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Abstract

The risks of radiation during pregnancy are well established. There is a risk of somatic effects, genetic effects
occurring in subsequent generations and mental retardation if the fetus is irradiated in the critical 8-15 week
period when organogenesis occurs. It is imperative that the unintended irradiation of the fetus is avoided. Whilst
fetal risks have been appreciated for some time, the International Commission on Radiological Protection has
never issued practical guidance. However, many national bodies have developed such guidance. In many centres
the 10-day and 28-day rules have been variously applied. The purpose of this paper is to review various sources
of advice and to highlight three practical implementation issues. These are:
1. Referral could mean more than one examination is performed.
2. The application of the concept of justification to elective procedures.
3. Practical implementation issues.

1. Introduction

The risks of radiation during pregnancy are well established. The main risks are the possibility
of inducing cancer (mainly leukaemia), genetic effects occurring in subsequent generations (as
the fetus may be considered as a potential parent), and mental retardation, if the fetus is
irradiated during the critical 8-15 week period when organogenesis occurs [1]. It is as a
consequence of these potential effects of ionising radiation that operational rules are applied
for the diagnostic exposures of women who are or may be pregnant, so that these risks are
minimised or are avoided. Over a number of years various advice on avoiding the unintended
irradiation of the fetus during pregnancy has been issued by the National Radiological
Protection Board (NRPB). This has resulted in what are known as the 10-day and the 28-day
rules [2]. As a result of advice from the NRPB [2] the 28-day rule replaced the earlier 10-day
rule. At the time it was felt that the risks of radiation to the fetus in the initial period following
conception were so low as not to warrant the rescheduling of the mother's examination. This
decision arose from a reappraisal of the risks during the first weeks post conception and
compares those risks with those of the mother not having the examination. Fundamentally, the
basis for the advice on avoiding radiology during pregnancy is a judgement on the risks of
performing an examination compared with those of not performing the examination. It is
interesting to note that neither the International Commission on Radiological Protection or the
International Atomic Energy Agency has issued advice on any rule applying to medical
exposure of women who are or may be pregnant. The purpose of this paper is to review the
work of international organisations in this area and highlight three practical aspects associated
with the implementation of these rules.
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1. Referral for a radiological opinion could mean more than one examination is performed.
2. The application of the concept of justification to elective procedures.
3. The implications for practical implementation within a radiology department.

2. National and international advice

Recently two documents have been published which influence the advice on radiation during
pregnancy. First is the Medical Exposures Directive of the Commission of the European
Communities [3], which places statutory duties on member states. It represents a legal
obligation rather than advice on good practice. Article ten of the Directive covers special
protection during pregnancy and breast-feeding. This article requires those responsible (i.e. the
doctor prescribing the examination and the practitioner performing it) to ask whether a female
of child bearing age is or maybe pregnant. If pregnancy cannot be excluded, special attention
shall be given to the 'justification' of the procedure. The article requires that the procedures
performed on pregnant women are optimised and that the exposure of both the expectant
mother and unborn child are considered. In this context the risk/benefit consideration for
radiological examinations of women who are pregnant or who may be pregnant is quite
demanding and complicated. The risk involves a consideration of the effects of the
examination on both the patient and the unborn child. Included in the assessment is the effect
of postponing the examination on the mother. The mother mainly derives the benefit of the
examination and the embryo/fetus may only benefit indirectly.

The second document is the joint guidance from the National Radiological Protection Board,
College of Radiographers and Royal College of Radiologists on exposure to ionising radiation
during pregnancy [1]. The objective of the joint advice is to prevent the unnecessary exposure
of the fetus during radiological procedures in pregnancy. The advice suggests that when a
female of reproductive age is to have an examination in which the pelvis is likely to be
irradiated by the main beam emitted by the X-ray set, or during nuclear medicine
investigations, she should be asked if she is, or might be pregnant. If there is no possibility of
pregnancy then the examination may proceed. If the patient is definitely or probably pregnant
then the justification for the examination must be reviewed. In these circumstances, if a
procedure is undertaken it is essential that the examination be optimised so that the fetal dose
is minimised, consistent with the diagnostic objectives of the examination. If pregnancy
cannot be excluded and the radiation dose involved with the examination is considered to be
low then the joint advice is to proceed with the examination, provided that the period is not
overdue. On the other hand, for 'high dose' procedures, which are considered to be
examinations resulting in fetal doses of some tens of mGy, it is suggested that one of the
following two courses of action should be adopted.

1. Apply the 10-day rule, in which females of childbearing age are booked for a
radiological examination in the first 10 days following the onset of menstruation, or

2. Re-book patients who attend for such examinations and are identified to be in the
second half of their cycle and in whom pregnancy cannot be excluded.

3. Practical Implications

There are a number of issues that arise from applying this advice in a practical situation in the
context of the operational procedures of a radiological department. Firstly this depends on the
definition of a high dose procedure, as a few tens of mGy is an imprecise end point for
practical purposes. It could be interpreted usually as applying to all examinations where the
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fetal dose could be 20 mGy or more. The joint guidance ignores the issue that women are
referred for a radiological opinion. In many instances the radiologist may decide to perform a
series of radiological investigations to achieve a diagnosis. Consequently, this could involve
the woman having a number of radiological examinations that individually would result in
doses below 20 mGy but cumulatively could mean that the fetus receives a dose in excess of
20 mGy. Whilst most departments would be aware that more than one examination may be
performed and would be aware that the cumulative dose would be over 20 mGy, some may
not recognise that underlying issue. Applying the advice of the NRPB, COR and RCR would
not preclude this eventuality. For example, a woman referred for an investigation for lower
back pain could have a conventional radiographic examination of the lumbar spine, and
intravenous pyelogram followed by a computerised tomography scan of the lumbar spine.
Independently, these examinations would each have fetal doses below the 20-mGy value, but
collectively the fetal dose would be above this level. This hypothetical example is illustrative
of two further issues. Firstly, lower back pain is not considered an emergency or needing
urgent investigation. Secondly, conservative treatment, without the need for radiological
examinations is usually advocated.

