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occurs in abnormal thyroid glands
and is due to iodine-induced exces­
sive thyroid hormone synthesis and
release; type II AIT is a destructive
thyroiditis leading to release of
preformed thyroid hormones from
the damaged thyroid follicular
cells. The relative prevalence of the
2 forms ofAIT is unknown, but it
may depend on the ambient iodine
intake. For example, in Japan, an
iodine-sufficient area with a very
low incidence of toxic multinodular
goiter, primarily destructive-type
(type II) AIT was observed.51 Mixed
forms often exist, in which the dif­
ferent features of type I and type II
AIT coexist; however, the effort to
identify the different subgroups of
AIT has important clinical implica­
tions concerning management of
this challenging disorder.

Clinical and Laboratory
Manifestations. In patients with
AIT, classical symptoms ofthyro­
toxicosis may be absent, because of
the antiadrenergic action of amio­
darone and its impairment of con­
version of T4 to T3; goiter may be
present or absent, with or without
pain in the thyroid region; ophthal­
mopathy is usually absent, unless
AIT occurs in a patient with
Graves' disease.7-9 AIT may be
predicted by a worsening of the
underlying cardiac disorder, with
tachyarrhythmias or angina.
Thyroid function tests in patients
who develop AIT usually show
markedly increased serum T4 and
free T4 (FT4) concentrations and
slight to moderate increases in
serum total and free T3 (FT3) val­
ues and always a suppressed
serum TSH concentration.

Diagnosis of AIT may also be a
difficult challenge in patients with
severe nonthyroidal illness, because
the latter may dominate the clinical
picture and result in increased
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vascularity) is observed on
CFDS.48 These features are typi­
cally encountered in thyroid­
destructive processes, such as
subacute thyroiditis.

Further support to the concept
that this form of AIT, defined as
type II (see Table 2), is related to a
thyroid-destructive process is pro­
vided by the histopathologic exami­
nation of the thyroids of a few
patients that reveal such phenom­
ena as swelling of follicular cells,
vacuolization of the cytoplasm, and
fibrosis. 49 Therefore, type II AIT
appears to be a form of destructive
thyroiditis associated with leakage
of preformed hormones from dam­
aged follicles. This is in keeping
with in vitro studies demonstrating
the cytotoxic effect of amiodarone
and its metabolites. 19 This was fur­
ther supported by the observation
that in this subgroup of AIT
patients, the thyrotoxic phase is
sometimes followed by mild
hypothyroidism,5o as may happen
after subacute thyroiditis.

To summarize, 2 main forms of
AIT exist. Type I AIT usually
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and normal/slightly elevated
serum IL-6 levels-has been
defined as type I AIT (Table 2).
Further support to the concept
that type I AIT is due to excessive
thyroid hormone synthesis associ­
ated with the presence of excess
iodine comes from the observation
that these patients have color flow
Doppler sonography (CFDS) pat­
terns (pattern I-III) that indicate
a hyperfunctioning gland with
hypervascularity, as is also seen
in spontaneous hyperthyroidism.48

If excessive thyroid hormone
synthesis can explain the occur­
rence of hyperthyroidism in
patients with preexisting (subclini­
cal) thyroid disorders, what is the
mechanism leading to AIT in
patients with apparently normal
thyroid glands? These patients
usually have no detectable thyroid
abnormalities on physical exami­
nation or ultrasonography. In
addition, they have very low RAID
values.45 Serum IL-6 concentra­
tions are usually markedly ele­
vated47 (Figure 4), and pattern 0
(indicating the absence of hyper-
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serum FT4, decreased/suppressed
serum TSH, and decreased serum
total T3 and FT3 concentrations.
Serum sex hormone-binding
globulin (SHBG) concentration is
increased in AlT patients but not in
euthyroid amiodarone-treated sub­
jects with hyperthyroxinemia52;
however, this assay is of limited
value in individual patients, owing
to the numerous factors affecting
serum SHBG levels.

