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Many patients with a solitary autonomously func
The long-term effects of radioiodine treatment on thyroid
function in patients with a toxic solitary autonomous thy
roid nodule were evaluated. Fifty-two patients received a
therapeutic dose of 20 mCi of iodine-131 (131l).Duration of

follow-up was 10 Â±4 yr. Follow-up data included a bio

chemicalevaluationof thyroid function. The failure rate
(recurrent hyperthyroidism) was 2%. The incidence of hy

pothyroidismwas 6% andwas not relatedto the doseper
gram of nodular tissue. Oral administration of 20 mCi of

tioning thyroid

nodule are euthyroid.

Progression

to

persisting hyperthyroidism occurs in only a small num
ber of patients. Moreover, spontaneous degeneration of
the nodule is possible (2). Therefore, non-toxic auton
omous thyroid nodules are regularly left untreated in
The Netherlands.
Radioactive iodine is a generally accepted method
for the treatment of hyperthyroidism, especially in pa
tients with a solitary autonomous thyroid nodule. Post

radioiodine is a simple and highly effective method for the
treatment of patients with a toxic autonomous thyroid

treatment

nodule.The risk of developmentof hypothyroidismis low
if extranodularuptake of 1311
is prevented.This can be

uptake in the extranodular tissue is sufficiently sup
pressed, which means that the nodule is the only visible

achieved by not treating euthyroid patients, by no longer
using injections of exogenous thyroid stimulating hormone
in the diagnostic work-up of the patients and by always

thyroid tissue on iodine scintigraphy.

performing radioiodine imaging shortly before treatment.
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hypothyroidism

seems less likely if iodine

There are few reports on the long-term follow-up of
patients with hyperthyroidism, due to a solitary auton
omous thyroid nodule, treated with iodine-l3 1 (â€˜@â€˜I)
(3â€”9).
Recently, we have studied the long-term effects
ofradioiodine

treatment on thyroid function in patients

with hyperthyroidism due to Goetsch's disease treated
in our hospital.

wo subgroups of nodular thyroid diseases with au
tonomous hyperfunction are currently recognized as
clinically distinct entities. Toxic multinodular goiter is
a disease in which there is a large multinodular goiter.
It predominantly afflicts elderly people. The goiter and

autonomous function often precede the onset of hyper
thyroidism by many years (1). Goetsch's disease or the
solitary autonomous thyroid nodule is characterized by

a single thyroid adenoma which is functioning auton
omously and independently of pituitary stimulation or
any other extrathyroidal stimulator. The thyroid hor

PATIENTS AND METHODS
Iodine-131 Therapy
Between 1970 and 1985, 52 patients with a toxic solitary
autonomous thyroid nodule received an oral standard thera

peutic dose of 20 mCi (740 MBq)of â€˜@I
as sodium iodide at
the University Hospital, Nijmegen. The female-to-male ratio

was 3.3:1and the age rangewas 58.2 Â±11.2yr (mean Â±s.d.).
All patients had clinical signs and symptoms of hyperthyroid
ism as well as elevated levels of thyroid hormones (thyroxine

(T4)186Â±44 nmole/l, triiodothyronine(T3)4.3 Â±1.1pmole/
1).The 24-hr â€˜@â€˜i
uptake was 52% Â±12%. Thyroid scans using

mone secretedby the nodule has a negativefeedback [â€˜3I]sodium iodide, [â€˜231]sodiumiodide or (in 9 patients)
on the production of thyroid-stimulating
hormone
(TSH) by the pituitary gland. By this mechanism, the
function of the TSH-dependent extranodular tissue is
suppressed to a variable degree (1).

technetium-99m-pertechnetate showed single hot nodules
with total suppression of extranodular tissue in 48 patients
and near-total suppression in four. The weight of the nodules

wasestimatedfrom the thyroid scan usingthe formula:
1 @rxy,
2
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where x is the longest and y is the shortest diameter of the

nodule. For each nodule, the total 311dose delivered was
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divided by this estimated nodular weight and multiplied by

serum TSH level (5.20â€”8.
10 mU/l) together with a

the 24-hr uptake/l00 in order to calculate the â€˜@â€˜I
dose per

normal serum T4 level (80â€”102nmole/l),

gram functional thyroid tissue (6). Iodine scintigraphy after

level (8.6â€”
11.5 pmole/l).
The development of hypothyroidism in our series
was not related to the dose per gram of nodular tissue

