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Abstract

In the case of a reactor accident pharmacological doses of iodine should be

applied in order to reduce iodine 131 thyroid uptake. The risks may be twofold:

iodine goiter only in a minority of predisposed persons or iodine induced

hyperthyroidism in people with autonomously functioning thyroid tissue (AFTT).

The risk of iodine induced hyperthyroidism in patients with AFTT increases with the

amount of AFTT and depends on the amount of administered iodine, too. Small

doses of iodine up to lOOug/day do not induce hyperthyroidism in these patients. But

the optimisation of the daily iodine supply with 200ug/day is already sufficient to

induce latent hyperthyroidism in 14% and clinically manifest hyperthyroidism in 4%

of the patients with AFTT. The amount and the activity of autonomous thyroid tissue

can be estimated by the determination of the Tc-99m-pertechnetate uptake during

TSH-suppression (TcTUsupp), because TCTUsupp and the volume of autonomous

thyroid tissue (Va) correlate linearity. All patients with got hyperthyroid had a

TcTUsupp higher than 3,3%. From that the "critical" volume of autonomous thyroid

tissue can be calculated to be between 8 and 12 ml, which equals a solitaire nodule

with about 2.8 cm diameter. On the other hand an enhanced risk of hyperthyroidism

can be excluded with a high probability in those patients whose TcTUsupp is less than

2%.

1. INTRODUCTION

In order to protect the population as effectively as possible from the sequelae of a

reactor accident, the storage of radioactive iodine isotopes in the thyroid must be

prevented. The storage of radioiodine can be prevented by administering large

amounts of nonradioactive stable iodine prior to any uptake of radioactive iodine.

Due to the limited storage capacity of the thyroid, saturation of the iodide pump and

autoregulatory inhibition of iodine uptake, only a minimal amount of radioactive

iodine can then be stored in the thyroid [24]. The remainder is excreted via the

kidneys with a biological half life of about 6 hours [15, 24].
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Potassium iodide tablets are most effective if they are taken a few hours before or

during exposure to radioiodine. If the tablets are taken in time, the iodine load in the

thyroid will be less than 1%, corresponding to a reduction of the radiation dose by

more than 97% [15]. If, however, tablet intake is delayed by about 5 hours, as much

as 50% of the absorbable radioactive iodine isotopes has already been stored in the

thyroid. Eight hours after absorption, the ingestion of potassium iodide tablets has no

further influence on the storage of radioactive iodine in the thyroid and thus on the

radiation load. To achieve that the uptake of radioactive iodine isotopes is blocked as

completely as possible, a high plasma concentration of stable iodine has to be reached.

For this reason a relatively high initial potassium iodide dose, at 200 mg for adults, is

necessary. This high plasma concentration of stable iodide must be maintained as long

as there is a risk of radioactive iodine isotopes being taken up. Therefore it is

recommended to take a further dose of 100 mg potassium iodide dose every 8 hours.

The dose given to children should be half of the dose being recommended to adults.

New-borns during the 1 st month of life only receive one single dose of up to 25 mg

potassium iodide. After birth the neonate should be subjected to careful clinical and

laboratory-technical examination to detect hypothyroidism. Since in the third

trimester the fetus reacts particularity sensitively to high iodine doses through the

placenta, the administration of potassium iodide should be restricted in pregnant

women to 2 daily doses [24]. Iodine may act either as an antithyroid drug and induce

hypothyroidism with goiter, or serve as a thyroid hormone precursor and induce

hyperthyroidism. In large pharmacological doses of more than about 2 mg iodide acts

as an antithyroid drug due to the Wolff-Chaikoff effect [31], but this effect is only

temporary. Pharmacological doses of iodine are usually required to induce iodide

goiter. On the other hand, even small physiological doses may induce

hyperthyroidism in those patients with some autonomy of thyroid function, either

primary due to the thyroid itself, or secondary due to a thyroid stimulating agent.

Iodide induced thyroiditis or extrathyroidal side-effects like sialadenitis,

gastrointestinal symptoms, iodide fever or allergic reactions are very rare [24, 32].

