOA OaH-
HbIX MeVLIMHCKUMU paboTHMKaMn B MeEANUMHCKME MHDOPMALMOHHBIE CUCTEMbI 1 BOBPEMSI UX KOPPEKTUPOBATD.
B-4eTBEPTHLIX, MOXHO HOPMUPOBATbL HEOrPAHNYEHHOE YMCI0 GOPM AJii MPOCMOTPA AAHHbIX C LLefbio NPOBEAEHUS
MX aHanmsa v y4eTa.

BeiBogbl. PazpaboTaHHylo MmeToanky dpopmmupoaHus MAC BO3MOXHO MacluTabupoBaTtb B APYyrve MeauumMHCKne
MHOFONPOGUIIbHBIE LLEHTPbI 419 OTCAEXNBAHUS KPUTUHECKNX BENHNH KYMYNSATUBHBIX 03 MOHU3UPYIOLLEro n3ny4ye-
HUSI NALMEHTOB B LLEeNSX NPUMEHEHNST HEOOXOOUMbIX MEAMLIMHCKUX PELLEHWNIA NPW NTy4eBO ANarHOCTUKE NaLMEHTOB.

KnioueBblie cnoBa: I/IHd)OpMaLI,I/IOHHO-aHaﬂI/ITI/I‘-IeCKI/Ie CUCTEMbI, KIINEeHT-CepBepPHbIe TEXHOI0rM1, CBOAHbIE Ta6J'II/ILI,bI,
SQL-3anpocsl

1 Structured query language — S13bIK CTPYKTYPMPOBaHHbIX 3aMPOCOB.
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Mpo3payHocTb pUHAHCOBOMN AEeATENIbHOCTU: ABTOPbLI HE UMEKDT PUHAHCOBOM 3aMHTEPECOBAHHOCTW B NPELCTaB/EH-

HbIX MaTepmnanax nain MmetTogax.

ABTOPbI 3a5BNSIOT 06 OTCYTCTBUM KOHGMIMKTA MHTEPECOB.

INTRODUCTION

Multidisciplinary medical centers and hospitals
utilize medical information systems (MIS) to record
patient data across various medical procedures
and treatment areas. Due to the inability of MIS to
retrospectively record and analyze data over long time
periods, significant volumes of accumulated information
are not fully utilized. The present work presents an
algorithm for the development and operation of an
information and analytical system (IAS) on the example
of computed tomography (CT). The algorithm is used
for organizing retrospective recording and analysis
of cumulative doses of ionizing radiation received by
patients along with the number of CT sessions during
radiation diagnostics.

Due to the widespread use of CT, the radiation
dose to patients from ionizing radiation has increased
significantly, as reflected in numerous publications on
this topic. In [1], it is noted that higher doses received
from CT in children throughout life lead to an increased
estimated risk of death from cancer compared to adults.
In [2], it is indicated that intravenous administration of
acontrastenhancer during CT for the detection of kidney
stones increases the total radiation dose, which must be
taken into account when determining the radiation dose
to patients. In [3], an increased risk of cancer in children
associated with the use of CT for diagnostic purposes
is identified due to frequent repeat examinations, as
well as the fact that children are more sensitive to the
carcinogenic effects of ionizing radiation than adults
and a longer life expectancy. In [4], an increased risk of
hematological neoplasms in children and adolescents
is identified as a result of CT irradiation along with the
need for careful justification of CT in this age group.
The work [5] provides information on long-term
oncological consequences among residents of the city
of Ozersk (Chelyabinsk oblast), who were examined
using CT for a comprehensive assessment of the effects
of low doses associated with diagnostic exposure in
a cohort study. In [6], an attempt was made to answer
the question of whether patients who were repeatedly
examined with a CT scanner for indications related
to the diagnosis of oncological pathology are at risk
of developing late effects during subsequent years of
observation. In [7], the need for centralized recording

