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ABSTRACT. Background: Two main forms of amio-
darone-induced thyrotoxicosis (AIT) exist: type 1
AlT is a condition of true hyperthyroidism develop-
ing in patients with pre-existing thyroid disorders,
and usually requires thyroid ablative treatment.
On the other hand, type 2 AIT is a form of destruc-
tive thyroiditis occurring in normal thyroids, the
management of which usually consists in gluco-
corticoid treatment. Aim: To assess the long-term
outcome of thyroid function in a prospective study
of type 2 AIT patients, as compared to patients
with De Quervain's subacute thyroiditis (SAT).
Patients and Methods: Sixty consecutive patients
with type 2 AIT were evaluated during oral gluco-
corticoid treatment (oral prednisone 30 mg/day,
gradually tapered and withdrawn over a 3-month
period) and followed for 38+4 months (range 6-
72) thereafter. Sixty consecutive patients with SAT,
referred to our Institutes during the same period
and treated with the same therapeutic schedule,
served as controls. Results: Type 2 AlT patients

INTRODUCTION

Amiodarone is an iodine-rich drug widely used
and very effective in the management of tachyar-
rhythmias and, to a lesser extent, severe heart
failure (1, 2). The drug causes changes in thyroid
function tests, namely an increase in serum T, and
a relative decrease in serum Ty, even in euthyroid
subjects, mostly due to inhibition of T, peripheral
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were older (p<0.0001) and showed a larger male
preponderance (M:F 3.6:1 vs 0.5:1, p<0.0001)
than SAT patients. Mean serum free T, (FT,) and
free T3 (FT3) concentrations at diagnosis were
increased in both conditions, but higher in type
2 AIT than in SAT (FT, 47.6+18.8 and 29.6+8.3
pmol/l, respectively, p<0.0001; FT; 15.4+7.0 and
11.2%3.0 pmol/l, respectively, p<0.001). Correc-
tion of thyrotoxicosis was obtained in all patients
in both groups, but restoration of euthyroidism oc-
curred earlier in SAT than in type 2 AIT (p=0.006).
Ten type 2 AIT patients (17%) and 3 SAT patients
(5%, p<0.03) became permanently hypothyroid
after glucocorticoid withdrawal and required lev-
othyroxine replacement. Conclusions: A relevant
proportion of type 2 AIT patients develop perma-
nent hypothyroidism after correction of thyrotoxi-
cosis. Thus, periodic surveillance of thyroid status
is required after type 2 AIT.

(J. Endocrinol. Invest. 29: 694-699, 2006)
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monodeiodination (1-4). Overt thyroid dysfunction,
either hypothyroidism or thyrotoxicosis, occurs in
about 15% of subjects under chronic amiodarone
therapy (1-5). Amiodarone-induced hypothyroidism
is relatively more frequent in iodine-sufficient areas,
amiodarone-induced thyrotoxicosis (AlT) in iodine-
deficient areas (6).

Treatment of AIT is a difficult challenge (7-9). Two
main forms of AIT exist: type 1 occurs in patients
with pre-existing thyroid disorders (usually autono-
mous nodular goiter or subclinical Graves’ disease)
and is a true form of iodine-induced hyperthy-
roidism. At variance, type 2 AlT is a form of drug-in-
duced destructive thyroiditis apparently occurring
in the absence of intrinsic thyroid gland abnormali-
ties. Differentiation of the two main forms can often
be made by conventional thyroid ultrasonography,



color flow Doppler sonography (CFDS), thyroidal
radioactive iodine uptake (RAIU), serum interleukin-
6 levels, presence/absence of circulating thyroid
autoantibodies (10-12). However, mixed (or indefi-
nite) forms, in which both pathogenic mechanisms
(thyroid hormone hypersecretion and destructive
processes) intervene, are likely more frequent
than previously believed (1, 9). While type 1 AIT
and mixed forms are usually initially treated with
a combination of thionamides and potassium per-
chlorate (and, in many instances, glucocorticoids),
type 2 AIT is generally and effectively managed by
glucocorticoids alone (1, 9). Because type 1 AIT oc-
curs in an abnormal thyroid gland, thyroid ablation
by either thyroidectomy or radioactive iodine (after
removal of iodine contamination) is often required
after correction of thyrotoxicosis (1, 9).

On the other hand, further treatments are rarely
needed in type 2 AIT due to the absence of intrinsic
abnormalities of the thyroid gland in this condition
(1, 9). However, the long-term outcome of thyroid
function and, in particular, the possible late con-
sequences of thyroid damage after type 2 AlT, are
largely unknown. The aim of the present study was
to assess the long-term outcome of thyroid function
in a large series of prospectively followed type 2 AIT
patients.

