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Abstract 

The most frequently used radiopharmaceutical for treatment of thyroid cancer is the radioactive iodine (RAI). Patients treated 

with RAI therapy cause risk of external radiation exposure to the public and family members. While the therapeutic use of 

iodine-131 for thyroid carcinoma patients offers enormous benefit to them, it contributes also significantly to the radiation 

exposure of individuals and population. Patients treated with radioiodine present a radiation hazard and precautions are necessary 

to limit radiation dose to the relatives and the members of the public. The study aims to develop guidelines for the release of 

thyroid cancer patients treated with I-131. For this purpose, simulations were performed for estimating suitable period of 

restriction during which close contact with the patient should be disallowed and limited. These simulations are based on the 

French working Group and the recommendations of the International Commission on Radiation Protection. The study was 

carried out at the Isotopes Laboratory (LRI), Department of Nuclear Medicine in Antananarivo, Madagascar. According to the 

current regulation in radiation protection in Madagascar, the dose limit for the members of the public is limited to 1 mSv. 

Guidelines for discharge from the hospital are as follows. Patients can travel using public transportation up to 15 minutes. 

Patients are suggested to sleep apart and restrict contact with partner for 4 days after leaving the hospital. Contact with children 

should be restricted according to their ages. Time to restrict contact with child ranging from 3 to 10 years is limited to 4 days, and 

up to 7 days for younger children. This guideline is based on the retained activity of 800 MBq or the external dose rate is less than 

40 μSv/h at 1 m. For public transportation, the suggested travel times for thyroid cancer are similar to those recommended by the 

French group. The length of time for which patients are in contact with children in this study is widely less than recommendations 

by French Group. 
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1. Introduction 

Thyroid cancer represents the most common endocrine 

malignancy and ranks 11
th

 place in terms of diagnostic and 

mortality in 2020 (586,202 new cases and 43,646 deaths in 

2020) [1]. The most frequently used radiopharmaceutical for 

treatment of thyroid cancer is the radioactive iodine (RAI). 

Patient treated with RAI therapy cause risk of external radia-

tion exposure to the public and family members [2]. Follow-

ing a therapeutic administration of iodine – 131, the patient 

becomes a potential hazard to other individuals: firstly, radi-

ation is emitted from radioactivity in the patient, and secondly, 

radioiodide is secreted in body fluids such as breast milk, 

sweat and saliva. Once a patient has left hospital, members of 

the public who could be at risk are passengers, drivers, col-

league at work, and family members, particularly partners, 

parents and young children. Although no adverse effect has 

been demonstrated in these individuals [3, 4], there remains a 

requirement to comply with statutory dose limits. The Inter-

national Commission on Radiological Protection (ICRP) has 

recommended an annual dose limit of 1mSv [5]. According to 

the current regulation in Madagascar, the annual dose limit for 

the public is 1mSv, and there is no dose constraint. 

Exposure of members of public to a I-131patient is con-

trolled in Madagascar by keeping the patient in hospital until 

the retained activity reaches a specific limit. The patient is 

released when the dose rate of at 1 meter is 40 µSv/h. Then, 

instructions for limiting this exposure are given to patient. 

These instructions could include the patient delaying their 

return to work, limiting the time spent in public places, sleeping 

alone, and avoiding non-essential contact with young children. 

The criteria governing the issue of these instructions are based 

on different levels of retained activity in the patient. According 

to the Poland law [6], patient after radioiodine administration 

should be isolated in the rooms. In India [7], it is suggested that 

with good practice and thorough safety instructions to patients 

and their relatives, patients treated with radioactivity dose up to 

1,110 MBq (30 mCi) of I-131 can be discharged safely after 2 

hours of administration of I-131 as outpatients. As implemen-

tation of radiation protection guidelines in Egypt [8], all the 

patients are released from the hospital on the 3
rd

 day of I-131 

post –therapy administration as they reach the dose rate limit 

recommended by the regulatory authority by this time.  

This study was undertaken to derive specific guidelines as to 

when I-131 treated thyroid cancer patients may resume close 

contact with the public and their children family following 

hospital discharge based on the retained activity in the patients. 

