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INTRODUCTION
Iodine-131 is a well established and effective treatment, supplementing surgery, in

differentiated thyroid carcinoma. Iodine-131 except from its β-emission, that generates a cell-
killing effect in a small area, has also a γ-emission irradiating distant tissues and even people
who are close enough with the treated patient.  

The International Commission on Radiation Protection, ICRP (1,2) has estimated the
probability of a radiation-induced fatal cancer for the whole population at 5.0 % per sievert for
low doses and at low dose rates and at 1.3 % for serious genetic diseases. For elderly people
the probability seems to be 3 to 10 times lower, whereas for children up to the age of 10 years,
2-3 times higher. These findings led the ICRP to recommend new dose limits, lower than the
previous ones (3).

The European Union has endorsed the ICRP recommendations and the Council issued
two directives (4,5), with which the Greek legislation complied recently (6). The current
annual public dose limit is 1 mSv, while in the new Greek legislation the concept of dose
constrains (0.5 m Sv in Greece) has also been proposed as a goal to reach whenever possible. 

Dose limits and dose constrains do not apply either to patients receiving therapy with
radiation or those who willingly and knowingly help in the support and comfort of these
patients. However the concern of radiation burden of family members of patients treated with
radioisotopes, lead the Greek legislation, based on the recommendations for the discharging of
patients made by the Expert Group Ex-Article 31 EURATOM (7),  to impose the following
dose constrains:
Family and close friends: Children (including unborn children) 1 mSv

Adults up to 60 years old       3 mSv
Adults 60+ years old                 15 mSv

Third persons/general public:    0.3 mSv  
Another concern linked to iodine-131 treatment is the potential somatic and genetic

adverse effects of radioiodine in the treated patients (8,9) especially because of the generalized



use of iodine-131 in the form of capsule which causes high (even if localized) radiation dose
to the gastric mucosa. 

This study aims to investigate three radiation protection aspects in the treatment of
patients with thyroid cancer that receive post operative iodine-131 treatment: 

1) To measure and compare, in patients treated with capsules and those treated with
liquid, mean integrated doses and mean dose rates over the gastric area the first 90 min
after radioiodine administration, along with mean integrated doses over the bladder the
first 22 h after administration,

2) To investigate the degree of patients’ understanding radiation protection issues when
leaving the hospital, and

3) To evaluate whether the recently introduced dose limits and dose constrains for
members of the family and patients’ close friends are met.

MATERIALS AND METHODS
Cancer patients treated with I-131 and their families, were recruited for the purpose of

this study, at four Greek hospitals (Evaggelismos Hospital, “A”; White Cross Clinic, “B”;
Central Clinic, “C”; and 417 Army Share Found Hospital, “D”). All patients were hospitalized
for 2-3 days after iodine-131 administration. Remaining iodine-131 activity on the day of
discharge was measured, by means of dose rate measurements using ionization chambers
filled with air, and recorded. All ionization chambers used in the study (G/M Technical
Associates Mod PUG-1, G/M Technical Associates Mod PRS-3, G/M Technical Associates
Mod PUG 1AB) had been calibrated against an iodine-131 point source. In the “A”, ”B” and
“C” Hospitals (Group I) dose rates were measured at 1 m from mid-sternum, integrated over 1
h and expressed as µSvh-1. In the “D” hospital the work of practice was to measure dose rates
at a distance of 3 m, and this practice was followed.  Patients treated in the Group I hospitals
were released when residual body activity reached levels below 555 MBq, which is the
activity permitted for outpatients by the Greek legislation (6). Patients treated in the “D”
Hospital were released after 2 days of hospitalization, on the basis that a new patient is
scheduled every other working day, due to a long waiting list. All patients were given oral and
written advice about restricting close contact with other individuals, especially children and
pregnant women, after leaving the hospital. The advice given by all centers was based on the
relevant European Commission’s Guide (10).

Thermoluminescent dosemeters (TLDs)  each consisted of 3 LiF chips packed together
(TLD-100 chips LiF:Mg,Ti, 3x3x0.9mm3, Harshaw Bicron, Ohio), were used for the purpose
of measuring patient’s external dose in this study. The TLDs were calibrated against Cs-137
radiation in the 0.1-500 mGy range. TLD annealing treatment was performed in a PTW-TLD
oven (PTW Freiburg) and reading was carried out on Victoreen Model 2800M manual reader
(Victoreen, Cleveland, Ohio). The group standard deviation in response of TLDs was less than
5%. 

