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ICRP Publication 84

Risks of fetal irradiation

Table 4. Probability of bearing healthy children as a function of radiation dose

Absorbed dose to conceptus, Probability that child will Probability that child will not
mGy, above natural background have no malformation, % develop cancer (age 0-19), %"
Effect Gestation age Threshold dose 0 97 99.7
[week] [mGy] 0.5 97 99.7
1.0 97 99.7
Death 2-7 200-500 2.5 97 99.7
5 97 99.7
7-21 >500 10 97 99.6
50 97 99.4
21- >1
— 100 (close to 97) 99.1

Malformation 3-11 100

D Rounded values. Radiation risk for fatal cancer conservatively assumed to be 0.6% per 100 mGy
fetal dose, corresponding to about 1/17,000 per mGy, and a linear dose-response relationship. Many
CNS damage 8'25 100 epidemiological studies suggest that the risk may be lower than that assumed here. Background risk of

childhood cancer calculated from NCI-SEER (1994).
2 Although the exact risk in humans is uncertain, animal data suggest that malformations due to
N ; radiation are not likely at doses less than 100-200 mGy. Above this malformations would only be
agasaki

observed if exposure were between the 3rd and 25th weeks of gestation. The risk of malformation is low at
100-200 mGy but will increase with increasing dose. Decreased 1Q and possible retardation are only
detectable when foetal doses exceed 100 mGy during the 8th to 25th weeks of gestation.
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Risks of fetal irradiation
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Regulatory fetal dose limits
Most of Europe: 1ImGy during gestation

period.
United States: 0.5mGy per month.

PUBLICATION 84

Pregnancy and Medical Radiation

Dose limits for the fetus are broadly Regulatory radiation worker dose
comparable with those for the general limits

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.

Most of Europe: 20mSv per year
United States: 50mSv per year.
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What fetus doses to expect for radiation workers at
hospitals?

Yearly doses Norway 2015

7 highest average doses by occupation
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What fetus doses to expect for radiation workers at

A

hospitals?

How to estimate fetus dose

Worst case fetus dose estimation:

Skin entrance dose at waist level
We can’t measure inside people
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What fetus doses to expect for radiation workers at
hospitals?

Ratio
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What fetus doses to expect for radiation workers at

hospitals?
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Can we do better and should we do better?

e N
primary
x-ray beam
o q 1.0m
We can’t measure inside people |
There is a lack of methods to estimate "‘ , .
. L. . 4 (b) Ratio between the equivalent dose to the uterus and the entrance dose
fetus doses in a radiation environment block : : -
Lead thickness (mm) Tube potential (kVp)
phantom
v 61 74 85
0.05 0.25 0.29 0.32
B Jravemen | L A
wherus Rl 0.20 0.31 0.35 0.37
< 0.25 0.34 0.36 0.37
o ) uarnunad st 45cm 0.30 0.35 0.36 0.37
Concerns about radiation hazards during 03 03 030 03
pregnancy is one of reasons for women : | xccay tube
avoiding a career in interventional ] — :l

cardiology [survey studies]

Equivalent dose to the fetus from occupational
exposure of pregnant staff in diagnostic radiology

'E K OSEI, Msc, PhD and 2C J KOTRE, MSc, PhD

Princess Margaret Hospital, Department of Clinical Physics, 610 University Avenue, Toronto, Ontario
M5G 2M9, Canada and 2Reg/cmal Medical Physics Department, Newcastle General Hospital, Westgate
Road, Newcastle Upon Tyne NE4 6BE, UK
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Can we do better and should we do better?

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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A history of phantoms for radioprotection

Adam and Eva ICRP/ICRU Reference voxel models ICRP Reference mesh models
(1990) (2009)
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A history of phantoms for radioprotection

Pregnant mathematical phantom
(1995)
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Fig. 3.4. Artist’s rendition of organs in the 3-month model, as viewed from the front of the body
(A-P projection). Not drawn to scale.

Mathematical Models
and Specific Absorbed Fractions of
Photon Energy in the Nonpregnant
Adult Female and at the End of
Each Trimester of Pregnancy

M. G. Stabin
E. E. Watson
M. Cristy
J. C. Ryman
K. F. Eckerman
J. L. Davis
D. Marshall
M. K. Gehlen

Pregnant voxel phantom

(2008)

Janine Becker, Maria Zankl, Ute Fill,
Christoph Hoeschen

Katja — the 24™ week of virtual pregnancy for
dosimetric calculations

Helmholtz Zentrum Munche vironmental Health,

e-mail: jan de
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A history of phantoms for radioprotection

Task Group 103
Mesh-type Reference

Computational Phantoms

(MRCP)
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I‘Ri DRAFT REPORT FOR CONSULTATION: DO NOT REFERENCE

Entire skin

Pregnant mesh phantoms

Detailed model of anatomy
and atomic composition

* 10-17 million tetrahedra
* 374 different organs

Target region
Depth: 40-100 pm / 50-100 pm
Thickness: 60 pm / 50 ym

Planned to be published

April 2025
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We have the tools

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

O
o o @ SORLANDET SYKEHUS
O

o
® o @ OSLO UNIVERSITETSSYKEHUS
.

oo HELSE BERGEN

® Haukeland universitetssjukehus

14

.. SORLANDET HOSPITAL



One year of exposures for one employee
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Fetus dose: Fetus dose:
0.023 mGy/Gycm2 0.11 mGy/Gycm2
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Summary

* 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 Make sure radiation
workers are safe workers feel safe
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