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Dose Selection?

Radiodione (RAI) in Thyroid Diesease

• Radioactive iodine ( 131I) is widely used in the diagnosis and 

treatment of hyperthyroidism and thyroid cancer (since 1940s)

RAI Activity

Diagnostic 1 – 2 mCi

Benign Thyroid Disease 5 – 30 mCi

Thyroid Malignant (ATA)

• Low-Risk 

• Intermedia- High-Risks and 

Metastasis

No RAI 

30 mCi

150 – 200 mCi



RAI in Pregnancy 

● Administration of radiopharmaceuticals for 

therapeutic are generally contraindicated in 

pregnancy

▪ Compulsory pregnancy test prior Tx

● If a pregnant woman is exposed to a radioactive 

substance, it may be absorbed into the 

bloodstream and pass through the placenta to 

the fetus (total ablation of fetal thyroid)

● In general, radiation effects are due to either cell 

killing or unrepaired DNA damage



Medical Exposure to Pregnant/Lactating Patient

Effects on the Embryo/Fetus

1. Pregnancy loss (abortion ,stillbirths)

2. Congenital malformations (anatomical defects)

3. Neurobehavioral abnormalities (mental retardation)

4. Fetal growth retardation (reversible and irreversible)

5. Cancer

Deterministic

Stochastic



Effect and Risk of In-Utero Exposure

6

100 mGy

100 - 300 mGy

Stochastic

Effect of RAI on Fetus

• Absorbed Dose

• Stage of Gestation

European Journal of Obstetrics & Gynecology and Reproductive Biology 259 (2021) 53–59



ACR/CDC Statement

• United States Nuclear Regulation Commission

(USNRC) and ACR (American College of

Radiology) also recommend total fetus radiation

dose below 50 mGy is considered safe and does

not cause any harm

• According to the Centers for Disease Control (CDC),

radiation dose between 50 mGy - 100 mGy is

regarded as inconclusive regarding impact on the

fetus.

https://www.ncbi.nlm.nih.gov/books/NBK551690/

https://www.ncbi.nlm.nih.gov/books/NBK551690/


Fetal Dose Calculation

Poppulation 

(Pregnant) Kinetics
Standard (Pregnant) 

Phantom

No Official 

ICRP Publication

Target (fetus)

Source(S)

(uterus, kidney, 

bladder)



ICRP 128 – Fetus Dose 
(Paragraph 68 - 69)



Fetal Dose Calculation

Dose Coefficient 

(mGy/MBq)

× Activity in MBq

Fetal Dose 

(mGy)

Gestation Week

Physica Medica 43 (2017) 190–198



Iodine-131 after Conception

(1)

false negative

I-131 after 

conception

Dose Coefficient (mGy/MBq) × Activity in 

MBq

Fetal Dose (mGy)

1. Activity
2. Gestation Age

3. Fetal thyroid dose

Radionuclide mGy/MBq

Early 3 month 6 month 9 month

Iodine-131 7.2×10-2 6.8×10-2 2.3×10-2 2.7×10-2

Fetal Dose MBq

(mCi)

MBq

(mCi)

MBq

(mCi)

MBq

(mCi)

50 mGy
694.44 735.29 217.39 185.19

(18.77) (19.87) (5.88) (5.01)

Physica Medica 43 (2017) 190–198



Case Example I

• Case from private hospital 

• Hyperthyroid Patient, Contraception 

was confirmed by patient (birth control 

pill)

• Administered 131I activity 4 mCi

• After 131I, u/s was confirmed that on the 

treatment date GA around 10 - 11 
Weeks 

• Fetal Dose Calculation?



● Fetal absorbed dose 10.06 mGy (use Stabin 2017, 3 month pregnant 
6.8E-2 mGy/MBq)

● Below 50 mGy (ACR)…..What else we need to concern?

How to calculate dose?