Capsule vs water solution of iodine-131: Thirty-five patients, treated in “A” and “D”
hospitals, were involved in the comparison between doses and dose rates measured when
iodine-131 was administered in liquid or capsule form. The standard procedure in Greek
hospitals involves capsule administration. Twenty-four patients were given iodine-131 capsule
(capsule group) , and the remaining 11 were given iodine-131 in water solution (liquid group).



All patients were fasting (except for fluids) overnight and for 2 hours after administration of
the radioiodine and were encouraged to drink fluids on the first day. Fluid intake was ad lib
but was noted for each patient along with his age and weight. The administered activity of
iodine-131 was in the range of 2200-7400 MBq for both patients’ groups. For the purpose of
comparison, integrated doses were normalized for the administered activity.

TLDs were stacked on the xiphoid (X) and on the left subcostal margin (LS), in order
to measure dose over the gastric area, because of the irregular shape and the  different gastric
content distribution for each patient. The mean value of the two readings was taken to be the
integrated dose over the stomach. TLDs were removed at prefixed time intervals
(5,10,20,30,45, 60 and 90 min after iodine-131 administration), and external dose rates were
estimated over the same area. Dose rate at time (tx) after iodine-131 administration was
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, where TLDx is the reading of the TLD

removed tx min after iodine administration and TLDx-1 is the reading of the previously
removed TLD (at time tx-1). All values were then normalized (divided by) the 5 min dose rate
value.

Integrated dose over the bladder was also measured with TLDs left over this area for
22 hours after treatment. The mean integrated dose and mean dose rates at various times for
all patients of the same group were calculated.

Guidelines after therapy: In the attempt to evaluate the degree of understanding
radiation protection advice given to patients before leaving the hospital, 63 patients treated in
any of the four participating hospitals were asked to fulfill the 
questionnaire shown in Table 1. Advice was given both orally and in written form either by
the responsible medical practitioner (“A” Hospital) or by the responsible medical physicist
(“B”, “C” and “D” Hospitals). The questionnaire was presented to the patient after informing
him about the radiation protection issues, and just before leaving the hospital. The degree of
understanding for each patient was taken to be the ratio of the number of the correct answers
to the number of all questions asked, expressed as a percentage. Patients involved in this part
of the study were informed about their degree of understanding and were given additional
explanation, when necessary.
   
Table 1: Questionnaire for patients’ comprehension of radiation protection matters when leaving the hospital
and percentage of correct answers for each question

QUESTIONS % 
of correct answers

1 Avoid the public transport, if possible 100
2 When using a taxi sit on the opposite side from the driver 75
3 Wash separately cloths worn during your stay in hospital 71
4 Use a private toilet, if possible 43
5 Flash twice, when using the toilet 99
6 Do not share bed linen, towels, crockery and cutlery etc 99
7 Sleep in a different bed with your spouse, but you may have

sexual intercourse for half an hour
26

8 Do the everyday chores, as usual 62
9 Do not taste the food when cooking 79

10 Do not wash children’s or pregnant women’s cloths 22



11 Open windows and air your room as much as possible 87
12 Do not stay close to the window 83
13 Do not eat together or watch television with your family 80
14 Avoid close contact with young children and pregnant women 99
15 Do not go back to work if in close contact with children or

pregnant women during working hours 
94

16 Go back to work, if the nature of the work permits 55
17 Go shopping but not in the rash hour 37
18 Avoid going to the movies or other entertainment 82
19 Receive short visits and avoid close contact 74
20 Avoid to become pregnant or father a child for 4 months 91

Dose to relatives: The dose received by the patients’ relatives was measured by the
same group of TLDs used in the previous steps of this study.  Thirty relatives of 18 patients
took part in this aspect of the study. All relatives were asked to wear a TLD by means of a
necklace for a period of seven days starting from the day the patient returned home. Each
individual was assumed to have received at least 0.1 mSv, which is the minimum detectable
TLD dose in our system. All family members and close friends participated in this part of the
study were adults. 

Doses received were adjusted for the time period the TLD was worn to give an
estimate of the expected values had the TLD been worn indefinitely. All doses presented in
this paper refer to this «adjusted absorbed dose» (11). An effective half life (t½) of 2.2 � 0.8
days  was used to describe the decrease in dose rate (12).
The adjusted absorbed dose was recorded according to the following equation: 
D2=-D1/(e-λx-1) 
where D2 is the adjusted absorbed dose, D1 is the measured dose during the number (x) of the
days that the TLD was worn, λ is the dose rate constant and λ=ln2/t½.



