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ABSTRACT

Background: In connection with X-ray examinations of pregnant

patients, good communication of benefit and risk is important to
provide adequate patient care. Pregnant women often become con-
cerned about the foetus and are unsure of the risk of malformations
and the development of cancer. Health professionals who are

involved in imaging pregnant women require specif knowledge about
risks and benefits so they can convey information without creating
unnecessary fear.

Purpose: This study identifies the information needs of pregnant
women in connection with X-ray examinations and how they prefer

to have the information communicated.

Method: A qualitative study using semi-structured interviews of

seven pregnant women aged 28–36 in weeks 16–33 of their preg-
nancy. The interviews were analysed using interpretive phenomeno-
logical analysis.

Results: The participants had expectations regarding the information
provided about X-ray examinations during pregnancy. They needed

concrete information on radiation doses, risks and any effects on the
foetus. The risk was thought to be low, but several of the participants
would still have been concerned when undergoing an X-ray

examination.

Conclusion: To provide adequate care of pregnant women in

connection with X-ray examinations, healthcare professionals must
have knowledge of pregnancy and radiation and have expertise in
risk communication. This will prevent unnecessary concern in the

pregnant woman, ensure that justified necessary examinations are
carried out, and avoid adverse decisions such as termination of preg-
nancy based on erroneous grounds.
Contributors: All authors contributed to the conception or design of the work, the a

drafting and commenting on the paper and have approved the final version.

Funding: This study did not receive any specific grant from funding agencies in th

Competing interests: All authors declare no competing interests.

Ethical Approval: The Norwegian Centre for Research Data (NSD) found the stud

* Corresponding author. Oslo Metropolitan University, P.O. Box 4, St. Olavs Pla

E-mail address: asande@oslomet.no (A. Sanderud).

1939-8654/� 2021 Published by Elsevier Inc. on behalf of Canadian Association of

BY license (http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1016/j.jmir.2020.12.005
R�ESUM�E

Contexte : En ce qui concerne les examens radiologiques des patientes

enceintes, une bonne communication des avantages et des risques est
importante pour fournir des soins ad�equats aux patients. Les femmes
enceintes sont souvent inqui�etes pour le fœtus et sont incertaines du
risque de malformations et de d�eveloppement d’un cancer. Les profes-

sionnels de la sant�e qui participent �a l’imagerie des femmes enceintes
ont besoin de connaissances sp�ecifiques sur les risques et les avantages
afin de pouvoir transmettre l’information sans cr�eer de peur inutile.

But : Cette �etude identifie les besoins d’information des femmes en-
ceintes en rapport avec les examens radiologiques et la mani�ere dont
elles pr�ef�erent que l’information leur soit communiqu�ee.

M�ethodologie : Une �etude qualitative utilisant des entrevues semi-

structur�ees de sept femmes enceintes âg�ees de 28 �a 36 ans au cours
des semaines 16 �a 33 de leur grossesse. Les entretiens ont �et�e analys�es
�a l’aide d’une analyse ph�enom�enologique interpr�etative.

R�esultats : Les participantes avaient des attentes concernant l’infor-
mation fournie sur les examens radiologiques pendant la grossesse.

Elles avaient besoin de renseignements concrets sur les doses de radi-
ation, les risques et les effets �eventuels sur le fœtus. Le risque �etait
consid�er�e comme faible, mais plusieurs des participants auraient

quand même �et�e inquiets en subissant un examen radiologique.

Conclusion : Afin de fournir des soins ad�equats aux femmes en-

ceintes dans le cadre des examens radiologiques, les professionnels
de la sant�e doivent avoir des connaissances sur la grossesse et les
rayonnements et poss�eder une expertise en mati�ere de communica-

tion des risques. Cela permettra d’�eviter toute inqui�etude inutile
chez la femme enceinte, de garantir que les examens n�ecessaires
justifi�es sont effectu�es et d’�eviter des d�ecisions d�efavorables telles

que l’interruption de grossesse fond�ee sur des motifs erron�es.
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Introduction

In connection with X-ray examinations of pregnant women, it
is important to properly communicate the benefits and risks
to the patient. Women who undergo an X-ray examination
during pregnancy often have concerns about the foetus and
are unsure of the risk of malformations and the development
of cancer.1 To allay such concerns and ensure that necessary
examinations are performed, it is important that healthcare
professionals have knowledge about pregnancy and X-rays
and that they can convey this information to pregnant women
without creating unnecessary fear.

