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Abstract

Objective: In this study, we aimed to make a computer program that calculates approximate radiation dose received by embryo/fetus
in nuclear medicine applications.

Material and Methods: Radiation dose values per MBg-1 received by embryo/fetus in nuclear medicine applications were
gathered from literature for various stages of pregnancy. These values were embedded in the computer code, which was written
in Fortran 90 program language.

Results: The computer program called nmfdose covers almost all radiopharmaceuticals used in nuclear medicine applications.
Approximate radiation dose received by embryo/fetus can be calculated easily at a few steps using this computer program.
Conclusion: Although there are some constraints on using the program for some special cases, nmfdose is useful and it provides
practical solution for calculation of approximate dose to embryo/fetus in nuclear medicine applications. (M/IRT 2072,27.79-22)
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Ozet

Amac: Bu calismanin amaci nikleer tip uygulamalarinda embriyo/fetlistin maruz kaldigi yaklasik radyasyon doz miktarini hesaplayan
bir bilgisayar programi yapmakti.

Gerec ve Yontemler: Hamileligin cesitli zaman dilimleri icin nikleer tip uygulamalarinda embriyo/fetlisin maruz kaldig
MBg-! basina radyasyon doz dederleri literatiirden derlendi. Bu de@erler Fortran 90 program dili kullanilarak yazilmis bilgisayar
kodu icerisine yerlestirildi.

Bulgular: nmfdose olarak adlandirilan bu bilgisayar programi nikleer tip uygulamalarinda kullanilan radyofarmasotiklerin cogunu
kapsamaktadir. Bu programi kullanarak embriyo/fetls tarafindan alinan yaklasik radyasyon doz miktari birka¢ adimda kolayca
hesaplanabilmektedir.

Sonug: Bazi ¢zel durumlar icin bu programin kullanilmasinda kisitlamalar bulunmasina ragmen nmfdose programi nlkleer tip
uygulamalari icin yaklastk embriyo/fetiis radyasyon dozu hesabinda pratik bir ¢c6zim saglamaktadir. (MIRT 2072,27:79-22)
Anahtar kelimeler: Nikleer tip, radyasyon dozu, gebelik
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Introduction

Many women are exposed to ionizing radiation each
year during their pregnancy for both diagnostic and
therapeutic purposes. lonizing radiation is known to cause
harm on the embryo and fetus. Potential adverse outcomes
related to radiation exposure during pregnancy include
teratogenicity, genetic damage, intrauterine death and
increased risk of malignancy development. The risk of each
effect depends on the gestational age at the time of
exposure and the absorbed radiation dose level. During the
preimplantation (0-10 days after conception) and
implantation (10-14 days) stages, radiation may cause
death of the zygote or embryo. This appears to be an “all
or none” effect and a surviving embryo will go on to
develop normally. Organogenesis starts 3-5 weeks after
conception. Radiation risks are most significant during
organogenesis and in the early fetal period somewhat less
in the second trimester and least in the third trimester (1).

In nuclear medicine, patients are administered varying
quantities of different radiopharmaceuticals for the
diagnosis  or  treatment of disease.  These
radiopharmaceuticals will expose patients to ionizing
radiation. Although during pregnancy it is strongly
recommended to avoid diagnostic or therapeutic nuclear
medicine procedures, in cases of clinical necessity or when
the physician does not know about the pregnancy, patients
may undergo certain nuclear medicine procedures. For
these procedures, the absorbed dose to embryo/fetus
depends upon deposit of radiopharmaceuticals in the
maternal tissues, placental transfer of
radiopharmaceuticals, retention and distribution of
radiopharmaceuticals, the physical half-life, type of decay
products and photon irradiation from radionuclides in the
maternal tissues and placenta (2,3).

In nuclear medicine applications, the doses received by
embryo/fetus for therapeutic purposes are much higher
than those of diagnostic purposes. Most nuclear medicine
procedures do not cause large fetal doses because Tc-99m
labeled radiopharmaceuticals are frequently used during
pregnancy and they lead to a fetal absorbed dose of less
than 10 mSv (4), while some radiopharmaceuticals labeled
with -131 can pose significant fetal risks (2,5). Using
hospital records, Doll et al. concluded that radiation doses
even in the order of 10 mSv received by the fetus in utero
produce a consequent increase in the risk of getting
childhood cancer (6). In addition, a report by the
International Commission on Radiological Protection (ICRP)
advises that diagnostic and therapeutic procedures causing
exposure of the abdomen in women likely to be pregnant
should be avoided unless there are strong clinical
indications (7).

Although there is some evidence that radiation doses in
the order of 10 mSv can cause an increase of getting

20

childhood cancer risk as mentioned above, general aspects
about fetal dose can be summarized: If fetal dose is less
than 10 mSy, there is no evidence supporting the increased
incidence of any deleterious developmental effects on the
embryo/fetus at diagnostic doses; if fetal dose is between
10 mSv and 100 mSy, the additional risk of gross congenital
malformations, mental retardation, intrauterine growth
retardation and childhood cancer is thought to be low
compared to the baseline risk; if fetal dose exceeds 100
mSy, the lower limits for threshold doses for effects such as
mental retardation, diminished IQ and school performance
fall.

When radiopharmaceuticals administered to pregnant
patients either out of clinical necessity or by accident, an
accurate estimate of radiation absorbed dose to the fetus is
necessary. International Commission on Radiological
Protection (ICRP) has the responsibility for calculating dose
from intakes of radionuclides by both embryo and fetus as
well as members of the public and workers. ICRP published
a series of publications giving dose coefficients for public
(8,9,10) as well as embryo and fetus (5,11) based on some
standardized kinetic models and, in some cases, including
knowledge of the amount of radiopharmaceutical
crossover, as measured in animal or human studies. Also,
reviews on data available on the embryo/fetus dose caused
by radiopharmaceuticals used in nuclear medicine
applications can be found in literature (5,11,12,13).