No pregnancy test

I-131 after 

conception

GA 10-11 weeks

Radionuclide mGy/MBq

Early 3 month 6 month 9 month

Iodine-131 7.2×10-2 6.8×10-2 2.3×10-2 2.7×10-2



Radiation Absorbed Dose for Fetal Thyroid

• The thyroid gland is the first endocrine organ to function during fetal life

• Thyroid organogenesis is largely completed by 10–12 weeks of gestation 

• After the 10th week of gestation, the fetal thyroid gland starts trapping and 
concentrating iodine and synthesizing thyroid hormones

Dose to Fetal Thyroid per MBq of 131I administered to the mother

Watson EE. 1992. Radiation absorbed dose to the human fetal thyroid



Watson Iodine Kinetic Model and Dose Estimation

Watson EE. 1992. Radiation absorbed dose to the human fetal thyroid

Absorbed Dose to Fetal Thyroid per MBq of 131I administered to the mother

For 131I

• Watson et al (1992) developed and summarised kinetic model 

for fetal dose in case of iodine administration to pregnant 

patient (No more recent data)

• Start uptake at Week 10th and Peak at 2nd Trimester

• Radioactive iodine can result in total ablation

Physica Medica 43 (2017) 190–198



● Fetal absorbed dose 10.06 mGy (use Stabin 2017, 3 month pregnant 
6.8E-2 mGy/MBq)

● Fetal thyroid 34.04 Gy ( use Watson et al 1992, fetal thyroid 230 
mGy/MBq )

How to calculate dose? – Case I

No pregnancy test I-131 after 

conception

GA 10-11 weeks

J Clin Res Pediatr En docrinol 2012;4(2):111-113

Congenital hypothyroidism may occur at 30 Gy due to total ablation 
(fetal thyroid start uptake iodide at 10th -12th week of gestation



Fetal and Neonatal Hypothyroidism 

• A few reports describing congenital hypothyroidism following maternal 
131I therapy have been published

• If the embryo/fetus was received RAI at 8 – 10 weeks (before fetal 

thyroid organogenesis) and the exposure discovered within 12 h of 
131I administration

• Giving the mother 60–130 mg of stable potassium iodide (KI) will 

partially block the fetal thyroid and reduce the thyroid dose

How to evaluate fetal thyroid function?

• Fetal blood samples are obtained by cordocentesis (invasive procedure can 

cause complications)

• การเจาะเลอืดสายสะดอืทารกในครรภ์ (cordocentesis) หมายถงึ การดูดเกบ็ตวัอย่าง
เลอืดทารกในครรภ์จากสายสะดอืโดยใชเ้ขม็เจาะผ่านทางหน้าท้องมารดา



Radioactivity doses of 550 MBq after 10th week are likely to result in ablation of the fetal thyroid 

gland, causing hypothyroidism

European Journal of Obstetrics & Gynecology and Reproductive Biology 259 (2021) 53–59



Case Example II

• Case from Cancer Hospital

• Hyperthyroid Patient 30 mCi on 2nd Jan 

2024 

• Serum HCG negative (On the Tx day)

• After 131I, u/s was confirmed that on the 

treatment date GA around 2-3 days

• What should we do?



● Fetal absorbed dose 79.92 mGy (use Stabin 2017, 3 month pregnant 7.2E-2 mGy/MBq)
● Fetal Dose > 50 mGy
● Little is known about the effects of irradiation during the very early stages of pregnancy, from 

conception to implantation of the conceptus (the first 9–10 days)
● This effect is generally an “all-or-none” response: either embryo death or no detectable effects at all.

How to calculate dose?

Serum HCG 

negative

I-131 after 

conception

2nd Jan 2024

Radionuclide mGy/MBq

Early 3 month 6 month 9 month

Iodine-131 7.2×10-2 6.8×10-2 2.3×10-2 2.7×10-2

Mar 2024



ACR Guideline for RAI in Pregnancy

• Serum HCG may falsely negative 7-8 days 

after contraception

• Urine HCG may falsely negative ~ 3 - 5 weeks

A patient should not be pregnant at the time of 

radiopharmaceutical administration

Pregnancy should be excluded prior to RP 

administration by one of the following: 

• Negative human chorionic gonadotropin (hCG) test – serum 

or urine

• Documented hysterectomy 

• Postmenopausal state (absence of menstrual bleeding for 2 

years), or pre-menstrual age (<10 years or younger)

