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Abstract

Objective: The aim of this study was to calculate the embryo/fetus dose in pregnant patients who have accidentally received radioiodine (**'l) and to evaluate the
termination of pregnancy by giving teratological advice to the family.

Methods: In this study, fetus dose was calculated in 16 patients who were referred to our department following the application of "'l radioisotope for diagnosis and
treatment in different nuclear medicine centers.

Results: Mean embryo/fetus dose of three pregnant patients, who received 0.37 MBq (10 uCi) ™'l orally for thyroid uptake test, was calculated as 0.063 mGy. For uptake/
scintigraphy test, 1.85 MBq (0.05 mCi) "'l was applied to six patients, and the calculated mean fetal dose was 0.13 mGy and fetal thyroid dose was 1073 mGy (1.073 Gy).
Mean embryo/fetus dose of three patients who received mean 185 MBq (5 mCi) ™'l orally for whole body scintigraphy was calculated as 13.2 mGy. One of two patients
with hyperthyroidism was administered 370 MBq (10 mCi) ™'l orally and the embryo/fetus dose was calculated as 26.64 mGy and fetal thyroid dose was calculated as
215340 mGy (215.34 Gy). The other patient with hyperthyroidism received 481 MBq (13 mCi) *'l and embryo/fetus dose was calculated as 34.63 mGy. One of two patients
diagnosed with thyroid cancer received 3700 MBq (100 mCi) 'l and the embryo/fetus dose was calculated as 266.64 mGy. The other patient with thyroid cancer received
5555 MBq (150 mCi) ™'l at 15" gestational week, and fetus dose was calculated as 377.8 mGy and fetal thyroid dose was calculated as 3221.9 Gy.

Conclusion: Diagnostic ™'l administration before the 10" week of pregnancy induces insufficient radiation dose for termination of pregnancy. Whilst, the embryo/fetus
dose in pregnant women with high doses of "'l rise up to more than 100 mGy and these cases shoulde be therefore evaluated in terms of termination of pregnancy.
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more than 600 MBq (16.2 mCi) at a time should be isolated in
radionuclide therapy rooms in nuclear medicine clinics until

INTRODUCTION

Radioiodine (') has been used for many years in the diagnosis
and treatment of hyperthyroidism (HTT) and thyroid cancer.
Thyroid uptake test (TU) is performed for diagnostic purposes

the radiation dose rate decreases to <30 usv/h at 1 meter (2).
In all radionuclide applications for diagnosis and treatment,

and/or scintigraphic imaging, with using 365 keV using 365 keV
energy gamma rays following oral administration of low dose
13, such as 0.37-1.85 MBq (10-50 uCi). In addition to gamma
rays, 'l emits beta particles with 606 keV, which are used for
treatment. 222-1110 MBq (6-30 mCi) is used for the HTT and
1110-7400 MBq (30-200 mCi) is used for the treatment of thyroid
cancer (1). Regarding Turkey Atomic Energy Authority radiation
protection legislation, patients who underwent therapy with