MATERIALS AND METHODS
Subjects

The study included 60 consecutive, untreated patients with type 2
AIT[47 men, 13 women, mean (+SD) age 67+13yr, range 33-84 yr]
seen at the Department of Endocrinology, University of Pisa and
Department of Clinical Medicine, University of Insubria at Varese
from 1998 to 2004. The first 60 consecutive patients with subacute
thyroiditis (SAT) (19 men, 41 women, age 49+11yr, range 30-76
yr) referred to our departments during the same period served as
controls. During the same period, 33 patients with type 1/mixed
forms of AIT were observed.

Diagnosis of AlT was based on clinical and laboratory features,
including increased free T4 (FT,4) and free T3 (FT3) concentrations
and undetectable serum TSH levels in patients chronically treated
with amiodarone. Duration of amiodarone therapy ranged from
2-148 months (mean+SD, 26+24) and the cumulative dose of
amiodarone ranged from 9-434 g (mean+SD, 113+83). Diagnosis
of type 2 AIT was based on the following criteria: normal thyroid
gland at conventional ultrasonography, absent hypervascularity
at CFDS, absence of circulating thyroid autoantibodies [anti-thy-
roglobulin (Tg), anti-thyroid peroxidase (TPO), anti-TSH receptor
(TRAb)], and low (=3%)/undetectable RAIU values.

Diagnosis of SAT was made according to clinical and biochemi-
cal findings, including anterior neck pain with or without systemic
symptoms, low-grade fever, sore throat or upper respiratory tract
infection, elevated erythrocyte sedimentation rate, increased serum
FT, and FT; levels and undetectable TSH concentrations, absent
vascularity at CFDS, and low/undetectable thyroidal RAIU values.
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Conventional and color flow Doppler sonography

Thyroid volume was measured by ultrasound and calculated by
the ellipsoid model (width x length x thickness x 0.52 for each
lobe) as previously described (13). CFDS was performed as previ-
ously reported (14).

Assays

Serum FT,, FT3 (Technogenetics, Milan, Italy), TSH (Delphia, hTSH
ultra kit; Pharmacia, Turku, Finland), TRAb (TRAK assay, Henning,
Berlin, Germany), anti-Tg (Serodia, Tokio, Japan) anti-TPO (Sorin
Biomedica, Saluggia, ltaly) were measured by commercial kits.
Normal values in our laboratory are as follows: FTy4, 8.3-21.2
pmol/l; FT3, 3.8-8.4 pmol/l; TSH, 0.4-3.7 mU/l; anti-Tg and anti-
TPO, negative; TRAb, <1U/I.

Thyroidal RAIU

Thyroidal RAIU values were measured 3 and 24 h after the ad-
ministration of a tracer dose (5 uCi) of 131-1. Normal 3-h and 24-h
RAIU values in our area are 10-20 and 30-45%, respectively.

Urinary iodine excretion

Morning random urinary samples were collected for iodine meas-
urements using an autoanalyzer apparatus (Technicon, Rome,
Italy). The median urinary iodine excretion in our area is 110 pg/I.

Treatment

Amiodarone treatment was withdrawn in all patients. All pa-
tients were treated with oral prednisone (starting dose, 30
mg/day). The drug was gradually tapered and withdrawn after
three months. Cure of thyrotoxicosis was defined by normali-
zation of both serum FT, and FTj, as previously reported (15).
Hypothyroidism was considered permanent when serum TSH
concentrations remained higher than normal (with a concomi-
tant decrease in serum free thyroid hormone concentrations
in 3 subsequent determinations after at least 6 months from
glucocorticoid withdrawal). Mean follow-up period was 38+4
months (range 6-72 months) in type 2 AIT and 40+5 months
(range 9-76 months) in SAT.

Statistical analysis

Results were expressed as mean+SD. Comparison of FTy, FT3,
RAIU and thyroid volume between the study groups was per-
formed by the analysis of variance (ANOVA); differences in the
occurrence of hypothyroidism in the two groups was evaluated
by chi-square and the Fisher's exact test.

RESULTS

Clinical and biochemical features of the study groups
at baseline are shown in Table 1. Patients with type 2
AIT were older than those with SAT (p<0.001), with
prevalence of male gender (M:F 3.6:1); at variance,
most patients with SAT were women (M:F 0.5:1,
p<0.0001; Table 1).

