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TOWARDS GOOD PRACTICE IN PATIENT DOSE MANAGEMENT
IN PAEDIATRICRADIOLOGY

Introduction. Diagnostic and interventional X-rays represent a substantial
portion of radiation exposure from artificial sources, with pediatric patients being
particularly vulnerable due to their increased sensitivity to ionizing radiation. This study
aimed at assessing radiation exposure in children undergoing interventional radiology (IR)
procedures and computer tomography (CT) scans at Vilnius University Hospital Santaros
Klinikos (VUHSK), Lithuania's second-largest hospital, and to establish local Diagnostic
Reference Levels (DRLs) to ensure optimized dose management.

Methods. Data from pediatric IR and CT procedures conducted between 2021 and
2023 were analyzed, with local DRLs set at the 75th percentile of dose-related parameters
such as Dose Area Product (DAP), Dose Length Product (DLP), Entrance Surface Dose (ESD),
and Fluoroscopy Time (FT).

Results. The findings reveal that pediatric CT doses at VUHSK are consistently below
European DRLs, with reductions of up to 25 %, largely due to over a decade of ongoing
patient exposure assessment and protocol optimization. Optimization efforts included
adjustments to acquisition parameters. Despite the challenges of establishing separate local
DRLs for each IR procedure due to limited sample sizes, age-based DRLs were developed to
address the absence of routinely recorded patient weight.

Conclusions. This study highlights the importance of continuous research in dose
optimization and the need for local DRLs, especially for pediatric interventional radiology.
The findings demonstrate that individualized optimization is crucial for maintaining low
radiation doses without compromising diagnostic quality, and that establishing local DRLs
is an essential step in ensuring patient safety.

Keywords: DRL's, Radiation patient dose, Patient dose assessment, Pediatric
Computed Tomography, Pediatric interventional radiology, Pediatric radiology.
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Introduction

Diagnostic and interventional X-rays account for the largest portion of radiation
exposure from artificial sources to the general population. Over the past two decades,
the number of radiological examinations has risen significantly, leading to increased
radiation exposure among patients (United Nations Scientific Committee on the Effects
of Atomic Radiation, UNSCEAR) (UNSCEAR 2020/2021, 2021). Children are
especially vulnerable to the effects of ionizing radiation due to their developing tissues
and longer life expectancy, which increases their lifetime risk of cancer. As a result, it
is crucial to carefully monitor and optimize radiation exposure during pediatric
radiology, particularly in high-dose procedures including interventional radiology and
computer tomography scans (European Council Directive 2013/59/Euratom, 2013).
The heightened sensitivity of children to ionizing radiation makes dose management a
priority in ensuring the safety and efficacy of diagnostic imaging.

Dose optimization strategies in pediatric radiology are essential for minimizing
radiation exposure while maintaining diagnostic accuracy. These strategies include using
age- and size-specific protocols, employing advanced imaging technologies that reduce
dose (such as automatic exposure control and iterative reconstruction), and ensuring that
exams are clinically justified. Additionally, careful collimation, and limiting repeat scans
can further enhance dose reduction efforts. The integration of these methods ensures that
each pediatric patient receives the lowest possible radiation dose while obtaining high-
quality diagnostic images (European Council Directive 2013/59/Euratom, 2013).
Moreover, Diagnostic Reference Levels (DRLs) have been introduced as an invaluable
tool for monitoring and optimizing patient radiation exposure. DRLs are not strict dose
limits but rather upper reference values that guide healthcare providers in optimizing
patient doses without compromising diagnostic image quality (European Council
Directive 2013/59/Euratom, 2013). By comparing administered doses to established
DRLs, healthcare professionals can make informed decisions to reduce unnecessary
radiation exposure, thus mitigating the risks of potential adverse effects.

However, effective dose monitoring remains a challenge for many healthcare
facilities. Despite the critical importance of managing pediatric radiation exposure,
only a limited number of hospitals have published comprehensive data on patient dose
evaluations and the establishment of local DRLs. Many countries still lack DRLs for
a basic set of common pediatric examinations, leaving gaps in radiation protection
practices. In Lithuania, for example, despite legal requirements, there is an absence of
national DRLs addressing Pediatric Interventional Radiology (PIR) procedures. This
lack of national guidelines further complicates efforts to standardize dose optimization
and safeguard young patients from unnecessary radiation exposure.