of ionizing radiation doses in the electronic medical
records of patients undergoing diagnostic and radiation
therapy is indicated. The article [8] describes simulation
modeling methods used to determine the organs and
tissues exposed to the greatest radiation exposure
during CT scanning of the chest, abdomen, and head.
In [9], an overview of key Russian and foreign studies
of the possible adverse effects of medical radiation on
human health is presented along with a consideration
of existing methods for assessing the possible harm
to human health as a result of medical radiological
diagnostic procedures. The work [10] indicates that
the impact of ionizing radiation during CT scanning
is a source of potential risk associated with the
development of radiation-induced carcinogenic effects.
In [11], methods of using information technology for
retrospective analysis of the frequency of detection of
neoplasms in patients are described using the example
of a large multidisciplinary medical center. In [12],
the experience of using computer technologies in
visualizing data on the medical examination of patients
who underwent CT diagnostics and radiation therapy
is presented. The work [13] focuses on the need to
develop centralized data warehouses to account for the
accumulated dose load of patients in such a way that
each person knows their load and can make appropriate
decisions on each type of upcoming radiation
diagnostics considering the associated risks. In [14],
the need for strict personalized accounting of the dose
load when using CT is indicated. The article [15]
presents the experience of using summary tables
and volumetric diagrams for data analysis. In [16] it
is asserted that, since the highest doses of medical
diagnostic radiation exposure of patients in Russia
are caused by CT procedures, radiation risk control
becomes especially relevant when using CT.

Since, according to the no-threshold radiation risk
model, any dose of radiation increases the risk of cancer,
it is essential to monitor received doses. Depending
on the location of the exposure, the dose may be
occupational, medical, natural, etc. Recently, diagnostic
imaging using radionuclides to enhance -contrast,
X-rays, and other methods have become widespread
in medicine. For example, radiotherapy (teletherapy
and brachytherapy) is widely used to treat cancer. The
dose received by a patient from a CT scan per session
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varies from 0.3 to 63 mSv depending on the procedure.
However, visualization, analysis, and recording
of patient doses, particularly those undergoing
diagnostic imaging, are not organized to the required
standard. Medical information systems (MIS) used in
healthcare institutions, such as MEDMIS2, Medesk?,
ArchiMed+*, KMIS?, Medialog®, and others, are not
designed to directly implement these functions, as
they operate in online transaction processing (OLTP)
mode, which utilizes highly normalized linked tables
in the database schema. Visualization, analysis, and
accounting of medical data require a different database
scenario—online analytical processing (OLAP). This
requires uploading data entered into the MIS to other
databases, particularly OLAP. Using the example of
the Medialog MIS, a system for exporting from the
MIS to a database was developed at one of the medical
centers of the Federal Medical and Biological Agency
of Russia’, which implements the above-mentioned
functions.

1. ALGORITHM FOR THE FORMATION
AND FUNCTIONING OF THE IAS

The algorithm consists of three stages. In the
first stage, a data request is generated in the MIS,
each record of which corresponds to one CT session
of a specific patient with the corresponding
attributes (characteristics): patient identifier, type
of examination, equipment used, received ionizing
radiation dose, examination date, patient date of birth,
gender, ICD-108nosology code, etc. In the second stage,
the resulting sample for a specified period is exported
from the MIS first to an Excel table, from where it
is imported into a structured query language (SQL)
server database. Figure 1 shows a screenshot of this
Excel table. The 116269-row imported table in the
SQL server database named “Export CT$” and covers
the period from January 1, 2010, to August 31, 2025.
The method has been practically tested using a large
multifunctional medical center as an example.
A total of 50527 patients were examined, including
27333 women, 23181 men, and 13 patients whose

2 https://www.medmis.ru (in Russ.). Accessed May 24, 2026.

3 https://www.medesk.net/ru (in Russ.). Accessed May 24,
2026.

4 https://archimed.pro (in Russ.). Accessed May 24, 2026.

5 https:/k-integration.ru/vendors/kompleksnye-medicinskie-
informacionnye-sistemy/ (in Russ.). Accessed May 24, 2026.

6 https://www.medialog.ru/ (in Russ.). Accessed May 24,
2026.

7 https://fmba.gov.ru/ (in Russ.). Accessed May 24, 2026.