Thus when a request for a radiological opinion is received for lower back pain, or other
conditions that could precipitate a series of conventional radiographs of the lower abdomen,
then it is recommended that the department develop an operational policy to deal with this
situation. It is suggested that the fetal dose is estimated to discover whether the cumulative
fetal dose from these examinations is above 20 mGy. It is important to stress the need to
estimate the dose to the individual woman, as there is scientific evidence that suggests that
women who have x-rays who subsequently discover that they are pregnant would receive a
fetal dose higher than that suggested by using the average from a large-scale survey.

In elective investigations, the situation of the embryo/fetus with regard to radiation risks must
be respected. Elective in this context means an examination that could be performed straight
away or deferred for a period of time without adversely affecting the mother. In many
respects, this situation is similar to that of the occupational exposure of a woman who is
known to be pregnant as the latter is in effect an elective exposure. For occupational
exposures of staff, the fetus is considered to be a member of the public [4]. By implication if
one considers occupational exposures to be elective then advice should be consistent in
relation to fetal exposure. However, the dose threshold for elective examinations (i.e. a few
tens of mGy) is much larger than the dose limit for occupational exposures, which in most
circumstances would be regarded as elective exposures. For an elective medical exposure, the
benefit of the exposure to the mother and hence the child must be taken into account. In
particular, for elective procedures the concept of justification should be adapted to take into
account that it may be possible to reschedule the examination and avoid the fetal radiation risk
entirely.

Secondly the Medical Exposures Directive is written in terms of the unborn child. In a court
of law this could be interpreted as including both the pre- and post-implantation phases of
pregnancy. The advice on the development of the 10 and 28-day rules should be viewed in the
context. Application of both rules must obviously be adjusted to take account of individual
variations of the duration of the menstrual cycle. The impact of changes in the menstrual cycle
on the 10 and 28-day rules is explained clearly in the NRPB document [1]. If the woman had a
shorter cycle than the normal 28 days, fertilisation could occur before 10 days. For example, a
lady with a cycle of 21 days, there would be a possibility of fertilisation occurring at any time
after 7 days of the menstrual cycle. Consequently the application of a 10-day rule without
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considering the menstrual cycle of the individual concerned could result in the unintended
irradiation of the unborn child. This is particularly relevant as many departments use a form
that records the date of the last menstrual period and not whether the patient has been asked if
she is pregnant.

Applying the 28-day rule also has difficulties. The purpose of asking female patients of
childbearing age the date of their last menstrual period is to establish whether the patient is
pregnant. This is an inappropriate question if it is the only one that is posed as it has an
implicit assumption that the patient has a 28-day menstrual cycle. Thus in a practical situation,
it is a waste of time, as is recording the date of the last menstrual period on the request form.
Asking the question 'Have you missed a period?' or 'Are you or could you be pregnant?' are
to be preferred. For women who state that they have missed a period it is necessary to
establish whether they could be pregnant, because not all women in this group will be
pregnant. Developing an operational procedure to ask a series of diplomatic and appropriate
questions in the light of the above is beset with difficulties.

A fundamental question in formulating advice on irradiation during pregnancy is upon what
level of risk should the guidance be based. Implicit in the joint advice is that at 20 mGy the
risk is considered not to require the rescheduling of radiological examinations. It is stated in
the joint guidance [1] that this level equated to a probability of inducing fatal cancer to age 15
of 1 in 1,650. This compares with a fatal cancer risk to age 15 in the general population of 1 in
1,300. Thus extrapolating from joint advice, 25 mGy doubles the fatal cancer risk to age 15.
The choice of a few tens of mGy must be the subject on informed debate and not appear to be
a somewhat arbitrary figure. In addition, there is a risk of hereditary effects from fetal
irradiation, which at a fetal dose 20 mGy equates to a risk of 1 in 52,000 (extrapolating from
reference 1). This is somewhat less than the natural risk of hereditary disease at birth in the
human population of 6%, which depends on what is considered to constitute heritable disease.
Moreover, there is the unknown risk of the loss of an embryo prior to implantation. One may
suspect that many members of the general public would choose, with strictly elective
procedures, not to undergo these risks and reschedule their appointments to a time when they
are definitely not pregnant.

In addition, most operational procedures for radiological examination of women of
childbearing potential will have to be developed at a local level. There is an opportunity for
there to be confusion over who has day to day operational responsibility. Is it the referring
physician/surgeon, the radiologist identifying the procedures to be performed or the
radiographer performing them? This issue has clear medico legal consequences and should be
addressed in the implements of the Medical Exposures Directive [3].

In summary, there are a number of practical issues surrounding the implementation of the joint
advice in the context of the Medical Exposures Directive of the European Union. These issues
have a much wider relevance. We wish to raise these issues in order to stimulate a scientific
debate on a basis for the formulation of this advice and how this should be transposed into
practical guidelines.
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