2. Materials and Methods 

The study was carried out at the Isotopes Laboratory (LRI), 

Department of Nuclear Medicine in Antananarivo, Mada-

gascar. The administrated activity used for cancer treatment at 

LRI are 1850 and 3700 MBq. Dose rates at 1 meter were 

calculated as a function of activity. Then, dose rates at dif-

ferent distance can be derived from this value according to the 

inverse scare law. After release of patient treated with I-131 

from hospital, dose rates received by individuals in contact 

with patient were calculated. Then, simulations were per-

formed for estimating suitable period of restriction during 

which close contact with the patient should be disallowed and 

limited. These simulations are based on the French working 

Group [9, 10, 11] and the current recommendations of ICRP 

[12]. Several contact patterns were tested: public transporta-

tion, sleeping with partner and close contact with children. 

The dose constraints were based on dose limit for the mem-

bers of the public according to the current regulation in radi-

ation protection in Madagascar. 

Simulation is based on the following assumptions. Dose 

rate from I-131 is 0.05 µSv per hour and per MBq at 1 meter 

[13]. Doses rate for other distances were calculated using 

inverse square law. The following assumptions [14] were 

adopted with regard to contact between a treated patient and 

members of the family and the public. 

1) For travel by public transport, the patient was at distance 

of 0.1 m and 1 m from passengers. 

2) The periods of spent by a child in close contact with a 

patient were assumed to be governed by the age of the 

child in three groups: (a) the young infant (0-3 years) is 

in contact with the patient during 30 min and 5 times per 

day for a distance of 0.3 m; (b) the 3-10 year-old child is 

in contact with the patient 2 times during 1 hour (0.5 m) 

and one time during 1 hour (1m); (c) the school-child 

age more than 10 years-old spend 3 hours at 1m. 

3) At home, the patient spend 8h at 0.5 m from the partner. 

3. Results 

Public transport: Dose to others during patient travel 

After leaving hospital, suggested travel times of patient 

treated with I-131 with public transportation as a function of 

the retained activity in order to limit the dose to 1mSv are 

shown in tables 1 and 2. 
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Table 1. Suggested travel times (h) for thyroid cancer patients in 

order to restrict the public dose to 1 mSv (1m). 

Retained activity 

(MBq) 

Dose rate at 1m 

(µSv/h) 
Travel time (h) 

100 5 200 

200 10 100 

400 20 50 

600 30 33 

800 40 25 

 

Table 2. Suggested travel times (h) for thyroid cancer patients in 

order to restrict the public dose to 1 mSv (0.1m). 

Retained activity 

(MBq) 

Dose rate at 0.1m 

(µSv/h) 
Travel time (h) 

100 500 2.0 

200 1000 1.0 

400 2000 0.50 

600 3000 0.33 

800 4000 0.25 

 

Table 3. Suggested guidelines for thyroid patients to restrict dose to 0.3 mSv to relatives. 

Retained Activity (MBq) 
Time to sleep apart and restrict 

contact with partner (days) 

Time to restrict contact with 

child (0-3 years) (days) 

Time to restrict contact with 

child (days) (3-10 years) 

100 1 4 1 

200 2 5 2 

400 3 6 3 

600 4 7 4 

800 4 7 4 

 

There are no restrictions for infant aged of more than 10 

years. 

In January 2009, dose rates were measured on two patients 

during administration. Results are given below. 

Table 4. Dose rate at various distances during I-131 administration. 

Distance (m) 

Dose rate [µSv/h] 

Distance (m) Dose rate [µSv/h] 

0.5 181.81 136.36 

1 127.27 65.45 

3 18.18 10.09 

4. Discussions 

International Commission on Radiological Protection [5] 

has revised the radiation exposure dose considered to be 

acceptable for the safety of the public and defined the annual 

dose limit of 1mSv. Especially children are more sensitive to 

ionizing radiation [15, 16]. The exposure risk for the relative 

of patient after releasing hospital is an important issue that 

needs to be considered [17]. 

For the processes after discharge, the patient so-

cio-economic conditions must be evaluated, information 

about transportation and home conditions should be asked, 

and for patients who have difficulties with limitations, if 

necessary, the duration of hospitalization should be deter-

mined accordingly [13]. 