RESULTS
Capsule vs water solution of iodine-131: Bladder TLDs in the group of patients treated

with capsules showed a mean integrated dose, normalized for the administered activity, of
about 15.4 µGy/MBq (range 10.3 – 34.3). In the “liquid” group of patients the normalized
mean integrated bladder dose was 15.1 µGy/MBq  (range 9.6 – 18.6). There was a moderate
linear correlation (R2=0.48) of the dose accumulated over 22 hours in the bladder area with
the administered activity of iodine-131. The quantity of fluids consumed during this time
varied from 0.5 to 5 L, but no correlation could be found between quantity of fluids and
bladder dose measurements (R2= 0.07).

Figure 1: Mean external, normalized for the 5 min value, dose rate measurement over the left
subcostal and the xiphoid of patients treated  with iodine-131 capsule

In almost all patients receiving capsules the TLD placed over the left subcostal showed
an increasing dose rate (normalized for the 5 min value) in the first 20 minutes, the count rate
after that showing decline. The normalized count rate over the xiphoid on the other hand,
peaked at 10 min in the majority of capsule group patients. Figure 1 shows the mean dose
rates (normalized for the 5 min value) of the “capsule” group. 

Figure 2: Mean external, normalized for the 5 min value, dose rate measurement over the left
subcostal and the xiphoid of patients treated  with iodine-131 liquid

Patients receiving liquid form of iodine-131 showed faster declining mean dose rate
curves (normalized for the 5 min value). TLDs placed over the left subcostal showed an
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increasing normalized dose rate the first 10 min after administration, followed by decline.
Normalized mean dose rates over the xiphoid for the “liquid” group of patients did not
increase before starting to decline (Fig.2). 

The mean integrated dose over the gastric area after 90 min, normalized for the
administered activity, is 3.7 µGy/MBq (range 2.0 – 5.7) for the “capsule” group and 2.6
µGy/MBq (range 1.3 – 3.6) for the “liquid” group of patients. Figure 3 shows the mean
integrated dose for each of the two groups of patients over the gastric area and over the
bladder. 

Figure 3: Mean integrated dose per administered activity over the gastric area and over the
bladder for thyroid cancer patients treated a) with iodine-131 capsule and b) with iodine-131
liquid 

Guidelines after therapy: The mean degree of understanding radiation protection
matters for the four participating hospitals was: “A”: 66% (range 45-85), “B”: 80% (range 65-
90), “C”: 70% (range 55-95), and “D”: 76% (range 45-95) respectively, while the mean degree
of understanding for all hospitals was approximately 73%. The lower score (66%) was found
in “A” Hospital, where instructions were given by the medical practitioner. Table 1 shows the
percentage of patients that gave the correct answer to each question. Most patients that filled
the questionnaire seemed to realize the importance of limiting close contact with children and
pregnant women (questions number 14, 15), as well as avoiding the public transport (question
number 1). However, it seemed hard for patients to understand that a time-limited sexual
intercourse (question number 7) or washing children’s or pregnant women’s cloths (question
number 10) or going shopping (question number 17) are allowed. This is due to the fact that
the importance of staying away from other people and especially pregnant women and young
children was underlined (probably more than necessary) to every patient, leaving the hospital.   

Patients’ residual iodine-131 activity on the day of discharge was calculated to be
lower than 555 MBq, allowed by the Greek legislation, for all patients treated in the group I of
hospitals participating in the study. During the time period that this investigation was
performed, 40 patients were treated for thyroid cancer with iodine-131 in the “D” Hospital.
Eight of them left with a measured residual iodine-131 activity greater than 555 MBq (range
590-1480 MBq). 
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Dose to relatives: All but two friends and family members participating in the study
had a TLD reading lower than the detection limit. The first one had 0.3 mSv corresponding to
an adjusted dose of 0.34 mSv and the other one had 0.4 mSv corresponding to an adjusted
dose of 0.45 mSv. The first dose meter was worn by the spouse of a 73 years old male patient
with a questionnaire understanding score of 72% and the second one was worn by the spouse
of a 58 years old female with a score of 81%. Both patients were treated in one of the group I
hospital and returned home with a residual activity of less than 555 MBq. The rest of the
family members and friends participated in the study is assumed to have received 0.1 mSv,
and the adjusted absorbed dose was calculated equal to approximately 0.11 mSv. The adjusted
doses were taken to be equal to the effective doses (13) and the probability of a radiation-
induced fatal cancer and/or for serious genetic diseases is estimated as shown in Table 2.
Values of Table 2 must be compared to the spontaneous incidence of cancer deaths, which has
been estimated to be 160,000 per million, and with the natural incidence of genetic defects,
which has been estimated to be 107,000 per million (14).

Four relatives of three patients released from “D” Hospital were monitored with TLDs.
One of the patients had a residual activity of 820 MBq, exceeding the current dose limits.
None of these TLD readings was higher than the detection limit. 

