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Risks of fetal irradiation
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Effect Gestation age 
[week]

Threshold dose 
[mGy]

Death 2-7 200-500

7-21 >500

21- >1000

Malformation 3-11 100

CNS damage 8-25 100



Risks of fetal irradiation
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Dose limits for the fetus are broadly 
comparable with those for the general
public. This is reasonable since while the 
mother may have chosen to be a radiation
worker, the unborn child has not made 
such a decision.

Regulatory fetal dose limits
Most of Europe: 1mGy during gestation 
period.
United States: 0.5mGy per month.

Regulatory radiation worker dose 
limits

Most of Europe: 20mSv per year
United States: 50mSv per year.



What fetus doses to expect for radiation workers at 
hospitals?
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DSA 2017



What fetus doses to expect for radiation workers at 
hospitals?
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Worst case fetus dose estimation:
Skin entrance dose at waist level

We can’t measure inside people

How to estimate fetus dose



What fetus doses to expect for radiation workers at 
hospitals?
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Can we do better and should we do better?
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We can’t measure inside people
There is a lack of methods to estimate 
fetus doses in a radiation environment

Concerns about radiation hazards during 
pregnancy is one of reasons for women 

avoiding a career in interventional 
cardiology [survey studies]
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We can’t measure inside people
There is a lack of methods to estimate 
fetus doses in a radiation environment

Concerns about radiation hazards during 
pregnancy is one of reasons for women 

avoiding a career in interventional 
cardiology [survey studies]

Phantoms for radiation transport 
simulations and dose calculations



A history of phantoms for radioprotection
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Adam and Eva
(1990)

ICRP/ICRU Reference voxel models
(2009)

ICRP Reference mesh models
(2020)



A history of phantoms for radioprotection
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Pregnant mathematical phantom
(1995)

Pregnant voxel phantom 
(2008)



A history of phantoms for radioprotection
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Task Group 103
Mesh-type Reference 
Computational Phantoms 
(MRCP)



Pregnant mesh phantoms
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Detailed model of anatomy 
and atomic composition

• 10-17 million tetrahedra
• 374 different organs 

Planned to be published 
April 2025



We have the tools
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Project on scattered radiation in 
interventional labs

Main goals
• Benchmark radioprotection setups in silico
• Enable safe reduction of personal radiation 

protection equipment
• Develop methodology for fetus dose 

estimation for radiation workers
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𝑚𝑚𝑚𝑚𝑚𝑚
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One year of exposures for one employee
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𝑚𝑚𝑚𝑚𝑚𝑚
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺2 10

𝑚𝑚𝑚𝑚𝑚𝑚
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺2 10

Fetus dose: 
0.11 mGy/Gycm2

Fetus dose: 
0.023 mGy/Gycm2



Summary
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• Pregnant workers can perform fluoroscopy 
procedures

• The radiation protection community will get 
new tools for fetus dose estimation     
(thanks to ICRP and TG103)

 

Make sure radiation 
workers are safe

Make sure radiation 
workers feel safe
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