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P lumrner in 1913 first reported
hyperthyroidism resulting

from nodular goiter as distinct from
the hyperthyroidism seen in toxic
diffuse goiter (Graves' disease) (1).

He noted that the former type of
hyperthyroidism was milder and
was not associated with exophthal
mos. We now know that Graves'

disease is an autoirnmune disorder
in which thyroid stimulating irnrnu
noglobulins are produced resulting
in thyroid hyperplasia and increased

hormone secretion. In toxic nodular
goiter, hyperthyroidism results from
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
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cardiac complications. A large mul
tinodular goiter with autonomous
function is often present for years
before the onset of hyperthyroidism
(2). This presence of autonomous

function contraindicates the use of
thyroid hormone suppression in pa
tients believed to have nontoxic

multinodular goiter since the exog

enous thyroid hormone is simply
additive to that secreted by the non
suppressible autonomous nodules.

AFTN can occur at any age

(amongst teens as well as the elderly)
and are discrete and usually solitary
nodules. Hamburger, in an excellent
review, called this Goetsch's disease,

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

pathophysiology in 1918 (3). There
is not total agreement 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
gland utilizing microautoradi
ographic techniques.

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

gradual if it occurs at all. A group
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
AFTN, he found toxic lesions in

56.5%of patientsover60yr of age
but only in 12.5% in patients under
60. Degeneration of AFTN is also
common and is seen on thyroid im
aging as a central area of reduced
activity surrounded by the function
ing tissue. This should not be mis
taken for malignancy. Although
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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The diagnosis ofAFTN is consid

ered when concentration of the
radionuclide tracer is greater or

equal to that of the extranodular
tissue. Since a cancer occasionally
can appear hot with a technetium
99m-pertechnetate tracer and cold

with radioiodine, it would seem pru

dent to confirm that the nodule is
functional with radioiodine or pos

sesses autonomous function as de

scribed below. If the patient is hy

perthyroid, this is not necessary.
When autonomous nodules do

not secrete excessive amounts of
thyroid hormone, TSH will not be
suppressed and there will be good
visualization ofthe extranodular tis

sue on thyroid scans. As the secre

tory activity ofthe AFTN increases,
TSH will be progressively sup
pressed so that extranodular activity
on the scan will be proportionately
less. With toxic AFTN, there is little
or no visualization of extranodular
tissue.

Not all hot nodules on a scan are

AFTN since occasionally areas of

function may represent compensa
tory hyperplasia secondary to dis
ease elsewhere in the gland. This
differentiation is important from

the clinical point ofview since areas

of compensatory hyperplasia may
respond to levothyroxine adminis
tration, but for AFTN, treatment
with thyroid hormone is contrain
dicated. Areas of compensatory hy
perplasia are TSH-dependent, and
with the more widespread use of

ultrasensitive TSH assays, simple

measurement of the serum TSH

may be diagnostic. In patients with
areas of compensatory hyperplasia,
the TSH should be elevated or high
normal, whereas a suppressed TSH
would indicate an AFTN. If ultra
sensitive TSH assays are not avail
able, a thyrotropin-releasing hor
mone (TRH) test could be per
formed. An exaggerated TSH
response to TRH would suggest

compensatory hyperplasia. Repeat
ing the thyroid scan after suppres
sion with thyroid hormone (0.15â€”

0.2 mg levothyroxine daily for 3 wk)
also distinguishes AFTN from com
pensatory hyperplasia. With AFTN,
there would be preferential suppres

sion of extranodular tissue as TSH

is suppressedby the exogenous1ev
othyroxine (T4). Areas of compen
satory hyperplasia, in contrast,
should suppress in proportion to ex
tranodular tissue. In older patients
and in patients with cardiac disease,
suppression scans may be hazardous
if the lesion is an AFTN because of

the additive thyroid hormone and

should not be performed.
Overtly toxic AFTN will have el

evated levels of circulating free thy
roxine and triiodothyronine (T3), as
well as suppression of extranodular
tissue on imaging. Less toxic AFTN
may just show elevated T3 levels,
since these lesions characteristically
first secrete increased T3 hormone
as they develop increasing function.

The first laboratory evidence of
more than a physiologic amount of
thyroid hormone secretion by an
autonomous nodule is suppression
of the ultrasensitive TSH or blunt
ing of the TSH response to TRH.
This may occur when the serum T4
and T3 levels are still well within
the normal range.

Treatment of toxic AFTN can be
accomplished by surgery or radio
active iodine. Toxic autonomous
nodules are relatively radioresistant
and usually are greater than 3.0 cm

in size. Therefore, higher doses of
iodine-l31 (â€˜@â€˜I)need to be em
ployed, i.e., at least 20 mCi. Since
there is a significant amount of
gamma radiation delivered to the
extranodular tissue from the â€˜@â€˜I

concentrated in the toxic nodule
(7), surgeryis usually consideredto
be the treatment of choice for
younger individuals. The number of
carcinomas following @â€˜Itherapy of

toxic AFTN is quite low, but re

ported series contain few patients
under the age of 50 treated with

radioactive iodine. Before the rela
tively stable natural history of non
toxic AFTN was appreciated, pro
phylactic treatment was often em

ployed to prevent anticipated future
toxicity. Since we now know AFTN

can undergo degeneration and

smaller nodules are relatively stable,
routine treatment of nontoxic
AFTN is no longer recommended.