There is a computer program available, called nmdoses
(14) which calculates radiation dose to organs and gonads
for some commonly used diagnostic and therapeutic
radiopharmaceuticals in nuclear medicine. However, it does
not include fetus dose calculation for nuclear medicine
applications. In addition, the calculation of doses received
by embryo/fetus is grueling and time consuming for
physicians and health physicists. So, the aim of this study is
to make a computer program which calculates approximate
embryo/fetus radiation dose at a few steps.

Materials and Methods

In this computer program, for each radiopharmaceutical,
radiation dose values of embryo or fetus given as mGy for
per MBq to various stages (12,13) were used. These values
were embedded in the computer code, which was written
in Fortran 90 program language. After compiling of the
code nmfdose program was ran on Windows XP, Vista and
7 Operating Systems and checked. This program is called
nmfdose.

Results
Some radiopharmaceuticals included by nmfdose

program are listed in Table 1. User can calculate
approximate embryo or fetus doses at four steps using
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nmfdose program. Because it is distributed in zip format,
firstly the user should extract nmfdose program to any
directory. In order to run the program, user should follow
the instructions listed below:

1. Select a radionuclide

2. Select a radiopharmaceutical

3. Select a gestational age

4.  Input the activity of selected radionuclide in MBq

An example is presented in the figure (Figure 1)
showing the calculation of approximate fetus dose for Tc-
99m DTPA (diethylene triamine pentaacetic acid) which is a
renal imaging agent and is widely used in clinical nuclear
medicine. At the first step, Tc-99m radionuclide was
selected via entering 13. At the second step, Tc-99m DTPA
was selected via entering 4. At the third step, gestational
age was selected as 3-month pregnant via entering 2 and
finally activity of Tc-99m DTPA was selected as 740 MBq.
The result of this calculation was obtained as 6.44 mSv.
After the calculations, the program gives some suggestions
relating to the level of received fetal dose.

Radioiodine (I-131) is another frequently used
radionuclide for diagnostic purposes and for treating
patients with hyperthyroidism and well differentiated
thyroid cancer. Although this radionuclide is not allowed to
be used for pregnant patients for treatment purposes,
there might be some cases that physician and patient do
not know about the pregnancy even after a pregnancy test.

We therefore calculated the radiation dose to embryo for I-
131 treatment using nmfdose, and we obtained it as 266.4
mSv. In this calculation, gestational age was selected as
early pregnancy and the activity of the radionuclide was
entered as 3700 MBq. The calculations of fetus doses
mentioned before are summarized in Table 2.

Discussion

Using nmfdose program, approximate embryo or fetus
dose in pregnant patients for nuclear medicine applications
can be easily calculated. On the other hand, there are some
constraints about some special cases to be considered
which are not included by nmfdose program for the
pregnant patient. These cases are summarized as follows:

1. The fetus begins to take up iodine at around 10-13
weeks of gestation when the fetal thyroid is capable of
concentrating iodine, which crosses the placenta and
synthesize thyroid hormones (3,15). Because of this reason,
calculation of the fetus dose does not depend on the value
of % uptake for the stage of early pregnancy and nmfdose
program which does not include the value of % uptake can
be used for this stage.

2. In thyroid cancer patients, a large amount of I-131 is
often given to patients whose thyroid glands have been
mostly removed surgically to destroy all the remaining
thyroid tissue and the metastases. There may be a remnant

Table 1. Some most commonly used radiopharmaceuticals included by nmfdose program

18F FDG 1311 MIBG 99mTc Human Serum Albumin
18F Sodium Fluoride 131] Rose Bengal 9mTc MAA

67Ga Citrate 131] Sodium lodide 9mTc MAG3

123| Hippuran 11In DTPA 99mTc MDP

123 IMP 111In Pentetreotide 99mTc MIBI rest

1231 MIBG M1|n Platelets 99mTc MIBI-stress

123] Sodium lodide
124] Sodium lodide
125| HAS

125 IMP

125 MIBG

125 Sodium lodide
126] Sodium lodide
130 Sodium lodide
1311 HAS

131] Hippuran

1311 MAA

111In Red Blood Cells
111n White Blood Cells
99mTc Albumin Microspheres
99mTc Disofenin

99mTc DMSA

99mTc DTPA

99mTc DTPA Aerosol
99mTc Glucoheptonate
99mTc HDP

99mTc HEDP

99mTc HMPAO

99mTc Pertechnetate
9mTc PYP

99mTc RBC Heat Treated
99mTc RBC in vitro

99mTc RBC in vivo

99mTc Sulfur Colloid normal
99mTc Sulfur Colloid Liver
99mTc Teboroxime

99mTc Tetrofosmin

99mTc White Blood Cells
201T] Chloride
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um Albumin

Figure 1. An example of calculation of approximate radiation dose to fetus
for renal function imaging with Tc:99m DTPA using nmfdose program

Table2. Results of fetus doses calculated by using nmfdose program

Radiopharmaceuticals ~ Gestational Activity Fetal
Age (Month)  (MBq) Dose (mSv)

Tc99m DTPA 3 740 6.44
131 early 3700 266.4
pregnancy

of thyroid tissue, and/or some thyroid cancer metastases
around the body. This situation should be taken into
account when approximate fetal dose is calculated (16).
As a result, except these cases, nmfdose program can
be used. This program is useful and it provides a practical
solution for the calculation of approximate fetus dose in
nuclear medicine applications. It can be expanded easily for
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new dose estimations of other radiopharmaceuticals to
fetus or more precise estimations than those of used in
nmfdose are needed. nmfdose program can be obtained
for free on request from the corresponding author.
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