injections of exogenous TSH was used to visualize extranod
ular thyroid tissue. Therapy was postponed at least 4 days
after imaging with TSH stimulation. Twelve patients were on

antithyroid medication (thiamazole) prior to â€˜@â€˜I
therapy.
They concomitantly used a thyromimetic drug to avoid ele
vation of the serum TSH level. The antithyroid drug was
discontinued for at least three days prior to â€˜@I
administration

till three days afterwards.
In our laboratory, normal values for the various tests used are:
serum T4 65-140 nmole/l, serum T3 1.8-2.9 nmole/l, serum
free T4 9â€”
19 pmole/l, serum TSH 0.4â€”4.0mU/I, and 24-hr

â€˜@I
uptake lO%â€”59%.
Follow-up
The patients were followed for a period of4â€”l7.5yr (mean
10 Â±4 yr). Five ofthem had died of unrelated causes and one
patient had emigrated. The last available data from the med

ical records ofthese patients were used. All other patients were
seen by their own physician or by ourselves. A short medical

interviewand physicalexamination were carried out. Serum
T4and TSH levelsweremeasuredutilizingstandard methods.
Criteria for hyperthyroidism were a serum T4 level over 140
nmole/l together with a suppressed TSH. Hypothyroidism
was diagnosed in patients with a serum T4 level of less than

corrected for radioiodine

and free T4

uptake (399 Â±242

@Ci/gin

the 46 patients who remained euthyroid and 408 Â±295
@Ci/gin the 6 patients who became hypothyroid

(p

0. 10, Wilcoxon's test). No antithyroid antibodies were
present in the patients in whom hypothyroidism devel
o_. The prior use of antithyroid medication, stopped
at least three days before
@Iadministration, in 12
patients seems not to have influenced the development
of hypothyroidism. One of these patients became hy
pothyroid. This patient had a suppressed serum TSH
level on the day of therapy.
In order to reveal a process of slowly diminishing
thyroid function after radioiodine therapy, we corn
pared serum T4 levels as measured in 1984 and 1988 in
29 patientswho had not become hypothyroid. In 1984,

the T4 level was 90 Â±2 1 nmole/l, in 1988 93 Â±19
nmole/l (p
0. 10, Wilcoxon's test). None of these
patients showed a decline of the serum T4 level.

65 nmole/l together with a serum TSH level over 4.9 mU/I.

DISCUSSION

In patientswith an elevatedTSH, the serum-freeT4levelwas

In the present study, patients with a solitary autono
mous thyroid nodule were treated with radioiodine only
when they were clinically and biochemically hyperthy
roid. The high mean age (58.2 Â±11.2 yr), the suppres
sion of extranodular tissue, and the rather large size of
most nodules are in accordance with the hyperthyroid

also measured.

RESULTS
All 52 patients became euthyroid within 6 mo after
radioiodine

therapy

and antithyroid

medication

was

stopped. In one patient, thyrotoxic symptoms recurred

state (1,2,10â€”12).

1.5 yr later. Iodine scintigraphy

All of our 52 patients became euthyroid within 0.5
yr after a standard dose of 20 mCi of @I
and during a
mean follow-up period of 10 yr hyperthyroidism re

showed the same hot

nodule. This patient was successfully treated with a
second dose of2O mCi of @I.
Hyperthyroidism did not
recur in any of the other patients.
During the follow-up period, thyroxine therapy was
started in six patients. In two of these, therapy was
started 3 and 7 yr after radioiodine therapy because of
mild clinical and biochemical hypothyroidism (T4 level,
56 and 58 nmole/I, respectively; TSH level, 16.9 and
19. 1 mU/i,

respectively).

In a third patient,

thyroxine

therapy was started in another hospital after 15 yr (no
further data available). Two other patients became hy
pothyroid (T4 level 42 and 60 nmole/l, respectively;
TSH level 54 and 33 mU/I, respectively) 2 and 6 yr
after they had been treated with â€˜@â€˜I.
However, they had
been treated at an inappropriate moment, while the
effects ofthe injected exogenous TSH were still present.

curred in only one patient.