Treatment. Treatment of AIT is
often very difficult. The high
intrathyroidal iodine content
reduces the effectiveness of con­
ventional thionamide drug ther­
apy. The low or suppressed RAID
values preclude the administration
of radioiodine therapy. In view of
the recent suggestion that recom­
binant human TSH may increase
the thyroid RAID in iodine­
exposed patients,53 this agent
might be helpful prior to the
administration of iodine 131 (1311).
Thyroidectomy may represent a
valid option for AIT patients resis­
tant to medical treatment,
although the underlying cardiac
conditions and the thyrotoxic state
may increase the surgical risk or
even exclude surgery in some
patients. Thyroidectomy has been
associated with prompt control of
thyrotoxicosis, and no deaths have
been reported.54,55

The identification of the differ­
ent subtypes of AlT may provide a
rational basis for the choice of
appropriate medical treatment. In
type I AlT, the goal of treatment
should be to block further organifi­
cation of iodine and synthesis of
thyroid hormones. Since the iodine­
rich thyroid is more resistant to
the therapeutic efficacy of the
thionamides, larger than usual
daily doses of methimazole
(40-60 mg) or propylthiouracil

(600-800 mg) are often necessary.
An attempt should also be made to
decrease the entrance of iodine into
the thyroid and deplete intrathy­
roidal iodine stores in order to
improve the therapeutic efficacy
of thionamides and to relieve the
iodine-induced hyperthyroidism.
This can be achieved by potassium
perchlorate, which inhibits thyroid
iodine uptake.56

Treatment ofAlT by the simulta­
neous administration of potassium
perchlorate and methimazole was
first reported by our group57 and
then by others.58 Only this combined
treatment controlled thyrotoxicosis
in all cases. In addition, the time
required for the attainment of
euthyroidism was shorter than that
in patients responsive to conven­
tional thionamide treatment.57

The limitation of potassium per­
chlorate is its toxicity, particularly
agranulocytosis and aplastic ane­
mia, and renal side effects. Trotter
compared the toxicity ofthion­
amides and perchlorate and
reported that the total incidence of
reactions to perchlorate was 2% to
3%.59 Agranulocytosis occurred in
0.3% of 1200 perchlorate-treated
patients compared to 0.94% of
the 10,131 thionamide-treated
patients. When the daily dose of
perchlorate exceeded 1 g, however,
the incidence of toxicity increased
to 16% to 18%. More recently,
Wenzel and Lente treated patients
with Graves' disease for 2 years
with initial doses of 900 mg per­
chlorate daily, decreasing to 40 to
120 mg, and no hematologic toxic­
ity was mentioned.60 A complete
blood count should be done every
few weeks in patients receiving a
thionamide and perchlorate to
detect the potential development of
anemia and/or agranulocytosis. In
addition, it seems prudent to with-

draw potassium perchlorate when
euthyroidism occurs, often by
6 weeks. The addition of lithium
carbonate (900-1350 mg/d for
4-6 weeks) to propylthiouracil
has been reported in a small series
of AlT patients to substantially
shorten the time period necessary
to achieve euthyroidism.61

Thionamides with or without
potassium perchlorate are not an
appropriate form of therapy for type
II AlT, which is a destructive thy­
roiditis induced by amiodarone.
Steroids are effective in these
cases because of their membrane­
stabilizing and anti-inflammatory
effects. In addition, they are benefi­
cial because of their further inhibi­
tion of5'-D activity. Steroids have
been employed in AlT at different
doses (15-80 mg prednisone or
3-6 mg dexamethasone daily)
and different time schedules
(7-12 weeks).62,63 For a subgroup
of patients with mixed forms of AlT,
a combination of methimazole,
potassium perchlorate, and steroids
is probably the most beneficial ther­
apeutic regimen.

