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Abstract. 1-131 therapy has been widely used in the past 50 years. Its main applications are hyperthyroidism and
functioning thyroid cancer. The indications, doses, regulations, precautions and guidelines differ in various
centers. The following are recommended: 1. 1-131 should be indicated in agreement of the endocrinologist and
the nuclear physician with the patient consent; 2. Pre-treatment 1-131 thyroid uptake must be performed; 3. The
only contraindication for treatment is pregnancy, in children it might be used with caution; 4. For thyrotoxicosis
both a calculated or an ablative dose (555 MBq) criteria are acceptable In this case secondary hypothyroidism
must be considered an objective rather than a complication; 5. In uninodular toxic goiter a 1110 MBq dose is
recommended; 6. Iodine free diet is indicated only for cancer patients; 7. Propylthiouracil (PTU) must be
discontinued 5 days before treatment, it should be reinitiated 5 days later; 8. Prophylactic use of corticoid in
Graves' disease still require more clinical data to support its use; 9. In treatment failure, wait six months for a
new dose; 10. In intrathyroid cancer disease an ablative dose of 3700 MBq should be administered 4 weeks post-
thyroidectomy or with a TSH level above 30 jiUI/mL; 11. A whole body scan should be done one week later; 12.
Follow-up whole body scan should be used only if there is clinical suspicion of metastasis. Thyroid hormone
replacement must be discontinued for 30 days or with TSH value above 30uUI/mL. For follow-up scan 185 MBq
of 1-131 are recommended to ovoid thyroid tissue stunning; 13. For metastases, 5700 to 7400 MBq dose is
recommended if there are cervical lymphatic nodes or distant metastases. We recommended to adopt the criteria
proposed by the United States Nuclear Regulatory Commission (NRC) published as 10 CFR 35.75 and the
Regulatory Guide 8.39 for patients release after 1-131 administration.

1. INTRODUCTION

For the last fifty years, I131 has been widely used in thyrotoxicosis treatment [1]. Initially, due to
its potential risk it was restricted to males older than 60 years of age but, later its use was generalized
to women and children. This paper is partially based on recommendations from a panel of experts
organized by the Chilean Society of Endocrinology and Metabolism [2]. The decision between the use
of either I131 or other therapies is out of the scope of this paper.

A. HYPERTHYROIDISM

1. In the choice of treatment with I131 participate: the patient, the endocrinologist and/or the
nuclear medicine physician.

With this, we intend to consider the opinion of all participants. In some situations, the criterion
of the physician indicating the dose is different than that of the professional who administers it. This
issue has been a source of concern for the patient. Treatment should be the product of a teamwork
sharing common criteria.

2. IODINE UPTAKE: a) Previous iodine uptake should be done to be sure that the thyroid
will receive the desired dose and also to rule out a silent thyroiditis; b) this measurements
should be done as close as possible to the therapeutic dose.

Iodine uptake may be altered by elevated intakes of this element [3], In addition, when the
diagnosis of Basedow-Graves' disease is not clear, the differential diagnosis with the thyrotoxicosis
stage of silent thyroiditis should be ruled out [4, 5],
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3. CONTRAINDICATIONS: The only accepted contraindication is pregnancy, it should
always be ruled out by an accurate method, hopefully 24 h before administering the dose
and avoiding subsequent exposure to risk.

Although there are reports of women who received I131 while being pregnant without mayor
problems, there is no doubt that the exposure of the embryo to radiation should be avoided. The
administration of I13' after the tenth week of gestation may cause fetal hypothyroidism.

4. DOSE CALCULATION: a) Calculate the dose in order to end up with an euthyroid
patient; b) Administer an ablative dose that should be more than 15 millicurie (mCi).

Undoubtedly this is one of the most controversial issues. In this respect, is relevant to discuss
the proposed alternatives.