8 The International Classification of Diseases, 10th revision,
is a standard document that provides a generally accepted
statistical classification of medical diagnoses.

gender was not specified. The periodically repeated
addition of data from the MIS to the SQL server
database to Stages 1 and 2 from subsequent time
periods keeps it up-to-date.

At the third stage, in order to visualize data on
the number of CT scans and the dose received for
a given nosology, the Access database management
system (DBMS) is used as a client application to
connect to a SQL server database using an open database
connectivity (ODBC) driver. This client-server approach
can be used simultaneously by an unlimited number of
research clients. In the Access application, a query is
generated to retrieve data from the SQL server table
“Export CT$.” The query is executed server-side,
which speeds up the execution process, and the result
is transferred to the Access DBMS application as a table
view named “Export CT PerDose,” a screenshot of
which is shown in Fig. 2.

2. DESCRIPTION OF THE STRUCTURE
OF THE SQL QUERY USED IN THE IAS

SQL is a structured query language based on the logic
of the relational database model. A relational database
model is a logical system consisting of interconnected
objects that can be manipulated according to specific
rules. The relational database model was founded by
mathematician and IBM? employee E.F. Codd, who in
the 1960s also created relational algebra, in which he
described a number of specific elements and operations
on them. This relational algebra forms the theoretical
basis of SQL. Introducing the concept of a relation (a flat
data table), Codd identified eight relational operations:
union, intersection, subtraction, Cartesian product,
selection, projection, join, and division.

The structure of an SQL query used in the IAS
consists of an outer query and several nested uncorrelated
subqueries. It is presented in the table.

The developed technology proposes using
uncorrelated subquery processing. A subquery in SQL
is defined as a SELECT statement nested within another
SELECT statement. With uncorrelated processing,
the subquery is executed once, and its result (a list of
patients satisfying the specified parameters) is stored in
a temporary table, while the outer query retrieves data
from the generated list of objects. Execution occurs from
the bottom up: the subquery is executed at the bottom
level, while a superstructure of other nested subqueries
that use the resulting subset of objects is built from
below. This enables the use of such SQL structures in
various subject areas [17, 18].

9 International Business Machines is one of the world’s
largest manufacturers and suppliers of hardware and software.
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Table. Structure of an SQL query

Query fragment

Explanation of the query
fragment

SELECT *
FROM

External query

(SELECT PATIENTS_ID,ISNULL(Export_CT$. RESEARCH_TYPE,
RESEARCH TYPE,
Cast (Export CT$.DATE CONSULTATION as datetime) as DATE CONSULTATION, ...,
LABEL, CODE, ISNULL(SA ICD 10 MIT 2021.WHO_ Full Desc,’Not specified’) AS
NameDisease, ...,
CASE
WHEN SA_ICD 10 MIT 2021.ICD10 Code IN

(SELECT SA ICD 10 MIT 2021.ICD10 Code FROM Export CT$ WHERE SA ICD 10
MIT72O21.ICD107Code LIKE ‘A%’ OR SAiICD7107M1T72021.ICD107Code LIKE '‘B%’)
THEN ‘Certain infectious and parasitic diseases (A00-B99)’
WHEN SA ICD 10 MIT 2021.ICD10 Code IN

(SELECT SA ICD 10 MIT 2021.ICD10 Code FROM Export CT$ WHERE SA ICD 10
MIT 2021.ICD10_Code LIKE ‘C%’ OR SA ICD 10 MIT 2021.ICD10_Code LIKE ‘D0%’

‘Not specified’) AS

A nested subquery with
a selection of attributes,
converting data from
symbolic to the format