A relevant problem is whether
amiodarone therapy should be dis­
continued or not. Obviously, amio­
darone is a very effective drug for
the underlying cardiac problem, and
quite often these patients are resis­
tant to other antiarrhythmic drugs.
This may make withdrawal of
amiodarone impossible, especially
in patients in whom the original
indication for this pharmacologic
treatment was a life-threatening
tachyarrhythmia, such as ventricu­
lar tachycardia or fibrillation. In
addition, even discontinuation of
amiodarone therapy does not pre­
vent a continuing effect on the thy­
roid owing to the long half-life of the
drug. Furthermore, in view of the
hypothyroidlike effect of amiodarone
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and its metabolites on the heart,
amiodarone might, to some extent,
paradoxically protect the heart from
thyroid hormone excess; therefore,
withdrawal ofthe drug might be
associated with an exacerbation of
"heart thyrotoxicosis."63 Indeed, a
worsening of thyrotoxic symptoms
and cardiac conditions may occur
after amiodarone is discontinued.

There are a few reports in the
literature demonstrating successful
management of AIT with antithy­
roid drugs while amiodarone ther­
apy was continued.58,64,65 Since
AIT is widely accepted to be much
more difficult to treat than "nor­
mal" hyperthyroidism, we believe
that withdrawal of amiodarone,
when feasible, should be part of the
management of AIT patients. Some
patients have mild disease, how­
ever, and respond to thionamide
and/or glucocorticoid therapy,
depending on the type of AlT. In
these patients, amiodarone may be
continued since the AIT seems to
be self-limited.

Amiodarone-Induced
Hypothyroidism. Patients with
AIH are generally older than
patients with AlT. AIH usually
develops earlier than does AIT,
both in patients with apparently
normal thyroid glands and in
patients with preexisting thyroid
abnormalities.40,66,67 Among
28 AIH patients, underlying thy­
roid abnormalities were found in
19 (68%), while the remaining
9 (32%) had no detectable abnor­
malities.67 The presence of circu­
lating thyroid autoantibodies
appears to be particularly rele­
vant, since they were detected in
53% of AIH patients. Female sex
and the presence of circulating
antithyroid peroxidase (anti-TPO)
antibodies represent relative risks
of 7.9 and 7.3, respectively, for the
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occurrence of AIH; the combina­
tion of female sex and antithyroid
antibodies increased the risk to
13.5.40 Thus, preexisting
Hashimoto's thyroiditis is an
established risk factor for the
occurrence of hypothyroidism in
amiodarone-treated patients.
This is in keeping with previous
observations that patients with
Hashimoto's thyroiditis chroni­
cally treated with iodine have
an enhanced susceptibility to
develop myxedema.68

Pathogenesis. It is most likely
that the thyroid gland of these
patients, damaged by preexisting
Hashimoto's thyroiditis, fails
to escape from the acute Wolff­
Chaikoff effect after an iodine
10ad.69 In addition, there must
be a subtle defect in thyroid
hormonogenesis, leading to an
enhanced susceptibility to the
inhibitory effect of iodine on
thyroid hormone synthesis.
The hypothesis that a defect
in the hormonogenetic process
is present is consistent with the
observation that these patients
have a positive perchlorate dis­
charge test, which indcates a
defect in iodine organification.

Amiodarone-induced hypo­
thyroidism in patients with
Hashimoto's thyroiditis may
also be exacerbated by amiodarone­
induced nonspecific damage to the
thyroid follicles added to that caused
by the preexisting autoimmune thy­
roiditis, thus accelerating the nat­
ural trend ofHashimoto's thyroiditis
toward hypothyroidism. In AIH
patients without underlying thyroid
abnormalities and with negative
thyroid autoantibody tests, subtle
defects in iodine organification and
thyroid hormone synthesis are likely
the best explanation for the occur­
rence of AIH.