Those who favor a calculated dose seek to prevent hypothyroidism. Even though, the overall
aim of a therapy is to cure the disease and not to replace it by another, in Basedow Graves' we are not
treating the disease but rather curing thyrotoxicosis. There are many alternative formulas to calculate
the optimal dose of I131 [6-15].

Those in favor of administering an ablative dose, seek to quickly suppress hyperthyroidism and
prevent recurrences [16,17]. This is important because of the impact of hyperthyroidism in the quality
of life and working capabilities of the patients. Also, in elderly people or in patients with a heart
disease, arrhythmia or heart failure may develop. Moreover, the permanent reduction in bone density
during periods of thyrotoxicosis should be kept in mind [18]. Although I131 may normalize thyroid
function, it does not mean that Basedow Graves' disease is controlled; for this reason, the ablative
dose has the advantage of preventing both recurrences and the eventual growth of the residual
parenchyma, which may occur with low doses. Because ablative doses quickly induce
hypothyroidism, this may be diagnosed early and treatment with levo-thyroxin may be instituted
before the development of symptoms.

For the above reasons, some of us prefer the use of an ablative dose, starting early with levo-
thyroxin substitution, which is a simple treatment, with no contraindications and low cost. The
following facts favor this approach: a) with any calculation of the dose there is a sizeable percentage
of patients with hypothyroidism; b) hypothyroidism may develop later; c) sometimes a second dose of
I13' is required for the control of thyrotoxicosis and this is also associated to a high percentage of
hypothyroidism and d) thyrotoxicosis is not innocuous.

5. THYROTOXIC UNINODULAR GOITER: a dose of 30 mCi should be administered.

Thyrotoxic uninodular goiters are more resistant to I131 treatment because they are composed of
hyper-functioning autonomous cells. In this case, the risk of subsequent hypothyroidism is very low
because iodine is not uptaken by the rest of the gland due to TSH suppression [19].

6. DIETARY RECOMMENDATIONS: it not necessary to restrict foods or iodinated salt
during treatment of hyperthyroidism.

Iodine intake increases the circulating iodine pool; therefore, iodine uptake may be altered.
However, in hyperthyroidism, the overstimulation of the thyroid gland makes the eventual amount of
iodine in the diet irrelevant. Nevertheless, the intake of some iodinated drugs like amiodarone or other
iodinated compounds may have an influence because they contain large quantities of the element [20].
In these cases, I131 uptake is very low.
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7. PREVIOUS TREATMENT WITH PROPILTHIOURACIL (PTU). a) in elderly patients or
those with heart disease, euthyroidism with PTU should always be attempted previously, b)
treatment with PTU must be stopped 5 days before the administration of 1131.

The treatment with I131 elicits a sudden release of hormones stored in the thyroid into the
circulation. Therefore, previous depletion with PTU is necessary in patients for whom a sudden
increase of circulating thyroid hormones poses a risk. There are documented cases of thyroid storms
after treatment with I131 [21, 22]. Some authors have postulated that previous PTU administration,
renders the thyroid gland more resistant to I131 and therefore it could be necessary to increase the I131

dose [23-25]. The mechanism is not well known but it has been suggested that iodine depletion could
alter the clearance of this element by the thyroid gland [26]. A residual effect of PTU is unlikely
because it has been shown that 2 to 4 days after stopping PTU, there is a rapid increase in circulating
thyroid hormone levels.

8. TREATMENT WITH PTU FOLLOWING I131 ADMINISTRATION a) it should be
considered in patients with underlying diseases in whom an exacerbation of thyrotoxicosis
following iodine treatment will be detrimental; b) treatment with PTU should resume 5
days after I131 administration.

