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BosMo)xHOCTM nporpaMMHOro obecnevyeHus Sk
AN MOHUTOPUHra J030BOM Harpy3Ku nauueHToB
B JIy4eBOM AMarHoCTUKe

M.M. WatéHok', C.A. Poixos'-2, 3.A. Nautyx', 10.B. Opysuuuna’ 3, K.B. Tonkaues'

! Hay4Ho-NpaKTMYECKVIA KIMHUYECKMIA LIEHTP AMArHOCTUKN W TeNIeMeANLIMHCKIX TexHomorui, Mocksa, Poccuitckas ®epepaumst

2 HaumoHabHbI MeAULMHCKVIA UCCTIE0BATENLCKUI LIEHTP AETCKOM reMartosiori, OHKOJIOrMN 1 IMMYHOSTOrMM uMeHn [MuTpua Poradesa,
Mockea, Poccuiickas Depepaums

3 Poccuickas MefMLIMHCKas aKafleMusl HenpepbiBHoro npodeccuoHanbHoro obpasosanus, Mocksa, Poccuiickas ®enepauus

AHHOTALUNA

YBennueHne KoNMYecTBa AMarHOCTUYECKUX MPOLELYp C UCMOMb30BaHUEM MOHM3MPYIOLLEr0 M3y4eHus (KOMMbloTepHan
TOMOrpadusi, MHTePBEHLMOHHbIE MPOLeAypbl, MPUMEHEHWE AAEPHON MeAULIMHBI) MPUBOAUT K YBESMYEHUIO JTYYEBOW Harpy3Ku
W, KaK CNeACcTBMe, POCTY KONNMEKTUBHBIX U MHAMBUAYANbHbIX 403 00/y4eHNUs NaLMUEHTOB.

BonpocaM MeHeAXMeHTa M ONTUMU3aLMN 403bl OT AUArHOCTUYECKUX UCCNeA0BaHWN YAENseTCA MHOro BHUMaHUS B MeX-
LyHapofHoM npodeccuoHanbHoM coobuecTse. 06LLeMMpoBas NPaKTUKa peLLaeT AaHHyo NpobieMy Npyu NOMOLLM NporpaMMm-
Horo obecrneyeHns AN MOHUTOPMHIa A03 MaLMEHTOB C Liefblo aBTOMaT3MpoBaHHOro cbopa, aHanusa 1 y4éta 403 nauueHTa
NP1 NPOBELEHUM IUArHOCTUHECKWX MCCNEA0BaHMIA pa3inyHbIX BUAOB. [TporpaMMHoe 0becneyeHne No3BOASET NOAYYMTL faH-
Hble 0 [103aX NaLMeHTOB OT PEHTTeHOPaAMONIOrMYECKMX NPOLLeaYp U AeTanbHyl MHbopMaLwmio 06 UccnefoBaHUAX, OTCNEAUTb
CYMMapHYt0 HaKOMIEHHYI0 403y NaUMeHTa, BECTM CTAaTUCTUKY NO annaparty, peHTreHonabopaHTy, MeAMLIMHCKOW OpraHu3aLmm,
a TaKKe aHanM3npoBaTb CobpaHHble L03MMETPUYECKUE AaHHbIE, BbIBOAMTbL MPUYMHHO-CNEACTBEHHYIO0 CBA3b NOKa3aHWii 403bl
W YCNOBUIA NPOBeAEHNS UCCNef0BaHNI, 0becrneyunBaTb MOHUTOPUHT 3QMEKTMBHOCTU paboTbl 060pya0BaHMS.

B xone aaHHou paboTbl BbINOSHEHO UCCIE0BaHWe OCHOBHBIX BO3MOXHOCTEN AOCTYMHOTO Ha MUPOBOM PbIHKE NPOrpamMM-
Horo obecrneyeHus 4Ji8 MOHUTOPMHIa 03 NauueHToB. OnpeenieHbl KioyeBble TeXHUYecKue TpeboBaHus K (yHKUMOHany
nporpaMMHoro obecneyeHus, He0BX0AMMOro Ans NPaKTUYECKON paboThbl.

CoBpeMeHHoe NporpaMMHoe obecneyeHune A1 MOHUTOPUHTA 03 00/1aaeT LWMPOKMUM CMEKTPOM BO3MOXKHOCTEN 1A aB-
TOMaTM3UPOBaHHOMO cOOpa, XpaHEHWUA U KOHTPONS AaHHbIX MO [030BbIM Harpy3KaM NaLMeHTOB B OTAENEHUAX Sly4eBoit auar-
HOCTUKM. [porpaMMHoe obecreyeHmre A1 MOHMTOPMHIa 03 NALMEHTOB NO3BONSET NOBbICUTL KAYECTBO OKA3bIBAEMbIX Meay-
LMHCKMX ycnyr, obecneynTb 6e30nacHOCTb NaLyeHTa U ONTUMM3NPOBaTb paboTy MeAULMHCKON OpraHM3aLmm.

KnioueBble cnoBa: MOHUTOPWUHI [,030B0M Harpysku; nyyeBan nMarHoCTUKa; nporpaMMHoe obecneyeHue.
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Patient dose monitoring software in radiology
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ABSTRACT

An increase in the number of diagnostic procedures using ionizing radiation (computed tomography, interventional
procedures, and the use of nuclear medicine) results in an increase in radiation exposure and, consequently, an increase in
collective and individual doses of radiation to patients.