Follow-up at 6-mo intervals with
ultrasensitive TSH measurement is
adequate. Prophylactic treatment
can be considered for older patients
with nontoxic AFTN greater than
3.0 cm in diameter, especially if the

ultrasensitive TSH is suppressed
and the serum T3 level is in the
upper normal range.

Since the extranodular tissue is
usually suppressed in patients with
toxic AFTN, the incidence of hy
pothyroidism following â€˜@â€˜Itherapy

should be low. Support for this view
is provided by the article of Huys

mans et al. in this issue of the Jour
nal (8). Of 52 patients with toxic
solitary AFTN treated with 20 mCi
of â€˜@â€˜I,46 patients were clinically
and biochemically euthyroid after a
mean follow-up period of 10 Â±4 yr.
Of the six patients on replacement
T4, one was not hypothyroid when
treatment was started and two were
treated with â€˜@Iwhile still under the
stimulatory effect of exogenous
TSH. Other series reporting higher
incidences of hypothyroidism fol

lowing â€˜@â€˜Itherapy include cases of
nontoxic AFTN where extranodular
tissue is not suppressed and concen
trates the radioiodine.

The natural history ofAFTN sug
gests that a small number of patients
become hypothyroid no matter
what form of therapy is chosen.
Eyre-Brook et al. (9) report that
toxic AFTN was adequately treated
employing lobectomy and presurgi
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cal treatment with anti-thyroid

drugs in 60 patients. Four became
hypothyroid (one had previously
been treated with â€˜@â€˜I).This empha

sizes the observation that AFTN
does not occur in an otherwise

healthy gland. The associated au
tonomously functioning microno
dules (4) may well undergo degen
eration leaving behind a compro
mised thyroid with decreased

reserve. In extreme instances, this
may predispose the patient to be
come hypothyroid. Thus, the hypo

thyroid effects of â€˜@â€˜Itherapy re

ported by Huysmans et al. (8) may
be little more than that expected
from the natural history of AFTN

alone in a thyroid where ablation of

a toxic nodule has occurred.

We occasionally have observed
that on scans of patients with toxic
solitary AFTN there are varying de
grees ofextranodular activity. Huys
mans et al. report total suppression
of extranodular tissue in 48 of their
52 patients with single toxic AFTN,
but 4 had â€œnear-totalsuppression.â€•
We agree with Miller that this extra
nodular activity represents other
areas ofautonomous function in the
form of micronodules of varying
size accompanying the dominant

toxic nodule (4,10). This occur
rence of extranodular tissue func
tion has been recognized more fre
quently in recent years as the larger

doses of 1231and technetium-99m-
pertechnetate have replaced â€˜@â€˜Ias a
thyroid scanning agent. These pa
tients with toxic AFTN and nonsup

pressed extranodular tissue are
those most at risk for developing
hypothyroidism following 1311ther

apy. Should these patients be treated

surgically? Huysmans et al. (8) state
that when the pretreatment radio
nuclide image reveals uptake of io

dine in extranodular paren

chyma, â€˜@â€˜Itherapy has to be post
poned. This would not deter us from
recommending â€˜@â€˜Itherapy in the
older patient, since ensuing hypo
thyroidism is easily treated and may

be expected in about the same small
fraction of patients not treated with
â€˜@â€˜Itherapy.

Long-term treatment with anti
thyroid drugs does not have a place
in the management of toxic AFTN

in contrast to its use in autoimmune
Graves' disease. In the natural his
tory of Graves' disease, remission
may occur and antithyroid drugs
can be used in selected patients in
anticipation of this remission.
AETN undergo degeneration, but
the toxic lesions are larger and only
very rarely undergo enough degen
eration to eliminate the hyperthy
roidism. Antithyroid drugs may be
employed for patients with toxic
AFTN on a short-term basis in prep

aration fort surgery or before 1311
therapy in older patients and those
with cardiac complications since â€˜@â€˜I
may release stored thyroid hormone
into the circulation and may make
the metabolic abnormalities of hy

perthyroidism transiently worse.
This may be the reason Huysmans
et al. employed antithyroid drugs in
12 of their patients.

Finally, one should realize that
administration of iodine (usually in
X-ray contrast media) can induce
transient hyperthyroidism in pa

tients with nontoxic AFTN (Jod

Basedow phenomenon). If neces
sary, these patients could be placed
on beta blockers before their radio
graphic study.

Donald A. Meier
Howard J. Dworkin

William Beaumont Hospital
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