As it was mentioned earlier, thyrotoxicosis may worsen following treatment with I131. Although
this has been linked to hormone release due to radiation thyroiditis, it rather seems to be a
consequence of PTU discontinuation [27]. Moreover, following treatment with I131, there is an
increase of TSH stimulating factor (TRAb). McGregor in 1979 and Atkinson in 1982 showed
increased levels of this antibody 3 months after the administration of I131 [28, 29]. TRAb levels return
to baseline values within a year and at that point, they start to progressively decrease for periods of up
to 10 years [30]. This could explain the exacerbation of hyperthyroidism and the delay in the return to
euthyroidism in some patients who did not received an ablative dose.

9. PROPHYLACTIC STEROIDAL TREATMENT IN PATIENTS WITH
OPHTHALMOPATHY. The information is scarce and non-conclusive. However, some
authors suggest that the use of steroids together with I131 could be beneficial.

Undoubtedly, the relationship of Graves' ophthalmopathy with the treatment of
hyperthyroidism is a controversial problem. There are opposing views, from those who contraindicate
the use of I131 in patients with ophthalmopathy to those who consider the use of ablative doses in the
severe form of the disease [31, 32]. Either if we accept that I131 may favor the development of
ophthalmopathy or just worsen a pre-existent condition, the use of prophylactic steroids in doses of
20-40 mg of prednisone per day during a month, lowering the dose after that for the next 3 months
has been recommended. This treatment would lower or delay the development of ophthalmopathy
following I131 treatment [33-36]. It has also been suggested that post-treatment hypothyroidism could
have a role in the development of the ophthalmopathy and thus the early use of thyroxin would be
advisable [37]. More studies are necessary to clarify the eventual relationship between I13' treatment
and ophthalmopathy, as well as, the validity of prophylactic therapies.

10. POST-TREATMENT CONTROL. Clinical criteria should prevail and thyroid hormone
levels should be monitored not before 30 days of the administration of I131. Keep in mind
that TSH may be low for prolonged periods of time.

The best laboratory tests for therapeutic monitoring are T3 and T4. These tests should be
requested when clinical improvement of the patient is seen; this generally happens after 30 days in
patients receiving ablative doses and after a longer period in patients treated with calculated doses. It
should be noticed that TSH measurements may be erroneous because this hormone may remain
suppressed for weeks or months even if the patient has normal thyroid function [38-40]. In euthyroid
patients, TSH levels should be measured at 6 to 12 month intervals in order to rule out the
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development of hypothyroidism. Some euthyroid patients treated with calculated doses may present
transient hypothyroidism within the first year. However, a significant percentage of them (70%)
develop permanent hypothyroidism from 2 to 11 years afterwards [41].

11. TREATMENT FAILURE, a) treatment should not be deemed as failure before 6 months of
I131 administration, b) if there is persistence of thyrotoxicosis after this period and the
second dose is considered, this one should be higher than the first dose.

When treatment with a calculated dose is successful, most patients achieve normal thyroid
function within 8 weeks. Nevertheless, some patients normalize their thyroid function within 6 to 12
months because the biologic effects of radiation go beyond the initial radiation thyroiditis that
destroys a significant number of follicular cells. Other cell populations undergo genetic damage,
which alter cell division with the subsequent slow but progressive loss of thyroid tissue. This is the
reason for the delay in the achievement of euthyroidism after I131 administration and is the basis for
not attempting new doses before 6 to 12 months [42], When a new dose is administered, it is usually
higher than the first one and causes an elevated percentage of hypothyroidism [19].

12. TREATMENT IN CHILDREN AND ADOLESCENTS. There is no formal
contraindication for its use; some authors use it as the treatment of choice. Nevertheless, as
long as insufficient experience is available, caution is recommended.

One of the main problems with anti thyroid drug treatment in childhood hyperthyroidism is that
only 25% of children achieve remission at 2 years, in part due to a lack compliance [43]. On the other
hand, surgery may have more severe complications in children than in adults. This has led to a steady
increase in the use of I131 in this population. In 1985, Hamburger presented his results in patients
between 3 and 18 years of age and concluded that: "I131 is a safe, simple and low cost therapy and is
currently considered the initial treatment of choice for these patients"[44]. The group from the
Cleveland Clinic also favors this type of treatment with a high ablative dose [45]. Even though, no
complications from I131 treatment have been demonstrated so far [46], and as a result of the Chernobyl
accident, other authors suggest caution [47].