pregnancy status of female patients of reproductive age are
questioned and pregnancy test is requested in every suspicious
case. Despite these precautions, ™'l treatment may be applied to
the pregnant women by accident in the first 10 days of pregnancy
or in case of false negative pregnancy test results. In these
applications, "'l reaches the placenta by metabolic pathways
and irradiates the embryo/fetus. Fetal thyroid gland develops
starting from the 10" week of pregnancy. The ™'l radionuclide
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concentrates in the thyroid gland of the fetus as well as in the
mother’s thyroid gland and participates in hormogenesis such
as the non-radioactive iodine element. Therefore, ™'l causes
high fetal thyroid dose especially with beta rays during its stay
in fetal thyroid gland (3,4). In radiopharmaceutical applications,
the radiation dose to which the embryo/fetus is exposed
and the fetal thyroid dose can be calculated using various
phantoms. The most commonly used of these phantoms are
pregnant women phantoms developed by Stabin (5). Stabin’s
pregnant women models mimic the first period of pregnancy,
3 months, 6 months and 9 months of pregnancy. Russell et al.
(6) calculated the radiation doses delivered to the embryo/fetus
by radiopharmaceuticals used in nuclear medicine by using
Stabin’s pregnant female phantoms and presented the results
in tables as mGy/MBq dose units. It is known that radiation
has deterministic effects on embryo/fetus in prenatal period,
including intrauterine death, organ malformations, growth
developmental retardation, and mental retardation. To see
these effects, the radiation dose to which the embryo/fetus is
exposed must exceed a certain threshold. It has been shown
that the cumulative radiation dose that may be harmful to the
embryo/fetus is 50 mGy (5 rad), but if the radiation exposure
is below this amount during the entire pregnancy period, the
embryo/fetus is far from deterministic effects and the risk of
congenital anomalies does not increase significantly (7-11).
There is no threshold dose in the theory of radiation-induced
cancer, known as stochastic effect. In general, it is accepted that
the embryo/fetus is more sensitive to ionised radiation and
protective measures have been proposed (6). According to the
generally accepted approach to termination of pregnancy, if
the embryo/fetus is exposed to radiation doses higher than 100
mGy, the family should be given teratological counseling, and
accurate, realistic and scientific information should be provided
on the possible effects of ionized radiation and the risks to the
baby. The decision to terminate the pregnancy should be made
by the parents in accordance with the information provided by
medical experts (12). If the embryo/fetus is exposed to radiation
doses of more than 100 mGy between the 10" and 25" weeks of
pregnancy, termination of pregnancy is recommended due to
the increased risk of fetal malformation, central nervous system
damage, and growth and developmental retardation (7,13).
Stochastic effects on the embryo/fetus have been reported to

occur at doses of 100-200 mGy (14,15). The aim of this study
was to determine the embryo/fetus dose and to evaluate the
termination status of the pregnant women who underwent ™|
in nuclear medicine centers.

METHODS

The study was initiated following the approval of the istanbul
University Cerrahpasa Faculty of Medicine Ethics Committee
(approval number: 219488, dated: 09/07/2015).

Patient Groups

According to the procedure in Cerrahpasa Faculty of Medicine,
pregnant women who accidently underwent radioactive
investigation apply to the department of medical genetics.
Patients whose gestational age is determined here by
ultrasonography are referred to the department of nuclear
medicine for calculation of the embryo/fetus dose and then
referred back to the department of medical genetics. In this
study, the embryo/fetus dose of 16 patients who underwent
diagnostic and therapeutic 1311 at different nuclear medicine
centers between July 2015 and June 2017 was computed in the
nuclear medicine department. Of these patients, three patients
with HTT underwent diagnostic 0.37 MBq (10 uCi) 'l for TU,
six patients who underwent thyroidectomy received 1.85 MBq
(0.05 mCi) "'l for TU scintigraphy (TUS), three patients received
185 MBq (5 mCi) ™'l for whole body scintigraphy (WBS), and
two patients received therapeutic "'l for HTT and two patients
received therapeutic 'l for thyroid cancer treatment (TCT). On
the day of radiotherapy, 15 of the patients were in the first 3
months of pregnancy and one of them was in the 4" month.

Calculation and Evaluation of Embryo/Fetus Dose/Fetal
Thyroid Dose

The radiation doses (mGy/MBq) given to the embryo/fetus by
the radiopharmaceuticals administered to the mother during
various periods of pregnancy were calculated from phantoms
by Russell et al. (6) (Table 1) (12). Fetal thyroid gland develops
starting from the 10" week of pregnancy. Taking into account
this criterion in the calculation of fetus doses in our study, fetal
thyroid dose was also calculated in fetuses with at least 10 weeks
of gestation. The calculation of fetal thyroid dose was based on
the table published by Watson (3) (Table 2). In accordance with