At Vilnius University Hospital Santaros Klinikos (VUHSK), Lithuania's second-
largest hospital, a wide array of diagnostic, interventional, and nuclear medicine
procedures are performed annually. Given the significant volume of pediatric
radiology cases at VUHSK, implementing effective dose management strategies is
essential to safeguard the health of pediatric patients.

The aim of this study was to evaluate radiation exposure doses in children undergoing
interventional radiology procedures and CT investigations, set up local DRLs and check
compliance with national diagnostic reference levels (DRLs) when available.

20 Bunyck 1



MeauyHa ¢izuka - cydacHU# cTaH, Npo6JieMH, HUISIXU po3BUTKY. HoBiTHI TexHoJ1OTii

Methods

Data collection was conducted for computed tomography (CT) and interventional
radiology (IR) procedures performed between 2021 and 2023. Retrospective CT
datasets from head, thoracic, and abdominal-pelvic CT scans performed on children
aged 0-17 years were analyzed. CT dose data was categorized by weight interval for
thoracic and abdominal-pelvic procedures into the following groups: 5-14 kg, 15-29 kg,
30-49 kg, and 50-79 kg. While for head CT, data was grouped into age groups
following two different intervals: < 1,1-<5,5-<10,10 — < 15and 15 — < 18 years
as well as 0 — < 3 month, 3 month — < 1 year, 1 — < 6 year, 6 — < 18 years.

IR procedures were carried out using two angiography systems: the Shimadzu Trinias
B12 and the Philips Allura Xper FD20. The following IR procedures were evaluated:
Patent Ductus Arteriosus (PDA) closure (32 %), Pulmonary Artery (PA) balloon
angioplasty and/or stenting (21 %), Coarctation of the Aorta (CoA) balloon angioplasty
and/or stenting (19 %), Atrial Septal Defect (ASD) closure (14 %), Transcatheter
Pulmonary Valve Replacement (TPVR) (5%), Percutaneous Balloon Aortic
Valvuloplasty (BAV) (5 %), and Percutaneous Balloon Pulmonary Valvuloplasty (BPV)
(4 %). The dose data for these procedures were grouped by patient age into the following
intervals: < 1 year, 1 — <5 years, 5—< 10 years, and 10 — < 18 years.

Local DRLs were established as the 75" percentile of the distribution of dose-
related parameters, depending on the type of diagnostic procedure. These parameters
included Dose Area Product (DAP), Dose Length Product (DLP), Entrance Surface
Dose (ESD), and Fluoroscopy Time (FT), in accordance with recommendations from
the European Commission and the Radiation Protection Centre in Lithuania.

Results

It is recommended to compare established local DRLs against both national and
European DRLs to assess the level of patient radiation protection at each hospital.
However, Lithuania DRLs are not currently established for all radiological
procedures included in this study, such as interventional procedures. While for
some procedures, like thorax and pelvis CT, Lithuanian DRLs are categorized by
age groups rather than weigh groups, further complicating direct comparisons.
Despite these challenges, CT dose for head, thorax and pelvis-abdoman procedures
were established (Table 1) and the data indicates that pediatric CT doses are
generally low, with most falling well below European DRLs (Fig. 1) (European
Commission, 2018).

The results can be attributed to over a decade of continuous efforts in patient
exposure assessment and dose optimization at the hospital. Optimization measures
included adjusting acquisition protocols for various procedures, such as reducing the
X-ray source voltage, adjusting tube current time product (mAs), modifying pitch,
and implementing iterative reconstruction techniques. For example, in routine CT
head exams and thorax imaging for deformities, the X-ray tube voltage was reduced
from 120 kVp to 100 kVp, and the tube current time product was optimized for each
specific indication. As a result of these efforts, CT doses have steadily decreased,
with head CT doses for the youngest patients reduced by approximately threefold
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since 2010. Additionally, continuous training of practitioners and technicians in
radiation protection has been instrumental in achieving these dose reductions and
ensuring ongoing optimization of patient safety.