Diagnostic studies from the international professional community are extensively focusing on issues such as management
and dose optimization. Worldwide practice can resolve these issues using software for monitoring patient doses to automatically
collect, analyze, and account for patient doses in various types of diagnostic studies. The software allows to obtain data on
the doses of patients from X-ray procedures and detailed information about studies, track the total accumulated dose of the
patient, and maintain statistics on the device, X-ray laboratory, and the medical organization. It also helps analyze the collected
dosimetric data, deduce the causal relationship between dose indications and diagnostic procedure conditions, and monitor the
effectiveness of the equipment.

The basic capabilities of patient dose monitoring software (DMS) available on the global market were investigated. The
major technical requirements for the software functional needed in practical work were defined.

Modern DMS have a wide range of possibilities for automated collection, storage, and management of patient radiation
exposure data in radiology departments. DMS increase the quality of healthcare services, provide patient safety, and optimize
the workflow of medical organizations.
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LIST OF ACRONYMS AND ABBREVIATIONS

CT — computed tomography

MD software — software for monitoring patient doses
RDL — reference diagnostic levels

AGD — average glandular dose

CTDIvol (Volume CT Dose Index) — absorbed radiation
dose in a phantom during CT examination

DAP — dose area product

DLP (dose length product) — product of dose and length;
absorbed dose for all CT examinations, taking into account
the length of the scan area

SSDE (size-specific dose estimate) — radiation exposure
on the patient, taking into account its geometric
dimensions.

BACKGROUND

Over the past decades, there has been an increase in the
number of diagnostic procedures using ionizing radiation,
which is primarily associated with an increase in the number
of high-dose studies, such as computed tomography (CT),
interventional procedures, and the use of nuclear medicine [1].
This increases the share of these methods in the structure of
radiation dose and, as a result, an increase in the collective
and individual doses of radiation exposure of patients.

It is noteworthy that the trends in the Russian Federation
generally correspond to the global ones. According to
form No. 3-D0Z!, the collective dose in Moscow increased
from 10,946 man-Sv in 2017 to 16,662 man-Sv in 2020,
which is directly related to the increase in the share of CT
examinations (from 5.5% in 2017 to 13.1% in 2020). The
specific contribution to the collective dose from CT studies
reached 75.9% in 2020, according to the reporting form No.
3-D0OZ [2, 3]. It is highly possible that this trend will continue
in the coming years.

The scientific community is particularly concerned with
cases of unjustified multiple studies conducted on the same
patient, as well as the facts of single studies with doses
of more than 100 mSv [4]. According to some scientists,
only two or three CT procedures, especially in children, can
significantly increase the risk of malignant neoplasms [5].

In this context, according to a number of publications
by W. Bogdanich in The New York Times?, cases of visible
skin lesions caused by errors in brain perfusion CT in the
USA should attract close attention, and their investigation
and identification of causes should gain the widest publicity
in the professional community. In Western countries, such
cases served as a powerful impetus for the creation of new
requirements in the field of radiation safety, particularly the
mandatory use of special software for accounting for patient
radiation doses. Unfortunately, cases of deterministic effects

do not have a broad resonance in Russia, and their description
in scientific Russian-language sources is typically associated
with the peculiarities of surgical treatment of patients [6—8].
In this regard, the requirements of regulatory documents
on radiation safety currently do not reflect the need to
record patient doses using software in the workflows of the
radiology departments, but use the capabilities of software
products only for the statistical collection of information from
various healthcare organizations®.

At the same time, it is challenging to conduct proper
monitoring of radiation safety due to the manual collection
of information used in Russia for reporting on the patient’s
radiation dose and the use of paper logs in the radiology unit
make. Lack of automation increases the complexity of the
process and entails possible errors due to the human factor.

The management and optimization of the dose from
diagnostic studies are major concerns in the international
professional community. In accordance with the European
Directive 2013/59/Euratom [9], it is recommended to monitor
and control the radiation dose of patients from diagnostic
procedures “much more accurately than before”, as well as
to follow the basic principle of modern radiation protection as
low as reasonably achievable when justifying and optimizing
diagnostic radiation exposure.

The use of patient dose monitoring software (MD software)
for the automated collection, analysis, and accounting of
patient doses throughout various types of diagnostic studies
(CT, radiography/fluoroscopy, mammaography, angiography,
etc.) is the standard practice used worldwide for solving this
problem.

The MD software makes it possible to track the total
accumulated dose of the patient, collect statistics on the
device, X-ray laboratory assistant, healthcare organization,
as well as analyze the collected dosimetric data, derive a
causal relationship between dose readings and conditions

Information on exposure doses to patients during medical X-ray and radiological examinations (Form No. 3-DOZ). Access mode: http://www.

consultant.ru/document/cons_doc_LAW_52009/c262c55885294afd998489c7f7ef8fe 17e14da38/. Reference date: 03/15/2022.

