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ABSTRACT. The use of modern imaging modalities based on sources of ionizing radiation, is
an essential part of system of medical care in pediatric practice. Fixed increase in availability and
amount of X-ray imaging (radiography, computed tomography, interventional examinations, etc.)
leads to corresponding increase in patient doses. To ensure the radiation safety of the population
of the Russian Federation from medical sources of ionizing radiation, an integrated approach is
applied using the basic principles of radiation safety — justification and optimization. One of the
fundamental principles of radiation safety is the principle of optimization, which is reflected in
all national legislative documents. Unfortunately, modern approaches to optimization of radiation
protection of children are not sufficiently covered in these documents. The analysis of existing
national and international regulatory documents has indicated significant differences in the
implementation of optimization of radiation protection of children from X-ray examinations. In
international practice, the optimization principle is widely used, based on the concept of diagnostic
reference levels and quality assurance programs for X-ray examinations. The national legislative
documents have been harmonized with the international documents (considering diagnostic reference
levels, quality assurance programs, control of patient doses, etc.). However, they are hindered by
incomplete development of practical methodology and lack of information about the specifics of
radiation protection of children. In addition, current guidelines that define the quality assurance
program do not cover all methods of X-ray examinations and do not contain any information about
quality assurance programs for pediatric X-ray examinations. Therefore, the question of the need to
improve the legal and regulatory framework in the field of radiation safety of children during X-ray
examinations remains relevant.

KEY WORDS: X-ray diagnostics; radiation protection; radiation safety; X-ray examination;
medical exposure; children.
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PE3IOME. IlpuMeHeHrHEe COBPEMEHHBIX METO/IOB THATHOCTUKHU, B TOM YHUCJE C UCHOJIb30BAHUEM
HMCTOYHUKOB MOHU3HUPYIOMIETO M3IYyUYCHUS, SBISETCS HEOTHEMIIEMON YacCThI0 CUCTEMBI OKAa3aHUS
MEIUIIMHCKON MOMOIIM B TeAuarpuyeckoil mpakTtuke. [loBbillieHHe JOCTYNMHOCTH W pacnpocTpa-
HEHHOCTH PEHTIE€HOPAIUOJIOTHYCCKUX UCCICIOBAHUN (PEHTTCHOJIOTHYSCKHUE HCCIICIOBAHUS, KOM-
MBIOTEPHAST TOMOTpadusi, HHTEPBEHIIMOHHBIC MCCICIOBAHMS | IIP.) BEIET K POCTY 703 00JIyUCHUS
nanueHToB. J{iist obecniedeHns panuamoHHO# Oe3omacHOCTH HaceneHus Poccuiickoit Denepanmmn
MIPU MEAUIUHCKOM OOJIYUCHUH MTPUMEHSETCS KOMIUICKCHBIHM TOXO0JI ¢ UCIIOIb30BaHUEM OCHOBHBIX
MIPUHITATIOB paIHaIllMOHHON 0€30ITaCHOCTH — 000CHOBAHUS M onTUMHU3auu. OTHUM U3 OCHOBOIIO-
JIATaoUX TPUHIIUIIOB PaAUallMOHHON 0€30MaCHOCTH SBJISICTCS MPUHIIUI ONITUMU3AIUU, KOTOPBIN
OTpak€H BO BCEX OTEUECTBEHHBIX HOPMATHBHO-METOANYECKUX IoKyMeHTaX. K coxaneHnuto, Borpo-
Chl ONTUMHU3ALUN PAAUALMOHHON 3alIUTHI A€TEH B 3TUX JOKYMEHTAX OCBEIICHBI HEJOCTATOUHO.
[IpoBeneHHBIN aHATN3 CYIIECTBYIOMINX OTCUSCTBECHHBIX 1 3apyOCIKHBIX HOPMATUBHO-METOIUYECKUX
JIOKYMEHTOB MOKa3aJl HAJIMUUE Pa3U4ui B peadu3aluy MpUHIKUIA ONTUMHU3ALUN PAAUALIIOHHON
3aIUTHl AeTel MPU MEAMIIMHCKOM 00JaydeHHH. B 3apyOekHON mpakTHKE IHPOKO HCIOIB3YETCS
TIPUHITATI OTITUMHU3AIINH, OCHOBAaHHBIM Ha KOHIIENIINHU pe(epeHTHBIX THATHOCTHUCCKUX YPOBHEH U
nporpaMmax 00ecreueHns KaueCcTBa MMPOBECHUS PEHTIEHOPAIUOIOTHIeCKUX uccieqoBaHuil. OTe-
4eCTBEHHAsI HOPMAaTHUBHO-IIPaBOBas 0a3a B BOMIPOCAX ONTUMHU3AIINH PaTHAIIMOHHON 3alUTHI TapMO-
HHU3UpoBaHa ¢ 3apybexHoii (P/1Y, mporpamMmma obecrieueHus kadyecTBa, KOHTPOIIb 703 U 1p.). OgHAKO
K €€ HEJ0CTaTKaM MOYXHO OTHECTH HEIMOJIHYIO MPOopaboTaHHOCTh MPAKTUYCCKOW METOOJOTHH U
OTCYTCTBHE WH(OPMAIUH O crielupuKe paaualnoOHHON 3amuTHl 1eTeil. Kpome Toro, aeiicTBytonue
METOJMYECKUE YKa3aHUs, KOTOPBIC ONPEACISIOT MPOrpaMMy 00eCIIeYeHUsT Ka4eCTBa, OXBAThIBAIOT
HE BCE METOABI PCHTTCHOPAINOJIOTHUSCKUX MCCIICIOBAHUN M HE CONIepkKaT KaKyro-Tndo mHpopma-
A0 O porpaMmax oOeclieueHus KadecTBa B CiIydae, €ClIU PeHTTeHOPAAHOJIOTrHUECKIE UCCIIEeI0-
BAaHUS BBITIOJNHSAIOTCS MEIUATPUYCCKUM MaueHTaM. VIMEHHO MO3TOMY aKTyaJbHBIM CTAHOBUTCS
BOIPOC 0 HEOOXOIMMOCTH COBEPIICHCTBOBAHUS 3aKOHOAATEIIFHONH 1 HOPMATHBHO-TTPaBOBON 0a3bl B
00JacTH paguauoHHON 0€30MacHOCTH AeTeH MPU MEIULIIMHCKOM OOy YCHHH.

