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The amount of iodine released
from amiodarone is approximately
6 mg per day for each 200 mg tab-
let.> Since the average maintenance
dosage is between 200 and 600 mg
per day, patients receiving chronic
amiodarone treatment may be ex-
posed to as much as 18 mg of iodine
per day, an amount that is far
greater than the average daily in-
take of dietary iodine (approxi-
mately 200 pug/day in the U.S.)%

Effects of Amiodarone on
Thyroid Function Tests

Amiodarone affects the metabolism
of the thyroid hormones, and most
patients chronically treated with
this drug will have abnormal thyroid
function tests.” The most significant
changes are shown in Table 1.

Effects on T, and T,. Amio-
darone inhibits the hepatic type I
iodothyronine 5'-deiodinase (5'-D),
which removes iodine from the
phenolic or outer ring of thyroxine
(T,) to generate triiodothyronine
(T,).%*® This effect has been shown
in rat-liver homogenates,*'’ in
isolated hepatocytes!! and in vivo.!?
The inhibition of 5'-D results in
decreased serum levels of total and
free T, and in increased serum

concentrations of total and free T,.”#
Amiodarone can also reduce
iodothyronine uptake by the liver,
and this phenomenon may be an
additional factor leading to elevated
serum T, concentrations.'* !

Serum reverse T, (rT,) is greatly
increased,”® primarily as a result of
reduced clearance due to decreased
outer-ring deiodination of rT,. In
patients receiving chronic amio-
darone treatment, a significant
positive correlation has been found
between the cumulative dose of the
drug and serum rT, levels.'® Higher
rT, concentrations also seem to
correlate with an increased inci-
dence of side effects, both thyroidal
and extrathyroidal.'68

Effects on TSH. The effects of
amiodarone on thyrotropin (TSH)
are dose and time dependent. When
the dose of the drug is between 200
and 400 mg per day, the basal con-
centrations of TSH usually remain
within the normal range, but the
TSH response to thyrotropin-releas-
ing hormone (TRH) may be signifi-
cantly increased.'® If higher doses of
amiodarone are employed, both
basal and TRH-stimulated TSH
levels may increase above the nor-
mal range and remain elevated dur-
ing the early months of therapy, af-
ter which they usually normalize.!?

In some patients,
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however, the ba-
sal and TRH-stim-
ulated TSH con-
centrations may
be decreased.”
These complex
abnormalities in
TSH secretion are
probably secon-
dary to the chan-
gesin serum T,
and T, concentra-
tions. It has been
suggested, how-
ever, that amioda-
rone may directly
affect the regula-
tion of TSH secre-

Figure 1. The structural formulas of amiodarone and its major metabolite,

desethylamiodarone.

tion. The drug
has been shown to

inhibit T, binding to its nuclear
receptor in the thyrotroph cell,
resulting in increased TSH secre-
tion?® and increased expression of
the mRNA coding for both alpha-
TSH and beta-TSH.?! The ability of
amiodarone to interact with the
nuclear thyroid hormone receptors
has also been observed by others,
both in pituitary cells® and in the
heart.?*2?* This may partially explain
the antiarrhythmic effect of the drug
in the heart.

It has also been shown that ami-
odarone can inhibit the pituitary
type II 5'-deiodinase, which converts
T, to T,.* This could lead to de-
creased local production of T,, which
in turn would cause increased TSH
secretion. However, the failure to
observe a rise in serum TSH in rats
acutely treated with amiodarone
and the low basal and TRH-stimu-
lated TSH concentrations observed
in some euthyroid patients receiving
amiodarone suggest the possibility
that amiodarone might be a T, ag-
onist in the pituitary. The elevated
serum levels of rT, may also con-
tribute to the inhibition of type II
deiodinase.?®

In summary, chronic amiodarone
treatment is often associated with
persistent elevations in serum T,
and rT, concentrations, transiently
elevated serum T'SH concentrations
and low normal or slightly decreased
levels of serum T,. These changes
are similar to those observed in
patients who receive iodine-con-
taining radiocontrast agents such as
Oragrafin and Telepaque.’® Despite
these abnormalities in thyroid func-
tion tests, however, most patients
remain clinically euthyroid.”

Pathologic Effects
of Amiodarone

Significant amounts of amiodarone
are concentrated in the thyroid. ¥’
Several authors have reported a di-
rect effect of amiodarone on the thy-
roid cell, both in vivo and in vitro.
Patients who underwent partial thy-




roidectomy for amiodarone-iodine-
induced hyperthyroidism were noted
to have several pathologic findings:
involutional changes, scattered de-
generative and destructive follicular
lesions and areas of fibrosis.?® Ami-
odarone-induced toxic effects on the
thyroid have also been observed by
others.?*3¢ Clinically, amiodarone-
induced thyroid damage can present
as painful thyroiditis *3 and, in one
report,® a fine needle aspirate of
the thyroid gland demonstrated a
marked infiltration of lymphocytes
and plasma cells, suggesting a pos-
sible link of amiodarone to thyroid
autoimmunity, which will be dis-
cussed below.