The release from hospital of patients treated with radioac-

tive iodine-131 (I) remains a controversial issue as a result of 

the range of guidelines implemented by national regulatory 

bodies responsible for radiation protection in various coun-

tries worldwide. 

In general, release criteria are based on physical half-life, 

activity or dose rate. Based on these criteria, the International 

Commission on Radiological Protection recommends patients 

to be released from hospital if their residual activity of I-131 is 

less than 800 MBq [12]. 

In Japan, a guideline [18] for the release of patients ad-

ministrated I-131was issued by the Ministry of Welfare on 

June 1998. According to this guideline, the dose rate for 

discharge as set to 30 µSv/h at 1 meter or the activity in the 

body is less than 500 MBq. In the United States, patients’ 

release criteria are defined by the US Nuclear Regulator 

Commission [19]. The American Thyroid Association [20] 
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created a task force to develop recommendations that would 

inform medical professionals about attainment of radiation 

safety for patients, family members, and the public. In Oman 

[21], patients left the hospital with mean admistrated dose in 

the range of 520 – 862 MBq and mean radiation exposure 

dose levels in the range 13 to 42 µSv/h at one meter from the 

patient. In India [22], a patient is released if the retained 

activity at discharge is less than 500 MBq or a dose rate level 

of 30 µSv/h at 1 meter, whereas in Pakistan [23], a retained 

activity of 370 MBq is allowed with a dose rate of 10-30 

µSv/h at 1 meter. 

Some Researchers [24] suggested that a female patient 

treated with 5550 MBq for thyroid cancer should not hold her 

newborn child for at least 15 days following hospital dis-

charge. The South African Department of Health [25] gave 

conditions for using radioactive nuclides. These conditions 

state that patients must be hospitalized when the dose rate at 1 

m is above 25 μSv/h, or more than 555 MBq of iodine-131 

was administered to the patient. 

In this study, the patient is released when the dose rate of at 

1 meter is 40 µSv/h. 

For public transportation, the suggested travel times for 

thyroid cancer showed in table 1 are similar to those recom-

mended by the French group [9]. In the United Kingdom [26], 

for a dose limit of 1 mSv, individuals are permitted to take a 

public transport journey lasting up to 0.5 hours after receiving 

a dosage of 800 MBq. This value is higher than the findings 

indicated in this study. 

The length of time for which patients are in contact with 

children in this study is widely less than recommendations by 

French Group. 

According to the results showed on table 4, the dose rate 

from I-131 at 1 meter is around 0.035 µSv per hour and per 

MBq. In this study, dose rate from I-131 of 0.05 µSv per hour 

and per MBq at 1 meter [10] was used. This value is higher 

than that we have measured at 1 meter of the patient in Janu-

ary 2009. The reason is that majority of I-131 is eliminated 

from the human body in few days, through natural decay, and 

through excretion in sweat and urine. 

5. Conclusion 

Surgical resection of the thyroid gland followed by I-131 

therapy has long been the standard treatment for differentiated 

thyroid cancer. In this study, simulations based on the dose 

calculated rates at different distance from patients were per-

formed for estimating suitable period of restriction during 

which close contact with the patient should be disallowed and 

limited. In Madagascar, patients treated with radioiodine are 

hospitalised for a few days to avoid unnecessary radiation 

exposure to others. Patients can be considered for discharge 

when the residual activity falls below 800 MBq or the external 

dose rate is less than 40 μSv/h at 1 m. The guidelines for 

patients discharge from the hospital, as issued by this study, 

are as follows. Patients can travel using public transportation 

up to 15 minutes. Patients are suggested to sleep apart and 

restrict contact with partner for 4 days after leaving the hos-

pital. Contact with children should be restricted according to 

their ages. Time to restrict contact with child ranging from 3 

to 10 years is limited to 4 days, and up to 7 days for younger 

children. There are no restrictions for infant aged of more than 

10 years. 

This study is based on simulation and dose rates were cal-

culated as a function of activity. However, I-131 is eliminated 

from the human body not only through natural decay, but also 

through excretion in sweat and urine. In the future, dose rate 

measurements should be done during admission to the hos-

pital and at discharge. 

