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Highlights
• X‑rays are widely used at medical diagnostics and therapy, however this radiation might be harmful.
• Growing number of interventional procedures conducted, where X‑rays are in use, should be monitored in terms of exposure and risks, 

also in pediatric interventional cardiology.
• Consciousness and prevention is suggested, as well as multidisciplinary cooperation.

Abstract
Ionizing radiation is considered as a harmful factor to health. However, X‑rays are widely used in diagnostic and therapeutic procedures such as those 
performed during cardiac interventions. Their use is particularly invaluable in saving life procedures when the risk of adverse effects of radiation is 
relatively low compared to the consequences of non‑treated or treated with other invasive methods diseases. One branch of these types of medical 
procedures is interventional cardiology in pediatrics due to possible higher than in adults risks of developing cancer in exposed to ionizing radiation 
children. On the other hand, medical staff in particular physician, may be exposed to relatively high radiation levels during their work. Parallel with 
enlarging workload (growing number of procedures per year), high levels of cumulative doses to most exposed, and often not protected, parts of op‑
erator’s body as eye lenses and brain may be achieved. Exposure to X‑rays in pediatric interventional cardiology is a worldwide point of scientific in‑
terest from around 65 years, however assessment and simulating low level doses is still developing. In this review found data presents various trials 
of evaluating doses or levels of exposure to both medical staff and patient as well as methods of optimization and protection against X‑rays in pedi‑
atric cardiac interventional procedures. The issue of establishing diagnostic reference levels was also taken into consideration during analysis. Thir‑
ty papers from period 2013 to 2023 were analyzed. The main assumption of this condensed review is to reveal radiation protection methods world‑
wide and in Poland. Int J Occup Med Environ Health. 2024;37(6):569–80
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INTRODUCTION
It is proven that ionizing radiation might be a harmful 
factor to health of human beings. We can list many types 
of radiation like corpuscular as α (particle of helium)  

or β (emitting electrons [–]/positrons [+]) or propagate as 
waves: γ (emitted mainly by isotopes) or X‑rays (general‑
ly produced by stopping accelerated electrons in vacuum 
tube). The last one from above‑mentioned types of ioniz‑
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Moreover, mortality caused by CHD is declining with 
growing socio‑demographic index [8]. Diagnostics and 
therapeutic interventions may be conducted parallel to 
surgical treatment. Hence, it is understood that young pa‑
tients from newborn to maturity might undergo several 
treatments and therefore be exposed to high levels of ra‑
diation during this period. Being aware of high radiosen‑
sitivity due to cellular activity (Bergonie and Tribondeau 
law) connected to growing human body, long life expec‑
tation and closer distance to primary beam of all organs 
during interventional diagnostics or treatment, an assess‑
ment of radiation exposure and its optimisation have to be 
a priority. Radiation protection of patient should be scru‑
tinized by specialists and scientists, especially physicians, 
medical physicists and manufacturers or providers of the 
imaging equipment. According to UNSCEAR report [1], 
knowledge about cancer risk of pediatric patient’s group 
is not wide, however it might be a 2 or 3 times higher than 
for whole group of all ages. Moreover, exposure during car‑
diovascular procedure is not the only one type of irradi‑
ation during a single treatment of CHD. It might be also 
accompanied with planar radiography, CT or imaging us‑
ing nuclear medicine.
The aim of this article is to show the condensed review of 
patients and physicians exposure during cardiac pediat‑
ric interventions and its optimisation. The review is main‑
ly based on papers and reports from the United States of 
America (USA), Canada and the EU including Poland.

METHODS
Mainly, articles have been searched using 2 types of sci‑
entific databases: Science Direct and Springer. There were 
parallel used keywords:“interventional cardiology,” “dose” 
and “pediatric.” Obviously, from the group of found man‑
uscripts, only those related to pediatric cardiovascular in‑
terventions were selected. Lots of articles were wrongly 
suggested/matched by browser (e.g., articles were about 
usage of magnetic resonance imaging [MRI], or dosing  

