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Number of procedures is growing fast

• According to the UNSCEAR 2008 Report, approximately 3.6 
million interventional radiology procedures were undertaken 
annually worldwide.

• According to the UNSCEAR 2020/2021 Report, the estimated 
total annual number of interventional radiology procedures is 
about 24 million.

• This is more than a sixfold increase!

Image guided interventional procedures
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The frequency of major radiation injuries is estimated to be between 
1:10,000 and 1:100,000 procedures 

How often do injuries happen?



• Facilities at which image guided interventional 
procedures are performed should have systems in place 
for identifying patients who may be at risk of late 
radiation injuries, typically based on estimates of peak 
skin dose, cumulative reference air kerma or air kerma–
area product, which take account of the fact that 
patients have different sensitivities to radiation.

• For these patients, information should be added to 
their medical records so that appropriate observation 
and follow-up is ensured. 

Safety Guide SSG-46



• International web-based voluntary and 
anonymized reporting system for 
FGI procedures

• Developed 2009-2011; Piloted 2011-2012

• Improvements 2012

• Additional modifications 2015-2017

• Promotion through IAEA meetings 
and TC events, and during relevant
meeting and congresses 

SAFRAD (SAFety in RADiological procedures) 



• The primary objective of SAFRAD event reporting system is 
educational in nature 

– Identify patients at risk for deterministic effects

– Encourage follow-up examinations for adverse side effects

– Educate physicians/other medical personnel

– Encourage physicians to educate patients at risk

– Minimize adverse side effects based on awareness

– Lessons can be learned and shared

• Confidentiality is maintained by the IAEA

SAFRAD (SAFety in RADiological procedures) 



https://www.iaea.org/resources/rpop/resource
s/databases-and-learning-systems/safrad

SAFRAD (SAFety in RADiological procedures) 



1 Fluoroscopy time > 60 minutes

2 KAP (DAP) values > 300 Gy.cm2 (cardiac and neuro)

> 500 Gy.cm2 (other procedures)

3 Ka,r (total air kerma at the interventional 

reference point)

> 5000 mGy (5 Gy)

4 Measured skin dose > 3 Gy

5 Number of series or cine runs > 20

6 Multiple procedures within 12 months

SAFRAD triggers for reporting (initial set)

https://rpop.iaea.org/safrad/



SAFRAD status (March 2023)
319 events reported to date from 25 hospitals

• 19 recognized tissue reactions 

• 2 severe erythema; 2 ulceration; 9 skin erythema (transient); 6 epilation 

• 11 PCI; 3 CTO, 3 neuroembolizations head; 1 Arteriovenous malformations 
(embolization); 1 ICD implantation

• In 6 patients 4 triggers exceeded, in 3 patients 3 triggers exceeded

CD: known in 11: in 10 with >5 Gy; in 1 < trigger

KAP: known in 15: in 12 with > 300 Gy.cm2 and 10 with >500 Gy.cm2; 
in 3 < trigger)

FT: known in all; 10 with > 60 min, 10 < trigger)



Future of SAFRAD

• Many more reports needed to define more realistic trigger dose 
indicators for different types of interventional procedures

• SAFRAD database needs upgrade to simplify reporting and 
provide analyses of reported events

• Update of trigger level values needed based on evidence

• The Meeting of consultants in May 2021 advised the IAEA to 
design an international study



International study of patient doses and tissue 
reactions from FGI procedures
Objectives:
• Improve the information about the frequency of occurrence of tissue reactions in patients from 

different type of FGI procedures (cardiac, neuro, and body) performed in different parts of the 
world.

• Study the relationship between the tissue reactions and the radiation exposure metrics, 
procedure factors and patient related factors.

• Use the results of the study to update trigger level values for patient follow up for skin reactions.

• Update recommendations for improving radiation protection of patients.

• Provide feedback for the needed development of SAFRAD.

Expert panel: 
D. Miller, S. Balter, K. Jones, R. Sánchez, M. Mahesh, A. Rogers; IAEA staff
Study coordinator: J. Vassileva



Current status (May 2023)

• Midterm report (6 months)

• Total 55,849 procedures, out of them: 
– 33,691 cardiac

– 8,828 non-cardiac vascular

– 6,658 non-vascular

– 3,716 neurovascular

– 632 FG-tumor therapy

• 7 facilities reported 12 cases of tissue reactions
(3% of all patients followed)

• Results under analysis

Total 

number of 

procedures

Patients 

followed-

up for 

tissue 

reactions

Tissue 

reaction

Cardiac 34,691 234 (0.7%) 1

Non-cardiac vascular 8,828 62 (0.7%) 0

Non-vascular 6,658 9 (0.1%) 0

Neurovascular 3,716 83 (2.2%) 10

FG-tumor therapy 632 18 (2.8%) 1

Total 54,525 406 (0.7%) 12



Public website http://rpop.iaea.org

Annually: 1 million pageviews

• Contains useful information and FAQs for 
health professionals, patients and public

• Links to resources: training material, 
posters, webinars, videos, etc.



Public website http://rpop.iaea.org

2 entries – 2 different audiences



Public website http://rpop.iaea.org

Patients and public



Public website http://rpop.iaea.org

Interventional procedures

https://www.iaea.org/resources/rpop/health-professionals/interventional-procedures



Posters on radiation protection topics
Available in 31 languages

https://www.iaea.org/resources/rpop/resources/posters-and-leaflets



Posters on radiation protection topics
Available in 30 languages

https://www.iaea.org/resources/rpop/resources/posters-and-leaflets



Posters on radiation protection topics
Available in 26 languages

https://www.iaea.org/resources/rpop/resources/posters-and-leaflets



Posters on radiation protection topics
Available in 30 languages

https://www.iaea.org/resources/rpop/resources/posters-and-leaflets



IAEA free training resources
https://www.iaea.org/resources/rpop/resources/training-material



Training courses and workshops under TC regional and national projects

• Regional training courses 

• National training courses 

• Main target audience: health professionals in hospitals

Providing training



RPOP webinars

• Online lectures on topics in radiation 
protection of patients and staff

• In English, Spanish, Portuguese, Russian 

• Held in cooperation with Image Gently, ESR 
(EuroSafe Imaging), LatinSafe, EFRS, IOMP, 
CIRSE 

• Free registration and attendance

• Recording available for viewing

https://www.iaea.org/resources/rpop/resources/webinars

76 25,000



RPOP webinars (2016-2019)
https://www.iaea.org/resources/rpop/resources/webinars



RPOP webinars (2020-)
https://www.iaea.org/resources/rpop/resources/webinars



E-learning with certification

Radiation Protection in interventional radiology (2019)

https://www.iaea.org/resources/rpop/resources/online-training

o Based on the 6 webinars

o Final quiz

o Certificate of completion 
if >80% correct answers

o Available from the 
e-learning platform of the IAEA



• 13 short practical tutorials, 4-8 minutes each with interactive videos
• To learn effect of various factors on patient and staff dose
• Available also for viewing without registration and for free download and 

use by trainers

E-learning with certification

https://www.iaea.org/resources/rpop/resources/online-training

https://www.iaea.org/resources/rpop/resources/online-training#5


https://www.iaea.org/resources/rpop
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