Abbreviations 

I CRP 
The International Commission on Radiological 

Protection 

LRI Isotopes Laboratory 

RAI Radioactive Iodine 

Author Contributions 

Marie Jeanne Ramanandraibe: Conceptualization, Data 

curation, Funding acquisition, Investigation, Methodology, 

Writing – original draft, Writing – review & editing 

Roland Raboanary: Conceptualization, Formal Analysis, 

Supervision, Validation, Writing – review & editing 

Joel Rajaobelison: Formal Analysis, Supervision, Valida-

tion, Writing – review & editing 

Raoelina Andriambololona: Formal Analysis, Supervi-

sion, Validation 

Bernardine Vololoniaina: Conceptualization, Data cura-

tion, Methodology, Writing – review & editing 

Data Availability Statement 

The data is available from the corresponding author upon 

reasonable request. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 

2020: GLOBOCAN estimates of incidence and mortality 

worldwide for 36 cancers in 185 countries. CA Cancer J 

Clin. 2021; 71(3): 209–249,  

https://doi.org/10.3322/caac.21660 indexed in Pubmed: 

33538338. 

http://www.sciencepg.com/journal/ns


Nuclear Science  http://www.sciencepg.com/journal/ns 

 

34 

[2] Tenhunen M, Lehtonen S, Heikkonen J, Halonen P, Maenpaa H. 

First-day iodine kinetics is useful for individualizing radiation 

safety precautions for thyroid carcinoma patients. Nuclear Med 

Communicat 2013; 34: 1208-15.  

https://doi.org/10.1097/01.mnm.0000434308.87736.a5 

[3] Beierwalts WH, Widman J. How harmful to others are iodine – 

131 treated patients? J Nucl. Med 1992; 3: 2116–2117. 

[4] Buchan RCT, Brindle JM. Radioiodine therapy to out-patients 

– the contamination hazards. Brj Radiol 1970. 43: 479–482. 

https://doi.org/10.1259/0007-1285-43-511-479 

[5] International Commission on Radiological Protection, 1990. 

Recommendations of the ICRP. Annals of the ICRP 21, ICRP 

publication 60. Oxford: Pergamon Press, 1991. 

[6] Wioletta Chalewska, Paulina Cegla, Anna Moczulska, Edyta 

Strzemecka, Agata Sackiewicz, Marek Dedecjus, Dosimetry 

during iodine - 131 therapy – a technical point of view from a 

single centre’s own experience, Nucl Med Rev Cent East Eur. 

2024; 27(0): 1-5. https://doi.org/10.5603/nmr.98772 

[7] Nisha Bhatia, Vandana K Dhingra, Pulkit Mittal, Sunil Saini, 

Radiation Safety and External Radiation Exposure Rate of Pa-

tients Receiving I-131 Therapy for Hyperthyroidism and 

Remnant Ablation as Outpatient: An Institutional Experience, 

World J Nuclear Med, 2023 Sep 6; 22(3): 203-207.  

https://doi.org/10.1055/s-0043-1771285 eCollection 2023 Sep. 

[8] M. S. El-Sayed Mansour, Release Timing of Thyroid’s Carci-

noma Patients from the Hospital after Radiodine (I-131) 

Therapy based on Dose rate Measurements, J. Rad. Nucl. Appl. 

6, No. 2, 151- 154 (2021) 151.  

http://dx.doi.org/10.18576/jrna/060208 

[9] GARDIN Isabelle, Recommandations en radiothérapie 

métabolique vis à vis de la radioprotection des populations. 

Revue Médicineéaire-Imagérie Fonctionnelle et métabolique, 

vol. 26-n°5, 2002, France. 

[10] Pr. D. LEGULUDEC et al. Précautions recommandées aux 

patients ayant bénéficié d’un traitement par l’iode radioactif 

afin de limiter l’exposition aux rayonnements ionisants des 

personnes en contact, Groupe de travail de la Section 

radioprotection du Conseil Supérieur d’Hygiène Publique de 

France, 20 décembre 2006. 