ing radiation is constantly popular and its use is still being 
developed at various medicine fields such as interventional 
cardiology. Intravascular methods of diagnostics and ther‑
apy of cardiac and vascular malformations are also getting 
more popular (sometimes being a gold standard for med‑
ical procedure). These both elements – X‑rays and inter‑
ventional cardiology are oftentimes inseparable. Ionizing 
radiation is a phenomena, enabling operator to see the 
pathway and movement of, e.g., stent from the place of in‑
sertion to the target point of patient’s body. The apparatus 
which allows the medical staff to control the implementa‑
tion and fulfilling the medical procedure is an intraopera‑
tive roentgen diagnostic device, so‑called “C‑arm.”  Usage 
of this type of device is connected with radiation expo‑
sure – both for patient and medical staff (for patient, cor‑
onarography is comparable with, e.g., 1 chest [thorax]com‑
puted tomography [CT] which delivers to the whole body 
the effective dose [E] of around 6.5 mSv [1]). Operator, 
physician who conducts the procedure, may be exposed to 
large amounts of radiation from primary beam and scat‑
tered radiation despite using shields as lead or lead‑free 
apron, leaded glasses and, e.g., ceiling suspended shield. 
Relatively high level of cumulative doses received by phy‑
sicians is also caused by the workload – number of med‑
ical cases is still enlarging, as in Poland in 2009–2018 pe‑
diatric interventional catheterization cases has grown 
from 1221 to 2271 [2].
The issue of pediatric exposure to X‑rays from fluorosco‑
py‑guided procedures is considered from more than half 
of the century [3]. Pediatric interventional cardiology is 
a branch of medicine, specialized to diagnose and treating 
of congenital heart defects (CHD) in young patient heart 
and near arteries. It is known that  slightly >1% of live 
births may characterize cardiac malformations [4]. In the 
European Union (EU), 3 879 509 live births were recorded 
in 2022, of which Poland’s contribution was 305 132 new‑
borns [5,6]. Statistically it gives circa 3051 cases/year in 
Poland [7].
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lungs and oesophagus were indicated as the most promi‑
nent. In terms of procedure type – angioplasty was assessed 
as with the highest doses 0.6–48.4 mSv (M = 13 mSv). The 
authors suggest to establish diagnostic reference level for 
pediatrics in terms of increasing use of using intervention‑
al procedures in above‑mentioned  cases. Second paper [11] 
treats the risk of cancer induction in children who have un‑
dergone pediatric interventional procedures. The authors 
take on an assessment of 1251 pediatric procedures con‑
ducted in 2 reference centres in France (2009–2013). Data 
of 1251 procedure on children ≥15 year old was grouped 
by type of procedure (atrial septal defect [ASD] closure, 
patent ductus arteriosus [PDA] occlusion, pulmonary val‑
vuloplasty [PV]) and gender specific lifetime attributable 
risks (LAR) were projected. For around 10% of all types of 
procedures with higher exposure, LAR reached 4.2/1000. 
The authors conclude that in some cases doses may be 
prominent and there is an increase of cancer risk, so dose 
reports are suggested to be done.
In addition, Johnson et al. [12] analyzed group of chil‑
dren (N = 337) with age ≥6 years who undergone in the past 
1 from 7 typical interventions, e.g., connected with ASD.  
Moreover, other types of imaging were analyzed (conven‑
tional radiography and CT). Data was collected in 1 medi‑
cal institution during period of 2005–2010. Research shows 
that median cumulative E was at level of 2.7 mSv and me‑
dian LAR of cancer dependson complexity of medical pro‑
cedure and ranges 0.006–1.6%. As the conclusion, the au‑
thors say that radiation exposure to patient from all modal‑
ities is relatively low, however, selected group was exposed 
to significant amounts of radiation. What is more, can‑
cer risk estimation shows the necessity of limiting  doses, 
mainly in case of modalities with high exposure.
Another retrospective research was conducted in the Phil‑
adelphia, USA, where Glatz et al. [13] reviewed all pediat‑
ric cases performed in 2009–2011, using one C‑arm unit 
(with exclusion of electrophysiology cases). In this study, 
Monte Carlo methods were used to calculate E in mSv 

medicines in pediatric cardiology). What is more, Google 
Scholar has been used. Summing up, after rejection of 
 articles older than 10 years (not being published during 
period of years 2013–2023) 30 papers about pediatric 
 interventions were used (with 15 additional publications, 
reports and links, essential to prepare consistent contents).