Over the past few decades, there has been increasing focus
on risk communication in the field of medical radiation.2–8

Risk communication in this context can be defined as infor-
mation about the recommended examinations, benefits and
risks, alternative imaging diagnostic modalities as well as the
risks of not conducting examinations.2 Informing patients
about risks is important for enabling them to make informed
decisions about their medical care, in this case imaging.4 Who
performs this communication may vary, but referring doctors,
radiologists and radiographers should be in a position to do
so.3,4 Patients want to receive information about radiation
doses and risks related to their X-ray examination,4–7 but ac-
cording to Ukkola8 there is a mismatch between patients’ ex-
pectations of information and the information they actually
receive. According to Norwegian legislation, patients should
be informed about both risks and potential harm, including
risks related to medical imaging. This information must be
adapted to the examination or treatment and be provided as
needed.9

Healthcare professionals must be able to inform patients
about the benefits and risks associated with diagnostic imag-
ing examinations, and must therefore have knowledge of med-
ical radiation, dose levels and radiation effects.1 Several studies
show that there is insufficient competence in these areas.10–12

Studies on pregnancy and X-rays show that doctors lack
knowledge about radiation doses for foetuses and that some
would have recommended abortion on erroneous
grounds.13,14

This study investigates pregnant women’s information
needs related to potential X-ray examinations during preg-
nancy. The purpose of the study is to identify the information
needs of pregnant women in order to give informed consent
to X-ray examinations, how they want to have this informa-
tion communicated, and their reflections and thoughts on
the subject.

Material and method

This was a qualitative study and analysis of interviews with
pregnant women, conducted between August 2019 and
January 2020. The inclusion criteria were pregnant women
during weeks 13–38 of their pregnancy. The participants
were recruited via inquiries to radiographers who suggested
relevant individuals within their acquaintance circuit. This
approach was based on practical considerations, because it
was difficult to get access to pregnant women through other
health professionals. The advantage of this approach is quick
access to participants, but a disadvantage may be that the sam-
ple becomes too uniform and that they feel obligated to
participate. The participants came from the Oslo metropol-
itan area, and none of them had undergone an X-ray exami-
nation during this pregnancy prior to the interview.

At the start of the interview, the participants were
informed that participation was voluntary, that they would
be anonymized in the results and they signed a consent
form. In depth interviews were conducted based on an inter-
view guide that had been prepared in advance. The in-depth
interview is a suitable method when the topic is to be under-
stood from the interviewee’s perspective and when the pur-
pose is to explore their opinions on, attitudes towards and
experiences of a phenomenon.15 The interview must have a
clear purpose and an overall interview guide as a starting
point.15 In this study, an interview guide was prepared on
the topics of pregnant women and X-ray examinations, risks
and concerns about harm to the foetus, the need for informa-
tion, and how information is sought. The questions in the
interview guide were prepared to answer the research question
and were based on topics from previous studies13,14 The inter-
view guide contained various questions about risk, informa-
tion, thoughts and knowledge relating to the topic of
pregnancy and X-ray examinations:

‘‘What would you think about if you were referred for an X-
ray examination now while you are pregnant?’’

‘‘To what extent / at what level would you be concerned about
the foetus [ .]’’ and

‘‘How would you like to receive information [ .]?’’

Seven pregnant women were interviewed individually.
Their mean age was 33 (28–36), and they were in weeks
16–33 of their pregnancy when the interviews were conducted
(see Table 1). Each interview lasted from 25 to 40 min. The
participants received an information letter prior to the inter-
view and gave their written consent to participate. The inter-
views were audio-recorded and then transcribed verbatim. All
personal data was removed in the transcript, each transcript
was given a code that linked back to the participant and the
audio recording was deleted as soon as the transcription was
ging and Radiation Sciences 52 (2021) 79-85



Table 1

Participants in the study.

