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Abstract

When a patient is not aware of her pregnancy, the foetus/embryo may be inadvertently irradiated during a
diagnostic exploration or therapeutic intervention. The radiosensitivity of the foetus/embryo changes during the
different periods of gestation. For this reason there are different risk factors for each moment at which the patient
may suffer irradiation. In the past 7 years, the department of Radiophysics and Radiation Protection has been
consulted 75 times for this reason, to evaluate the dose received in the uterus. Since the establishment of a
programme to avoid inadvertent irradiation of the foetus/embryo, these consultations have been reduced. This
programme is based on informing the patients and on training the medical staff.

1. Introduction

The radiosensitivity of the foetus/embryo changes throughout the various stages of gestation.
It is unlikely that exposure of the embryo in the first three weeks after conception would cause
deterministic or stochastic effects in the born infant. In this period practically the only risk is
radioinduced death (all or nothing law). The risk factor is 1 per Gray (l%o per mGy).

For the remainder of the organogenesis period, conventionally considered after the third week
(until the 8th), malformations may occur in the organ which is developing at the moment of
exposure. These effects are of a deterministic nature and a threshold of 100 mSv has been
estimated with an associated risk of approximately 0.5 per Gy.

In the period between three weeks after conception and the end of gestation, it is likely that
exposure to radiation could cause stochastic effects resulting in an increased probability of
cancer in the live born infant. The risk factor is 0.02 per Gy, implying a risk between 2 and 3
times greater than for the general population.

The risk of serious metal retardation or loss in IQ is high between weeks 8 and 15 (0.45 per
Gy) and low between weeks 16 and 25 (0.1 per Gy). For purposes of comparison, the ratio of
serious mental retardation in born children is 1 in 200. [1 to 3].

2. Estimate of the risk in radiologic and nuclear medicine

In our hospital 75 consultations have been received in the past 7 years to perform a in-uterus
dosimetric study to evaluate foetal risk. Of these, 75% correspond to radiological studies and
25% to Nuclear Medicine (68% correspond to diagnostic explorations and 32% to therapeutic
treatments with 1-131). Patient ages vary from 18 to 42 years and declared gestation weeks
vary from 1 to 14 (average of 4 weeks).

The "Effdose" program of the National Institute of Radiation Hygiene of Denmark, the
in-uterus dose documentation of NRPB and ICRP-53 and the MIRD method were used for
dosimetric studies.

A dose of 10 mGy on the foetus, which may be standard for certain types of abdominal
radioexplorations and radionucleide explorations (bone and brain gammagraphs, microcardial
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perfusion gammagraphs with Tl 201, with Tc-99m MIBI and with Tc-99m TTF, etc.), will
imply an increase in the risk of mental retardation of 4 0/00 when irradiation takes place
between weeks 8 and 15 (the period of highest radiosensitivity), which when compared to the
natural rate (5 0/00) could be considered as acceptable if the benefits of the exploration are
important.

Foetal doses between 10 and 100 mGy or more may occur during complex or simple
radioexplorations performed with poorly optimised equipment and protocols, as well as in
certain explorations and treatments in nuclear medicine (gammagraphs with Ga-67 or
Selenium-75, and therapeutic treatments using 1-131, etc.). [3 to 7].

3. Programme for preventing inadvertent irradiation of the foetus/embryo

hi view of the results obtained and of interviews performed with several affected patients, it
was decided to carry out a program meant to reduce prenatal risks due to irradiation based on:

3.1. Patient information

The prescribing physician should ask the patient if she is pregnant or if she has missed a
menstruation. If there are doubts regarding the possibility of a pregnancy, the woman will be
considered to be pregnant.

Posters were created with the cooperation of the Ministry of Health and Consumption and the
Scientific Societies of Radiological Protection (SEPR), Nuclear Medicine (SEMN) and
Radiology (SERAM), with a striking and simple design, encouraging the patient to inform the
physician of her situation. These posters were placed next to the appointment windows and in
all waiting rooms, in order to inform the patients in both situations: when requesting an
appointment and prior to the exploration or treatment. The design of the Nuclear Medicine
poster included a request to inform the physician of a lactation situation in order to prevent
risk to the lactant.

Additionally, nurses were asked to inquire all women in fertile ages on behalf of the physician
responsible for the exploration regarding the possibility of a pregnancy before carrying out the
exploration or treatment, hi the event of a positive reply the physician was immediately
informed.

3.2. Physician training

All prescribing physicians and specialist physicians in radiology and nuclear medicine shall
receive information on the justification and optimisation criteria proposed by the ICRP and
gathered in our legislation and in Directive 97/43/Euratom. [1,2,8,9].
The criteria indicated are as follows:

• Only when a diagnostic exploration is well justified do the benefits overcome the risks.
It should also be kept in mind that the risk of not performing a necessary radiological
study may be much greater than the risk caused by the radiation.

• If a pregnancy cannot be ruled out and the radiological study involves the abdominal or
pelvis region, particular care shall be paid to the justification, and particularly to the
urgency of said study. The ICRP and the EC recommend that diagnostic methods which
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involve exposure of the abdomen in possibly pregnant women should be avoided unless
there are important clinical indications.

• Once the exploration is justified, the doses shall be kept as low as reasonably possible,
in accordance with the diagnostic information required.

• Experience shows that for the same exploration there are great intervals of doses to the
uterus depending on the equipment and protocol of exploration used, so that significant
dose reductions can be obtained without affecting the quality of the diagnostic image.

If the patient declares a possible pregnant state, the following alternatives are suggested,
which shall always be followed under the criteria of the physician responsible for the
exploration or treatment:

• Cancel the exploration^ considering other available methods (ultrasound or MR) which
have the same objective but do not imply exposure to ionising radiation. The patient
may also be asked about any similar studies which she has undergone recently.

• Postpone for a later date, if it Is not urgent, if the patient is uncertain about her state of
pregnancy, until being certain of said state or until after the child is born if the
pregnancy is confirmed.

• Modify the exploration, (for radiology) to reduce exposure to radiation, reducing the
number of images, selection of projections, reduced radioscopy time and collimation of
the radiation beam.

• Carry out the full exploration! in all cases ensuring that technical conditions are optimal,
using the minimum mAs, maximum possible collimation in radiology, as well as the
available protection means for adjacent areas which do not affect the image, and for
Nuclear Medicine performing a careful choice of radio-pharmacology and radionuclides
and with the minimum compatible dose administered in order to minimise the dose to
the foetus.

In any case, the decision should always be explained to the patient and her consent requested
(the patient has a right to know the possible risks). In the case of radiotherapy, before making
a decision regarding treatment of the future mother the dose to the foetus shall be carefully
calculated. It will normally be high, but treatment of the mother must in general prevail over
said dose to the foetus. In discussion and decision regarding treatment the mother's decision
will be considered.

4. Conclusion

With the execution of this program the number of cases consulted per year due to inadvertent
irradiation of the foetus has been to less than 10%. The cooperation of the medical personnel
has been crucial for the success of this experience, so that inclusion of these measures in the
continuous training programs has proved its usefulness and effectiveness.
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