2 The New York Times. Bogdanich W. Radiation overdoses point up dangers of CT scans [Internet], 2009 (https://www.nytimes.com/2009/10/16/
us/16radiation.html); After stroke scans, patients face serious health risks [Internet], 2010 (https://www.nytimes.com/2010/08/01/health/01radiation.
html); West Virginia hospital overradiated brain scan patients, records show [Internet], 2011 (https://www.nytimes.com/2011/03/06/health/0éradiation.

html).

Information on exposure doses to patients during medical X-ray and radiological examinations (Form No. 3-DOZ). Access mode: http://www.

consultant.ru/document/cons_doc_LAW_52009/c262c55885294afd998489c7f7ef8fe17e14da38/. Reference date: 03/15/2022.
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of research, and monitor the efficiency of the equipment.
It also enables to obtain data on patient doses from X-ray
radiological procedures, as well as detailed information
about studies.

R.W. Loose et al. [10] identified the following tasks of
radiation safety in healthcare organizations, which solution
is facilitated by the use of MD software:

+ collection of dosimetric data to establish local and
national reference diagnostic levels (RDLs) or typical
dose values;

» verification of compliance of average doses from
studies with established RDLs;

« prevention, detection, and reporting in case of
unintentional exposure;

« optimization of radiation exposure of patients,
especially in the field of CT and interventional
procedures;

« structured consolidation of patient exposure
documentation, as well as reporting, and tracking;

» notifications about exceeding the established local or
national levels;

+ local, regional, or national benchmarking of radiation
exposure of patients for various modalities and
procedures.

The need to assess organ doses and lifetime attributable

risks can also be included on this list.

It should be noted that the use of MD software requires
collaboration between general practitioners and specialists,
such as medical physicists, X-ray laboratory assistant,
radiologists, roentgenologists, who are involved in the
diagnostic process. However, it is considered that the main
responsibility for the use of the MD software rests with a
qualified medical physicist who should supervise the initial
installation and configuration of the system, verify the
correctness of data transfer, and calculate the main dose
parameters.

STAGES OF WORKING
WITH THE SOFTWARE

This work aimed to investigate the main potentialities
of the MD software available on the global market and to
determine the key technical requirements for the software
functionality. The initial stage of the study involved a
review of the literature on the subject in the English and
Russian languages versions of PubMed, Google Scholar,
and eLibrary databases. The search was conducted using
the terms “dose monitoring system”, “patient dose in
radiology”, “dose tracking software”, “patient radiation
dose during X-ray diagnostics”, and “patient dose

monitoring”.
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A list of patient’s MD software was compiled for research
and testing of the main potentialities based on the results of
the analysis of Russian and international literature sources:

1) DoseWatch (GE);

2) TAM-Dose (Qaelum);

3) Radimetrics (Bayer);

4) DoseWise Portal v3.0 (Philips);

5) Teamplay (Siemens Healthineers);

6) DoseTrack (Sectra).

Work with MD software was arranged according to the
following scheme:

1. Acquaintance and establishing contact with the
manufacturer of MD software.

2. Presentation of the product by the manufacturer.

3. Obtaining access to the demo version of the MD
software.

4. Loading the test data set into the MD software. The
data set contained information on the X-ray examinations
performed from 15 X-ray CT scans. For the data set formation,
the most common types of CT examination procedures
for patients were selected. Complete and irreversible
anonymization of studies in the Unified Radiological
Information Service® was performed. In total, 3,102 studies
on 20 types of procedures were included in the data set.

5. Approbation and testing of MD software in a closed
loop. The testing period was at least 1 month for the possibility
of a complete assessment of all technical parameters of the
software.

Due to the different level of access to the MD software
provided by the manufacturers, the procedure for examining
each system had its own characteristics. For some MD
software, due to technical reasons, testing was performed
using the manufacturer’s test data set.

These works were conducted during the year, starting
from June 2019.

CONNECTING THE DOSE MONITORING
SOFTWARE

The patient's MD software has a multimodal structure
with the ability to connect equipment from different
manufacturers. These systems also offer the possibility to
connect nonionizing equipment to control the efficiency of
personnel work and make management decisions.

Due to the availability of data on dose indices in the
DICOM protocol (CTDIvol, DLP, DAP, AGD, SSDE, etc.),
studies using the digital method of X-ray diagnostics
(X-ray diagnostics, mammaography, angiography, CT, etc.)
are well systematized and can be used to control radiation
exposure of the patient. Dose information can be retrieved
from DICOM in three ways:

“ Radimetrics (Bayer) patient dose monitoring software not registered in the Russian Federation.
5 Official site of the Scientific and Practical Clinical Center for diagnostics and telemedicine technologies. Unified radiological information service.
Access mode: https://tele-med.ai/proekty/edinyj-radiologicheskij-informacionnyj-servis_2020. Reference date: 03/15/2022.
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1) recording of dose information in specialized tags
available from individual manufacturers;

2) reading the information stored in the Dose report of the
study, using the Optical character recognition method (OCR);

3) use of a DICOM file, a structured report containing
information on registration of the patient’s calculated
radiation dose (radiation dose structure report [RDSR]).