RESULTS
Exposure of young patients 
during interventional cardiology procedures
A number of researches and reviews from the period 
2013–2023 concerning the radiation exposure of children 
during interventional cardiology have been found. Bays‑
son et al. [9] prepared French cohort of children (perma‑
nent citizens of France) who undergone cardiac catheter‑
ization since 2000 and also were <10 years old. Retrospec‑
tive analysis from electronic patient datasets (having pa‑
rameters of body and technical environment) was used to 
estimate radiation exposure. This database, which was ex‑
pected at the time of publishing to collect 8000 patients, 
might be useful for further analysis of cancer risks in pe‑
diatric interventional cardiology exposure. Moreover, a few 
authors of the previous article were involved in 2 other re‑
searches [10,11] on establishing local diagnostic reference 
levels (DRLs) and assessing organ doses in pediatric inter‑
ventional procedures. Using dosimetric parameters such as 
dose area product (DAP), time of fluoroscopy and num‑
ber of cine frames, and taking into consideration patients’ 
body weight, as well as physical measurements with ther‑
moluminescent dosimeters and anthropomorphic phan‑
toms in conjunction with virtual environment for Monte 
Carlo methods simulations, Barnaoui et al. [10] analyzed 
exposure and assessed doses for lungs, esophagus, breast, 
thyroid and E to patient. They grouped gathered data from 
one of French reference centre (2010–2011) into diagnos‑
tic and therapeutic procedures. For first type, the evalu‑
ated E was 0.3–23 mSv (M = 4.8 mSv) while for second – 
0.1–48.4 mSv (M = 7.3 mSv). Organ doses to newborns’ 
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ing into account doses from not only fluoroscopic guid‑
ed interventions. The yield of CT scans and other modali‑
ties to calculate final doses during treatment of CHD were 
also included. The study comprised 70 patients subjected 
to Fontan surgery, whose mean age was 3.6 years. It was 
found that the mean number of chest X‑rays was 32 (cu‑
mulative exposure M = 1320 μGy × m2/patient) and the 
mean number of cardiac catheterization was 2.45 (fluo‑
roscopy exposure M = 1103 μGy × m2/case, cineangiogra‑
phy exposure M = 1412 μGy × m2/patient). To sum up, ac‑
cording to the authors, it gives a cumulative exposure of 
M = 9054 μGy × m2/patient from whole intervention, con‑
sidering fluoroscopy and cineangiography. Furthermore, 
M = 0.44 CT scans/patient were made, with an ex posure 
of M = 154 μGy × m2/person. Mean cumulative expo‑
sure from planar radiography during pediatric cardiac ex‑
aminations was about 1320 μGy × m2/patient. Above‑men‑
tioned data shows that young patients might have a high 
cumulative dose during treatment of CHD. Walsh et al. sug‑
gested to consider usage of other non‑ionizing modalities 
as MRI if it is possible.
The year 2014 seems to be of high interest concerning the 
assessment of cumulative dose in pediatric cardiac in‑
terventions. In this year, Brambilla et al. [17] published 
a document – a systematic review about exposure to ioniz‑
ing radiation in non‑oncologic chronic illnesses, including 
interventional cardiology. From variety of published infor‑
mation, it is seen that the cumulative E to CHD patients 
is 3.5–4.5 mSv for diagnostics, however, for therapeutics 
it might be about 6 mSv. Furthermore, Gould et al. [18] 
presented a systematic review of radiation  doses exact 
in pediatric cardiac catheterisation. Data presented here 
considered: DAP, E, peak skin dose and organ  doses; the 
mean and median values were reported. Mean values of 
DAP for diagnostics was 294–2088 cGy × cm2 and for in‑
terventional procedures 243–10 900 cGy × cm2. Median 
DAP varies in ranges 186–71 240 cGy × cm2 for diagnos‑
tics and 70–26 930 cGy × cm2 for interventions. Values 

