


17.1.2014

Official Journal of the European Union L 131

11

{Non-legislative acts)

DIRECTIVES

COUNCIL DIRECTIVE 201 3||'59|I'EU'RATOM
of 3 December 2013

laying down basic safety standards for protection against the dangers arising from exposure
to ionising radiation, and repealing Directives 89,16[87Euratom 90/641/Euratom, 96{29/Euratom,
97/43/Euratom and 2003(122/Euratom

Article 62
Special protection during pregnancy and breastfeeding

1. Member States shall ensure that the referrer or the prac-
titioner, as appropriate, inquire, as specified by Member States,
whether the individual subject to mkdica] exposure is pregnant
or breastfeeding, unless it can be ruled out for obvious reasons
or is not relevant for the radiological procedure.

2. If pregnancy cannot be ruled out and depending on the
medical radiological procedure, in particular if abdominal and
pelvic regions are involved, special attention shall be given to
the justification, particularly the urgency, and to the optimis-
ation, taking into account both the expectant individual and the
unborn child.

3. In the case of a breastfeeding individual, in nuclear
medicine, depending on the medical radiological procedure,
special attention shall be given to the justification, particularly
the urgency, and to the optimisation, taking into account both
the individual and the child.

4. Without prejudice to paragraphs 1, 2 and 3, Member
States shall take measures to increase the awareness of indi-
viduals to whom this Article applies, through measures such
as public notices in appropriate places.



A number of physicians recommend termination of pregnancy

for women exposed to diagnostic X-rays

Family physicians Obstetricians
“
40 % 70 %

40% of family physicians and 70% of obstetricians recommended

abortion for women exposed to diagnostic x-rays in early pregnancy

Fink D, Glick S. Harefuah 124:717-719, 1993
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Abstract

Objectives To investigate and compare the knowledge of

radiation dose and risk incurred in common radiology exam-
inations among radiology residents, fellows, staff radiologists
amd technologisis.
Methods A questionnaire containing 17 multple choice ques-
tions was administered to all residents, technologists, fellows
amd stafl radiologists of the department of medical imaging
through the hospital group mailing list.
Rexults A total of 92 responses was received. Mean score was
8.5 out of 17. Oaly 48 % of all paricipants scored more than
30 % comect answers, Only 23 %% were aware of dose from
both single-view and two-view chest X-ray, 50-70 %
underestimated dose from common studies; 50-75 %
underestimated the risk of fatal cancer. Awareness about radi-
ation exposure in pregnancy is variable and panticularly poor
among technologists. A statstically significant comparative
knowledge gap was found among technologists.
Conclisions Our results show a variable level of knowledge
about radiation dose and risk among radiclogy residents,
fellows, siafT radiologists and technologists, but overall
knowledge is inadequate in all groups. There is significant
underestimation of dosage and cancer risk from common
examinations, which could potentially lead to suboptimal risk
assessment and excessive or unwarranied smdies posing sig-
nificant radiation hazard to the patient and radiology workers.
Muin Messages
* Knowledge of radiation dose and risk ix poor among all
radiofogy workers,
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Introduction

Radiology plays a prominent role i
of the diagnostuc and intervento
involve exposure 10 ionising radia
benefits of imaging outweigh the as
there is growing concern over the a
ionising radiation on living orgal
Council on Radiation Protection as
tion, “Tonizing Radiation Exposur
United States™, reported a sevenil
exposure to the population of the U
radiation since the early 1980s [1].
ation, especially the cancer risk, is
understood as it has no minmal
adverse outcomes take at least 1-2
Review of the published scien
knowledge of radiation dose and ri
examinations is very limited. Nur
performed, predomunantly among
cialties, medical students and traine
[5-13]. Surprisingly. there are very