Table 1
CT doses reported as maximum, median, 3" quartile values of DLP (mGy-cm)
Weightgroup | Numberofscans | Max | Median | Q3
Head
<1 27 - 119 158
1-<5 55 215 265
5-<10 55 - 232 280
10-<15 51 - 275 327
15-<18 25 - 297 335
0—<3m 6 111 117
3m-—<1ly 21 - 140 175
1-<6y 75 - 228 270
6-<18y 111 - 269 323
Thorax
5-14kg 13 58.7 34.7 38
15-29kg 43 91.4 49.3 60
30-49kg 71 163.3 85.9 107
50-79kg 75 420.1 139.1 153
Abdomen—Pelvis
5-14kg 21 100.6 51.5 80
15-29kg 33 239.7 131.6 159
30-49kg 21 358.5 97.7 201
50-79kg 30 595.5 261.8 353
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Fig. 1. Comparison of median DLPs with European DRLs
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Due to limited number of pediatric IR procedures, it was challenging to establish
separate local DRLs for each procedure since European Guidelines on DRL for pediatric
imaging recommend a sample of >20 patients. Nevertheless, this issue is common
across healthcare facilities and countries, contributing to the scarcity of published DRL
data in pediatric interventional radiology and cardiology, making comparisons difficult
(Fig. 1). Toaddress this, all available data were combined to obtain a more representative
sample. Radiation dose-related parameter reported as median, minimum and maximum
value of ESD (mGy), DAP (Gy. cm?) and FT (min) for each procedure are summarized
in Table 2. In this study, pediatric IR DRLs were stratified by age rather than weight, as
patient weight and height are not routinely recorded at the hospital. It should be noted
that ICRP Publication 135 recommend categorizing pediatric DRL by weight, while
suggesting the use of age-based categorization as an acceptable alternative when weight
data are unavailable (Vafi6 et al., 2017).

Table 2
Dose indicators for combined IR procedures stated
as the median, minimum and maximum value
ESD(mGy) DAP(Gy.cm?) FT(min)
Patient S S S
Procedures 8 = = 8 | c % 8 < x
Number | TS S S S
g = = g = = g b =
Total 168 66.21 | 3.17 | 3341.6 | 4.40 | 0.26 |326.0| 8.25 | 1.90 | 79.2
<1 35 31.00 | 9.30 | 415.1 | 1.35 |0.26| 17.3 | 9.09 | 2.75 | 79.2
1-<5 59 72.40 | 11.55| 526.8 | 4.57 | 0.70| 29.3 | 10.12 | 1.90 | 58.9
5 <10 32 59.12 | 9.50 | 224.8 | 3.70 | 0.58] 12.8 | 7.18 | 2.21 | 34.1
10—<18 42 241.19| 3.17 |3341.6|13.00| 0.30 |326.0| 7.46 | 2.20 | 68.4

Discussion and conclusions

Setting DRL can be a complex and time-consuming process, as it requires
covering a wide range of diagnostic procedures across different hospital
departments. At the European level, there are relatively few publications on pediatric
DRLs, highlighting the pressing need for the establishment of national and local
DRLs. These benchmarks are essential for identifying inconsistencies in radiation
exposure between different equipment and ensuring that patient doses are kept as
low as reasonably achievable. The radiation exposure values obtained from CT
imaging in this study showed that optimization practices resulted in doses up to 25 %
lower than European DRLs. This underscores the importance of individualized
optimization for each piece of equipment and procedure type. For interventional
radiology, the results revealed greater variation between procedures due to
differences in case complexity and physicians experience, thus further complicating
the task of dose monitoring and optimization. Overall, our findings demonstrate the
critical role of continuous research in patient dose optimization. Establishing new
national DRLs for Lithuania and developing local DRLs within hospitals should be
an ongoing effort to ensure patient safety and maintain consistent radiation
protection practices.
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/10 MEPEBIPEHOI IPAKTHUKHU YITPABJIIHHA
J103AMM ONTPOMIHEHHSA MALIEHTIB Y NEAIATPUYHIN PAAIOJIOTTI