Table 1. Doses per unit activity (MBq) given to the embryo/fetus (mGy) from radioiodine 131 radionuclide administered to the

mother (6)
Radiopharmaceutical Early period 3 months 6 months 9 months
"1 sodium iodide 7.2x10-2 mGy/MBq 6.8x10-2 mGy/MBq 2.3x10-1 mGy/MBq 2.7x10-1  mGy/MBq

311: Radioiodine 131
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the routine application protocol of our study team, after the
embryo/fetus dose is calculated in the department of nuclear
medicine, the final report is submitted to the expectant mother
and then directed to the department of medical genetics. Cases
with embryo/fetus and fetal thyroid doses more than 100 mGy are
re-referred to the outpatient clinic of the department of medical
genetics. The medical genetic specialist determines the other
teratogenic factors of the pregnant woman and sends the risk
report to the obstetrician. As a result, the termination proposal
is made by the physician to the parents and the decision is made
by the parents.

Statistical Analysis

The data in this study were evaluated in detail and no statistical
analysis was performed.

RESULTS

The study cohort consisted of pregnant women who underwent
diagnostic and therapeutic nuclear medicine applications
for thyroid diseases in different centers around Turkey. Mean
embryo/fetus dose of three patients, who received 0.37 MBq (10
uCi) ¥ orally for TU test, was calculated as 0.063 mGy. Fetal
thyroid doses were not calculated since thyroid formation did not
occur because the gestational age of the patients was less than
10 weeks. In six patients who underwent total thyroidectomy
with the diagnosis of thyroid cancer, 1.85 MBq (50 uCi) ™'l was
administered orally for the diagnosis of residual thyroid tissue
and TUS was performed for diagnostic purposes. Three of these
patients had gestational age less than 10 weeks and two of
them had gestational age more than 10 weeks. The calculated
mean fetal dose was 0.13 mGy and fetal thyroid dose was 1073
mGy (1.073 Gy). In patients undergoing total thyroidectomy and
31| therapy, WBS is usually performed at 6-12 months after ™'l
therapy for ablation control and metastasis research. In this

Table 2. Doses per unit activity (MBq) given to the embryo/
fetus (mGy) from iodine radioisotopes administered to the
mother (3)

Gestational age (months) | 121 1241 | 31
3 2.7 24 290 230
4 2.6 27 240 260
5 6.4 76 280 580
6 6.4 100 210 550
7 4.1 9% 160 390
8 4.0 110 150 350
9 2.9 99 120 270
2]: Radioiodine 123, '*I: Radioiodine 124, '»I: Radioiodine 125,

11: Radioiodine 131
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diagnostic study, 185 MBq (5 mCi) "'l was administered orally
to each of the three patients. Since the gestational age of the
patients was less than 10 weeks, only embryo/fetus doses were
calculated and the mean value was 13.2 mGy. The gestational
age of one of the two patients undergoing HTT was 11 weeks-5
days, and 481 MBq (13 mCi) "'l was administered orally to this
patient. The fetal dose was 26.64 mGy and the fetal thyroid dose
was 215340 mGy (215.34 Gy). Since the other patient with HTT
had a 3 week-0 day pregnancy, only the embryo/fetus dose was
calculated and found as 34.63 mGy. One of the two patients
who underwent TCT received 3700 MBq (100 mCi) ™'l and the
embryo/fetus dose was 266.64 mGy. The patient who received
5555 MBq (150 mCi) ™'l was 15 weeks pregnant, and the fetus
dose was 377.8 mGy and the fetus thyroid dose was 3221.9 Gy
(Table 3). Following labor, 13 out of 16 women were followed up.
One woman who had TU and two women who had TUS could
not be followed up. Of the 13 women who were followed up,
two women who underwent TU had vaginal birth with healthy
babies, and their thyroid hormone tests and mental performance
tests were found to be normal. Two of six women who had TUS
could not be followed up. Radiotherapy was planned for breast
cancer in one of the four women who were followed up and
medical abortion was performed. The remaining three women
had vaginal birth, and one of the babies had hypothyroidism
and the other two babies had normal thyroid hormone tests and
mental performance tests. One of the three women who had WBS
examination delivered stillbirth in the 24" week of pregnancy
and the other two had healthy babies with vaginal birth. One
of the two women who underwent HTT had medical abortion
due to high fetal thyroid dose exposure, the other gave birth
to a healthy baby with normal delivery, and thyroid hormone
tests and mental performance tests of the baby were found to
be normal. Two women who had underwent TCT underwent
medical abortion due to high fetal dose and high fetal thyroid
dose. The mean values of the calculated embryo/fetus doses are
shown in Figure 1. In "'l applications, it was determined that
embryo/fetus dose was low in patients with gestational age less
than 10 weeks and fetal thyroid dose increased significantly in
gestational age more than 10 weeks. It was observed that both
embryo/fetus dose and fetal thyroid dose were at very high levels
due to high iodine activities applied for TCT (Figure 2).