The RDSR is a file of a hierarchical structure that contains
information about the study conducted, such as general
information about the study and information about each
series of exposure and dose indicators (Fig. 1). This format
enables to obtain the most complete information about the
study and the patient, for example, anthropometric and
demographic data that are necessary for calculating organ
doses and other personalized dose indicators. Without the
exact parameters of the study, which are transmitted in
the RDSR format, it is impossible to calculation the peak
dose to the skin. Unfortunately, this format is supported by
equipment manufactured not earlier than 2013; in the study,
the share of such equipment with RDSR was 7%.

Most MD software is installed on a server that is used to
record, display, analyze, and transfer data to other related
systems. The server could be physical, virtual, or even a
cloud solution.

The MD software can be connected directly to the
CT workstation; however, the most common connection
architecture is connection of the MD software to PACS. A
typical connection, as well as the roles of responsible
specialists, is presented in Fig. 2.

Configuring the data transfer from diagnostic devices
is necessary after connecting the MD software to the
information network of the HO/HO group. Study information
from the DICOM format must be recorded in the correct fields
of the MD software. Each MD software has peculiarities in
setting up data export. When configuring, the correctness
of displaying the dimensions of quantities, the calculation
algorithm, and the accuracy of determining dose indicators
are all checked. A particularly labor-intensive task is the
standardization of the names of study protocols and the
assignment of studies into groups for the installation of

Patient Name (Country) : XXXXXX-015
Patient Name (Multi-byte) :

10 : 993893-015 Study 10 : 1956
Birth Date : Age !

Sex : Height(k) : Height(cm) :
Patient Comment :

Study Date : 2017.02. 16
Reauesting Department !
Referring Physician :
Reporting Physician !
Operator Name :

Body Part :

<< Dose Information >>

OLP (mGycm) (Head) : 1418.40 (Body) :

& Contrast/Enhance Information >>
Contrast Name & NONE

Fig. 1. An example of dose report and radiation dose structure report.
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RDL and further comparison with national and international
data.

KEY OPPORTUNITIES OF PATIENT DOSE
MONITORING SOFTWARE

Because of the work, the key opportunities of the MD
software were identified and described, taking into account
the practical benefits of X-ray diagnostic procedures.

The MD software supports various modalities, namely,
CT, interventional radiology, radiography and fluoroscopy,
mammography, positron emission tomography (PET), PET/CT,
single photon emission CT (SPECT), and SPECT/CT, depending
on the manufacturer and configuration.

Statistics

The MD software represents a database of diagnostic
study parameters with various tools for analysis and statistical
processing. In various MD software, these opportunities are
implemented with peculiarities; however, the main ones can
be distinguished:

+ the presence of filters by date, type of study,
modality, device, protocol, radiation dose, scanning
area, healthcare organization, demographic and
anthropometric data of the patient, full name
(surname, name, patronymic) of the X-ray laboratory
assistant, and others;

« the ability to view the list of studies in tabular form
(Fig. 3). For each study, a list of key parameters is
displayed, namely, the study and protocol code, dose
values (CTDIvol, DLP, SSDE, DAP, etc.), fluoroscopy
time, demographic and anthropometric data of the
patient, name of the medical institution, device model,
full name of the doctor and operator, and others;

» color indication of studies for which warning alerts
were generated, depending on their status;

« possibility to customize the dashboard and apply
different types of graphs and charts to visualize the
filtered data. Typically, MD software suggests using
standard charts or creating new ones as necessary.

Double clic
10 view this docus

press ENTER
in the HTML browser
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Fig. 2. An example of a typical connection of software for monitoring patient doses.
Note. MIS, medical information system; RIS, radiological information system.

The statistical processing tools enable to calculate
the maximum, minimum, mean, and median values, as
well as determine quantiles, standard deviations, and
construct trends. For example, it is possible to plot the
histogram of distribution of studies by effective dose for a
selected protocol and compare the dose from a particular
study with doses from other studies in the same protocol.
The diagram presents the established RDL levels for the
considered CT protocol (Fig. 4). Real-time dashboard
monitoring enables to identify possible deviations in the
operation of equipment and personnel. It is also possible
to perform a statistical analysis of dose distributions for a
specific type of study, for example, by the DLP parameter

SECTRA

(Fig. 5). Some MD software has a module for monitoring
the study time, including the preparation stage, the study
itself, and the waiting period between studies (Fig. 6).
The tool can be useful for both controlling the duration
of studies and following the recommendations on the use
of equipment.

Patient card

The patient card comprises information about the
patient, including ID (unique individual number), full name,
gender, age, weight, height, and body mass index (BMI).
This section also contains the information about the studies
that the patient underwent and that were loaded into the

