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Optimizing radiation exposure in interventional
cardiology: are current doses appropriate?
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Are the radiation doses we use in interventional procedures appro-
priate? Cardiologists should be able to answer this question, which
is particularly important in pediatric patients. However, the answer
matters not only to patients but also to the health professionals
involved in these procedures. The occupational radiation doses
received by health staff are associated with the doses received by
patients, and “optimization” (keeping radiation doses to the
minimum needed to achieve the clinical objective of the procedures
involved) should be managed comprehensively for patients and
professionals alike.'

The International Commission on Radiological Protection (ICRP)
recommends using "diagnostic reference levels” (DRLs) to help in
the optimization of imaging modalities with ionizing radiation
(including interventional procedures).?

DRLs are indicative of "good clinical practice”. It is recommended
that they be established for specific clinical indications and can be
estimated for the local, national, or regional level by using the third
quartile of the distribution of the median values of the dose indi-
cators for patients from various centers representative of these
clinical practices.?

The term "achievable dose value” has been proposed in the United
States for the 50th percentile instead of the third quartile. Although
the ICRP has stated that the median could be used as an additional
step in optimization, the recommendation of using the third quartile
recommendation to estimate DRLs still stands.?

For interventional procedures, the most widely used radiological
measure is the kerma-area product (KAP), which is numerically
equivalent to the dose-area product (DAP), and serves as one of the
main indicators of the radiation doses received by patients.
Secondary indicators that can also be used are the kerma at the
patient entrance reference point (15 cm below the isocenter), fluo-
roscopy time, and the number of cine images acquired. These latter
2 indicators are becoming less relevant because doses depend on
different image acquisition modes.
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The ICRP recommends taking into consideration the complexity of
interventional procedures, since it can increase DRLs significantly.
Because complexity can vary widely for a single procedure, carried
out for the same or similar clinical indications, it is important to
assess its impact on the doses delivered to patients.®*

The ICRP recommendations have been included in the European
regulations (Directive 59/2013 EURATOM)® and the corresponding
practical guidelines of the European Union.®” For pediatric proce-
dures, it is suggested that DRLs be estimated based on patient age
and weight categories.”

The radiation doses received by pediatric patients vary widely
depending on their size and weight. Although variations are inevi-
table, we should try to avoid those stemming from inappropriate
use of imaging modalities (different fluoroscopy or cine modes) or
protocols. DRLs help optimize radiation protection.

Different fluoroscopy and cine modes with varying dose rates (and
image quality) can be used, substantially impacting the radiation
doses received by patients. Factors that play a key role in delivered
radiation doses are collimation, C-arm x-ray machine angles, fluo-
roscopy sequence recording to save cine sequences, and rotational
acquisitions.

Ways to significantly reduce the radiation doses received by patients
and health professionals are knowing the quality control results of
x-ray machines (to understand dose differences between cine and
fluoroscopy acquisitions) and fostering collaboration between
hospital radiologists and cardiologists, along with continuous
medical education programs on radiation safety.

All these variables associated with different operating modes can
substantially change the doses delivered to patients and the quality
of diagnostic information. Therefore, cardiologists' knowledge and
experience of their imaging equipment are crucial. In general,
state-of-the-art machines reduce radiation doses while maintaining
similar or improved diagnostic information. Quantifying all these
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factors and deciding whether corrective actions are needed
involves comparing radiation doses for specific procedures with
the DRLs.

The Royal Decree that transposes part of the European Directive
to the Spanish legislation® demonstrates the implementation and
regular review of DRLs. If these DRLs are consistently and
significantly exceeded, or if image quality deteriorates repeat-
edly, the corresponding local reviews should be undertaken and
appropriate corrective measures should be implemented without
delay.

Some automated dose management systems allow real-time recep-
tion and processing of the radiation doses received by patients and
operators. These systems can create alerts for safer interventional
practices.” !

Several studies have been published on DRLs in interventional
cardiology for adult patients (DOCCACI program) in Spain''? with
collaboration from the Spanish Society of Cardiology.

