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INTRODUCTION
Diagnostic radiology examinations are frequently performed in all countries because

of the benefit that the patient derives from the resultant diagnosis. Given that so many
examinations are performed it is inevitable that there will be occasions when the planned
exposure of a woman who is known to be pregnant is contemplated. In these circumstances,
there must be rigorous justification of the examination and the procedure itself must be
optimised as well.

Radiation risks from fetal irradiation are well established.  These risks fall into three
categories:-

i. a cancer induction risk (mainly leukaemia) 
ii hereditary effects (as the fetus is a potential parent) 
iii. a risk of serious mental retardation (if the fetus is exposed in the critical 8-15

weeks period when the forebrain is being developed). 
Risk factors for these effects have been reviewed by the International Commission on
Radiological Protection (1).  These risks are summarised in Table 1 (1). 

Special rules apply to the radiology of women who are or who may be pregnant.
These rules have been developed to avoid he unintended irradiation of the fetus.  These rules
have been variously referred to as the 10-day rule and the 28-day rules, in which radiology of
potentially pregnant women is restricted to the first 10 or 28 days following menstruation.  It
is apparent that the advice provided by national bodies varies, as different rules apply
internationally, due presumably to a lack of an international consensus on the subject.  The
advice from the National Radiological Protection Board, the College of Radiographers and the
Royal College of Radiologists (2) applies in the United Kingdom.  In summary, the advice is
that women of child bearing age are asked before a diagnostic radiology examination in which
the pelvis is in, or near, the primary beam are asked if they are, or may be, pregnant.   If
pregnancy can be excluded then the examination can proceed.  If it is likely that the patient is
pregnant, then the proposed examination must undergo rigorous justification.  If pregnancy
cannot be excluded, but the examination results in a low dose to the fetus, then the advice is to
proceed with the examination, provided the woman' period is not overdue (ie the missed
period rule).  For high dose procedures (taken to be examinations where the fetus receives a
dose of a few mGy) then the 10-day rule applies.

Irrespective of how this advice is applied in practice, it is almost inevitable that a
woman who has had an x-ray examination will subsequently discover that they are pregnant.
In these circumstances it is necessary to consult an expert in medical physics and request that
the fetal dose is estimated. This may involve the medical physicist in calculating the dose
from a knowledge of technique factors, simulating the examination using a phantom loaded
with dosimeters or reviewing the published scientific literature.



ICRP introduced a lower dose-limit for the protection of women who are
occupationally exposed. ICRP 60 (1) states once pregnancy has been declared, the conceptus
should be protected by applying a supplementary equivalent-dose limit to the surface of the
woman's abdomen (lower trunk) of 2 mSv for the remainder of the pregnancy.  This is
equivalent to applying a dose limit of 1 mSv to the fetus and assuming hat the fetus is a
member of the public. 

FETAL DOSIMETRY

Fetal Dose Estimation
It is possible to establish the fetal dose from the entrance skin dose if this has been

measured or calculated. Entrance skin dose  (ESD) may be estimated from a knowledge of the
examination technique factors  (i.e. tube potential - kV), tube current mA exposure time (s)
and focus skin distance (FSD) (3).  Backscatter factor (BSF) have been published by Jones
and Wall (4). Tube output is measured at 80kV at a distance of 100 cm from the tube.

ESD  =  output (Kv²) (100²) (MAS) 
 (80²) (FSD²) (BSF)

Neutralised organ dose data or ? uterine depth/dose data (5) may be used to deduce the
radiation dose to the uterus.  For ? stages of pregnancy, the fetal dose may be assumed to be
equal to the uterus dose.

Fetal Dose Measurements
Lithium fluoride thermoluminescent dosimeters (TLD) are commonly used to measure

doses in diagnostic radiology. These dosimeters have the advantages of being nearly tissue
equivalent and very sensitive to radiation.  This means that the dosimeters are quite small and
can be attached to the patient during an examination without affecting the resultant image.

It is possible to simulate the examination using a suitable anthropomorphic phantom
loaded with TLD at a position corresponding to the uterus.  This approach requires a
knowledge of the technique factors and procedures used.  It is particularly useful for
estimating the total doses for fluoroscopy examinations where it is difficult to accurately
evaluate the total dose.   