Age (year) Week of the pregnancy

Participant 1 36 26

Participant 2 30 33

Participant 3 34 17

Participant 4 28 33

Participant 5 35 32

Participant 6 34 24

Participant 7 32 16

Summary 33 26
quality assured. The transcripts were stored on a password-
protected computer, while the code key was written on paper
and stored in a locked cabinet in the first author’s office. Per-
sonal data was treated confidentially, and the participants
were anonymized. The results of this study cannot be gener-
alised to all pregnant women because of the small sample,
but they can be transferable, as the results may provide an-
swers to the needs of pregnant women connection with X-
ray examinations.

The article’s first author conducted the interviews, tran-
scription, and analysis, while both authors interpreted the re-
sults and prepared the manuscript.
Analysis
The data analysis was thematised and was conducted in
four phases: content of meaning, coding, condensation, and
summary.15 Phase 1 focused on overall impressions, and the
content was condensed so that the meaning content was high-
lighted. In phase 2, meaningful elements were encoded and
labelled. Phase 3 involved coding, extracting essential ele-
ments, and categorising the codes in themes and main themes.
In the final phase, the material was summarised and recontex-
tualised. The data was categorised into four main topics
derived from the experiences, opinions, and knowledge of
pregnant women: risk communication, risk and concern for
the foetus, accidental radiation exposure of the foetus, and
the role of the healthcare professional (see Table 2).
Ethical considerations

The Norwegian Centre for Research Data (NSD) found
the study to satisfy data protection requirements (NSD
Ref. 495113). Pregnancy and X-rays can be a sensitive topic,
and by interviewing pregnant women about this, we may
create concerns they did not have prior to the interviews.
We therefore chose to inform the participants about the facts
of pregnancy and X-rays after each interview. Written infor-
mation and reports published by the Directorate for Radia-
tion Protection and Nuclear Safety (DSA) and the
International Commission on Radiological Protection
(ICRP) were added to the information.1,16 After the inter-
views, none of the participants expressed that the interview it-
self had caused concern about conducting an X-ray
examination during pregnancy.
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In this study we decided not to interview pregnant women
who had been referred for X-ray examinations out of ethical
considerations. We did not want to cause them unnecessary
worry or influence their decision to undergo necessary exam-
inations. In addition, it would be difficult to reach them in
the short time between the referral and the examination.
Instead, we interviewed pregnant women who had not been
referred for X-ray examination and asked them about their
thoughts and views about the prospect of undergoing an X-
ray examination while pregnant. This may provide insight
into the thoughts and information needs of pregnant women
who are referred for medical imaging during pregnancy.

Results

In this study, four main themes derived from the system-
atic data analysis: risk communication, risk and concern for
the foetus, accidental radiation exposure of the foetus, and
the role of the healthcare professional.
Risk communication
The participants in this study expressed a need for specific
information about the examination. This would have given
them the opportunity to obtain information about the exam-
ination, the necessity for it and the related risks. Several of
them wanted this information to be provided by their GP,
verbally or in brochures published by health authorities or
health professionals in the field of medical radiation. Immedi-
ately prior to the examination, the participants needed further
information from those who would conduct the examination.
Again, they expressed a need for information about the neces-
sity for the examination and about the risk to the foetus. After
the examination, some of the participants would have asked
for written material.

The participants in this study had varying levels of knowl-
edge about pregnancy and X-rays, and relied on healthcare
providers to communicate risk in an understandable manner.
Providing a dose or risk number would not provide them with
significant information. To understand dose and risk, they
would have asked for something to compare them with.
They wanted honest information and would rather know
the risk than not. One of the participants pointed out that
it was more important that the person who provided the in-
formation seemed honest and trustworthy than which profes-
sion the person represented.

‘‘I would have felt safe if the people who informed me took
me seriously.’’ Participant 4.

The participants had diverse needs for information. Some
only needed to hear that it was safe, while others wanted more
factual knowledge about dose and related risks.
Risk and concern for the foetus
The participants in this study assumed that the risk to the
foetus from X-ray examination was low, but they also ex-
pressed that they would have felt uneasy about undergoing
ging and Radiation Sciences 52 (2021) 79-85 81



Table 2

Main themes derived from the analysis.