ogy workers. Overall these studies i

Lastly, the subject of radiation exposure in pregnancy
is complex and risk benefit ratio needs to be considered
carefully before proceeding with the examination.
Radiologists play a prominent role in deciding the ap-
propriate imaging modality based on the trimester, clin-
ical question and availability. In our study, though very
limited, knowledge of radiation risk in pregnancy was
assessed based on a single question (Appendix, question
no. 17). Importantly, only 13 % of technologists gave
the correct answer, and a significant proportion of the
participants suggested medical termination of pregnancy

as an option. The knowledge was variable among other

groups (residents, fellows and staff radiologists) in the
range of 60-85 %. This i1s highly important, as the
technologists come into close contact with the patients
in the radiology department and they should have ade-
quate knowledge on radiation exposure during pregnan-
cy and should ideally be trained enough for answering
patients’ concerns and arranging a discussion with the
radiologist.

in medical professionals about radiation risks incurred to
patients during common imaging tests, and an inability
comectly answer the common questions raised by patients

[5-12, 14-16]. It is important for the refernng physicians to

1 Springer



A number of physicians DO NOT perform X-ray

examinations on pregnant patients

The radiation risk for childhood
cancer is only 0.06% if the embryo

dose i1s 10 mGy

Photo by L. Nilsson

Fetus at 13 weeks: Arm and leg bones begin to calcify.




Conceptus dose from abdominal
X-ray examinations

Abdominal radiography
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Conceptus dose (15t trm_gg&qr) from TC-W

Liver colloid

Fetus at 13 weeks:

Renal DTPA ~ 4

Arm and leg bones

begin to calcify.




Physician’s perception of risk associated with
diagnostic x-rays

Physicians’ Perceptions of
Teratogenic Risk Associated with
Radiography and CT During Early
Pregnancy

CONCLUSION. Our survey shows that physicians who care for pregnant women per-
ceive the teratogenic risk associated with an abdominal radiograph and an abdominal CT scan
to be unrealistically high during early pregnancy. This misperception could lead to increased
anxiety among pregnant women seeking counseling and to unnecessary terminations of other-
wise wanted pregnancies. This perception of high teratogenic risk associated with radiation
could also lead to a delay in needed care of pregnant women.

LI

S. Ratnapalan et al. AJR 182:1107-1109, 2004



Pregnancy and pulmonary embolism

CT Pulmonary Angiography
versus Ventilation-Perfusion
Sci

Materals and
Methods:

Conclusion: This survey reveals that there is a lack of knowledge
of fetal dosimetry in the imaging of pregnant women suspected
of having pulmonary embolism.

A. Groves, S. Yates et al.
Radiology 240: 765-770, 2006



‘How can we

avoid accidental
irradiation?

Photo by L. Nilsson: 26 weeks



Determination of pregnancy before irradiation
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Determination of pregnancy before irradiation

Methods used for determination of pregnancy:
- Verbal questions
- Forms

- Urine and serum pregnancy tests

Define your department’s policy on how to screen pregnant patients!



Determination of pregnancy before irradiation

Screening for pregnancy
- healthcare personnel is not trained to question patients
about their pregnancy status

- no policy with 100% guarantee of detection



‘PLEASE INFORM THE STAFF

BEFORE YOUR X-RAY EXAMINATION

IF YOU THINK YOU MAY BE PREGNANT’



W . Photo by £. Nilsson: 5-6 days, the clump has developed into a blastocyte, containing

S

many mote cells, and has entered the womb
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Accidental irradiation of pregnant patients

‘1% of women of child-bearing age who underwent abdominal

radiographs were unknowingly pregnant in their first trimester’

Mossman KL et al, Obstet Gynecol 1982;60:237-242

‘2.9% of trauma patients were pregnant and the unidentified

pregnancy rate was 0.3%’

Bochicchio GV et al, J Am Coll Surg 2001;192:566-569



Acronym: CONCERT

CONCEptus RadiaTion




Accidental irradiation of pregnant patients

Question to Obstetricians:

How many pregnant patients exposed accidentally to diagnostic
X-rays visited you during the last 12 months to ask advise about
the biological effects of radiation to the conceptus?