Clinical Manifestations. As with
patients who have spontaneous
hypothyroidism, AIH patients fre­
quently have vague symptoms and
signs, such as fatigue, cold intoler­
ance, mental sluggishness, and
dry skin.66 A case of myxedema
coma occurring during long-term
amiodarone therapy has been
reported.7o In patients already on
levothyroxine (l-T4) replacement
therapy, the dose of l-T4 may need
to be increased because of the
inhibition of generation of T3
from T4 induced by amiodarone.71

Laboratory findings are similar to
those in spontaneous hypothy­
roidism, with decreased serum FT4
and increased serum TSH concen­
trations.8 Serum thyroglobulin is
often increased, probably because
of the enhanced thyroid stimula­
tion by TSH.67

Treatment. Management of AIH
is quite easy. If amiodarone is nec­
essary for the underlying cardiac
disorder, it can be continued with
l-T4 replacement. Levothyroxine is
the drug of choice, particularly in
those patients with cardiac prob­
lems, since it is given once daily and
is not associated with the spikes in
serum thyroid hormone concentra­
tions observed in patients given lio­
thyronine (l-T3)' The serum TSH
concentration is the most important
parameter to monitor during ther­
apy. If it is feasible for amiodarone
to be discontinued, spontaneous
remission of hypothyroidism often
occurs, particularly in patients
without underlying thyroid abnor­
malities, but this outcome is less
likely to occur in patients with
Hashimoto's thyroiditis.67 We con­
tinue amiodarone and treat with
l-T4' often requiring larger doses of
l-T4 to normalize the serum TSH in
view of the inhibitory effects of
amiodarone on T4 conversion to T3'



Because these patients often have
severe underlying cardiac disease,
it is advisable to maintain the
serum TSH concentration in the
upper half ofthe normal range.

If amiodarone is discontinued,
in order to shorten the period of
time between discontinuing amio­
darone and the attainment of
euthyroidism, a short course
(10-30 days) of potassium perchlo­
rate (1 g daily) can be given.72 This
treatment was associated with a
prompt restoration of euthyroidism
in 6 out of 9 patients, although a
second course of potassium per­
chlorate was required in the
remaining 3 patients to achieve
persistent euthyroidism.72 The
rationale for this treatment resides
in the fact that potassium perchlo­
rate inhibits thyroid iodine uptake,
thereby blocking further entrance
of iodide into the thyroid and
decreasing the inhibitory effect of
excess intrathyroidal iodine.

Summary

In summary, it is essential to eval­
uate patients carefully prior to and
during amiodarone therapy. A
careful thyroid gland examination,
and perhaps a thyroid ultrasound
on initial evaluation, is essential
since the presence of a nodular or
diffuse goiter increases the risk of
AIT, which can occur as long as
years after amiodarone is begun.
Baseline serum TSH, total and free
T4 or free T4 index, total and free
T3 concentrations, and thyroid
peroxidase antibodies (TPOAb)
are recommended so that changes
in thyroid function during amio­
darone administration can be
carefully monitored. The presence
of TPOAb markedly increases the
risk of developing AIH since

chronic autoimmune thyroiditis
predisposes the patient to the
development of iodine-induced
hypothyroidism, which most
often occurs during the first year
of therapy.

Repeat determinations of serum
TSH, total and free T4 or free T4

index, and total and free T3 concen­
trations, as well as a careful thyroid
gland examination, should be done
every 6 months or more frequently
should symptoms of hyperthyroid­
ism or hypothyroidism develop.
Although the serum TSH may
occasionally be low in euthyroid
amiodarone-treated patients, it
remains the single best test to moni­
tor thyroid function. If the serum
TSH becomes low, the serum T4 and
T3 do not rise above previous values
on amiodarone, and the patient
remains clinically euthyroid, more
frequent evaluations are necessary,
but definitive therapy should be
withheld. As noted earlier, serum T4
is often in the high-normal range or
slightly elevated during amiodarone
therapy. A high-normal or slightly
elevated serum T3, however, is
extremely helpful in the diagnosis of
AIT in these patients. An elevated
serum TSH value during chronic
amiodarone therapy strongly sug­
gests the occurrence ofAIH.
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