from DAP in μGy × m2. For 2265 cases median DAP was 
760 μGy × m2 and assessed median E was 6.2 mSv. The au‑
thors concluded that radiation monitoring is of great im‑
portance at pediatric interventions and results in further 
strategies of dose reduction.
Ghelani et al. [14] published in 2014 a paper treating of 
benchmarking radiation dose levels, with correlation to 
age of patient suffering on CHD and types of conduct‑
ed procedures. Data collected from 7 laboratories include 
total air kerma, DAP, and total fluoroscopy time. It was 
divided into 6 groups of medical procedures: PDA, ASD 
closure, PV, aortic valvuloplasty (AV), treatment of co‑
arctation of aorta (CoA) and transcatheter pulmonary 
valve (TPV) replacement. Finally, 2713 cases were col‑
lected from years 2009–2013. The benchmark was pre‑
pared as a collection of median and 75th and 95th per‑
centiles. Apart from dose assessment (which was extend‑
ed and worth to study in original paper), as the addition‑
al outcome, it was concluded that standing alone, the flu‑
oroscopic time is inappropriate to monitor radiation ex‑
posure. Moreover, it is suggested that the collected data 
might be a baseline to Congenital Cardiac Catheteriza‑
tion Project on Outcomes (C3PO), conducted in USA [14]. 
In terms of C3PO Quality Improvement initiative, Quinn 
et al. [15] proposed diversification of patients with CHD 
into categories with similar radiation exposure. Collected 
data from period between whole 2014 and 2015 was used 
(9 centres from C3PO). Total number of 11 735 cases was 
categorized into low, medium and high exposure. Ratio 
between DAP and patient mass was assessed. Value <100 
is treated as low exposure, 100 to <200 as medium, and 
≥200 as a high exposure. Number of cases for each group 
and median DAP/kg stands as follows: 7918 and 39, 1807 
and 131, 11 and 231, respectively. The authors found this 
as a huge step towards radiation exposure optimization 
for CHD cases.
In Canada, likewise to Johnson et al. [12], Walsh et al. [16] 
had a trial to assess cumulative radiation exposure, tak‑
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Exposure of physician to X-rays  
during interventional cardiology procedures
Regarding physicians’ exposure working in  interventional 
cardiology departments, in recent decade, the  interest 
of researchers was focused on eye lenses exposure due 
to the >7‑fold reduction of the annual limit to this or‑
gan (from 150 mSv to 20 mSv). In EU this new dose 
limit to the eyes was laid down in European directive 
2013/59/Euratom [21]. In Poland, based on this new direc‑
tive, there was an adjustment of the Polish Atomic Law in 
year 2019 [22]. With this respect, however, the most stud‑
ies did not include pediatric interventional cardiology. The 
most important European projects concerning the assess‑
ment of eye lens doses to physicians performing IC proce‑
dures with adult patients were “Optimization of radiation 
protection of medical staff ” (ORAMED), “The European 
epidemiological study on radiation‑induced lens opaci‑
ties among interventional cardiologists” (EURALOC) and 
“Implications of Medical Low Dose Radiation Exposure” 
(MEDIRAD) (all these projects were conducted also in Po‑
land at Radiation Protection Department of Nofer Institute 
of Occupational Medicine in Łódź, Poland). The former 
one was launched to assess the levels of, previously not 
measured on the routine basis,  doses to eye lenses (doses 
per procedure, annual doses) while EURALOC project to 
study the cumulative eye lens doses [23–25] and the prev‑
alence of opacities among interventional cardiologists; the 
end point of the project was to analyze the dose–response 
relationship. In turn, in the last project, new protective 
tools (such as lead and non lead caps, masks, aprons and 
blankets as well as the zero gravity system) were tested for 
their effectiveness in reducing the doses, in particularly, to 
eye lens and brain [26–28].
One of these limited number of studies focused on eye 
lens exposure of physicians performing pediatric inter‑
ventional cardiology procedures was conducted in Spain 
by Alejo et al. [29] who estimated maximum superficial 
eye lens doses in terms of Hp(0.07). Optically stimulated 