DISCUSSION

The embryo/fetus is highly sensitive to radiation. The ™|
radionuclide used in the diagnosis and treatment of thyroid
diseases isan important risk to the embryo/fetus when taken into
the body of the pregnant woman because of its characteristics
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such as high energy beta and gamma rays and relatively long
physical half-life. It is recommended that fetal thyroid dose be
calculated in order to determine the risk ratio (3). It has been
known for many years that fetal thyroid develops at the 10"
week of pregnancy and it concentrates the iodine element (16).
Stabin, (17) one of the authorities on this issue, reported that
thyroid functions may be completely lost in higher doses as well
as thyroid dysfunction may be observed as a result of high dose
exposure of fetal thyroid during pregnancy. It is known that the
31 applied to the expectant mother passes through the placenta
by active transport mechanism like the non-radioactive iodine
element and mixes with the fetal blood and that the iodine
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Figure 1. Distribution of mean embryo/fetus doses in diagnostic and
therapeutic radioiodine 131 administration
TU: Thyroid uptake, TUS: Thyroid uptake scintigraphy, HTT: Treatment of
hyperthyroidism, TCT: Thyroid cancer treatment

concentration in the fetal blood is 75% in the mother’s blood.
During thyroid hormone synthesis using the ™'l element, fetal
thyroid tissue is exposed to radiation. While beta rays of ™I
give high radiation dose to fetal thyroid tissue, gamma rays give
radiation dose to both fetal thyroid and whole fetus (18). The
radiation dose delivered to a fetal thyroid tissue by ™'l applied
to a 12 week old pregnant woman was evaluated as 350 mGy/
MBq by Roedler (19) and as 220 mGy/MBq by Johnson (20). In
our study, the calculated fetal thyroid dose was 230 mGy/MBq
in an 11 week pregnant woman. After "'l is administered to
a woman with unknown pregnancy, dosimetry is required to
determine the radiation dose received by the embryo/fetus.
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Figure 2. Distribution of mean fetal thyroid doses in diagnostic and
therapeutic radioiodine 131 administration

TUS: Thyroid uptake scintigraphy, HTT: Treatment of hyperthyroidism, TCT:
Thyroid cancer treatment

Table 3. Embryo/fetus and fetal thyroid doses calculated after administration of radioiodine 131