Recently, Beddows et al*” report-
ed that amiodarone and its major
metabolite, desethylamiodarone,
have cytotoxic effects on an immor-
talized line of cultured human thyro-
cytes. These effects are likely to
occur at the plasma membrane,
since it had been previously ob-
served that amiodarone can inhibit
TSH-stimulated cAMP production in
cultured human thyroid follicles.®
Desethylamiodarone seems to be
more toxic than its precursor and
could play a role in the in vivo toxi-
city of amiodarone.?”

Amiodarone-Induced
Thyroid Dysfunction

Most patients receiving chronic
amiodarone treatment will exhibit
abnormalities in their thyroid func-
tion tests. However, frank thyroid
dysfunction may be observed in
some patients.”3%42

Amiodarone-induced hypo-
thyroidism (AIH). The main fea-
tures of this disorder have been de-
scribed by Martino et al.** The inci-
dence of hypothyroidism may be as
high as 20% of all patients treated
with amiodarone and is much
higher in iodine-sufficient areas,
such as North America.” Hypothy-
roidism usually develops during the
first year of treatment.** A few cases
of amiodarone-induced congenital
hypothyroidism have also been re-
ported; in these cases, the mothers
had been treated with amiodarone
during pregnancy.5

A majority of the patients who
become hypothyroid (almost 60%)
have an underlying thyroid abnor-
mality, most commonly circulating
thyroid antimicrosomal or antithy-
roid peroxidase and antithyroglobin

autoantibodies.** The role of auto-
immunity in the pathogenesis of
ATH remains controversial. Iodine
may induce thyroid autoimmunity in
man?” and animals, including chick-
ens and rats,*®*® and the iodine re-
leased from amiodarone could play a
role in this process. Monteiro et al®
observed the development of thyroid
antimicrosomal antibodies in 6 of 13
patients treated with amiodarone.
These antibodies disappeared 6
months after amiodarone was dis-
continued.® In three prospective
studies, however, no increase in the
incidence of thyroid antibodies was
observed during amiodarone
therapy.>15

The likely pathogenesis of ATH
is, therefore, related to the inhibitory
effects of excess iodine on the gland.
Under normal circumstances, phar-
macologic quantities of iodine tran-
siently inhibit the intrathyroidal
oxidation of iodide and subsequent
hormone synthesis (acute Wolft-
Chaikoff effect). Escape or adapta-
tion to the Wolff-Chaikoff effect
usually occurs within 72 hours and
normal thyroid hormone synthesis
resumes. However, in certain
susceptible patients, such as those
with Hashimoto’s thyroiditis, escape

Table 1. Effects of Amiodarone on Thyroid

Function Tests in Euthyroid Patients

Thyroxine (T,)

Triiodothyronine (T,)

Reverse triiodothyronine (rT,)

Thyrotropin (TSH)

TSH response to TRH

*] = increased; D = decreased; N = normal

Value*
IN

D,N

ILN,D

ILN,D
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does not normally occur and iodine-
induced hypothyroidism results
(Table 2).5

Evidence for the essential role of
iodine in the pathogenesis of ATH
consists of the following observa-
tions: Perchlorate is a competitive
inhibitor of the thyroid iodine con-
centration mechanism and will,
therefore, prevent trapping of iodine
into the gland and will also result in
a decrease in intrathyroidal inor-
ganic iodide content. If the etiology
of ATH is due to excess intrathy-
roidal iodine content, then the admin-
istration of potassium perchlorate
should result in the restoration of
euthyroidism. As shown in Figure 2,
the administration of perchlorate
did correct the ATH, which returned
upon discontinuing the perchlo-
rate.?® Further evidence that AIH is
associated with an iodine-induced
defect in the organification of iodide
is the presence of a positive perchlo-
rate discharge test in patients with
ATH. Surprisingly, even though
serum iodine levels are markedly
elevated in patients receiving amio-
darone, the thyroid2*I uptake may
be within the normal range in pa-
tients who develop AIH.*® This is
probably due to the marked eleva-
tion in serum TSH and the frequent
presence of a goiter.