of min.‑max for mean E observations ranges 0.2–23.2 mSv 
and 0.3–48.4 mSv for diagnostics and therapeutics, respec‑
tively. For median observations, min.‑max is denoted as 
between 0.16–27.8 mSv and 0.38–25.7 mSv for diagnos‑
tics and therapeutics, respectively. Mean peak skin dose 
varies 16–190 mGy taking into consideration diagnos‑
tics and therapeutics as one. For median, the same range 
is 23.9–140 mGy. Some of organ doses are presented in 
this review. Highest mean absorbed dose is seen to lungs 
(33.45 mGy), highest value from equivalent dose ranges 
is also for lungs (93.7 mSv). The most prominent mean 
equivalent dose is seen to thymus (122.5 mSv) [18].
Nicholson et al. [19] concluded in his paper that increased 
awareness of physicians to radiation exposure, results of 
the dose reduction to patient. In this research, collected 
data was divided into 3 eras: January 2009 – January 2011, 
January 2011 – September 2013 and September 2013 – 
May 2014. Across these eras the authors can see a decrease 
of cumulative air kerma measured in mGy as the years go 
by. The authors cannot explain the decrease between first 
and second eras, however they suggest that between second 
and third, there were implemented various strategies for 
dose reduction. The most important is decrease of frame 
rate during digital angiography.
From technical side related to the equipment being used, the 
American Association of Physicists in Medicine (AAPM)  
published in 2022 a report concerning the impact of pa‑
tient size (from infant to adult size) simulated by poly‑
methyl methacrylate (PMMA) phantoms on air kerma 
rate values in pediatric fluoroscopy [20]. The paper in‑
dicates that some of X‑ray apparatuses may not be ad‑
justed to pediatric standards. Configuration and design 
of the machine protocols should be suited for children 
procedures. As result, it should provide especially less‑
en the air kerma rates, which consequence is declining 
of exposure to X‑rays. Survey shows that 80% of pedi‑
atric patients are treated using protocols suited to adult 
patients.
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of PMMA plates of different thickness (4–16 cm), simu‑
lating pediatric patient with age of 1–15 years and using 
also the protocols from 6 different hospitals in Chile – 
ESAK, KAP and eye doses from scattered radiation were 
calculated. Scattered dose to physician eye had been es‑
timated in range of 0.2–116 μSv, differentiate to type of 
procedure and hospital. Scatter doses Hp(0.07) were es‑
timated for ten procedures and 6 X‑rays systems. With 
4 thicknesses of PMMA phantom (4 cm, 8 cm, 12 cm, 
16 cm), the highest doses were obviously seen with the 
thickest phantom and varies from 17–116 μSv for differ‑
ent systems [31].

Methods of optimization the exposure 
during pediatric interventional cardiology
The main principle of optimization process in radiation 
protection is the ALARA (as low as reasonably achiev‑
able) which means that the ionizing radiation must pro‑
vide more benefits than risks and harm for exposed peo‑
ple. The importance of optimization in X‑ray usage at in‑
terventional cardiology is visible worldwide. In Canada, 
for example, Canadian Cardiovascular Society published 
in 2013 document [32] treating of recommendations 
about quality assuring in X‑ray exposure. Paper was writ‑
ten about numerous types of cardiac interventions con‑
ducted in Canada, also about pediatric ones. Apart from 
aspects of pediatric exposure, previ ously mentioned in 
Introduction part, there is also added information about 
high heart rate, which implicates faster frame rates. Chil‑
dren with CHD undergo a lot of long‑lasting and compli‑
cated procedures or 3D modelling of heart, what also re‑
sults of higher exposure. The document describes also 
2 campaigns: “Image Gently” and “Step  Lightly” concern‑
ing methods of communication between medical staff 
and parents, in terms of risks during radiation‑related 
procedures.
In case of 3D visualisation, Stelt et al. [33] presented con‑
densed review of cases of pediatric patients who under‑