13. RADIATION RISKS FOR THE PATIENT. There are no reports of an increased risk of
neoplasias, genetic damage or infertility with the doses used in hyperthyroidism.

Since 1946, millions of adults have been treated with I131, without an increase in cases of
leukemia or other forms of cancer. In addition, no increased risks of congenital malformations in
children of treated parents have been reported [48].

14. MEASURES FOR RADIATION PROTECTION: An hyperthyroid patient treated with I131

may irradiate more than some cases of cancer.

The use of therapeutic doses of I131 is a potential radiation risk for family members, individuals
close to the patient, health personnel and the environment. The responsible for radiation protection is
the professional who administers the iodine. Regulations should be established by technical
organisms.

15. RECOMMENDATIONS ABOUT FERTILITY. Pregnancy should be avoided for 6 months
to one year after I131.

Even though the available information shows no increased risk of genetic damage [49], a
waiting period post-therapy of 10 half lives (around 3 months), has been suggested. The National
Council on Radiation Protection and Measurements states that: "It is prudent to postpone pregnancy
for at least several months after I131 therapy to repair any genetic damage which may have occurred"
[50]. In general, the recommendation is to postpone pregnancy for a minimum of 6 months to a year.
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B. THYROID CANCER

1. ABLATION OF REMNANT LOBE: at least 50 mCi should be administered.

If after a subtotal thyroidectomy the definite pathology report shows thyroid cancer, in
exceptional cases it is suggested to eliminate the other lobe with iodine rather than surgery. In these
instances, we suggest to use at least 50 mCi because in contrast with hyperthyroidism, this is normal
thyroid tissue. Iodine uptake, size of the lobe, etc., must be considered.

2. ABLATIVE I131 AFTER A TOTAL OR NEAR TOTAL THYROIDECTOMY IN
PATIENTS WITH DISEASE CONFINED TO THE THYROID. It is suggested to wait 4
weeks after surgery, unless TSH values increase above 30 mUI/mL. At that time, a
therapeutic ablative dose of 100 mCi should be administered. 7 days afterwards a whole
body scan is performed.

The recommended dose is controversial. Good results have been reported with lower doses in
series like that of Beierwaltes of 511 patients treated between 1947 and 1984. However, with the dose
of 100 mCi, there are higher percentages of success and there may be even an effect on undetected
metastases [51].

3. WHOLE BODY SCAN IN THE FOLLOW-UP OF THE DISEASE: a) it should be done
only when metastases are suspected or there are bad prognostic indices, b) treatment with
thyroxine should be stopped for 30 days or TSH above 30 mUI/mL, c) a 5 mCi dose of I131

should be used.

This should not be considered a routine procedure to detect metastases since thyroglobulin may
increase before a metastasis is visible on an iodine scan [52]. Discontinuation of thyroxin replacement
is usually problematic due to the development of hypothyroidism [53]. If there is no contraindication
(heart disease patients, advanced age, etc.), an alternative to shorten this period is to change to
liothyronine, 25 mg bid and to stop for 2 weeks. With this approach, an adequate elevation of TSH is
generally achieved [54]. The use of recombinant TSH seems to be a promising alternative [55].
Optimal doses between 5 and 10 mCi and even lower doses have been suggested. Although some
authors report a higher detection rate for metastases with the use of higher doses, functional tissue
"stunning" may occur [56] and the tumor cell loses its ability to uptake iodine. Because there is some
delay in the occurrence of this "stunning", if the decision is to administer a therapeutic dose, it is
advisable to do it as soon as possible [51].

4. SINGLE THERAPEUTIC DOSES IN METASTASES. a) the dose should be between 150
and 200 mCi, b) the dose should not be repeated before 6 months.