2 |OR SA ICD 10 MIT 2021.ICD10 Code LIKE ‘D1%’ OR SA ICD 10 MIT 2021.ICD10_ required for pivot tables,
Code LIKE ‘D2%' attaching the category
OR SA_ICD 10 MIT 2021.ICD10 Code LIKE ‘D3%’ OR SA ICD 10 MIT 2021. and name of the disease
ICD10 Code LIKE ‘D4%’) THEN ‘Neoplasms (C00-D48) " ﬁOHlﬂRICI%lOdhECKHy
WHEN SA ICD 10 MIT 2021.ICD10 Code IN .
(SELECT SA_ICD 10 MIT 2021.ICD10 Code FROM Export KTS WHERE sa rcp 10 | Of diseases
MIT 2021.ICD10 Code LIKE ‘D5%’ OR SA ICD 10 MIT 2021.ICD10 Code LIKE ‘D6%’
OR SA ICD 10 MIT 2021.ICD10 Code LIKE ‘D7%’ OR SA ICD 10 MIT 2021.ICD10_
Code LIKE '‘D8%’)
THEN ‘Diseases of the blood and blood-forming organs and certain
disorders involving the immune mechanism (D50-D89)’
WHEN SA ICD 10 MIT 2021.ICD10_Code IN(...
ELSE ‘Not specified ‘
END as Disease Category...,
CASE The name of the equipment
WHEN EQUIPMENT =’0’ THEN ‘PHILIPS INGNUTY' .
3 WHEN EQUIPMENT =’1’ THEN ‘CANON ONE’... 1S programmatlcally
END AS EQUIPMENT Name, ..., assigned
DATEDIFF (yy,Cast (Export CTS.NE LE as datetime), Cast (Export CT$.DATE
CONSULTATION as datetime)) AS Age,
CASE
WHEN DATEDIFF (yy,Cast (Export CT$.NE LE as datetime), Cast (Export CTS.
DATE_CONSULTATION as datetime)) <=20 THEN ‘<= 20’ The “Age” and
4 WHEN DATEDIFF (yy,Cast(Export CT$.NE LE as datetime), Cast(Export CT$. “AgePeriods” attributes are
DATE7CONSULTATION as datetime)) <=30 AND programmatically defined
DATEDIFF (yy,Cast (Export CTS.NE LE as datetime), Cast (Export CTS$.DATE
CONSULTATION as datetime)) >20 THEN ‘> 20 and <=30'"...
ELSE ‘Not specified ‘
END as AgePeriod, ...,
CASE
WHEN Export CT$.GENDER = 0 THEN ‘M’ The value of the
5 WHEN ExportiCT$.GENDER = 1 THEN ‘F’ “GENDER?” attribute is
ELSE ' Not specified * programmatically assigned
END as GENDER2, ...,
The symbolic value is
6 |Try Convert (float,Replace (IsNull (Export CT$.DOSE,0),’,’,’.’)) as DOSE proguunn@ncaﬂyconvened
- - - to a numeric value for the
“DOSE _” attribute
FROM Export CT$ LEFT OUTER JOIN The left outer connection
7 SA ICD 10 MIT 2021 ON Export CT$.CODE = SA ICD 10 of the tables Export CTS$
MIT 2021.ICD10 Code) W and SA ICD 10 MIT 2021
A nested uncorrelated
WHERE W.PATIENTS ID IN (SELECT PATIENTS ID FROM subquaythatmeﬁesahm
(SELECT PATIENTS ID, SUM(Try_Convert(ﬂoat,Replace(IsNull(Export_CT$. ofpaﬁenm\vhosecunnﬂaﬁve
DOSE,Q0),’,’,”."))) SmDs L. ..
8 ionizing radiation dose

FROM Export CT$
GROUP BY PATIENTS_ID) Q
WHERE Q.SmDs >400 AND Q.SmDs <=700)

falls within the specified
range from 400 to 700 mSv
(inclusively)

12
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3. RESULTS

The application uses pivot table mode to display the
data obtained as a result of executing a generated query.
Figure 3 depicts this mode as an empty workspace
with a list of pivot table fields. The locations from
which pivot table fields can be dragged from the field
list are indicated at the edges and in the center of the
workspace.