[11] DIN Isabelle, Radioprotection de la famille et du public après 

administration d’un radiopharmaceutique à un patient. Revue 

Médicine Nucléaire -Imagerie Fonctionnelle et métabolique, 

2001, France. 

[12] ICPR, Release of patient after therapy with unsealed radionu-

clides, Publication 94, 2004. 

[13] Commission Européenne. Radioprotection 97. Radioprotection 

à la suite d’une thérapie à l’iode 131. Direction Générale en-

vironnement, sécurité nucléaire et protection civile, 1999. 

[14] S. F. BARRINGTON, A. G. KETTLE, radiation dose rates 

from patients receiving iodine-131 therapy for carcinoma of 

the thyroid, European Journal of Nuclear Medicine, Vol. 23, N° 

2, February 1996-Springer-Verlag 1996. 

[15] KLERK, J, M, H, I-131 therapy, inpatient or outpatient? Nucl. 

Med. 41 (11), 1876–1878, (2000). 

[16] CHERLY, M. CULVER AND HOWARD, J. DWORKING, 

Radiation Safety Considerations for post-iodine I -131 hyper-

thyroid therapy. J. Nucl. Med. 32, 169–73, (1991). 

[17] CHERLY, M. CULVER AND HOWARD, J. DWORKING, 

Radiation Safety Considerations for post-iodine I -131 thyroid 

cancer therapy. J. Nucl. Med. 33, 1402–1405, (1992). 

[18] TSUCHIMACHI, S NAKAJO, M. UMANUDAN, T. FU-

KUSHIMO, N. SHIGAKI, S. KIKU, Study on the isolation 

period of patients with metastatic thyroid cancer treated by I 

131 according to a new guideline. Kaku Igaku 38(6), 747-754 

(2001). 

[19] United States Nuclear Regulatory Commission (USNRC) 

Regulatory Guide 8.39. Release of patients administered ra-

dioactive materials. USNRC, Washington (1997). 

[20] James C. Sisson et al. Radiation Safety in the Treatment of 

Patients with Thyroid Diseases by Radioiodine I-131: Practice 

Recommendations of the American Thyroid Association, The 

American Thyroid Association Taskforce on Radiation Safety. 

THYROID, Volume 21, Number 4, 2011.  

https://doi.org/10.1089/thy.2010.0403 

[21] Ibtisaam Al-Maskery and Haddia Bererhi, Radiation exposure 

levels in family members of omani patients with thyrotoxicosis 

treated with radioiodine (I) as outpatients. Sultan Qaboous 

University (SQU) Medical Journal, Volume 9, Issue 2, August 

2009. 

[22] Pant GS, Sharma SK, Bal CS, Kumar R, Rath GK. Radiation 

dose to family members of hyperthyroidism and thyroid can-

cer patients treated with 131I. Radiat Prot Dosimetry 2006; 

118: 22-7. https://doi.org/10.1093/rpd/nci337 

[23] Mohammad W, Faaruq S, Hussain MA, Khan A. Release 

criteria from hospitals of 131I thyrotoxicosis therapy patients 

in developing countries - case study. Radiat Prot Dosimetry 

2006; 121: 136-9. https://doi.org/10.1093/rpd/ncl003 

[24] Eun Young Han, Choonsik Lee, Lynn Mcguire, Wesley E 

Bolch, A practical guideline for the release of patients treated 

by I-131 based on Monte Carlo dose calculations for family 

members, J Radiol Prot. 2014 Jun; 34(2): N7-17.  

https://doi.org/10.1088/0952-4746/34/2/N7 

[25] Modisenvane S Mongane William I D Rae, Patient release 

criteria following radioactive iodine -131 treatment in the light 

of international practice: where does South Africa fit in? Nucl. 

Med Commun 2017 Oct: 38(10): 805-809 PMID: 28727659 

https://doi.org/10.1097/MNM.0000000000000717 

[26] P. J. MOUNTFORD, M. J. O’ DOHERTY, Restrictions fol-

lowing iodine-131 treatment – a time for change or more data 

required, European Journal of Nuclear Medicine, Vol. 21, N° 2, 

September 1994-Springer-Verlag 1994. 

 

http://www.sciencepg.com/journal/ns