Bierwalters reported good results with doses no <100 mCi when there is uptake only in the
thyroid bed; no <150 mCi if there are enlarged lymph nodes and at least 175 mCi if there are distant
metastases. No effectivity has been proven for doses above 200 mCi [51].

5. DIET RECOMMENDATIONS: A low iodine diet is recommended for 7 days before
treatment.

In contrast to hyperthyroidism, in cancer iodine uptake is usually low. A decreased urinary
excretion of iodine following a week with iodine-free diet has been shown [51]!

The following types of food should be excluded: iodinated salt, milk and derivatives, eggs, fish
and seafood, fast food and any food seasoned with iodinated salt. In our country, salt has a high iodine
content [57-59].
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6. RADIATION RISKS FOR THE PATIENT, PREGNANCY AND FERTILITY: The same
as in hyperthyroidism.

Some studies like that of Smith who presented 32 adolescents less than 20 years of age who
received therapeutic doses above 250 mCi for thyroid cancer reported 69 subsequent pregnancies.
There was no increased risk of infertility compared to the general population and there were only
2 congenital malformations in the offspring of mothers treated during pregnancy or 6 months before
conception. This reinforces what has been previously stated for hyperthyroidism in relation to
postpone pregnancy for at least a year after treatment [60]. In males treated with I131 some cases of
infertility have been reported, however, low sperm counts have recovered after a few months. This
risk is higher in patients with large pelvic metastases [51].

C. RADIATION SAFETY, PRECAUTIONS AND PATIENT ADVICE:

Therapeutic doses of I31I may be a potential radiation risk both for family members and
individuals close to the patient, as well as, health workers and the environment. Therefore, it must be
used according to strict safety measures, precautions and special instructions in order to avoid
unnecessary exposure to radiation.

The administration of 131I must be done under the responsibility of a physician who must hold a
license to manipulate radioactive materials. The reception, use and storage of radioactive material
must be done at a medical institution which holds a radioactive installation license.

The physician administering the 131I dose shall be responsible for taking all the precautions to
avoid unnecessary radiation to people close to the patient, health personnel and the general public.
This professional must keep a logbook with all the radioactive quantities administered to each patient.
As a rule, all reasonably acceptable measures should be taken to decrease radiation exposure to a
minimum (criteria known as "ALARA" = As Low As Reasonably Achievable). In places where there
is no written rules to release patients submitted to radioactive treatment, we recommend the adoption
of the U.S.Nuclear Regulatory Commission (NRC) established in rule 10 CFR35.75 [61], which was
revised and came into effect on May 29, 1997. This rale is in agreement with the dispositions of the
International Commission for Radiation Protection (ICRP 60, 1990) and the National Council for
Radiation Protection and Measurements of the USA (NCRP).

In summary, the new rule number 10 CFR 35.75 establishes the following:

• Any patient who may expose other individuals to an equivalent effective dose above 1 mSv
(100 mrem) must receive written instructions from the treating physician that fulfil the "ALARA"
criteria.

• In order to send home a patient who has undergone radioactive treatment, he or she should not
expose any other individual to a radiation dose above 5 mSv (0.5 rem in a year).

This new rule allows for the establishment of criteria based on each individual and his or her
own environment [62]. Thus, more flexibility is allowed for a person who lives alone in a solid house
and more strict measures must be taken when the patient lives with the family in a small room in a
less solid construction. This new rule replaces the former that only allowed to send home individuals
with dosages lower than 1110 MBq (30 mCi) or when radiation measured at 1 meter from the patient
did not go over 0.05 mSv (5 mrem) per hour.
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D. SUGGESTIONS FOR PATIENTS' WRITTEN INSTRUCTIONS SHEET

Why are you going to receive radioactive treatment?