A retrospective study performed in Iran (6) involved over 1300 patients referred to a
medical physicist for dose estimation.  The average age of the woman was 28.6 years with the
average age of the fetus being 31 days.  The mean total absorbed dose was 6.8 mGy.  Most
examinations were performed for non-malignant gastrointestinal or urological problems.

Osei and Faulkner (7) studied the fetal doses received by a series of 50 pregnant
women in the North of England.  These women had asked their physician about the risks of
ionising radiation to the fetus.  Virtually all the dose estimations were performed
retrospectively as most women were unaware that they were pregnant at the time of the
examination.  Table 1 is a summary of the estimated mean and range of fetal absorbed dose
per examination for this group of women.  Also given in Table 2 are reported typical means
and ranges from the published literature.



Most of the foetuses  (68%) had a gestation age of less than 8 weeks.  A further 26%
had gestational age between 8 and 25 weeks.  Five of the foetuses (10%) received a total dose
of over 10 mGy.  The majority (58%) received doses below 5 mGy.  Estimated fetal doses to
the women tended to be higher than that deduced from average doses for the examinations.  In
addition, the women tended to older than the norm in the North East of England.

Wagner et al (9) have produced a guide to medical management of pregnant patients
and diagnostic radiation.  In their book a series of case studies are presented.  Whilst the
majority were diagnostic radiology examinations, some under medicine procedures were
performed.  Table 3 is a summary of the estimated dose for these cases. Most doses are in the
20-40 mGy. These doses are higher than those reported by Osei and Faulkner mainly because
many patients in Wager et al's series had CT scanners. 

PREGNANT STAFF
In diagnostic radiology, it is likely that many radiographers will be female, a

significant proportion of whom will be of childbearing age. Consequently, the exposure of
pregnant workers must be give special consideration.

According to the Basic Safety Standards (10) a female worker should, on becoming
aware that she is pregnant, notify the employer in order that her working conditions my be
modified if necessary.  The notification of pregnancy shall not be considered a reason to
exclude a female worker form work; however, the employer of a female worker who has
notified pregnancy shall adapt the working conditions in respect of occupational exposure so
as to ensure that the embryo or fetus is afforded the same broad level of protection as required
for members of the public.  This means that the dose to the embryo of fetus should not
normally exceed 1 mSv.

Analysis of personnel monitoring results in most facilities will usually indicate that
staff (both in hospitals and general practice) receives low doses.  Usually there is no
requirement for a pregnant member of the staff to change her duties based on the expected
dose to the embryo or fetus.  However, all doses should be reduced whenever possible and
thus some supervisors will consider it prudent to reassign pregnant staff non-radiation duties
if this is possible.  As radiation dose levels to staff are low, it is not usually necessary to issue
pregnant staff an additional dosimeter or to apply extra protective measures, but a thorough
assessment of potential doses should be made.

There is one staff group who may receive a dose to the embryo or fetus comparable
with the dose limit over the period of the pregnancy.  This is the staff who stand adjacent to
the couch during a significant number of fluoroscopic procedures involving long times (ie
very high workloads).  Depending on local circumstances there may be other staff groups who
could also recovered a high dose to the embryo or fetus.  These can be identified from
personal monitoring results.  The possibility of a dose approaching 1 mSv to the embryo or
fetus should be assessed once pregnancy has been declared.  A responsible person such as the
departmental manager, in conjunction with the radiation protection officer, should also decide
whether it is appropriate to reallocate staff duties, or to apply extra protective measures.  It is
possible to estimate the fetal dose from a dosimeter reading using a set of conversion factors
(11).



DISCUSSION
When a medical physicist is asked to provide an estimate of fetal dose, either

prospectively or retrospectively, it is important to assess the dose for the individual patient.  It
is clear from the work of Osei sand Faulkner (7) that women who discover that they are
pregnant after the examination are not typical of the general population.  On average they tend
to be heavier than average. As a consequence, simply looking up the average uterus dose for a
specific examination may lead to an underestimate of the fetal dose.