KJKOYEBBIE CJIOBA: nydeBas JAWMArHoCTUKA; paJuallUOHHAs 3alUTa; pagdaliioOHHAs
0€30MacHOCTh; PEHTTCHOPAUOIOTUUECKHIE UCCIAEAOBAHM S, MEAUIIMHCKOE 00ydeHUE; TETH.
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BAKCGROUND

Nowadays, the basic principles of patient
protection from medical radiation exposure are
reflected in all fundamental national regulatory
documents [13, 16, 21]. Unfortunately, there is
no information about the peculiarities of radia-
tion protection of children in these fundamental
documents, although many problems are unique
for children’s radiation diagnostics compared to
adults. That is why taking into account the pecu-
liarities of children’s organism is an important
element for providing effective medical care to
the paediatric population.

Children have a number of peculiarities that
cause differences in approaches to radiation pro-
tection between adults and paediatric patients
during X-ray radiological examinations [10].
For example, it is necessary to take into ac-
count anatomical and physiological features of
the child’s body, differences in radiosensitivity
of individual organs, tissues and the body as a
whole in children at different age periods. An-
other factor that distinguishes imaging in chil-
dren from imaging in adults is the continuous
changes in the imaging of various organ systems
during normal childhood development. In addi-
tion, children are characterised by a rather wide
range of anthropometric characteristics, even
within the same age category [30].

For the successful performance of radiothe-
rapy in paediatrics, it is important to create a
favourable and comfortable atmosphere for chil-
dren. If necessary, immobilisation devices can be
used to allow children to undergo X-ray radio-
logical examinations without sedation, as young
children are generally unable to remain still and
in a certain position for the required time. X-ray
radiological examinations should also take into
account that verbal contact with children is not
always possible, often parents or legal repre-
sentatives of the child are involved in the X-ray
radiological examinations process [30].