Amiodarone withdrawal results
in a spontaneous remission in ap-
proximately half of the hypothyroid
patients.*® In the remaining pa-
tients, hypothyroidism may persist
for several months after the drug is
discontinued. The presence of an
underlying thyroid abnormality
and/or circulating thyroid autoanti-
bodies are risk factors for persistent
hypothyroidism after amiodarone
withdrawal.®

Clinically, AIH is typically mild,
although severe myxedema may oc-
cur.®® The management of ATH usu-
ally poses no problems. Replacement
therapy with levothyroxine can be
carried out and amiodarone therapy
continued. Because these patients
have underlying cardiac disease, the
dose of levothyroxine should be care-

Table 2. Iodine-Induced Hypothyroidism

® Underlying thyroid disease

1. Euthyroid Graves’ disease previously treated by RAI or

thyroidectomy

SO

Hashimoto’s thyroiditis
Euthyroid with history of subacute thyroiditis
Post hemithyroidectomy

. Primary subclinical hypothyroidism

® No underlying thyroid disease

1. Chronic lung disease (? Hashimoto’s thyroiditis)

2. Cystic fibrosis

® Fetus: Secondary to transplacental passage of iodide

® lodide plus other potential goitrogens

1. Lithium
2. Sulfa drug antibiotics
3. ? Sulfonylureas

fully adjusted to maintain the serum
TSH in the normal range.
Amiodarone-induced
thyrotoxicosis (AIT). AIT is more
common in areas of low iodine
intake, occurring in approximately
10% of all patients treated with
amiodarone.” The incidence of AIT
is much lower in iodine-sufficient
areas such as North America.” This
is not unexpected since iodine-
induced hyperthyroidism is far more
common in areas of endemic iodine
deficiency. Hyperthyroidism can

occur at any time during treatment
or even after withdrawal of the
drug.*! Since more men than women
are treated with amiodarone, AIT is
slightly more common in men, even
though thyroid disease is far more
frequent in women.*'%” A majority of
patients who develop AIT have an
underlying thyroid abnormality,
especially nontoxic multinodular
goiter, but hyperthyroidism can also
develop in an apparently normal
gland.*! The pathogenesis of AIT is
most likely related to the iodine

12 : - 240
© o ‘o’ e—e SerumfT,l
2 g g 2. o——o SerumTSH
o :
- w
R © L 160 &
- 5 3
c B I
2 T
3 2 £
4 Ste =
g =
©
gt
o}
P4
0 - t T T T T T T T T e )
20 0 40 80 120 160 200
Days

Figure 2. The intermittent administration of potassium perchlorate in a patient with amiodarone-induced

hypothyroidism.




overload, which can precipitate
thyrotoxicosis in patients with
preexisting thyroid abnormali-
ties,?®® although the exact mecha-
nism remains obscure (Table 3).
However, AIT could be—at least
partially—secondary to the thyroid
follicular damage that has been
suggested to occur in amiodarone-
treated patients.?%36

The role of immunologic mecha-
nisms in AIT has also been sug-
gested. Amiodarone has been shown
to affect T-cell function in a study by
Rabinowe et al.®® They found that
two patients with AIT had an in-
creased percentage of T cells that
expressed the HLA-DR antigen, an
abnormality which has been linked
to Graves’ disease.®! Changes in the
T-cell subsets were also observed.®
Another study % reported the pres-
ence of thyroid-stimulating immu-
noglobulins (TSIs) in the serum of
patients receiving amiodarone.

However, a clear role for autoim-
munity in the pathogenesis of AIT
has not been confirmed. Martino et
al found no detectable thyroid au-
toantibodies in the sera of patients
with AIT and nodular goiter.*! An-
tithyroid antibodies were present in
a majority of the hyperthyroid pa-
tients with diffuse goiter, but the
lack of data prior to amiodarone
treatment and the persistence of the
autoantibodies after its withdrawal
makes it unlikely that amiodarone
induced the autoimmune abnormali-

ties. TSIs were also undetectable in
the patients with nodular goiter, but
they were present in a majority of
the patients with diffuse goiter. It is
likely that the patients with diffuse
goiter had preexistent Graves’ dis-
ease, and that the iodine overload
induced by amiodarone administra-
tion facilitated the onset of hyper-
thyroidism, rather than triggering
an autoimmune process.

The clinical picture of AIT is usu-
ally dominated by cardiac manifes-
tations, while other symptoms of
thyrotoxicosis are less prominent or
sometimes even absent.*! Nodular
or diffuse goiter is often observed,
but ophthalmopathy and pretibial
myxedema are uncommon features
of AIT unless Graves’ disease is
present. In a few cases, a picture of
painful thyroiditis has been ob-
served.??3 The development of the
symptoms is usually rapid.