Risk communication

Risk and concern for the foetus

Effects of accidental radiation exposure on the foetus

Role of healthcare professionals
an X-ray examination during pregnancy. Several of them
would have asked health professionals about the risks prior
to the X-ray examination.

‘‘Would have asked if there was a risk, but I’d probably be
told that it was low.’’ Participant 5

The participants expressed different views on whether a
foetus was more radiation-sensitive in the first trimester and
on whether the risk depended on which anatomical area
was irradiated. Some participants believed that the risk was
highest when the foetus was included in the X-ray examina-
tion, while others felt that this had no bearing since radiation
would be scattered around the room anyway. If some modal-
ities resulted in a higher radiation dose and thereby increased
risk, some participants believed that computer tomography
(CT) produced the highest radiation dose, while others
believed that the examination time was the key factor in terms
of risk. Repeated examinations were mentioned as a factor
that would increase the risk of negative effects on the foetus.

Several of the participants believed that X-ray radiation
had to carry some risk, since healthcare professionals left the
room during radiation exposure:

‘‘They usually leave the room, and I think that says some-

thing.’’ I Participant 2

Several participants pointed out that if radiation was harm-
ful to adults – and the fact that healthcare professionals leave
the room during exposure suggest that this is the case – then it
would also have an effect on the foetus. They regarded the
foetus as more radiation-sensitive, which they supported by
the fact that pregnant relatives are not allowed to accompany
patients who undergo X-rays examinations.

‘‘And if it’s dangerous for fully developed humans, what about
those who are not fully developed?’’ Participant 4

None of the participants believed that X-ray examinations
during pregnancy were risk-free, but they believed the risk to
be low since they were referred. The participants who were
most concerned throughout pregnancy were also more con-
cerned about radiation. Their concerns related to the level
of risk involved in an X-ray examination and the type of ef-
fects radiation had on the foetus. Developmental or growth
disorders were mentioned as possible effects, along with mal-
formations and cancer.

Several participants raised the question of who should weigh
the risk against the need for the examination. While the exam-
ination may be necessary for the mother, it may pose a risk for
the foetus. The participants found this dilemma challenging,
especially because they lacked sufficient knowledge about the
subject. One of the participants described it as follows:
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‘‘I would have to make an assessment myself in a way, assess how
much pain I was in and how necessary it was.’’ Participant 1
Effects of accidental radiation exposure on the foetus
Accidental radiation exposure occurs when a foetus has
been irradiated before pregnancy is known.9 This may occur
when a woman discovers her pregnancy after completing
her X-ray examination. Two of the participants in this study
would be genuinely concerned in such a situation. One of
them would consider abortion as a possible consequence.

‘‘Would have thought about abortion if I had discovered

something, but not at once.’’ Participant 6

All the participants who would have experienced this situ-
ation would feel a lack of control, and would seek information
from health professionals or via the internet. They would seek
information about the risk after such an incident, whether
there was anything they could have done to influence the sit-
uation, whether there was anything special they should
monitor or examinations they should undergo.

‘‘Without information, the level of fear would be high.’’
Participant 6
Role of healthcare professionals
The participants in this study had high confidence in
healthcare professionals. They trusted that they would not
have been referred for an X-ray examination unless it was
necessary. They highlighted that if they were referred for an
X-ray or CT examination during pregnancy, they believed
that health professionals would assess the risk of the examina-
tion before considering it safe.