Analytics
Customer | Texas Customer hd Score Card | Graphs | Study List | Exposure List | Analytics Export
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01-anp.-2010 09-anp.-2020 ae 30-Sep-2014 15:16 HOU-CLINPH-CP4 CCHES 216 274548 163532 1669 164
Auto Range 0‘»\\19-20“ 1336 HOU-XR1-R1 CABDOD =AMONH‘G5NCI-|LYSN!NG_SUK (Adulty 274787 9496 5866 24
Months - 28-Jul-2014 11110  HOU-CLINPH-CP4 CCHES 216 273286 193666 3283 18.
Yrs - 14-Jul-2014 07:40 HOU-XR1-R1 CURITC =Abdomen‘UROGRAFI_XL (Adun) 273161 1387.7 2675 26.
28-Jun-2014 1951 WAC-CT-CT12 CSKUH =Vascular08_Hjarnans_och_Halsens_artarer_ (Adult) 27426 1507.83 6831 68.
Study 26-Jun-2014 2128 WAC-CT-CT12 CCABDC =Specials*02_MuRRrauma_Thorax_och_Buk (AuR)  2730.16 2686.71 356 35
Modality he{ 11-May-2014 16 48 ARL-CT-CT2 CSKUH 27414 13854 735 73
Exam Search
Protocol Search < »
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Alent ‘v 1 2 > » [1~2|IZB|
Fig. 3. Tabular view of data presentation, DoseTrack, Sectra.
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Fig. 4. Reference diagnostic level diagram for patient dose monitoring software, Radimetrics, Bayer.

system. Information about the patient’s dose from the
X-ray examination is usually presented in both graphical
and tabular form. The total cumulative patient dose from
all studies is displayed. The excess of the established
dose levels, both for each study individually and for the
total accumulated dose, is usually shown by a color-coded
indication.

Alarm alerts

The automatic alarm notifications in the MD software
enable to identify cases of exceeding the established
permissible levels for radiation dose quickly. In most
systems, the setting of special “triggers” is implemented,
according to which alerts are automatically generated
and sent by e-mail to the responsible medical physicist or

other users of the system (Fig. 7). For instance, the study
parameters that act as triggers can be CTDIvol, DLP, DAP,
ESD, SSDE, AGD, breast compression thickness, and mAs.
For each of these parameters, the corresponding allowable
levels are set.

Depending on the established permissible levels, there
is usually a color-coded indication of the studies and their
dose parameters according to the “traffic light” type; in
Fig. 8, exceeded dose levels are indicated in red. Some
MD software provides the ability to set allowable levels
for the total accumulated dose from all studies that have
been performed on the patient and that are loaded into the
system. These capabilities in the MD software enable to
track quickly the information about the dose both at the
study level and at the patient level (Fig. 9).
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Fig. 5. Statistical analysis of dose distributions by DLP parameter, Teamplay, Siemens Healthineers.
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Fig. 9. Patient dose history, DoseWise Portal, Philips.

Effective dose calculation

The dose parameters of studies depending on the
modality, obtained from DICOM (DLP, DAP, MGD, activity,
etc.) are used to calculate the effective dose in the MD
software. Most software uses the standard conversion
factors published in recommendations 60¢ and 103’ of The
International Commission on Radiological Protection (ICRP).
The ability to alter dose coefficients and input own values is a
significant advantage of the MD software since, for instance,
in the Russian Federation, the values of the coefficients
approved in MU 2.6.1.3584-198 differ from international ones.

Reference diagnostic levels

To study the RDL, the MD software has various
functionalities that enable to set external RDLs and calculate
RDLs based on the entered data. It is possible to compare
further the organization's local dose levels with national or
international RDLs.

Most MD software enables to work with RDL for various
modalities and types of procedures, including interventional
diagnostics and fluoroscopy. RDLs are calculated in the
MD software in recommended dose units depending on the
modality [11, 12]. The advantages of some systems include
the ability to calculate RDL for a certain group of patients,
considering their demographic and anthropometric data, for
example, pediatric RDL and RDL for obese patients (Fig. 10).
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Compared with manual work, the use of automated
MD software greatly simplifies and speeds up the process
of installing the RDL, increases the accuracy and reliability
of the results, and enables to implement this process on a
periodic basis.

Implementation of the MD software enables to use the
RDL as a tool for optimizing the radiation dose of patients in
the daily work of a healthcare organization.

Reports

One of the key opportunities of MD software is the
formation of reports on the loaded data. Typically, the reports
include data on the radiation dose from studies performed
over a certain period, data on loading of diagnostic devices,
statistics on the types of studies, protocols used, scanning
areas, and so forth. The reports include information on high-
dose studies as well as those for which the set RDLs have
been exceeded and warning alerts have been generated. Using
this information, a point analysis of the studies conducted can
be performed, elucidating the reasons for possible excesses.

The MD software offers users the option to set up their
own reports with the necessary parameters or to use existing
standard report templates, such as DoseWatch software,
monthly radiation dose reports depending on the study
area/study protocol. Most often, a report can be generated
automatically based on existing dashboards and set up an

¢ ICRP, 1991. 1990 Recommendations of the International Commission on Radiological Protection. ICRP Publication 60. Ann. ICRP 21(1-3). Access mode:
https://icrp.org/publication.asp?id=ICRP%20Publication%2060. Reference date 03/15/2022.

7 ICRP, 2007. The 2007 Recommendations of the International Commission on Radiological Protection. ICRP Publication 103. Ann. ICRP 37 (2-4). Access
mode: https://icrp.org/publication.asp?id=ICRP%20Publication%20103. Reference date 03/15/2022.