This patient

received a

second dose of2O mCi of @I1.5 yr after the first dose.
The failure rate found in our study (2%) is lower than
that found in the study of Ratcliffe et al. (8). In their
study, hyperthyroidism recurred in 7 of 48 patients
after a standard oral dose of 15 mCi of D@1@
Other
authors (3,4,6,7,13) not using a standard dose, bqt a
dose adjusted according to the individual size of the
nodule, also reported higher incidences of therapy fail
ures (7%â€”52%;Table 1).
During the follow-up period, thyroxine therapy was
started in 6 ofour 52 patients. However, in one of these
patients thyroxine therapy was started while the patient
was not hypothyroid. In two patients, treatment with

In the sixth patient, thyroxine therapy was started un

â€˜@@I
was given while the effects of injected

necessarily after 3 yr (serum TSH level at the start of

TSH were still present. Excluding these three patients
the incidence of hypothyroidism in our series is 3/49
or 6%. Other investigators found similarly low percent
ages,although during shorter follow-up periods. Mar
iotti et al. (7) reported five cases of hypothyroidism
after treatment of 126 patients with a dose of 180 @Ci

thyroxine therapy 1.4 mUll). The remaining 46 pa
tients, including the patient who had received 20 mCi
twice, were, without replacement therapy, clinically and
biochemically euthyroid at the end of the follow-up
period. Of these patients, six had a slightly elevated

28

exogenous
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TABLE 1
Failure Rate of 1311
Therapy in Patients with Solitary Autonomous Thyroid Nodules and Hyperthyroidism (Primary
Therapy Failures and Recurrences)'
rate

of

InvestigatorNumber
(mCi)Fontana2352Life-table
patientsFailure (%)Follow-up

(yr)Method

of calculationDose

of 1311

mentionedHeinze18892.5
method20,000â€”80,000
redNot
9.6Hegedus2771
Â±?30,000â€”40,000
rad18.9
Â±?Mariotti138153.2Â±2.2(1â€”11)180@zCi/g12.6
@iCi/g7.5
(allpatients)100
Â±4.1Ratcliffe48153.1
(2â€”10)Standard

dose15Ross45134.9
Â±?This
dose20.study52210
Mean

Â±

s.d.

Â±

Â±3.2 (0.5â€”13.5)160
Â±4 (4â€”1
7.5)Standard

@iCi/g10.3

(range).

of â€˜@â€˜I
per gram nodular tissue (duration of follow-up
3.2 Â±2.2 yr). Eyre-Brooke et al. (14) found two cases

is no longer in use in The Netherlands.

In our opinion,

visualization of suppressed normal thyroid tissue is
of hypothyroidism out of 37 patients treated with 1.2â€” relevant. If suppressed extranodular tissue is present,
15 mCi of DI (mean duration offollow-up 6.5 yr) while
we assume that this parenchyma will take over thyroid
none of the 48 patients of Ratcliffe et al. (8) developed function after ablation of the nodule with a relatively
hypothyroidism

after treatment

with 15 mCi of â€˜@â€˜I
high dose of 20 mCi of 1311If there is no extranodular
tissue, we routinely administer a lower dose calculated
according to the method described by DeGroot (16) in

(mean duration of follow-up 3. 1 yr; range 2â€”10yr).
In two studies, rather high incidences of hypothyroid
ism have been reported. In the study ofGoldstein

(5), 8 of22 patients became hypothyroid

et al.

after treatment

with 15â€”55
mCi of radioiodine. However, it has to be
noted that 16 of these patients were euthyroid at the
time

of treatment

and

12 of them

had incomplete

suppression of uptake in the extranodular tissue. Fon
tana et al. (4) reported an incidence of hypothyroidism
of 17% at 10 yr and 44% at 20 yr after treatment of 29
patients with 20,000â€”80,000rads (these authors used a
life-table method). But none of their patients who had
(almost) complete suppression of the function of the
extranodular parenchyma, developed hypothyroidism.
One might think that the amount of administered
â€˜@â€˜I
plays a major role in the development of hypothy
roidism after radioiodine treatment in thyrotoxic pa
tients with a solitary autonomous

thyroid nodule. How

ever, the data in our study and those ofGoldstein et al.
(5) and Fontana et al. (4) strongly suggest that it is not

the dose of radioiodine but the presence of incomplete
suppression of iodine uptake in the extranodular

tissue

that determines the incidence of hypothyroidism. Ex
tranodular

iodine uptake is, of course, frequently seen

in patients with a solitary autonomous

thyroid nodule

who are not thyrotoxic. In order to prevent the devel
opment of hypothyroidism, radioiodine treatment
should not be given to these patients. Incomplete
suppression

of uptake

in extranodular

tissue is also

present after exogenous TSH injections, sometimes
even months afterwards. Therefore, to visualize extra
nodular thyroid tissue, we recommended
thallium-201-chloride
or ultrasonography

imaging with
ofthe thyroid

instead of imaging with 1231after pretreatment with
injections ofexogenous TSH (15). The lauer procedure

order to diminish the risk of post-treatment hypothy
roidism.