List of pivot table fields (2]

Drag it to the table
0 Export_CT_PerDose_E
5193 Results
Number of PATIENTS_ID values
Sum_DOSE
@-[Z] PATIENTS_ID
[3... Research_Type
&)-[=] DATE_CONSULTATION
&)-[Z) DATE_CONSULTATION by weeks
(-[Z] DATE_CONSULTATION by months
G)-|=] Year
&-[Z) Month
&-{F Name
[
£
[
E
[
£
[
[

3... Disease_Categories
o-[Z) NE_LE_

0-[F NE_LE_.by weeks
0-[Z] NE_LE_ by months
0[5 Age

7-[Z AgePeriod

+-[F Gender

;- [E DOsE

Rows -

Add to

Colemns
Filter
Data
Details

Fig. 3. View of an empty area of a pivot table

By dragging and dropping selected attributes from
the field list or adding them to specified locations (rows,
columns, filter, data, details), pivot tables can be created
in the format required for research. For example, in
order to find the patient ID who received specified
cumulative doses of ionizing radiation over the past

few years, you would drag the “PATIENTS ID”
attribute from the pivot table field list to the rows
area, “DATE _CONSULTATION” to the columns area,
and “Sum_ DOSE” to the data area. Figure 4 shows
the resulting pivot table with the required data. The
cumulative dose boundaries are specified in the query
text in Section 9 of Table.

If, instead of “Sum_DOSE,” you drag the “Number
of PATIENTS ID values” attribute from the pivot
table field list into the data area, you will get a similar
pivot table, but the intersection of rows and columns
will indicate the number of CT sessions received
by patients in a specific time period. By varying the
cumulative dose value boundaries in the query text (the
last row of item 9 in Table) from 0 to 100 (Fig. 5),
from 100 to 400 (Fig. 6), and from 400 to 700 (Fig. 7),
and examining the frequency structure of CT sessions
by disease category, it is possible to identify differences
in the correlations between the number of CT sessions
and the cumulative dose value. Thus, the order of
disease categories in decreasing order of CT scan
sessions for cumulative doses from 0 to 100 mSv differs
from the order of disease categories for cumulative
doses from 100 to 400 mSv and from 400 to 700 mSv.
Neoplasms (C00-D48) ranks first in terms of the number
of CT scan sessions in these groups based on cumulative
dose load.

In order to view cumulative doses distributed
among selected patients by disease category, the disease
categories should be placed in Rows, patient IDs in
Columns, and the “Sum_ DOSE” attribute in Data area.
Then the desired patients can be selected from the drop-
down list. The resulting pivot table is shown in Fig. §,
while the corresponding 3D diagram appears in Fig. 9.
If the “Number of values” attribute is placed in the
Data area in this case, the intersection of the columns
and rows of the pivot table will yield the corresponding
number of CT sessions.

In order to study the distribution of cumulative
doses of ionizing radiation by year for specific selected
patients, categories can also be expanded by the names
of the diseases they comprise. Figure 10 depicts
a screenshot of the distribution of cumulative doses of
ionizing radiation across all categories by all included
diseases for patient ID 99111, who was found to have the
highest cumulative dose.
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Algorithm for the formation and functioning of a standard information Vagid A. Kadymov,
and analytical system for multidisciplinary medical centers Sergey M. Dumansky, Evgeny V. Vasiliev

CONCLUSIONS the “Not specified” value in the tables above means
that no data was entered in that column.
The proposed client-server technology using pivot 4. Creation of various pivot tables for data

tables and volumetric charts in the client application analysis. For example, all the data presented in
enables: the report was obtained using just one query,
1. Visual analysis and accounting of cumulative “Export CT PerDose.”
doses of patients undergoing treatment and medical Thus, pivot tables and volumetric diagrams are
examination in large multifunctional treatment and  shown to be a visual and effective tool for analyzing
research hospitals. and studying the processes of disease progression
2. Identification of CT scans for which the number  across time and age series, for example, to determine

10.

11.

12.

13.

of sessions could be reduced to limit the increase  the effectiveness of certain treatment procedures and the
in cumulative patient doses. For example, the  impact of the use of drugs on the results of treatment
maximum number of CT sessions identified for  carried out in multidisciplinary clinical hospitals.

one patient over the entire observation period Authors’ contributions

was 83,' . . V.A. Kadymov—general guidelines for writing the article.
Detection of data entry errors by medical workers in S.M. Dumansky—introduction, sections 1 and 2.
the MIS and their timely correction. For example, E.V. Vasiliev—section 3 and conclusion.
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