8 Guidelines MU 2.6.1.3584-19 “Amendments to MU 2.6.1.2944-19 “Control of effective doses of exposure of patients during medical X-ray studies.”
Access mode: https://base.g.,arant.ru/73515396/. Reference date: 03/15/2022.
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Fig. 10. Setting local reference diagnostic levels, DoseTrack,
Sectra.

e-mail distribution to specialists according to a set schedule.
In addition, the use of sorting and filters by modality, time
interval, institutions, study protocol, age of patients, CTDI and
DLP values, and others are possible (Fig. 11). For example,
the DoseWatch software reporting provides visualization of
the 10 highest-dose studies for the period and the top 10
patients with a high cumulative dose value indicated in the
DLP (Fig. 12). Equipment workload includes distribution of
workload of CT scanners, the number of studies performed on
CT scanners, the use of radiation dose reduction technology,
and the number of studies depending on the X-ray laboratory
assistant and radiologist.

Vol 3 (3) 2022
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The presence of automated reports in the MD software
enables to reduce the time and labor costs for preparing
regular dose reports of a medical institution, abandon
paper forms, and improve the accuracy and quality of
reporting data. It becomes possible to compare the
parameters of diagnostic equipment, medical institutions,
and personnel.

SSDE

Many commercial MD software implements the ability to
calculate such a parameter as SSDE for CT. In contrast to
the CTDIvol parameter, which is determined for a standard
patient on phantoms with a diameter of 32 cm (body) or 16
cm (head), this parameter enables to estimate the radiation
dose for the patient, taking into account his/her geometric
dimensions. According to a publication by the American
Association of Physicists in Medicine [13], SSDE is calculated
from the patient’s effective diameter or water equivalent
diameter. The necessary information for the calculation is
usually taken from marking topograms or a set of axial
images.

Patient centration

It is notable how important proper patient centering
is during the diagnostic procedure in terms of radiation
exposure. According to some studies, incorrect centering can
lead to an increase in diagnostic dose up to 20% [14, 15].
A similar analysis of compliance with centering in the MD
software is most often performed for CT examinations and
in interventional radiology.

The MD software enables to calculate the patient's
displacement relative to the zero position and evaluate the

——
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Fig. 11. Number of studies distributed by DLP ranges and by model of computed tomography scanners, total number of studies per

scanner, DoseWatch, GE.
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Patient ID Accession Number Fallgie Study Date Study Description Tl S ) PlLr
Age (mGy.cm)

RLPD41B0O RLADDO1( 41 2019-07-11 KOMMNboTepHAsA TOMOrpadua rpyAHO NOAOCT 1 10494.10
AGFAD 77 2019-07-16 KoMnbioTepHas ToMorpadua rpyaHoi NonocTv 1 9772.40

RLPD418BC RLADDOL( 50 2019-07-11 KoMnbloTepHaa TomMorpadus opraHoe GpiowHon 9680.00
RLPD418BC RLADDO1( 78 2019-07-10 KomnbloTepHaa ToMorpadus oprasos 6piolHon 9171.80
RLPD418B( RLADDOL( 60 2019-07-02 KomneloTepHaa ToMorpadus opraHos 6piowHon 8816.70
RLPOF43( RLADDO1 51 2019-07-11 KoMnbloTepHaA ToMorpadus opraHoe 6prowHoNi 8622.10
RLPOF430 RLADDO1 57 2019-07-18 KoMnsioTepHan ToMorpadus opraHoe 6prolwHon 8440.10
RLPOF430 RLADDO1( 83 2019-07-03 KomnbloTepHaa TomMorpadus opraHos GpiowHon 841140
RLPOF43! RLADDO1( 61 2019-07-25 KomneioTepHas ToMorpadus opraHoe bpiollHon 8293.60
RLPOF43( RLADDO1( 23 2019-07-25 KoMnbloTepHan ToMorpadusa opraHoe 6prolwHon 7907.50

Fig. 12. Example of a table with 10 maximum dose studies, DoseWatch, GE.

quality of centration. The deviation is recorded along two axes
(X and Y) on orthogonal images (Fig. 13). Correct centering
is one of the criteria for assessing the quality of the work of
X-ray laboratory assistants.

Peak dose to the skin

In case of an interventional procedure (fluoroscopy or
angiography), the main dosimetric parameters are recorded
in the MD software, namely, DAP, fluoroscopy time, and dose
at the reference point.

In most systems, the radiation dose for the patient can be
estimated using the following:

» spatial representation of the peak dose to the skin on

the patient’s body surface (Fig. 14);

+ “timeline”, describing the characteristics of irradiation

at each moment of time throughout the entire

procedure (direction of irradiation; peak voltage, kVp;
number of frames per second, dose characteristics);
« angular reamer of the dose map.

Radiation exposure monitoring using the aforementioned
functionality enables to detect errors in the visualization
technigue and, in some cases, optimize the process (change
the direction of irradiation, the number of frames per second,
and apply the cine loop and freeze modes of images). The
MD software also enables to identify patients who need to
be monitored for the development of deterministic effects
associated with high skin doses.

Organ doses

Given the high values of doses from CT compared with
other methods of radiation diagnostics, the calculation of organ
doses in most MD software is implemented for this modality.

Fig. 13. Assessment of patient centering in computed tomography, DoseWatch, GE.
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Fig. 14. Monitoring and optimization of peak skin dose in interventional procedures, Radimetrics, Bayer.