• A 2-week contraception (using condom) should be 

recommended to female patients before RAI https://www.narayanahealth.org/ml/blog/pregnancy-test-

when-to-take-types-accuracy

https://www.narayanahealth.org/ml/blog/pregnancy-test-when-to-take-types-accuracy
https://www.narayanahealth.org/ml/blog/pregnancy-test-when-to-take-types-accuracy
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Pregnancy after RAI

(1)

false negative

(2)

I-131 after 

conception

Pregnancy 

after RAI

Birth Control for 6 months for female after RAI → If pregnant



Pregnancy after RAI

1. Hyperthyroid -

Euthyroid

2. Maximum uptake

3. Activity

4. Time in weeks after 

administration that 

conception occurs

Physica Medica 43 (2017) 190–198

Pregnancy 

after RAI



• Hyperthyroid patient 

received 131I 10 mCi on 

1st October

• LMP – 27th October

• Known pregnant on 30th

November (urine test) 

Case Example III



● Worse case scenario - Conception might occur 26 days after 

administration (use 3 weeks for calculation)

● Review chart – 67% uptake ( use 70% uptake for calculation)

● From table, 1.1E-3 mGy/MBq and 10 mCi (370 MBq)

● Fetal  absorbed dose 0.41 mGy

1st October 27th October

LMP

30th November

How to calculate dose?

Pregnancy 

after RAI



Case Example IV

• Hyperthyroid Patient plan for radioiodine

• 10th Jan 2023 - LMP, Urine HCG –ve

• 17th Jan 2023 - 131I 15 mCi

• 21st Feb 2023 – Urine HCG +ve
1. Hyperthyroid - Euthyroid
2. Maximum uptake

3. Activity

4. Time in weeks after 

administration that 

conception occurs

Thyroid uptake 99mTc Dec 2022 – 14.7%

Endocrine (2016) 54:751–756

131IU24h = 78.1%

Pregnancy after 

RAI



How to Calculate?

• UPT might positve 10 -14 days after conception

• 17th Jan 2023 - 131I 15 mCi

• 21st Feb 2023 – UPT +ve

• Calculate 2 – 4 weeks after administration

2 weeks after conception (error from urine test)

• 15 mCi * 37 MBq/mCi * 3.0E-3 mGy/MBq = 1.67 mGy

4 weeks after conception

• 15 mCi * 37 MBq/mCi * 3.73E-3 mGy/MBq = 2.07 mGy

4 wk



Recommendation for Pregnancy after RAI

(1)

false negative

(2)

I-131 after 

conception

Pregnancy 

after RAI

ACR (2016)

Fetus dose calculation→Pregnant within 2 months (8 weeks) after RAI →

Inform Gynecologist and Family, Record Fetus Dose in Medical Record



Breast Feeding

Ingested 
Breast Milk

External 
Radiation from 
Close Contact

Infant 
Dose

● During pregnancy, there is a substantial increase in the mammary epithelial 
population to prepare for lactation

● In this situation, the mammary epithelial tissues can receive a significant radiation 
dose.

● The mammary gland binds and concentrates the 131I and transfers it to the breast 
milk.

RAI Treatment 
4000 MBq 

131I in Thyroid 
Carcinoma

J Nuc-Med 1994; 35:1797-1801



Academy of Breastfeeding Medicine 2019

ICRP Publication 94 (2004) -

A guideline recommends that 

patients should avoid 

breastfeeding for 6–12 

months after radiotherapy

131I – Stop breastfeeding

BREASTFEEDING MEDICINE Volume 14, Number 5, 2019



Summary and Take-Home Messages

• Radiation-induced effects on the embryo/fetus are highly dependent 

on the stage of pregnancy, the dose absorbed by the embryo/fetus

• How to estimate radiation dose? (> 50 mGy should be worried)
✓ Dose Coefficient Table from Publications (Stabin 2017)

✓ What information are needed?

Type of RP, Activity, Gestation Age

• Congenital Hypothyroidism – if RAI after the 10th Week of Gestation

***RAI after 

Pregnancy***

Pregnancy 

after RAI
Until 8 weeks



Thanks
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