No nationwide results have been published on the doses received
by pediatric patients in interventional cardiology until now.
However, Rueda Nuifiez et al.'® recently presented the results of
the Radcong-21 Registry conducted by the Cardiac Catheterization
Working Group of the Spanish Society of Pediatric Cardiology and
Congenital Heart Disease (GTH-SECPCC) on the overall values
from a sample of 1090 procedures across 10 different hospitals. This
registry represents a significant initiative that could encourage other
centers to compare their values with dose indicators obtained from
a representative sample of multiple Spanish hospitals in patients
with congenital heart disease treated with cardiac catheterization
and categorized by type of procedure and estimated radiation risk
(ERR).

The study authors used medians, although DRL values refer to the
third quartile of the distribution of the median values in the
different centers involved. Specific DAP/kg values are provided for
certain specific procedures to treat prevalent conditions such as
aortic coarctations, atrial septal defects, ductus arteriosus occlu-
sions, aortic and pulmonary valvuloplasties and pulmonary valve
implantations following the methodology proposed by Quinn et al.'*
in the United States.

DAP/kg/fluoroscopy is a parameter that can be confusing when
comparing radiation doses. This is because the total DAP includes
contributions from fluoroscopic imaging—corresponding to different
fluoroscopy modes with very different dose values—and cine
acquisitions.

To facilitate comparisons and potential optimization efforts, the
authors could provide dose indicator values (DAP/kg) tailored to a
wider range of procedure types in future updates of the results.
They could also use the third quartiles of the distribution of the
median values for each center for the weight categories recom-
mended by the ICRP and European guidelines.>®”

We could speculate whether it would be better to perform a global
analysis across groups of different procedures or an analysis specif-
ically designed for procedures with specific clinical indications.
Quinn et al.'* choose the former, while managing the DAP/kg
values as the primary dose parameter. However, a global approach
does not allow analysis of specific procedures requiring corrective
measures when the doses delivered to some patients may be very
high. These doses exceeding the “good clinical practice” threshold
can be used in certain procedures, but not in others, within the 3
REC (Radiation Exposure Category) groups proposed by Quinn et
al.'* in their methodology. The advantage of using DRLs per weight
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group is that these DLRs are estimated for specific clinical indica-
tions, thus enabling easy comparisons with the dose indicators used
in different hospitals for these procedures.

The global KAP/kg values for groups of different procedures may
be balanced if there are procedures using higher radiation doses
than necessary (due to excessive cine acquisitions, high-dose fluo-
roscopy modes, lack of collimation, etc) and other procedures
requiring standard doses. This could indicate overall improvement
(fewer doses in procedural groups), but does not necessarily indi-
cate improvement in all types of procedures.

The effort made by the GTH-SECPCC to obtain and process PDA/
kg values represents a significant advancement that could be
further expanded in the future. This could involve establishing
initial DRLs (KAP values) in Spain, based on weight and age groups,
following the recommendations of the European guidelines and
ICRP.

FUNDING

None.

CONFLICTS OF INTEREST

None reported.

REFERENCES

1. ICRP. Occupational radiological protection in interventional procedures.
ICRP Publication 139. Ann. ICRP 2018 47. Available at: https://www.icrp.
org/publication.asp?id=ICRP%20Publication%20139. Accessed 17 Jun 2023.

2. ICRP. Diagnostic reference levels in medical imaging. ICRP Publication
135. Ann. ICRP 2017. Available at: https://www.icrp.org/publication.asp?id=
ICRP%20Publication%20135. Accessed 17 Jun 2023.

3. Bernardi G, Padovani R, Morocutti G, et al. Clinical and technical deter-
minants of the complexity of percutaneous transluminal coronary angio-
plasty procedures: analysis in relation to radiation exposure parameters.
Catheter Cardiovasc Interv. 2000;51:1-9; discussion 10.

4. Balter S, Miller DL, Vano E, et al. A pilot study exploring the possibility
of establishing guidance levels in x-ray directed interventional procedures.
Med Phys. 2008;35:673-680.

5. EUR-LEX. Council directive 2013/59/Euratom of 5 December 2013 laying
down basic safety standards for protection against the dangers arising from
exposure to ionising radiation and repealing Directives 89/618/Euratom,
90/641/Euratom, 96/29/Euratom, 97/43/Euratom and 2003/122/Euratom.
Official Journal of the European Union. Available at: https://eur-lex.europa.
eu/eli/dir/2013/59/0j. Accessed 3 Jul 2023.