‘‘When a pregnant woman is referred for CT or X-ray, some-

one has assessed the risk and concluded that it is safe.’’ Partic-
ipant 5

The participants differed in their views of which health pro-
fessionals were considered safe and credible to receive informa-
tion from. All seven participants trusted doctors, though this
varied somewhat depending on their specialty and role. Some
participants wanted information from their GP, while others
were sceptical about their GP’s knowledge in this area. They
would have preferred to receive information from a specialist,
such as a gynaecologist or radiologist. Some of the participants
wanted information from the midwife, but the majority
believed that the midwife would not have enough knowledge
of medical radiation and thus could not inform them about
doses and risks. Some considered obstetric nurses to be relevant
healthcare professionals who could provide information. All the
participants relied on health professionals who were medical ra-
diation practitioners, such as radiologists and radiographers,
and they expected these professions to have a high level of
knowledge on the subject.
g and Radiation Sciences 52 (2021) 79-85



Discussion

Patients who undergo diagnostic examinations while preg-
nant are often alarmed and feel insecure, because of the
emotional perceptions of radiation.17,18 The participants in
this study confirmed that pregnant women who are referred
for X-ray examinations during pregnancy have a strong
need for information. It showed that the information needs
of pregnant women vary, and that they have different levels
of knowledge about pregnancy and X-rays. These differences
between needs and knowledge will create challenges for
healthcare professionals in communicating risk. Nurses,
nursing assistants and receptionists who interact with preg-
nant women will also be asked questions.5

To be able to provide satisfactory information to pregnant
patients, it is important that healthcare professionals have the
necessary interpersonal skills to listen, read body language,
and adapt information to individual patients.12 Each situation
must be considered in relation to how much information is
necessary and appropriate to provide, in accordance with reg-
ulations.9 Providing too much information may prove over-
whelming and create fear, while insufficient information
may create insecurity. The information given must be simple
and understandable, and respect must be shown for the patient’s
concerns.4 Patients do not need to have a detailed understanding
of the benefits and harms, but they must have enough informa-
tion to be able to make an informed decision.12 The pregnant
patient should be informed and involved before decisions are
taken. This applies to decisions on examinations and their timing
and, in rare cases, on termination of a pregnancy after high radi-
ation exposure.19 This study shows that the participants had
different needs for information. Some of them wanted detailed
information, while others only needed to hear that undergoing
an X-ray examination during pregnancy was safe. If a pregnant
patient must conduct an X-ray/CT examination involving direct
radiation to the pelvis or abdomen, it is important that she be
informed of the benefits and risks, and the low incidence of com-
plications must be highlighted.20 The clinical risk of not per-
forming the examination must be assessed and communicated
to the patient.18

The word ‘radiation’ can arouse fear in patients, and media
focus on radiation-related events confounds public percep-
tions of radiation as dangerous. Moreover, that fact that radi-
ation is often associated with cancer reinforces public fear of
radiation.12 It is therefore only natural that some pregnant
women worry about the foetus when they are referred for
an X-ray examination. The interviews revealed inadequate
knowledge and some erroneous perceptions among pregnant
women regarding pregnancy and X-rays. Some of the partic-
ipants were unsure when a foetus was most radiation-sensitive
and whether the foetal dose depended on anatomical area or
modality. This variation in knowledge levels shows how
important it is that healthcare professionals provide informa-
tion that is informed by research-based knowledge.5,21

Several of the participants in this study highlighted the
challenges of weighing the risk against the need for X-ray
A.F. Reitan and A. Sanderud/Journal of Medical Ima
examinations. Since they lacked knowledge about the subject,
they found making such a decision challenging. This chal-
lenge relates to justification, one of three fundamental princi-
ples of radiological protection.22 Related to pregnancy,
justification is based on the benefits and risks for both the
mother and the child. The stronger the necessity for one of
them, the stronger the justification,19 but for a pregnant
woman it is difficult to assess this balance between benefit
and risk. It is particularly challenging to weigh their own
medical health against the risk to the foetus, and they need
help to make an informed decision. It is also important that
healthcare professionals demonstrate their knowledge and
skills, both professionally and compassionately. Only when
the women are free from pressure and are provided with infor-
mation that is understandable and transparent will the
informed decision-making process be valid.5

The participants highlighted how they experienced the sit-
uation where healthcare professionals leave the room during
exposure. This was perceived to mean that radiation was
harmful. The fact that healthcare professionals left the room
underscored that a foetus should not be irradiated. These sit-
uations pose a communication challenge for healthcare pro-
fessionals in explaining radiation protection. Leaving the
room during exposure or wearing protective equipment may
give patients the impression that the real risk from radiation
is higher than what they were told. This aspect is important
to focus on, and through risk communication, healthcare pro-
fessionals can help give patients a realistic view of the risk.