Monte—Carlo simulation is used to calculate the
patient’s organ doses, while the parameters of the CT
scanner (energy spectrum, collimation, filtration, and tube
current) are simulated. The radiation dose of the patient
is determined taking into account the parameters of the
scanning protocol, such as pitch, current, and voltage on
the tube, collimation, and so forth. The assessment of organ
doses is performed by selecting the appropriate patient
phantom from the phantom library [16]. The phantom is
automatically suggested taking into account the patient's
gender, age, and any possible pregnancy as well as its
duration (Fig. 15). As part of the block for determining
organ doses, manufacturers of MD software increasingly
offer to calculate the dose to the fetus. The algorithm for
calculating organ doses uses the coefficients given in ICRP
103°.

Some MD software implements an interactive dosimetry
block that enables to simulate dose scenarios by changing
manually the parameters of the scanning protocol. Although
it is possible to compare doses for patients of different age,
weight, and gender, the accuracy of this method remains
questionable. For example, A. Iriuchijima et al. [17] compared
organ doses from CT, determined by the Monte—Carlo method
in the MD software, and measured in an anthropomorphic
phantom using radiophotoluminescent dosimeters. The doses
in the MD software had lower values, and the deviation was
13%. Thus, this assessment tool should be used, taking into
account the existing limitations.

Currently, these methods are being actively improved,
including the contouring of organs from images and the
calculation of organ doses. An analysis of organ doses is
necessary for a correct assessment of attributable radiation
risks.

INTERNATIONAL EXPERIENCE
IN IMPLEMENTATION OF SOFTWARE
FOR PATIENT DOSE MONITORING

Different countries are currently actively using and
implementing MD software. Several publications [10, 18, 19]
substantiate the need to implement such software, provide
the main technical requirements for MD software, as well
as recommendations for implementation and use. The
experience of using MD software is given, in particular, on the
NICE website (briefing on innovations in the field of medical
technologies)'?, which analyzes 10 different studies conducted
in different countries. Studies have been performed for various
modalities, including CT, fluoroscopic procedures, X-ray, PET,
and PET/CT. The main results include the following:

« the main reasons for incorrectly conducted studies
were the high BMI of patients and incorrect centering
during laying (CT);

+ levels of patient doses from digital X-ray examinations
have been significantly reduced after the introduction
of the MD software, and a reduction in doses from CT
was also achieved;

? ICRP, 2007. The 2007 Recommendations of the International Commission on Radiological Protection. ICRP Publication 103. Ann. ICRP 37 (2-4). Access
maode: https://icrp.org/publication.asp?id=ICRP%20Publication%20103. Reference date: 15/03/2022.

10 NICE. Radiation dose monitoring software for medical imaging with ionising radiation. Medtech innovation briefing [published: October 31, 2017]. Ac-
cess mode: www.nice.org.uk/guidance/mib127. Reference date: 15/03/2022.
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Fig. 15. Analysis of effective organ dose of the patient, DoseWatch, GE.

« significant discrepancies were revealed in dose levels
on different devices in the same medical institution;
discrepancies were also detected between healthcare
organizations. After an appropriate investigation,
it was revealed that the protocols were chosen
incorrectly.

C. Heilmaier et al. [20] described the initial outcomes of the
software implementation. The main reasons for the revealed
excesses of the established dose levels were reported: high
BMI (52%), incorrect centering (24%), rescanning (11%),
and others. From the perspective of radiation safety of the
patient, the value of data obtained using the MD software
is emphasized. A British study [21] evaluated the first
experience of using the MD software, and reported on the
convenience and high speed of working with a large amount
of data, as well as the impact of the selected dose identifier
for data filtering on the quality of the results.

A lot of work on this subject was performed by the
American College of Radiology and consisted of organizing
a Dose Index Registry (DIR) for diagnostic procedures. The
Registry was established in 2011 and is designed to collect
and store dose information from studies. Information about
studies, including such dose parameters as DLP, CTDIvol, and
so forth, is automatically sent to the Registry with MD software
from PACS or diagnostic devices, after depersonalization.
More than 2,000 institutions are connected to the Registry,
and information is collected on more than 50 million studies.
For correct comparison of data, the names of the studies were
preliminarily standardized in accordance with the RadLex
dictionary. Each HO connected to DIR receives a report in the
form of a schedule of dose distribution from all healthcare
organizations regularly. The presence of such a dose registry
enables to optimize effectively the doses of patients from
X-ray diagnostic studies, identify cases of dose excesses
and incorrect choice of protocol parameters, and increase
the awareness of radiologists concerning the radiation
dose. That is why the proposals for the implementation of
MD software based on PACS, which combines data from

DOl https://doiorg/10.17816/DD106083

several healthcare organizations within one X-ray diagnostics
service, for example, the Moscow Department of Health, are
especially interesting.

Modern MD software has a wide range of capabilities for
automated collection, storage, and control of data on dose
exposure of patients in radiology departments.

By using the MD software to monitor the patient's
radiation exposure, it enables to record the effective dose
received during the study and the accumulated effective dose
and dose indicators; to monitor the excess of dose indicators
and the effective dose of the patient; to plan new studies
taking into account the radiation exposure of the patient; to
and apply RDL to optimize the radiation dose of the patient;
to compare with the RDL and alarm on the excess; and to
draw up reports of the department of radiation diagnostics
on the radiation dose of the patient for submission to the
regulatory authorities.