6. Radiation Protection No 185 - European Guidelines on Diagnostic Reference
Levels for Paediatric Imaging. Directorate-General for Energy Directorate D.
Radiation Protection and Nuclear Safety. 2018. Available at: https://energy.
ec.europa.eu/system/files/2018-09/rp_185_0.pdf. Accessed 17 Jun 2023.

7. Radiation Protection 195. European study on clinical diagnostic reference
levels for X-ray medical imaging EUCLID. Luxembourg: Publications
Office of the European Union, 2021. Available at: European study on
clinical diagnostic reference levels for X-ray medical imaging - Publications
Office of the EU (europa.eu). Accessed 3 Jul 2023.

8. Real Decreto 601/2019, de 18 de octubre, sobre justificacion y optimizacién
del uso de las radiaciones ionizantes para la proteccién radiolégica de las
personas con ocasién de exposiciones médicas. Boletin Oficial del Estado
nam. 262, de 31 de octubre de 2019. Available at: https://www.boe.es/eli/
es/rd/2019/10/18/601. Accessed 19 Jun 2023.

9. Vano E, Sanchez RM, Fernandez JM. Strategies to optimise occupational
radiation protection in interventional cardiology using simultaneous regis-
tration of patient and staff doses. J Radiol Prot. 2018;38:1077-1088.

10. Vano E, Fernandez-Soto JM, Ten ]I, Sanchez Casanueva RM. Occupational
and patient doses for interventional radiology integrated into a dose
management system. Br J Radiol. 2023;96:20220607.

11. Sanchez RM, Vano E, Fernidndez JM, Escaned ], Goicolea ], Pifarré X;


https://www.icrp.org/publication.asp?id=ICRP%20Publication%20139
https://www.icrp.org/publication.asp?id=ICRP%20Publication%20139
https://www.icrp.org/publication.asp?id=ICRP%20Publication%20135
https://www.icrp.org/publication.asp?id=ICRP%20Publication%20135
https://eur-lex.europa.eu/eli/dir/2013/59/oj
https://eur-lex.europa.eu/eli/dir/2013/59/oj
https://energy.ec.europa.eu/system/files/2018-09/rp_185_0.pdf
https://energy.ec.europa.eu/system/files/2018-09/rp_185_0.pdf
https://op.europa.eu/en/publication-detail/-/publication/a78331f7-7199-11eb-9ac9-01aa75ed71a1/language-en?WT.mc_id=Searchresult&WT.ria_c=37085&WT.ria_f=3608&WT.ria_ev=search
https://op.europa.eu/en/publication-detail/-/publication/a78331f7-7199-11eb-9ac9-01aa75ed71a1/language-en?WT.mc_id=Searchresult&WT.ria_c=37085&WT.ria_f=3608&WT.ria_ev=search
https://op.europa.eu/en/publication-detail/-/publication/a78331f7-7199-11eb-9ac9-01aa75ed71a1/language-en?WT.mc_id=Searchresult&WT.ria_c=37085&WT.ria_f=3608&WT.ria_ev=search
https://www.boe.es/eli/es/rd/2019/10/18/601
https://www.boe.es/eli/es/rd/2019/10/18/601

E. Vaiié Carruana et al. REC Interv Cardiol. 2023,5(4):247-249

12.

13.

DOCCACI Group. Initial results from a national follow-up program to
monitor radiation doses for patients in interventional cardiology. Rev Esp
Cardiol. 2014;67:63-65.

Sanchez R, Vafié E, Fernandez Soto JM, et al. Updating national diagnostic
reference levels for interventional cardiology and methodological aspects.
Phys Med. 2020;70:169-175.

Rueda Nufez F, Abelleira Pardeiro C, Insa Albert B, et al. Dosimetric

14.

249

parameters in congenital cardiac catheterizations in Spain: the GTH-SECPCC
Radcong-21 multicenter registry. REC Interv Cardiol. 2023. https://doi.org/
10.24875/RECICE.M23000372.

Quinn BP, Cevallos P, Armstrong A, et al. Longitudinal Improvements in
Radiation Exposure in Cardiac Catheterization for Congenital Heart
Disease: A Prospective Multicenter C3PO-QI Study. Circ Cardiovasc Interv.
2020;13:e008172.


https://doi.org/10.24875/RECICE.M23000372
https://doi.org/10.24875/RECICE.M23000372