This study showed that some of the participants would be
genuinely concerned about the foetus being accidently
exposed to radiation. In these cases, it is particularly impor-
tant that healthcare professionals have up-to-date and suffi-
cient knowledge, and it is important to suggest that such
exposure does not imply a need to terminate a pregnancy.16

Inadequate knowledge about the risk to the foetus of acci-
dental exposure may result in unwanted abortions. Since preg-
nant women have high confidence in health professionals,
they are likely to listen to their advice in such situations. If
a healthcare professional incorrectly recommends considering
an abortion after accidental exposure, it may cause the preg-
nancy to be terminated. Previous research shows that abortion
has been recommended after accidental exposure.13,14 This is
a highly unfortunate consequence that should not occur.
Health professionals working with pregnant patients should
therefore have knowledge about the threshold dose for deter-
ministic effects on the foetus, which is 100 mGy,1 and be able
to compare it to foetal doses from different modalities and ex-
aminations. Healthcare professionals must have precise
knowledge and understanding of radiation risks and be able
to explain the types and ranges of risk on a level the pregnant
patient understands.4

All seven participants in the study highlighted the role of
the healthcare professional. They had high confidence in
health professionals and would have relied on their informa-
tion and advice. This places high demands on healthcare pro-
fessionals who refer, inform about or perform X-ray
ging and Radiation Sciences 52 (2021) 79-85 83



examinations on pregnant women. The participants expected
an X-ray examination to be justified if they were referred for
one. In a justified examination, the overall advantages are
greater than the disadvantages caused by radiation.1 To
conduct such an assessment, knowledge of radiation doses
and risks is needed, as well as the risks and benefits of con-
ducting the examination during pregnancy.

The participants’ expectations of health professionals
contrast with the results of previous research. Previous
studies13,14 show that there is a lack of knowledge on the topic
of pregnancy and X-ray examinations among healthcare pro-
fessionals. In addition, there is a lack of risk communication
in the field of medical radiation. A recent study conducted by
Ukkola8 looked at reasons why adequate information is not
given to patients about radiation doses and risks.8 One reason
was the fear of causing unnecessary concern among patients,
which in turn can contribute to the failure to carry out justi-
fied examinations. Another reason was that health profes-
sionals assumed that information had already been provided
and that further information was therefore unnecessary.8
The limitations and strengths of the study
The findings of the interviews cannot be generalised to
apply to all pregnant women but may shed light on how preg-
nant women view X-ray examinations. The method in this
study was suitable for exploring the topic and using in-
depth interviews, and the participants were given the oppor-
tunity to illuminate the topic with their own thoughts and re-
flections. The small number of participants may influence the
results, but our experience was that we reached a saturation
point where no new information was provided. We wanted
to recruit participants via health centres and midwives, but
we received minimal interest in recruiting participants for
this study. Therefore, we contacted radiographers to help
with recruitment. The participants had no relation to the au-
thors. The authors of the study have extensive experience in
the subject of pregnancy and medical imaging, as well as sci-
entific expertise that can strengthen the study’s validity.

Since the results of this study are not generalisable, we are
considering further work to investigate a larger sample on the
same topic. We are considering developing a quantitative sur-
vey based on these results.

Conclusion

Pregnant women have expectations concerning informa-
tion related to X-ray examinations during pregnancy, and
have confidence in health professionals. The challenge is
whether healthcare professionals can meet such expectations.
If healthcare professionals lack sufficient knowledge of preg-
nancy and X-rays, or lack risk communication skills, they
will be unable to satisfy the needs for information about risks
and benefits of pregnant women. It is therefore important that
healthcare professionals who care pregnant women have suffi-
cient knowledge and expertise to inform them about this topic
and that this information is quality secured. This may prevent
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unnecessary concerns among pregnant woman, ensure that
justified examinations are carried out, and avoid adverse deci-
sions such as termination of pregnancy based on erroneous
grounds.
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