Thus the main risks of high iodide doses may be twofold: iodide goiter in predisposed

persons or iodide induced hyperthyroidism in persons with autonomously functioning

thyroid tissue.
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2. IODIDE GOITER

Acting as an antithyroid drug, iodine may have several effects inducing blocking

of iodine organification [31]. Not everybody exposed is likely to develop iodide

goiter, probaly because of the "escape phenomenon" [6]. Hypothyroidism and iodide

goiter have been considered an uncommon effect of iodine administration, occurring

only in a minority of predisposed patients [1]. Patients with autoimmune thyroiditis

are especially prone to develop iodide myxedema [5], because iodine organification

defects are already present in this condition [7].

3. IODINE-INDUCED HYPERTHYROIDISM

The normal thyroid gland adjusts its iodine clearance in a reciprocal way to the

plasma inorganic iodine concentration, i.e. diminishes it in the case of an iodine

excess. At the same time organic iodine binding decreases [20]. Iodine induced

hyperthyroidism may therefore be considered as a breakdown of the regulatory

mechanisms caused by an autonomy of the gland. Autonomous function of the

thyroid gland increases during the long term development of goiter and contributes

significantly to thyrotoxicosis in iodine deficient areas [11, 16, 18, 20, 21]. Iodine-

induced hyperthyroidism has been first described by Coindet [8] as a side-effect of

iodine prophylaxis and treatment programs for the eradication of endemic iodine

deficiency goiter. The best documentation proving the reality of iodine induced

hyperthyroidism has been obtained in Northern Tasmania [9, 30]. Following the

addition of potassium-iodide to bread, the incidence of thyrotoxicosis increased 3.8

times that occurring before in persons 50 years old or older and 1.6 times in persons

younger than 40 years. There was no increase in the cases of endocrine

exophthalmus! The incidence of thyrotoxicosis in patients with pre-existing nodular

goiters reached a peak and displayed a gradual fall thereafter [9, 30].

In these patients with autonomously functioning thyroid tissue (AFTT) due to a

failure of the regulatory mechanisms iodine elevates the serum hormone levels and

exacerbates the clinical picture to hyperthyroidism [12. 22]. The risk of iodine

induced hyperthyroidism in patients with AFTT increases with the amount of AFTT

and depends on the amount of administered iodine, too. In order to define patients at

risk, it is first necessary to find a method to quantify the volume of autonomous tissue

in the individual thyroid gland and to define a borderline amount of iodine which can

still be tolerated by these patients without getting hyperthyroid [3]. Small doses of
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iodine up to 100|j.g/day do not induce hyperthyroidism in patients with different

amounts of autonomous tissue [17,18, 19]. But even medium doses up to 500^g/day

may lead to hyperthyroidism [12, 14, 22], and as expected the number of patients

getting hyperthyroid rises with further increase of the administered iodine dose into

the range between milligrams and grams (10, 29). Besides the height and the duration

of the iodine-exposure, the second condition for the induction of hyperthyroidism is

are an adequate amount and activity of functionally autonomous tissue: Thus no

hyperthyroidism could be induced in patients with small unifocal autonomies by

medium or even large doses of iodine [21, 23]. In countries with more than sufficient

iodine supply, the experience was made, that in patients with unifocal thyroid

autonomy with a diameter less than 2.5 cm no hyperthyroidism occurred.

Hyperthyroidism would be induced only, if the autonomously functioning nodule had

a diameter of more than 3 cm [4, 13, 25,26]. Our results (17, 18] confirm the

assumption of a causal connection between the prevalence of hyperthyroidism and the

amount of autonomously functioning thyroid tissue. The latter can be determined

only approximately by sonography, but only in definitely outlined autonomous

nodules and not in the multifocal or disseminated form of functional autonomy. The

amount and the activity of autonomous thyroid tissue, however, can be estimated by

the determination of the Tc-99m-pertechnetate uptake during TSH-suppression

(TcTUsupp), because TcTUsupp and the volume of autonomous thyroid tissue (Va)

correlate linearity: Va = 0.09 + 2.88*TcTUsupp; r2 = 0.90 [17]. The TcTUsupp can

be determined routinely by quantitative thyroid scintigraphy. Thus the degree of

functional thyroid autonomy can be quantified [19], and the "critical" amount of

autonomous thyroid tissue can be determined by the "critical" TcTUsupp, above of

which the development of hyperthyroidism will have to be expected, if the height and

duration of iodine exposure is suffcient [16, 18]. This "critical" TcTUsupp ranges

between 2% [21] and maximal 30% [18].