We conclude that oral administration of 20 mCi of
radioiodine is a simple and highly effective method for
the treatment of patients with a toxic autonomous
thyroid nodule. The risk of development

of hypothy

roidism is low if the uptake of â€˜@â€˜I
in the extranodular
tissue is prevented. This can be done by not treating
euthyroid patients, by no longer using injected exoge
nous TSH in the diagnostic work-up of the patients,
and by always performing radioiodine imaging imme
diately before treatment. When this pretreatment radi
oiodine image reveals uptake of iodine in extranodular
parenchyma, therapy has to be postponed.
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EDITORIAL

The AutonomouslyFunctioningThyroidNodule
from nodular goiter as distinct from
the hyperthyroidism
seen in toxic

cardiac complications. A large mul
tinodular goiter with autonomous
function is often present for years
before the onset of hyperthyroidism

diffuse goiter (Graves'

(2). This

P

lumrner in 1913 first reported
hyperthyroidism
resulting

disease)

(1).

presence

of autonomous

He noted that the former type of
hyperthyroidism was milder and
was not associated with exophthal

function contraindicates the use of
thyroid hormone suppression in pa

mos. We now know that Graves'
disease is an autoirnmune disorder

multinodular

in which thyroid stimulating irnrnu

tients

believed

to have

nontoxic

goiter since the exog

enous thyroid hormone is simply
additive to that secreted by the non

of seven authors reported on 312
patients with nontoxic AFTN who
were followed 1â€”5yr. Only 20
evolved into the toxic state, and in
only 15 others was an increase in
size reported (5). Autonomous nod
ules 2.5 cm or less rarely cause hy

perthyroidism. In 62 toxic AFTN
reported by Hamburger, all but 4
were 3.0 cm or greater in size (6).
In a total of 349 patients with

noglobulins are produced resulting
in thyroid hyperplasia and increased

suppressible autonomous

hormone secretion. In toxic nodular
goiter, hyperthyroidism results from

(amongst teens as well as the elderly)

56.5%of patientsover60 yr of age

and are discrete and usually solitary
nodules. Hamburger, in an excellent

but only in 12.5% in patients under

nodules which function antonom
ously, that is independent of the
normal pituitary thyroid-stimulat

ing hormone (TSH) control.
Plummer did not differentiate be
tween the two types oftoxic nodular
goiter, toxic multinodular goiter
(TMNG) and toxic autonomously
functioning
thyroid
nodules
(AFTN). This difference is useful
clinically. Patients with TMNG are

more likely to be older and have

AFTN

can

occur

nodules.

gradual if it occurs at all. A group

at

review, called this Goetsch's

any

age

disease,

named after Emil Goetsch who re
markably worked out much of the

Department of Nuclear Medicine, William Beau

montHospital-Troy,
44201DeguindreRd.,Troy,
MI48098-1198.
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he found

toxic

lesions

in

60. Degeneration of AFTN is also
common and is seen on thyroid im
aging as a central area of reduced

pathophysiology in 1918 (3). There

activity surrounded by the function
ing tissue. This should not be mis

is not total agreement

taken for malignancy. Although

on the path

ogenesis of AFTN, but most re
searchers agree with Miller that the
autonomous function develops at a
very early stage in the evolution of
clinical AFTN (4). In patients with
palpable AFTN, he demonstrated
micronodules
possessing autono

rnous function elsewhere in the
ReceivedAug.16, 1990;acceptedAug.16, gland
utilizing
microautoradi

1990.
For repnntscontact:DonaldA. Meler,MD,

AFTN,

ographic techniques.

Most AFTN are nontoxic and the
evolution of toxicity is usually very

cancer may occur elsewhere in the

gland, or even incidentally as a non
functional mass within an AFTN,
carcinoma
in the autonomously
functioning tissue itself is exceed
ingly rare. In most cases of carci

norna reported in â€œhotâ€•
nodules, the
dianosis of autonomous function
was not conclusively established.
For all practical purposes, one does
not need to be concerned about ma
lignancy in the AFTN.
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