Mean serum FT, and FT5 concentrations at diagnosis
were increased in both groups, but higher in type 2
AlIT than in SAT (FT,47.6+18.8 and 29.6+ 8.3 pmol/I,
respectively, p<0.0001; FT3 15.4+7.0 and 11.2+3.0



F. Bogazzi, E. Dell’'Unto, M.L. Tanda, et al.

Table 1 - Clinical and biochemical features of the study groups at baseline.

Type 2 AIT SAT P
Patients (no.) 60 60
Sex (M/F) 47/13 19/41 <0.0001
M:F 3.6:1 0.5:1
Age (yr) 67+13 49+11 <0.0001
Range 33-84 30-76
FT4 (pmol/l) 47.6+18.8 29.6+8.3 <0.0001
Range 22.3-90.1 22.4-61.9
FT3 (pmol/l) 15.4+7.0 11.2£3.0 <0.001
Range 8.9-30.8 8.7-22.7
Thyroid volume (ml) 1610 12+5 <0.001
Range 6-31 5-28
Thyroidal RAIU (%) 1.8£1.4 2.9+2.2 <0.01
3-h 2.1%2.1 4.2+1.1 <0.0001
24-h
UIE (ug/l) 4.455%3.791 79+59 <0.0001
430-14880 <25-239

Data are expressed as mean=SD. RAIU: radioactive iodine uptake; UIE: urinary iodine excretion; M: male; F: female; FT3: free Ts; FT,: free T,. For normal

ranges see text.

pmol/|, respectively, p<0.001) (Fig. 1). No patient in
either group had positive serum anti-Tg, anti-TPO or
TRAD tests.

Mean estimated thyroid volume at ultrasonogra-
phy was slightly higher in type 2 AIT than in SAT
(p<0.001) (Table 1); all patients in both groups had
CFDS pattern 0, indicating the absence of thyroid
hypervascularity. As expected, type 2 AIT patients
had markedly higher urinary iodine excretion levels
(4.455+3.791 pg/l) than SAT patients (79+59 pg/l)
(p<0.0001) (Table 1).

’/p<0.0001—

50+

40

30+

pmol/l

Glucocorticoids restored euthyroidism in all patients
in both groups in 10-150 days; three patients had
thyrotoxicosis recurrence while on glucocorticoid
therapy. Euthyroidism was restored earlier in pa-
tients with SAT (43%41 days) than in those with AIT
(23+9 days, p=0.006).

Thereafter, 10 type 2 AIT patients (17%) and 3 SAT
patients (5%) developed permanent hypothyroidism
(p<0.03) (Fig. 2). Hypothyroidism occurred 10+6.5
months (range 6-24) after attainment of euthyroidism
in type 2 AIT patients and 14.7+2.7 months (range

O Type 2 AIT
B SAT

0<0.001

FT,
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Fig. 1 - Serum free T, (FT,;) and free T3
(FT3) concentrations in patients with type
2 amiodarone-induced thyrotoxicosis
(type 2 AIT) and subacute thyroiditis (SAT)
at baseline. Upper normal range values in
our laboratory are: FTy, 21.2 pmol/I; FT3,
8.4 pmol/l. All patients in both groups
had increased serum FT, and FT3 con-
centrations at baseline.
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12-18) in SAT patients (p=0.2). When hypothyroidsm
was diagnosed, iodine urinary excretion was normal
(data not shown). Hypothyroidism was treated with
replacement doses of levothyroxine. No patients
with type 2 AIT or SAT had detectable anti-Tg or An-
ti-TPO levels when hypothyroid. Type 2 AIT patients
who developed hypothyroidism did not differ from

Outcome of type 2 AIT

Fig. 2 - Progression to permanent hy-
pothyroidism after type 2 amiodarone-
induced thyrotoxicosis (type 2 AIT) or

SAT subacute thyroiditis (SAT).

those who remained euthyroid in terms of baseline
serum FT4 or FT3 concentrations, thyroidal RAIU
values, thyroid volume, average dose of adminis-
tered amiodarone, duration of amidarone therapy,
duration of glucocorticoid treatment, and UIE values
(Table 2). No patients were re-exposed to further
iodine (or amiodarone) load nor were they treated

Table 2 - Clinical and biochemical features (at baseline) of type 2 amiodarone-induced thyrotoxicosis (AIT) patients, who after treatment

remained euthyroid or become hypothyroid.