Several laboratory tests have
been proposed as markers for the
early diagnosis of AIT. These
include the ultrasensitive TSH
assay, sex hormone-binding globulin
and the thyroid iodine content
assessed by fluorescent scans.”%6
However, the most reliable indicator
of AIT is the presence of clinical
features of thyrotoxicosis together
with elevated serum levels of total
and free T,.*’ The diagnosis of AIT
can be particularly difficult if the
patient is systemically ill. An
elevated serum free T, concentration

3
may be especially useful
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Figure 3. Results of therapy for amiodarone-induced thyrotoxicosis.

ated low thyroid radi-

oiodine uptake excludes the use of
radioactive iodine. In those patients
with a normal uptake, the risk of
exacerbating the thyrotoxicosis by
releasing excess hormone from the
gland following radiation-induced
disruption of the follicles also pre-
cludes its use. The thyroid iodine
excess resulting in increased hor-
mone stores also makes these pa-
tients less responsive to thiona-
mides.?%® Discontinuation of ami-
odarone treatment, even without the
administration of antithyroid drugs,
may result in remission in some pa-
tients without a goiter, %! but this
approach may be undesirable in pa-
tients with severe cardiac arrhyth-
mias. Furthermore, discontinuation
of amiodarone will result in an in-
creased peripheral production of T,,
causing a paradoxic worsening of the
thyrotoxicosis.

The use of potassium perchlorate
with methimazole or propylthioura-
cil has been proposed, in the belief
that the increased thyroid iodine
content is the major cause of the
poor responsivity to the conventional
modalities of treatment*'%7 (Figure
3). Potassium perchlorate competi-
tively inhibits iodide uptake by the
thyroid gland and also induces a
rapid release of excess intrathy-
roidal iodide. The recommended
dosage is 800 to 1,000 mg potassium
perchlorate daily along with a
thionamide. Most patients without
underlying thyroid abnormalities
will become euthyroid within 2
months and will maintain their
euthyroid state without any subse-
quent treatment with thionamides®
(Figure 3). In contrast, patients who
have a nodular or diffuse goiter will
require a longer period of treatment
to achieve euthyroidism and will
also require antithyroid drugs after
potassium perchlorate has been
withdrawn.®® The response to potas-
sium perchlorate has not been uni-
formly successful, however,* and
the prolonged use of potassium per-
chlorate is not advisable in view of
the occasional toxic reactions,
including renal and bone marrow
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failure. However, these adverse ef-
fects are observed only when larger
doses are used.”! Treatment with
potassium perchlorate and methi-
mazole may be effective even when
amiodarone is continued,”™ but most
patients will require that the ami-
odarone be discontinued, although
this may not be possible because of
the refractory arrhythmias.

Corticosteroids have also been
proposed in the therapy of AIT, due
to their inhibitory effect on the
peripheral generation of T, and,
possibly, to their anti-inflammatory
effects on the thyroid. They have
been used alone®® "2 or together
with carbimazole,” with carbima-
zole and potassium perchlorate®
and with propylthiouracil.**” They
are most effective when used with
the other antithyroid drugs but do
have significant side effects.
Plasmapheresis and peritoneal
dialysis have also been employed in
the treatment of AIT, but their
beneficial effects are only
transient.*!

Surgical treatment of AIT (near
total thyroidectomy) is an effective

and reasonably safe form of therapy,

resulting in rapid resolution of the
hyperthyroidism and allowing

continued therapy with amioda-
rone. 777 Thyroidectomy should be
employed when antithyroid drug
therapy fails to restore euthyroidism
and expert surgeons and anesthesi-
ologists are available. The most fre-
quent complication is permanent
hypothyroidism, which is easily
treated.

Extrathyroidal Toxicity
of Amiodarone '™

Amiodarone is generally well toler-
ated. Minor extrathyroidal side ef-
fects are common, but they rarely
require discontinuation of therapy.
Skin photosensitivity is a common
and troublesome side effect of ami-
odarone. Corneal microdeposits are
usually asymptomatic, while symp-
tomatic peripheral neuropathy may
occur. Abnormalities in liver func-
tion tests are common (up to 20% of
all treated patients), but frank hepa-
titis is relatively rare. Pneumonitis
and pulmonary fibrosis are also rare
but potentially lethal complications.
Amiodarone may also be responsible
for untoward cardiac effects, such as
sinus bradycardia and exacerbation
of preexisting heart failure.'’

Table 3. Iodine-Induced Thyrotoxicosis

® lodine supplementation for endemic iodine deficiency goiter

® lodine administration to patients with euthyroid Graves’ disease,
especially when in remission after antithyroid drug therapy

@ Iodine administration to patients with underlying thyroid disease
(more common in areas of marginal iodine intake than in areas of

iodine sufficiency)
1. Nontoxic nodular goiter
2. Autonomous nodule

3. Nontoxic diffuse goiter

® lodine administration to patients with no recognized underlying
thyroid disease (especially in areas of mild to moderate iodine

deficiency)

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
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