Table 2: Probability of cancer induction and hereditary effects in family members of patients treated
for cancer with iodine-131 

Effective dose (mSv) Number of patients Probability of cancer
induction

Probability of
hereditary effects

0.11 28 5.5 x 10-6 1.4 x 10-6

0.34 1 1.7 x 10-5 4.4 x 10-6

0.45 1 2.3 x 10-5 5.9 x 10-6

DISCUSSION
Good management of patients receiving iodine-131 as a thyroid cancer treatment

should attempt to maximize thyroid uptake and minimize dose to other organs, such as
salivary glands, urinary bladder and intestinal track. Iodine-131 uptake by the thyroid depends
mainly on patient preparation, but dose to the salivary glands and gastric mucosa are
influenced by manner of dose administration and management during the first 24 hours post-
treatment. Adequate liquid intake will reduce dose to the bladder. In the present study, where
quantification of bladder dose was attempted by direct external measurement, no correlation
was found between this dose measurement and fluid intake. However, it is probable that this
reflects the fact that water intake was already higher than a probable plateau point for
adequate bladder turnover, as it was not considered ethical to have a control group with
restricted fluid intake and water intake was ad lib.  

Iodine-131 capsules have been introduced as an alternative to treatment with iodine-
131 in liquid form which is selectively  concentrated in salivary glands and gastric mucosa.
Measurements in the stomach area showed a mean integrated dose by nearly 70% higher with
capsule administration as compared with liquid iodine-131. Measurements over the bladder
are found to be independent of the mode of iodine-131 administration. Should further studies
show that external measurements can identify patients likely to have a delayed capsule transit,
then it might be worth including such  measurements in the pretreatment evaluation of



patients, so that additional measures can be taken (such as administering multiple capsules
and/or digestive preparations) to ensure lower doses to the gastric mucosa. 

The possible reasons that patients leaving hospital “D” were found to have a higher
mean residual activity than those from the group I hospitals were: a) Hospitalization period
was 2 days for all patients regardless iodine-131 residual activity, b) Dose rate measurements
used for the estimation of the residual activity were performed at a 3 m distance from mid-
sternum leading to an overestimation of the remaining activity of about 80% and c) Surgeons
operating in the particular hospital tend to protect the vocal cords leaving an increased thyroid
mass. This finding underlines the need for all hospitals to harmonize with the European
Guidelines suggestions for external dose rate measurements performed for patients treated
with radioiodine, in order to estimate the remaining iodine-131 activity.

The fact that no relatives of patients treated in the “D” Hospital are found to have a
dose higher than the TLD background, proves that the most important aspect of radiation
protection  is the advice given to the patients when leaving the hospital. It is therefore
important for the medical doctor or the medical physicist responsible for the patient to make
sure that he can understand and is able to comply with precautions. Advice in written should
be provided along with oral explanation of all aspects of radiation protection for the specified
restriction period following treatment. The patient should also be interviewed before leaving
the hospital and investigate his ability to understand the risks involved, especially when the
measured dose rate on that day leads to estimates of iodine-131 remaining activity higher than
the permitted. 

Another important aspect of the treatment of patients with radioiodine in Greece, is
that patients are voluntarily separated from any children in their environment for the
recommended period, even though they are not asked to do so. The close family tights
between family members make this separation possible. This  fact also explains why no
children were included in the present study.   

Dose levels incurred by family or close friends from a treated patient are far below the
threshold for deterministic effects and similar to those reported in other studies (11,15,16,17).
This fact proves that dose rate measurements on patients’ leave day lead to overestimation of
the effective dose to third persons, due to their oversimplified nature (18). When certain rules
are respected from the patient as well as close friends and family members, the risk of
stochastic effects are minimized. 

PRACTICAL APPLICATIONS
External dose measurements for cancer treated patients showed that the dose over the

gastric area is significantly higher when the iodine-131 is administered as a capsule rather
than in liquid form. Dose over the bladder was found to be about the same for patients treated
with capsule and liquid form of iodine-131. However, yet capsules should be preferred over
the liquid form of iodine-131 which is known to selectively concentrated in salivary glands
and gastric mucosa.  

Once the patient treated with iodine-131 has left hospital, the only mechanism
available to control exposure to family members and close friends is to modify his behavior
for a certain period of time. It is imperative for the medical practitioner to make sure that the
patient has understood and can follow all the instructions given. When precautions are



followed the effective dose received from family members or close friends is found to be
lower than the permitted, even when the residual iodine-131 activity is more than 555 MBq.
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