Elective procedures are an area where advice requires clarification. Elective means
that the examination would be performed immediately or it would be deferred for a period of
time without adversely affecting the mother's clinical prognosis.  In these circumstances it is
likely that the woman may well decide to delay the examination if she is concerned about
being pregnant. In dental radiology, total fetal doses are vanishingly small.  However, some
women have requested that an examination is delayed because of their concerns about the
risks to a potential fetus.

In a practical situation, it may be difficult to determine in advance, which
examinations would result in doses of a few tens of mGy.  Legal opinion is that this would
apply at 20 mGy (12).  Under the Medical Exposures Directive (13) a referrer requests a
radiological opinion and it is at the discretion of the practitioner (ie radiologist) to determine
which examinations should be performed.  Most radiologists would be unaware of the fetal
dose associated with a particular examination.  In any event, women who subsequently
discover they are pregnant tend to be a subset who received higher doses than average
anyway.

For occupational exposures a pragmatic approach is to minimise the dose to pregnant
workers.  This means avoiding working in interventional radiology or high throughput
fluoroscopy suites.
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Table 1

Fetal Radiation Risks
Effect Risk Factor

Carcinogens 2.8-13 10²/Sv
Hereditary 1 10²/Sv
Mental Retardation 30 IQ points/Sv



Table 2

Proj Examination Estimated Fetal dose per examination (mGy)
Mean (This
Work)

Reported
mean

Range (This
work)

Reported
range

Radiographic examinations
        
AP Abdomenª 2.0 1.9 0.49-4.9 0.16-9.2
PA Abdomenª 0.64 0.53 - 0.35-0.82

Abdomen ь 1.8 2.5 [1.4] 0.49-4.9 0.25-19.0
{4.2}

AP Chestª <0.01 <0.01 <0.01-0.01 <0.01
PA Chestª <0.01 <0.01 <0.01 <0.01

Chest ь <0.01 0.01[<0.01] <0.01-0.01 <0.01
AP Lumbar spineª 1.3 1.9 0.28-3.52 0.20-15.0
LAT Lumbar spineª 0.41 0.41 0.11-1.4 0.09-3.1

Lumbar spine ь 0.9 4.0 [1.7] 0.11-3.52 0.27-40.0
{10.0}

LAT Lumbosacral jointª 0.42 0.56 0.12-0.95 0.09-2.4
Pelvis ь 3.3 2.0 [1.1] 1.6-6.7 0.55-22.0

{4.0}
AP Thoratic spineª <0.01 <0.01 <0.01 <0.01-0.03
LAT Thoratic spineª <0.01 <0.01 <0.01 <0.01-0.01

Thoratic spine ь <0.01 0.01 [01.01] <0.01 <0.01-0.55
{<0.01

Special examinations

IVU/IVP 3.3 6.0 [1.7] 1.4-5.6 0.7-55.0
{10.0}

Barium enema 7.9 10.0 [6.8] 1.7-5.6 0.28-130.0
{24.0}

Barium meal 1.6 -[1.1] 1.0-2.1 - {5.8}
AP Urinary bladder 4.4 - 3.1-6.1 -

ª Reported mean and range were adapted from Shrimpton et al (8).
ь Reported mean and range were adapted from Wagner et al (9).  Mean values in square
brackets and values in curly brackets (representing only the maximum values) were adapted
from (12).



Table 3

Examination Fetal dose

Chest, cervical, spine, abdomen, pelvis etc 20
CT (L5-SI level) 3
CT (Renal) 8
Skull, chest, barium enema, 2 gallbladder etc 20-80
Ureterogaus, cystogram, Abdomen,? IVP 64
Cervical radiography, CT (cervical spine),
chest, CT/Thorax

40

Chest, cervicalspine, pelvis, cystogram, CT
(pelvis)

30-50

IVP 17
Chest x-rays CT (Lumbar spine) <10
CT (abdomen) 25
Urogram 3-7
CT(abdomen/pelvis) 20-40
CT (pleurisy), chest 3
Lumbar spine, brain scan 20-40
Speed series, chest, pelvis, CT (/brain) <17
Fluoroscopy, chest 26-50
Barium enema, IVP, chest  CT (head) 30
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