BcTyn. PenmeeHigcbke onpomiHeHHs nid yac diazHocmu4Hux ma iHmepeeHyitiHuxX
npoyedyp cmaHosumes 3HA4YHy 4YAcmuHy padiayiliHozo onpomiHeHHs1 6i0 wmy4Hux
dyicepen, npu yvomy nediampuyHi nayieHmu € 0co64u80 6pasausuMu 4epe3 iXHIO
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nideuwjeHy uymsugicme Ao iOHI3ylO4020 eunpomiHweaHHsa. lle docaidrceHHs 6Y10
cnpsiMoeaHe Ha OYiHIOBAHHA padiayiliHozo onpomiHeHHs1 dimeill, ki npoxodsamb
npoyedypu inmepegeHnyitinoi padioaoeii (IP) ma komn tomepHy momoezpadpiio (KT) y aikapHi
BinvHiocbkoz2o yHieepcumemy Caumapoc Kainikoc (J/IBYCK), saka € dpyzoio 3a 8e/1U4UHOI0
sikapHeto Jlumsu, a makodic ecmaHosumu micyesi diaznocmuyHi pehepenmHi pieni (/JPP)
0151 3a6e3ne4yeHHs onmumizayii do3u.

MeTo au. Bysao npoananizoeaHo daui nediampuynux IP ma KT npoyedyp, nposedeHux
3 2021 no 2023 poku, 3 micyesumu /JIPP, ecmaHoe/ieHUMu Ha 75-my npoyeHmuii
napamempie, nog8's1I3aHuUxX 3 003010, MAKUX sk d06ymokK n.iouja-do3a, 006ymok 0083 CuHa-
do3a, exioHa nosepxHeaa do3a i uac gh.1100pockonii.

PesyabTaTu. OmpumaHi pe3ysbmamu nokasyoms, wjo nediampuyti do3u KT y
JIBYCK cma6inbHo Hudcdi 3a egponelticoki JIPP, 3i 3HUMCeHHAM 30 25 %, 201086HUM YUHOM
yepe3 decamuaimms nocmitliHoi oyiHKu onpomiHeHHs1 nayieHmie ma onmumizayii
npomokoy. 3ycuaas 3 onmumizayii 6K/1104a1U KOpU2y8aHHs hapamempie HAKONUYeHHSL.
He3sadicaiouu Ha mpyoHOwji 6CMAHOB/1eHHA OKpemux wmicyesux /PP 0as KodcHOT
npoyedypu IP uepe3 o6mesiceHi po3mipu suGipku, 6y1u po3poéaeni /[PP Ha ocHosi iKYy, ujo
YCYHYJ10 8idcymHicmb pe2yAsipHUX 3anucie eazu nayieHma.

BucHoBKHU. lle docaidxnceHHs 8Ka3ye HA 8ajxcaugicmbd nOcmiliHuX 00caidxceHs 3
onmumizayii do3u ma nompeay 8 1okaavHux JJPP, 0co6.1u80 011 oums4oi inmepeeHyiiiHoT
padiosozii. Pesysbmamu demoHcmpyloms, uwjo iHdugidyasivHa onmumizayia mae
supiwa/ibHe 3HA4YEHHS 015 3a6e3neYeHHs1 HU3bKUX 03 ONpOMiHeHHs 6e3 WKodu 0415
AKocmi diazHOCMUKU, a 6cmMaHo8/eHHsA /A0KaabHux /PP € eaxcaueum Kpokom y
3a6e3ne4eHHi 6e3neKku nayieHmis.

Knw4yoBi canosa: DRL 0do3a onpomiHeHHS1 nayieHma, OYiHIO8AHHS 403U
nayienma, dumsya Komn'lomepHa momozpadpis, dumsaya iHmepeeHyiiiHa padiosozis,
dumsua padionozis.

Astopu b. Ipiiene, JI. Kpurke, M. Bapeixe, A. Vpeie ta K. CKOBOPOIKO 3asBISIOTH PO BiACYTHICTh KOHDIIKTY
iHTepeciB. CrioHcopu He Opaiy ydacTi B po3po0IIeHHI JOCIIPKEHHS; y 300pi, aHaIi31 4u IHTepIpeTaltii JaHuX; y HalMCaHH1
PYKOIIHMCY; B PillIeHH] IO MyOJIiKaLlil0 pe3yIbTaTiB.
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