dosimeters (OSL) have been used and mounted on eyes 
position at anthropomorphic Alderson‑Rando phantom’s 
head. The authors used distance of 60 cm between left 
eye and scattering PMMA phantom, being placed in pri‑
mary beam of C‑arm with AP projection. Parallel, there 
were assessed maximum annual dose to eye lens from data 
 collected in pediatric interventions. From 325 studies col‑
lected in 2011–2012 there were obtained the third quar‑
tile of number of images and time of fluoroscopy. It was 
considered as the maximum workload and used to assess 
upper boundary of superficial eye lens dose. The maximal 
estimated superficial doses to eye in 2011 and 2012 were 
(with accordance to increasing workload): to the left eye – 
9.8 mSv and 12.0 mSv and to the right eye – 8.7 mSv and 
10.5 mSv, respectively. As a conclusion, there was no pos‑
sibility to exceed newly established annual eye dose (or 
even the dose value classifying the worker into exposure 
category A) during Spanish pediatric cardiac procedures.
In another article by Alejo et al. [30] describing the expo‑
sure of physician eyes during pediatric interventions the 
assessment was based on OSL dosimeters placed on lead‑
ed goggles. Also kerma area product (KAP) was gathered 
in this study. Doses were collected from 2 pediatric cardi‑
ologists, after 222 interventions conducted in 1 year. The 
eye lens doses were further correlated with whole body 
doses from the dosimeter worn over the apron. As re‑
sults annual eye doses of 2 physicians were 4.13 mSv 
and 4.98 mSv. Doses over the apron were 10.83 mSv and 
11.97 mSv, respectively. Correlation between superficial 
eye dose and “on apron” dose was R2 = 0.89 with ratio 
of 0.38. Normalized to KAP eye lens dose was estimat‑
ed as 2.21 μSv/Gy × cm2. In conclusion, the authors state 
that personal dose equivalent is useful to estimate eye 
lens dose in case when no radiation protection device 
is used.
Ubeda et al. [31] evaluated entrance surface air kerma 
(ESAK), KAP and doses from scattered radiation during 
procedures in above‑mentioned interventions. With usage 
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pediatrics is being considered more solemn. In contrary 
to the occupational exposure, there are no limits to pa‑
tient exposure. However, the optimization of patients’ dos‑
es is still needed and it is performed using DRLs for kerma 
in air or KAP. During selection of articles treating about 
DRLs, in period of years 2013–2023, 6 positions and 1 re‑
port have been found. One scientific research was con‑
ducted multinationaly in United Kingdom, Australia and 
Ireland [37]. In the EU, studies and trials of setting local 
DRLs were done in France [38], Greece [39], Belgium [40], 
Italy [41], and outside the Europe – in Chile [42]. These 
6 papers present methods for evaluating and calculat‑
ing DRL. The details are shown in Table 1.
As it is seen, at the short period of time, different ap‑
proaches for assessing DRLs were proposed. Problem of 
DRLs in pediatric interventional cardiology is still under 
investigation.
Moreover, the EU Report No. 185: “European Guidelines 
on Diagnostic Reference Levels for Pediatric Imaging” was 
published in 2018 [43]. In this online accessible manu‑
script, interested persons can learn about the suggested 
guidelines and read more extensive review of approaches 
in pediatric DRLs topic. There is, e.g., a 3‑way approach of 
establishing DRLs (local, national and European) and the 
suggested relations between them [43].
In Poland, as a consequence of the implementation of the 
European directive 2013/59/Euratom to Polish Atomic 
Law, there is an obligation to use DRLs [44]. However, 
 until the time of writing this review, DRLs for pediatric 
interventional cardiology are not assessed and published 
by local legislation [45].

CONCLUSIONS
Interventional cardiology in pediatrics has a quite long 
history, however radiation protection and its optimiza‑
tion consciousness is still developing. In terms of epide‑
miologic studies cohorts are built for further analysis. 
In many papers, also some of analysis were recently done. 

went the cardiac interventions using 3 dimensional rota‑
tion angiography. Thirty‑one cases have been shown in‑
cluding 4 from Poland: 3 conducted by Goreczny et al. 
(in 2016 and 2017, interventional, PDA closure, hypoplas‑
tic left heart syndrome (HLHS) ductal stenosis, percuta‑
neous pulmonary valve implantation (PPVI), patient’s age 
12 months, 20 days and 14 years, respectively) and 1 by 
Moszura et al. (in 2013, interventional, middle aortic syn‑
drome, 3.5 years old patient). From 3 first cases, it is seen 
that DAP is strongly varying with highest total DAP 3D for 
youngest patient at level of 519.5 μGy × m2. In fourth case, 
DAP and other radiation values are not presented. The 
authors concluded that there are missing homogenous, 
 in‑depth researches performed in standardized manner 
to assess exposure. What is more, they mentioned that re‑
searches of 3D rotational angiography (3DRA) benefits 
should be also conducted. Minderhoud et al. [34] inves‑
tigated a median E during 3DRA. Previously, they found 
median value 1.6 mSv. With using reduction pediatric pro‑
tocol, the authors noticed 66% reduction of exposure us‑
ing 3DRA and 79% in whole catheterization. Also, Stenger 
et al. [35] compared 3DRA to standard biplane imaging, 
in terms of assessment aortic diameter. In their paper [36] 
the authors compared DAP and air kerma, gathered from 
pediatric cathetereziation of 2 groups patient with weights 
<20 kg. Those children undergone PDA procedure with 
usage of standard imaging system and next‑generation  
pediatric imaging system (based on air‑gap technique). 
After data analysis, the authors observed 65–70% reduc‑
tion of air kerma and DAP in second group, comparing 
both (with similar fluoroscopic time). Values of above 
mentioned data were 76 mGy to 28 mGy and 500 μGy × m2 
to 199 μGy × m2, respectively.

Establishing DRLs
As it was mentioned previously, pediatric exposure to 
X‑rays during cardiac interventions should be of high con‑
cern. Nowadays, establishing local and national DRLs in 
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