In addition, in recent years there has been an
active introduction into medical practice of new
equipment and techniques that significantly ex-
pand the possibilities of radiation diagnostics,
but at the same time increase the radiation dose
to patients. When applying new diagnostic me-
thods, children can receive much higher doses
per examination than adults, which requires spe-
cial measures for planning and performing X-ray
radiological examinations in children [1, 10, 14].

In this regard, the issue of radiation safety of
patients, including children, is becoming more and
more relevant. The basic principles of radiation pro-
tection of patients from medical exposure, which in-
clude the principle of justification and optimisation,
are reflected in all fundamental domestic regulatory
documents (The Federal law “On Radiation Safety
of the Population”, 99/2009, Basic Sanitary Rules
For Radiation Safety (BSRFRS)-99/2010), as well
as in a number of guidelines and recommendations
(Methodological Recommendations 2.6.1.0066-12,
Methodological Guidelines 2.6.1.2944-11, Metho-
dological Guidelines 2.6.1.1892-04, etc.). Unfor-
tunately, these documents contain almost no infor-
mation on the specifics of exposure and radiation
protection measures for children. In addition, most
of the presented documents need to be updated [6,
7,9, 13, 16, 21].

AIM

The aim is to conduct a comparative analysis
of existing Russian and foreign approaches to
optimise radiation protection of children under
medical exposure and to identify elements of ra-
diation protection that need to be updated.

RESULTS

Radiation safety of patients of any age should
be ensured for all types of medical irradiation,
provided that the maximum benefit from X-ray
radiological procedures is achieved and nega-
tive radiation-induced effects on the organism
are minimized [3, 4, 13, 16, 30, 31]. The main
tool for realizing this goal is the use of the fun-
damental principles of radiation safety, the main
one of which is the principle of optimization
[13, 16, 21, 30, 31].

The optimization principle

The aim of X-ray radiological examinations
optimization is to obtain high-quality diagnos-
tic information with the lowest achievable ra-
diation exposure taking into account social and
economic factors [3, 19, 20, 36]. Optimization
of X-ray radiological examinations in children
is of particular importance because the risk of
radiation effects in children is higher than in
adults, and children have a longer life expec-
tancy during which these effects may manifest
themselves [10, 43].

MEAWLIMHA | OPTAHU3ALMA 30 PABDDXPAHERHA

ToMB 22 2023

ISSN 25364212



THTHERA

ik

Optimization of radiation protection includes
improvement of X-ray radiological equipment,
compliance of technical parameters of the equip-
ment, and quality control of performed radiation
diagnostics [13, 16, 19, 20].

According to Basic Sanitary Rules For Ra-
diation Safety 99/2010 [16], optimization of
radiation protection of patients in radiotherapy
diagnostics should be implemented by the fol-
lowing means:

* the use of appropriate equipment and tech-
niques in which the patient receives the
lowest dose necessary to obtain an image
or other diagnostic information of adequate
quality;

* the use of diagnostic reference dose levels
(DRDLs) for individual examinations;

* measuring or calculating the dose received
by patients;

 ensuring the quality of the studies.

The first step in the optimization process is
the selection of appropriate equipment for radio-
therapy. The use of appropriate equipment and
associated software is an important component
of successful X-ray radiological examinations. It
is advisable to use equipment (X-ray machines,
CT scanners, etc.) designed specifically for chil-
dren, especially in facilities with a high paedi-
atric patient load. Radiological equipment used
for X-ray radiological examinations in children
should have the widest range of settings to opti-
mize the protection of children [3, 19, 20].

Commissioning of radiology equipment
should include prospective evaluation of patient
doses and image quality parameters. In addition,
paragraph 3.171 of GSR Part 3 [3] requires that
even after any significant maintenance or repair
work has been carried out, periodic measure-
ments of the physical parameters of the medical
equipment should be carried out (a monitoring
of operational parameters [16]). In international
practice, many documents from international
and national organizations, as well as national
and regional professional bodies, have been de-
veloped that provide detailed guidance on the
quality control tests that should be performed at
the recommended frequency [22-25, 29, 33-35].