Speaking about the need to introduce MD software,
it is important to consider the experience of international
colleagues and the positive results of using the software
presented in this article. The use of MD software enabled
to identify and eliminate the main causes of exceeding
dose levels during diagnostic procedures, to reduce patient
radiation exposure for various modalities, and to optimize the
work of personnel.

Certain limitations and difficulties associated with the
implementation of MD software should also be noted.
Unfortunately, outdated diagnostic equipment is unable to
transmit all the necessary information about the patient and
study parameters, which limits the use of MD software.
Thus, for example, the absence of the RDSR format on
CT, the lack of information about the dose in DICOM X-ray
machines complicates the operation. Because of this, the
implemented MD software should have functionality that
enables to analyze the parameters of the current stock
of diagnostic equipment, considering the possibility of
expanding and updating it as part of the development of
radiology departments for healthcare organizations. In
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Table 1. Main capabilities of the software for monitoring patient doses

Digital Diagnostics

No. Parameter | Availability
Computed tomography (CT), positron emission tomography (PET),
. . PET/CT, single photon emission computed tomography (SPECT), Mandatory
1 Available modalities SPECT/CT, mammography, radiography/fluoroscopy, angiography

Ultrasound, magnetic resonance imaging, densitometry, contrast Optional

2 Vendor-neutral compatibility Mandatory

3 Automatic patient dose tracking Mandatory

4 Reading the dose information. RDSR, OCR Mandatory
Available formats MPPS, headers DICOM Optional

5 Patient card Mandatory
6 Built-in anonymizer Optional

7 Presence of topograms in the study register Mandatory

8  Presence of analysis of topograms in terms of dose substantiation Mandatory

9 Calculation of effective dose per study Mandatory

10 Calculation of the total effective dose of the patient Mandatory
11 Availability of the effective dose statistics module Optional

12 Possibility to conFig. coefficients for effective dose calculation Mandatory

13 Calculation of SSDE for CT procedures (AAPM TG 204) Mandatory

14 Organ doses Mandatory

15 Skin dose calculation (peak skin dose) Mandatory
16  Presentation of radiation dose data in angiography as a time line Optional
17 Interactive exposure simulation module Optional

18 Fully customizable module for local reference levels and national reference levels Mandatory
19 Ability to customize dashboard Optional
20  Setting automatic e-mail notifications Optional

by equipment Mandatory

by healthcare organizations Mandatory
' _ by tool groups Optional

21 ;g;Lsn{or;g?a?gla]r:jr;%:tudles and by groups of healthcare organizations Mandatory
by localization Optional

by study field Mandatory

by study protocol Mandatory

N by number and duration of studies Mandatory

22 )T(L—)?;;T;ti;jrilttcl)r;g ;ZZi\!t(;:isOf by quality of study Mandatory

by radiation dose of patients Mandatory

23 Information about completed studies with the ability to filter by modality, location, and device Mandatory

24 Customizable automated reports with the required frequency Mandatory

25  Database export to Microsoft Excel (csv format) Mandatory

26 Patient radiation dose report Mandatory

27 Automated study acquisition from PACS Mandatory

28  Managing user functionality and data access rights Mandatory
29  LDAP integration into corporate user directory for user authentication Optional

30  Dose SR generation based on image header analysis (OCR) Mandatory

31 HL7 outgoing interface for exchanging dose information with other information systems Mandatory
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addition, for the full-fledged operation of the MD software, it
is necessary to standardize the names of research protocols
and a laborious procedure of mapping (determining the
correspondence of data between potentially different
semantics of one object or different objects) of research. At
the initial stage, the expected time and human expenditures
for the installation and maintenance of the system should
also be taken into account.

Within this work, the main capabilities of various MD
software were studied, and the need for functionality for
practical work was assessed. The full set of MD software
parameters is presented in Table 1, which indicates both
mandatory, according to the authors, and optional parameters.

Thus, a set of key requirements for the MD software
functionality has been formed:

« the ability to load studies of the modalities CT,
interventional radiology, radiography and fluoroscopy,
mammaography, PET, PET/CT, SPECT, SPECT/CT;

+ maintenance of the patient's card;

+ automatic calculation of effective doses;

« assessment of organ doses from CT procedures;

« calculation of the SSDE parameter for CT;

+ installation and configuration of RDL;

« calculation of the dose to the skin during angiography;

« availability and the ability to conFig. automatic
alarm notifications about exceeding the established
allowable dose levels and other parameters;

» audit of work of X-ray laboratory assistants;

» analytics tools with advanced filters;

« automated scheduled reports;

» database export formats .csv or .xlsx, .xls, or .pdf.
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CONCLUSION

MD software enables to improve the quality of medical
services provided, ensure patient safety, and optimize the
work of a healthcare organization. The most essential factor in
solving the problems set in the field of radiology and radiation
safety is the ability to conFig. the MD software depending on
the needs of a particular healthcare organization, medical
physicist, radiologist, and X-ray laboratory assistant.
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