You are going to receive radioactive iodine treatment because together with your doctor has
been decided that this is the best option for your disease. Most of the radiation emitted by the iodine
will be absorbed by your thyroid gland, which is located in the anterior part of the neck. This
radiation interferes with the function of your gland producing a desired and beneficial effect for your
disease. However, small quantities of the radiation present in your body may reach people close to
you exposing them to this radiation unnecessarily. Although there is no evidence that this radiation
exposure has damaged other individuals, people should avoid exposure to any unnecessary radiation.

How is radioactive iodine administered and what sort of preparation is required?

Radioactive iodine is given orally in variable quantities according to the type of your disease.
Your treating doctor together with the physician who will actually administer the treatment
determined the dose. According to the administered dose and your condition, it is possible that you
should remain hospitalized for some days. Women must be completely sure that they are not pregnant
at the time they receive the treatment. Food should not be ingested in the 2 hours before receiving the
treatment and in some cases, an iodine-low diet will be recommended for a few days. You should talk
to your doctor to clarify all your doubts in order to organize the activities of you and your family.

For how long does iodine remain in my body?

Radioactive iodine remains in your body just for a few days. Mainly the urine eliminates most
of the iodine not retained in your thyroid, within 48 hours. A small quantity will be present in the
saliva, sweat and stools. The radioactive iodine that remains in your thyroid gland also decreases
quickly. This means that the possibility of unnecessary radiation exposure to other people also
decreases in a matter of days.

In which way other people may be exposed to my body's radiation?

Radiation emitted by the radioactive iodine in your body is very similar to the x-rays used in
radiological exams. For this reason, people who remain close to you and for prolonged times may be
exposed to an unnecessary and avoidable radiation.

Besides the above mentioned radiation, there is the possibility that other people close to you
may directly ingest small quantities of radioactive iodine eliminated by your body in the urine, saliva
or sweat.

In which way can I reduce the risk of radiation exposure to other people?

Even though the amount of radioactive iodine present in your body is small, and there is no
evidence that the radiation emitted by it may cause problems, anyway it is advisable to decrease the
opportunities to exposure as much as possible. The three basic principles to avoid unnecessary
radiation exposure are:
• Distance: do not get too close to any other person. Radiation decreases significantly with

increasing distance.
• Time: Radiation exposure to other people depends on how long they remain near you. Therefore,

avoid prolonged contact with other people.
• Hygiene: Good hygiene minimizes the possibilities of direct contamination with radioactive

iodine. Because most of the iodine is excreted by the urine, it is very important that you wash
your hands thoroughly after going to the toilet.
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PRACTICAL ADVICE

• Ask your doctor to give you all the necessary recommendations in detail to avoid unnecessary
radiation to people who are close to you and other individuals. Clarify all your doubts and do not
be afraid to ask.

• Sleep alone during the first days after the treatment. During this period, avoid kissing and sexual
intercourse. Avoid close and prolonged contacts with other people, especially children and
pregnant women because they are more sensitive to radiation than the rest of the population.

• If you have a small child or you are in charge of one, request especial instructions from your
doctor. Do not hold him or her on your lap; do not feed him or her, change diapers, etc. If you are
breast-feeding, you must stop because the iodine is excreted into breast milk. You must switch to
other types of milk.

• You must wash your hands thoroughly after going to the toilet. Use more toilet paper than the
usual amount. Flush the toilet 2 or 3 times after using it. Men are advised to urinate sitting down
to avoid splashing urine outside the toilet bowl or in its borders.

• Drink large amounts of fluid to eliminate as much urine as possible. Eat tart candy or lemon juice
to produce more saliva and in this way prevent iodine retention within salivary glands. Keep your
toothbrush separated from those belonging to the rest of the family.

• Put aside for your use a set of silverware (spoon and fork) and wash them separately with
abundant water. Do not bite your nails or put objects in your mouth like pencils, necklaces, etc.

• Separate a towel for your exclusive use. Wash your underwear and bed linens separate from the
rest and rinse it several times.
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