As most radiology equipment and medical
imaging protocols are designed for adult pa-
tients, X-ray radiological examinations may
need to be modified for paediatric use. One
of the key practical methods of optimization
is to control the technical parameters of X-ray

radiological examinations in order to achieve
the lowest possible radiation dose to obtain a
high-quality diagnostic image. For this purpose
it is recommended to take into account anthro-
pometric parameters of the patient [3, 30]. The
radiologist should know the features of all para-
meters and protocols and understand which one
to choose in each case. The parameters of medi-
cal imaging protocols are subject to periodic re-
view to ensure adequate diagnostic image qua-
lity, effective low-radiation performance and
minimization of patient exposure [30].

An important component of optimizing ra-
diation protection of children is the introduction
of a system of diagnostic reference levels (DRL)
recommended by the International Commission
on Radiological Protection as a measure to re-
duce radiation dose to patients. DRL are defined
as the value of a selected dose value for stan-
dard X-ray radiological examinations performed
on standard equipment, for standard patients or
phantoms, and are set as the 75th percentile of
the distribution of dose values associated with
the selected X-ray radiological examinations
[19, 20, 31, 38, 39, 44, 45].

All X-ray radiological examinations per-
formed in children, whether associated with high
dose or low dose, should have an DRL. To deter-
mine paediatric DRL values, in addition to the
generally accepted grading by age, it is useful to
set DRLs based on anthropometric characteris-
tics, as anthropometric data of children can vary
widely within even a single age period [30].

A key goal of using DRLs is to keep patient
doses as low as possible to achieve high image
quality and the necessary diagnostic information
[19, 20, 31, 38]. The DRL serves as a means of
checking whether a patient’s exposure level is
greater than is sufficient to provide reliable dia-
gnostic information. Whenever DRLs are con-
sistently exceeded, appropriate investigations to
identify the causes and corrective actions to im-
prove clinical practice should be taken immedia-
tely. In addition, DRL should be reviewed and
updated regularly, in particular when equipment
or examination methods change [31].

It is important to note that exceeding DRL
for individual patients is not a violation of ra-
diation protection requirements. DRL are not a
standard, but are used as a reference dose va-
lue for the purposes of internal quality control
of procedures [40-42]. The established DRLs
make it possible to identify medical organiza-
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tions or radiotherapy departments where radia-
tion protection of patients should be optimized
in the first place [37, 38].

In foreign practice, the establishment of DRL
and the use of the optimization principle are an
integral element of patient protection at the in-
ternational [3, 4], European [26, 32] and natio-
nal [28, 46, 47] levels. International [26, 47] and
national data collection programs to determine
patient doses and revise DRL values are regu-
larly conducted [27, 28, 46].

In the Russian Federation, the principle of
optimization is enshrined at all levels of legisla-
tion on radiation protection in medicine. In the
Federal Law No. 3 “On Radiation Safety of the
Population”, the optimization principle is formu-
lated as a principle of medical radiation protec-
tion [21]. The principle of optimization is formu-
lated as keeping individual doses and the number
of exposed persons at any source of ionizing ra-
diation at the lowest and achievable level, taking
into account economic and social factors.

In BSRFRS -99/2010 [16] the principle of opti-
mization of patient protection is formulated in the
clause 4.7 as the achievement of a useful medical
effect of X-ray radiological examinations, diag-
nostic information of high quality or therapeutic
results at the lowest possible exposure levels.
The clause 4.8 contains the main ways of ensu-
ring the optimization process. In Radiation Safety
Norms-99/2009 [13] the principle of optimization
is formulated similarly to BSRFRS-99/2010, but
additional information isn’t provided.

One of the most effective ways of optimiza-
tion is the use of DRL. The concept of DRL is
described in detail in Methodological Recom-
mendations 2.6.1.066-12 “Application of DRL
for optimization of radiation protection of the
patient in general-purpose radiological exami-
nations” [6]. However, in practice the optimiza-
tion principle is implemented formally. One of
the reasons is the absence of medical physicists
in the staff of radiology departments. The exis-
ting radiation safety system is mainly oriented
to medical personnel. An improvement and
complication of modern methods of radiation
diagnostics do not allow medical staff to per-
form the dosimetry of patients, analysis of their
exposure levels, establishment of low-dose pro-
tocols properly [2].