Patient no Dose applied Gestational Embryo/fetus | Fetal thyroid Pregnancy follow up
application MBq (mCi) ggs)(week’ dose (mGy) dose (mGy)
purpose
Low dose 1.TU 0.37 (0.01) 3w,3d 0.063 - Live, healthy birth
(diagnostic) 2.TU 0.37(0.01) 3w, 1d 0.063 - Live, healthy birth
3.TU 037 (0.01) 6w,2d 0.063 - out of follow-up
4.TUS 1.85 (0.05) 2w, 5d 0.13 - Medical abortion Live,
5. TUS 1.85 (0.05) 11w,4d 0.12 425 (0.425 Gy) healthy birth
6. TUS 1.85 (0.05) 2w, 5d 0.13 - Out of follow-up
7.TUS 1.85 (0.05) 10w,3d 0.12 425 (0.425 Gy) Live, healthy birth
8. TUS 1.85 (0.05) 5w,5d 0.13 - Out of follow-up
9. TUS 1.85 (0.05) 3w,5d 0.13 - Live, healthy birth
10. WBS 185 (5) 5w,2d 13.2 - Live, healthy birth
11. WBS 185 (5) 6w, 3d 13.2 - Stillbirth
12. WBS 185 (5) 2w, 4d 13.2 - Live, healthy birth
High dose 11. HTT 370 (10) 11w,5d 26.64 85100 (85.1 Gy) Medical abortion
(treatment) 12, HTT 481 (13) 3w,0d 34.63 - Live, healthy birth
13. TCT 3700 (100) 2w,3d 266.4 Medical abortion
14. TCT 5555 (150) 13w,0d 377.8 1277650 (1277.6 Gy) Medical abortion

TU: Thyroid uptake, TUS: Thyroid uptake scintigraphy, WBS: Whole body scintigraphy, HTT: Treatment of hyperthyroidism, TCT: Thyroid cancer treatment, w: Week, d: Day
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In Report 54 of the National Council on Radiation Protection
and Measurements, fetal dose exposures below 50 mGy (5 rad)
are reported to be negligible in terms of congenital risk when
compared to natural risks in pregnancy (21). This organization
reported that if the embryo/fetus dose is greater than 150 mGy
(15 rad); the risk of malformation may be uncontrollably high.
Otake et al. (22) examined the effects of the atomic bomb on
Japanese pregnant women and reported that embryo/fetus
was the most sensitive to radiation between 8" and 15" weeks
of pregnancy. In the Committee on the Biological Effects of
lonizing Radiation V report evaluating the effects of radiation
on fetus, it was reported that the radiation dose to be given to
the fetus by ™'l radionuclide with 3700-7400 MBq activity for
therapeutic purposes by accident between 8"and 15" weeks of
pregnancy will exceed the threshold value (23). The International
Commission on Radiological Protection-84 report stated that
if the fetal dose is >10 mGy, the risk of leukemia and cancer
may increase by 40%, and that if the fetus dose is 100-1000 mGy,
pregnancy should be terminated (24). Maxon and Smith (25)
reported that the total dose required to ablate residual thyroid
tissue in patients undergoing total thyroidectomy for TCT was
300 Gy. If a high-dose ™'l is administered to an expectant mother
at the 10" gestational week, the fetal thyroid dose exceeds the
300 Gy limit in most cases. In addition, thyroid gland is evaluated
in the critical organs group in terms of radiation dose and the
tolerance dose has been reported as 20 Gy (26-28). In such
cases, fetal thyroid dose should be determined and teratological
counseling should be given to the family. In addition, pregnancy
test should be performed before radioactive applications in
any suspicious cases. If 'l is applied to a pregnant woman by
accident in diagnostic tests such as TU and/or TUS, it is useful
to make the patient drink plenty of water to accelerate urinary
excretion (29).

CONCLUSION

According to the results of this study, it is concluded that patient-
specific embryo/fetus dose estimation is necessary for pregnant
women who received radioiodine in pregnant women who
received "'l radionuclide, ™'l which is applied for diagnostic
purposes before the 10" week of pregnancy will not deliver
radiation dose enough to cause anomalies in the embryo alone,
and that "'l radionuclide administered in the treatment of HTT
and thyroid cancer after the 10" week of pregnancy can be an
indication for medical abortion due to increasing fetus dose
above 100 mGy and fetal thyroid dose above 20 Gy.
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