10-15: 2%
5-10: 4%




Physicians referring patients to X-rays

Question to interventional cardiologists:
What is the minimum and what the maximum age you use for gquestioning a patient about pregnancy?

43.4 % did not include minors in the age range

16 % did not include patients older than 40 y in the age range



Pregnant patients in Radiology dpts

Question to Radiologists:

How many pregnant patients are subjected to diagnostic X-ray examinations in your department every year?

>20: 2%

16-20: 2%
11-15: 3%
6-10: 11%

1-5: 36%

0: 46%

50



Physicians referring patients to X-rays

Question to radiologists:
What makes referring physicians reluctant to send pregnant patients
to X-ray imaging departments even for extra abdominal exams?
(you can choose more than 1 answers)

5 I I'/don’t think that referring physicians are reluctant|etc

0 ' Other

0% 10% 20% 30% 40% 50% 60% 70% 80%



Physicians referring patients to X-rays

Question to cardiologists:
What makes referring physicians reluctant to send pregnant patients
to X-ray imaging departments even for extra abdominal exams?
(you can choose more than 1 answers)

i Other

0% 10% 20% 30% 40% 50% 60% 70% 80%



Physicians referring patients to X-rays

Question to obstetricians:
What makes referring physicians reluctant to send pregnant patients
to X-ray imaging departments even for extra-abdominal exams?
(you can choose more than 1 answers)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%



Justification of an X-ray examination

To justify an x-ray study
the risks to the unborn

child should be known




Conceptus radiogenic risk

AGE DOSE

g = r) - 0
What Is the conception age * What is the estimated
conceptus dose ?



Is a detailed dose assessment always needed?

No If:
« age less than 2 weeks

» conceptus dose Is low




Justification

Justification depends on the stage of pregnancy
- organogenesis: 3-15 weeks post conception

- size and position of uterus
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Communication

PREGNANT 77

What is the dose received by my baby?




Conceptus Dose (ImGy)

10 50 100

ICRP Publ. 84

sary il fetal d

IGRP

Annals of the ICRP




o)

Reporting dose results

N _

ption of the@to estimate dose

presenting e

A table presemtmg=conceptus doseqllination

A brief paraffaphaon DIOlgICalPiiEllsa



THERE IS A CHANCE THAT A WOMAN WILL

GIVE BIRTH TO CONGENITALLY MALFORMED
CHILDREN, REGARDLESS OF ANY EXPOSURE

TO RADIATION




Informed consents

J. Fielding and D. Washburn, Journal of Women’s Imaging 7:16-21, 2005
G. El-Khoury, M. Madsen, M. Blake, J. Yankowitz, AJR 181:335-340, 2003



Dose optimization: Parameters that affect CT dose

Beam shaping filter Collimation

|

|

Filtration

Detection system efficiency /

Scanning length, Reconstruction slice width, Scanner geometry
Pitch, Algorithms, Dose reduction tools



CT: Patient centering & AEC

mAs QR
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Interventional Radiology

Practical actions to control dose to the patient

Keep beam-on time to a minimum

»:ﬁ“ Keep the x-ray tube at maximal distance from the patient
i Keep the image receptor as close to the patient as possible
| Do not overuse geometric magnification
I Collimate as tightly as possible
B o Use low dose rate pulsed fluoroscopy

Damilakis J, Investigative Radiology 56:62-68, 2021



o)

Pregnant (or potentially pregnant) employees
working in imaging departments




Conceptus dose limit for pregnant workers
|ICRP Publication 84




Voluntary declaration of pregnancy




Dose monitoring

Conventional dosimeters Real-time dose monitoring Supplemental dosimetry






Tools for medical dosimetry

@ DEPARTMENT OF MEDICAL PHYSICS

MEDICAL PHYSICS TOOLS

CT-RAD Tool



http://ctdose-iqurad.med.uoc.gr/
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