Euthyroid Hypothyroid p
(No.) (50) (10)
Sex (M/F) 39/11 8/2
M:F 3.5:1 4.0:1 0.8
Age (yr) 6713 66=11
Range 33-84 51-78 0.9
FT4 (pmol/l) 45.2+17.4 53.9+21.2 0.2
Range 22.3-88.3 30.5-90.1
FT3 (pmol/l) 14.9+6.9 16.9+6.7 0.4
Range 8.9-30.8 9.7-28.7
Thyroid volume (ml) 17.5+£10.1 20.7+6.1 0.5
Range 6-31 12-20
Thyroidal RAIU (%) 1.9+15 1.8+0.8 0.8
3-h 2.1+2.2 1.9+1.2 0.8
24-h
Amiodarone 110+84 11077 0.9
Cumulative dose (g) 9-434 28-243
Range
Duration (months) 27+25 24+15 0.8
Range 2-149 5-48
Time to cure thyrotoxicosis (days) 43+45 41+29 0.9
Range 10-150 14-90

Data are expressed as mean+SD. RAIU: radioiodine uptake; UIE: urinary iodine excretion; M: male; F: female; FTs: free T3; FT,: free T4. For normal ranges

see text.
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with interferons. Likewise, SAT patients who became
hypothyroid did not differ from those remaining eu-
thyroid in terms of baseline serum FT, and FT3 levels,
thyroid volume, thyroidal RAIU values and duration
of glucocorticoid therapy (data not shown).

DISCUSSION

Amiodarone is a very effective anti-arrhythmic drug,
but causes thyroid dysfunction, either hypothy-
roidism or thyrotoxicosis, in a significant proportion
of patients (1, 16, 17). AIT poses a diagnostic and
therapeutic challenge (8), and results of different
treatment modalities have often proven unsatisfac-
tory due to heterogeneity and complexity of AIT
patients, to incomplete understanding of the under-
lying mechanisms of disease and difficulties in the
differentiation of the two main forms, also due to the
existence of mixed (undefined) forms (9, 18-24).

In addition, the fact that the 2 main forms of AIT
occur in patients with underlying thyroid abnormali-
ties (type 1 AlT) or normal thyroid gland (type 2 AIT)
raises the question of how patients should be treated
and followed after initial correction of thyrotoxicosis.
Pre-existence of thyroid disorders, as in type 1 and
mixed (undefined) AT, usually suggests that thyroid
ablation be strongly considered at least after restora-
tion of euthyroidism (1, 9). On the contrary, type 2
AIT, due to its transient destructive feature occurring
in a normal thyroid gland, is generally assumed not
to require any further treatment after resolution of
thyrotoxicosis (1, 9, 25). This is particularly relevant
considering the results of the present study. No type
2 AIT patients had recurrence of thyrotoxicosis after
restoration of euthyroidism. More important, 17%
developed permanent hypothyroidism, a proportion
significantly higher than that observed in SAT (5%)
during the same period of follow-up. We included in
our study a group of patients with SAT as controls of
a spontaneous-occurring destructive thyroiditis. The
group of SAT patients consecutively enrolled during
the study period was not age- and sex-matched.
This is not surprising, because it is well known that
SAT occurs in younger patients than AT (25) and, at
variance with the latter, shows a higher prevalence
in women than in men (26). Despite this limitation,
it was interesting to compare the outcome of these
two thyroid-destructive processes. Previous studies
reported permanent hypothyroidism after SAT in 5-
15% of cases (26, 27). The much higher prevalence
of permanent hypothyroidism in type 2 AIT than in
SAT in our study is likely due to the greater degree
(and probably duration in pre-clinical phases of the
disease) of thyroid destruction in the former group.
The higher serum FT4 and FT3 concentrations and the
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more marked clinical signs of thyrotoxicosis in type 2
AIT than in SAT lend further support to this notion.

In conclusion, prolonged follow-up of type 2 AIT
after correction of thyrotoxicosis shows that a sub-
stantial proportion of these patients spontaneously
progress to hypothyroidism, depending on the de-
gree of thyroid damage by the destructive process.
Accordingly, thyroid function of type 2 AIT patients
should periodically be monitored after recovery
from thyrotoxicosis in order to disclose the develop-
ment of thyroid failure. While previous data of the
literature showed that evolution to hypothyroidism
is rather frequent after re-exposure of AlT patients
(or patients with thyroid-destructive processes) to
iodine load (28-30), our study demonstrates that this
outcome is relatively frequent in type 2 AlT even in
the absence of further iodine contamination.
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