It is recommended to periodically review
DRL, for example, every 3-5 years. The speci-
fics of setting and using DRL in paediatric prac-

tice are not described in Methodological Re-
commendations 2.6.1.066-12.

It should be noted that MR 2.6.1.3387 “Ra-
diation Protection of Children in Radiation Dia-
gnostics” and methodological recommendations
“Hygienic Requirements for Limiting Radiation
Doses to Children in Radiological Investiga-
tions” [5, 10] are fully devoted to radiation pro-
tection of children.

However, despite the fact that the main em-
phasis is placed on children, the activities are
more theoretical than practical. However, the
peculiarities of radiological exposure of children
and a number of methods to limit and reduce ra-
diation exposure are specified. For example, it
is recommended to focus on the justification of
procedures and to exclude examinations that are
not necessary, to use alternative non-ionizing
imaging methods, to use modern X-ray equip-
ment and individual means of patient protec-
tion. Protocols for X-ray radiological examina-
tions of children should take into account the
age characteristics of patients, their anthropo-
metric characteristics, disease specifics, equip-
ment features and requirements for personnel.
The guidelines «Hygienic requirements for
limiting radiation doses to children during ra-
diological examinations» also pay attention to
private methods of radiological examination
of children — radiography and rentgenoscopy,
as the most frequently used ones [5].

Quality assurance program

Organizational measures aimed at the im-
provement of radiation protection of patients,
including children, are an integral part of the op-
timization. Such measures include a comprehen-
sive quality assurance program that includes as-
pects of quality control and continuous improve-
ment of the quality of radiotherapy diagnostics
(GSR Part 3, paragraph 3.170 and 3.182) [3].

To provide radiation safety of the public,
patients and staff, it is necessary to carry out
quality control activities, which include the fol-
lowing sections: control of diagnostic and aux-
iliary equipment, ensuring radiation safety of
patients, education and re-education of person-
nel involved in the process of X-ray radiological
examinations [11, 12].

An important component in this process is
medical equipment. For the staff of a medical
facility that uses ionizing radiation sources in its
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practice, special training in the use of equipment
or software should be provided. There should be
a full understanding of the characteristics of the
equipment, terminology or software, including
the associated implications for radiation protec-
tion of patients and staff [3].

Quality control of equipment includes per-
forming maintenance, identifying worn and
damaged parts, checking the operation of all
protective devices and interlocks, having and
maintaining reporting forms, and monitoring
the technical condition of the equipment. In ad-
dition, it is necessary to carry out daily control
procedures, parameter constancy tests and calib-
ration of diagnostic and auxiliary equipment, as
well as control of microclimate of premises for
compliance with sanitary and epidemiological
requirements and operating conditions recom-
mended by the equipment manufacturer [3].

In medical organizations the control of radia-
tion doses to patients is mandatory. Paragraph
3.168 of GSR Part 3 requires that patient do-
simetry should be performed during X-ray ra-
diological examinations [3]. In foreign prac-
tice, X-ray machines are equipped with clinical
dosimeters and integrated into a unified PACS
(Picture Archiving and Communication Sys-
tem) or RIS (Radiological Information System),
which allows collecting and recording data au-
tomatically. Knowledge of typical doses forms
the basis for the application of dose reduction
methods within the framework of optimization.
Image storage capabilities allow for methodical
evaluation and documentation of information
without creating additional images reducing the
patient’s dose.

Another key point is the training of medi-
cal staff in radiation protection. All procedures,
especially high-dose procedures, should be per-
formed by experienced paediatric staff because
of the potential high dose to patients. Mecha-
nisms for improving the competence of health
care professionals in radiation protection include
traditional education and training, such as in
medical school, or specialized training for the
profession, web-based or on-the-job training [3].