Is an estimation of the individual risk of hyperthyroidism possible?

Functionally autonomous thyroid tissue usually grows slowly [4, 27], and the

prevalence of hyperthyroidism is judged to be low: during up to 12-year follow up

studies, only 20% of patients with autonomous thyroid nodules became hyperthyroid.

Even knowing the volume of the autonomous tissue does not allow any prognostic

statement without knowledge of additional parameters: there seems to be no

correlation between Va and the peripheral hormone concentration, but only a
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tendency of an increase of the concentrations of FT4 and total-T3 with increasing

amount of autonomous thyroid tissue [2]. But on the condition that the serum-iodide

concentration is > l.Oug/dl the FT4 - concentration increases proportionally to the

volume of autonomous tissue [17]. This iodide concentration cannot be reached by

the administration of low iodine doses up to 100 ug/day so that hyperthyroidism

cannot be induced even at high amounts of autonomous tissue [17, 18, 19]. But the

optimisation of the daily iodine supply with 200 ug/day is already sufficient to induce

latent hyperthyroidism in 14% and clinically manifest hyperthyroidisrn in 4% of the

patients with AFTT [28]. There was a plain difference between the patients with a

TcTUsupp less than 2.5% and those whose TcTUsupp was higher than 2.5%: in more

than two thirds of the latter group of patients the bTSH concentration declined

beneath 0. 1 mE/1, but in only one third of the patients with a TcTUsupp less than

2.5%. An increase of FT4 was found only in those patients, whose TcTUsupp was

higher than 3%. All the patients who developed hyperthyroid had a TcTUsupp higher

than 3.3% [31]. From that the "critical" volume of autonomous thyroid tissue can be

calculated to be between 8 and 12 ml, which equals a solitaire nodule with 2.8 cm

diameter but without any regressive changes and in the case of multifocal or

disseminated autonomy it correlates to a TcTUsupp between 2% and 3%. The risk of

getting hyperthyroid in the case of long term administration of iodine doses increases

with increasing Va, but an individual prognosis whether a patient with a TcTUsupp

higher than 3% necessarily becomes hyperthyroid in the case of the administration of

excessive iodine doses is not possible. On the other hand an enhanced risk of

hyperthyroidism can be excluded with a high probability in those patients whose

TcTUsupp is less than 2%.

CONCLUSIONS

The risk of hyperthyroidism rises with increasing age and increasing amounts of

functionally autonomous thyroid tissue and depends on both the height and the

duration of the additionally applied iodine dose, at which the individual iodine supply

has to be taken into account. Then the serum-iodide concentration is decisive: an

initial increase of the FT4-concentration being proportional to the amounts of

autonomous tissue may be only expected above a serum-iodide concentration of 1.0

ug/dl [16, 18, 19]. The supply of additional low doses of 0.1 mg iodide is not
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suffcient to raise the serum-iodide concentration to the required level in patients living

in an iodine deficiency area [17, 18, 19], but the supply of 0.2 mg/day may be

sufficient in some persons [19, 28]. Thus the critical amount of iodide being sufficient

to induce hyperthyroidism may be in the range between 0.1 and 0.2 mg/day. The

iodine doses being necessary to minimize the iodine-131 thyroid uptake in the case of

a reactor accident are considerably higher than the "critical" dose causing an

enhanced risk of hyperthyroidism.

The estimation of the "critical" amounts of autonomous tissue is reliably possible

only by determining the TcTUsupp: above a threshold between about 2% and 3% an

additional iodine-load of sufficient height and duration can induce hyperthyroidism. If

the TcTUsupp is higher than 3% iodine-induced hyperthyroidism is probable but in

individual cases this risk cannot be predicted with certainty [19, 28].
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