Professional organizations and communities
play a role in ensuring radiation protection and
safety in the medical use of ionizing radiation.
Their functions may include setting standards
for training, qualifications and competence in
a given area of specialization and publishing
guidance for practice. Professional organiza-

tions should play a leading role in developing
principles of patients referral for investigation
when justifying medical exposures for each pa-
tient. In addition, professional organizations and
communities promote the dissemination of ac-
curate information on radiation protection and
safety for physicians, patients and their parents.

The main current national regulatory and
methodological documents on radiation protec-
tion of patients and medical staff do not address
the issues of quality assurance in radiation dia-
gnostics. These documents address only some
aspects of quality control within the framework
of the program of control of technical param-
eters of diagnostic equipment [13, 15, 16].

Current guidelines, which define the qua-
lity assurance program, include requirements
for control of diagnostic and auxiliary equip-
ment, ensuring radiation safety of patients, as
well as requirements for training and retrain-
ing of personnel involved in the process of dia-
gnostic examinations (Methodological Guide-
lines 2.6.7.3651-20, Methodological Guidelines
2.6.7.3652-20) [11, 12]. But, unfortunately, they
do not include all X-ray radiological examina-
tions — only computer tomography (CT), posi-
tron emission tomography (PET) and PET/CT
methods. In addition, these documents do not
contain any information on quality assurance
programs for X-ray radiological examinations
performed on paediatric patients.

The system of monitoring and recording pa-
tient doses is an integral part of radiation pro-
tection optimization. In the Russian Federation,
this system is implemented in all medical or-
ganizations within the framework of the USCID
(unified system of control and accounting of in-
dividual radiation doses to citizens) and statisti-
cal reporting form No. 3 “Information on patient
doses during medical X-ray radiological exami-
nations” [17, 18]. Within the framework of this
system, it is possible to obtain information on
collective and average effective doses for the
most common X-ray radiological examinations
(radiography, fluoroscopy, computed tomogra-
phy, interventional studies, etc.) at the level of
a medical organization. Unfortunately, the reli-
ability of these data is low because the doses
of individual patients are not taken into account
and are averaged over the entire medical organi-
zation.

Estimated dose values (effective dose) are
used to estimate radiation doses to individual
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patients. Measured dose values are not centrally
collected. Effective doses are calculated using
transition factors (from measured dose to effec-
tive dose) [8, 9]. These transition factors are deve-
loped for a limited number of X-ray radiological
examinations and age categories, and only if they
correspond to the study parameters for which the
transition factors were calculated. In the absence
of an appropriate set of study parameters or when
new study methods are introduced, it is difficult to
calculate the effective dose. Therefore, typical ef-
fective doses are used without taking into account
the specifics of individual patients and peculiari-
ties of the study in each particular case. As a con-
sequence, it is reasonable to improve the methods
of assessment of patient doses and radiation risks
during X-ray radiological examinations.

Control of diagnostic and auxiliary equip-
ment and the quality of operational parameters
is carried out in all medical organizations. It
should be noted that, as a rule, it takes place
only within the framework of maintenance.
A sufficient number of medical physicists in the
staff of medical organizations is required to im-
plement this process in daily practice.

CONCLUSION

Thus, in despite of the fact that the domes-
tic regulatory and legal framework for radia-
tion protection optimization is harmonized with
foreign ones (DRL, quality assurance program,
dose control, etc.), its defects include incom-
plete elaboration of practical methodology and
lack of information on the specifics of radiation
protection of children. Unfortunately, there is no
information on the means and specifics of radia-
tion protection of children in the fundamental
documents, although taking into account the pe-
culiarities of children’s organism is a necessary
link for providing effective medical and preven-
tive care to the child population.

The development of measures to control and
assess the effectiveness of X-ray radiological
examinations in the Russian Federation is en-
trusted to the Federal Service for Supervision of
Consumer Rights Protection and Human Wel-
fare. However, as this is outside its competence
(for example, to monitor the correctness and
accuracy of measurements of operational para-
meters), the implementation of the optimization
process should be carried out jointly with the
Ministry of Health of the Russian Federation,

which is currently planned to be done within the
framework of the draft of the new Federal Law
on Radiation Safety of the Population. In addi-
tion, quality criteria and regular audits should
be introduced into the practice of medical insti-
tutions as an element of radiation protection.
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