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Abstract

Objective: Amiodarone-induced thyrotoxicosis (AIT) is a challenging management problem, since
patients treated with amiodarone invariably have underlying heart disease. Consequently, thyrotoxi-
cosis can significantly contribute to increased morbidity and mortality. The aim of this study was to
compare the clinical outcome and hormone profiles of patients with AIT (n ¼ 60) with those with
Graves’ thyrotoxicosis (n ¼ 49) and toxic multinodular goitre (MNG, n ¼ 40).
Design: A retrospective study of patients with AIT in a single institution was conducted.
Methods: Data from patients with AIT over 12 years were collected.
Results: Mean TSH levels were significantly suppressed in all three groups. However, there was no inter-
group significant difference. Free thyroxine (T4) levels were significantly higher in AIT
(45.6^3.5 pmol/l) and Graves’ disease (44.6^4.0 pmol/l) compared with toxic MNG
(31.5^5.1 pmol/l, P , 0.05). In contrast, free triiodothyronine (T3) levels were only significantly
higher in Graves’ disease (14.7^1.5 pmol/l, P ¼ 0.002) compared with AIT (8.6^0.7 pmol/l) and
toxic MNG (7.4^0.5 pmol/l). Six deaths occurred in the patients with AIT (10.0%, P , 0.01) and no
deaths occurred in the other groups. Amiodarone treatment (P ¼ 0.002) was the most significant pre-
dictor of death, whereas free T4, free T3 and age did not affect outcome. Within the amiodarone-treated
group severe left ventricular dysfunction (P ¼ 0.0001) was significantly associated with death.
Conclusions: (i) AIT differs from other forms of thyrotoxicosis, and (ii) severe left ventricular dysfunc-
tion is associated with increased mortality in AIT.
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Introduction

Amiodarone, an iodine-rich (37% by weight) benzofuran
derivative, has been in use for nearly 20 years (1, 2). The
main therapeutic role for amiodarone is in the manage-
ment of cardiac arrhythmias, both atrial and ventricular
(3, 4), where amiodarone has been shown to reduce the
risk of sudden death or cardiac arrest (4). Hence, most
patients who require treatment with amiodarone have
underlying cardiac dysfunction, but not all have reduced
ventricular function (5). Amiodarone-induced thyroid
dysfunction has been reported to affect between 2 and
24% of users, but most investigators believe amiodarone
affects less than 5% of users (1–3). Amiodarone results
in thyroid dysfunction due to intrinsic properties of
amiodarone as well as iodine-induced effects (2). The
risk of thyroid dysfunction is reported to be increased
with exposure to higher cumulative doses of amiodarone
(6). Amiodarone-induced thyrotoxicosis (AIT) remains
a challenging problem with significant morbidity, due

to worsening arrthymias (3) and even mortality (7).
Medical management can be problematic, prompting
the use of different medical treatments (5, 6, 8), plasma-
pheresis (9, 10) and surgery in some cases (11, 12),
especially when drug-unresponsive (13, 14). However,
the factors which are associated with mortality from
AIT are less well defined.

The aim of the study was to compare the clinical out-
come and hormonal profiles of patients with different
forms of thyrotoxicosis due to amiodarone, Graves’ dis-
ease and toxic multinodular goitre (MNG).

Patients and methods

A retrospective analysis was performed in a single Insti-
tution, St George Hospital. All patients from 1992 to
2004 who were diagnosed with AIT were included in
the study. The diagnosis of AIT (n ¼ 60) was based on
the following criteria: significant previous amiodarone
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use (greater than 4 weeks) still continuing at diagnosis,
biochemical hyperthyroidism including a raised free
thyroxine (T4) level and a suppressed thyrotrophin
(TSH) level, clinical signs of hyperthyroidism, reduced
thyroid radioisotope uptake and a negative anti-TSH
receptor antibody (2, 3, 15). AIT was not differentiated
into Type I and II (15, 16, 17). The treating physicians
used anti-thyroid medication and corticosteroids accord-
ing to their clinical discretion (15, 16, 18). Of the 60
patients with AIT, nine were treated with anti-thyroid
medication (carbimazole 20–40 mg daily) plus corticos-
teroids (prednisone 30–50 mg/day) alone. Thyroid sur-
gery was required in 11 patients, three of whom
required plasmapheresis, who responded poorly to medi-
cal management and the remainder were treated with
carbimazole 20–40 mg daily only. Patients with
Graves’ disease (n ¼ 49) were defined on the following
criteria: biochemical hyperthyroidism, clinical signs of
hyperthyroidism including a uniform smooth goitre, a
uniform thyroid radioisotope uptake and positive thyroid
receptor antibodies (19). Patients with Graves’ disease
were all treated with anti-thyroid medication (carbima-
zole 10–40 mg daily), 15 also received radioactive
iodine and four were surgically treated. Patients with
toxic MNG (n ¼ 40) were defined on the following cri-
teria: biochemical hyperthyroidism, clinical signs of
hyperthyroidism including an irregular goitre and het-
erogeneous thyroid radioisotope uptake (19). The
patients with toxic MNG were all treated with carbima-
zole 5 –30 mg daily and 27 received radioactive iodine.

A cross-sectional comparison of all three groups was
made. Patients with Graves’ thyrotoxicosis and toxic
MNG who fulfilled the diagnostic criteria were selected
and all patients were de-identified. The demographics of
all three groups are shown in Table 1. An outcome of
death was recorded if the patient died before the nor-
malization of the free T4 levels. Cumulative amiodarone
dose was calculated as the total dose of amiodarone up
to the time of diagnosis of thyrotoxicosis as amiodarone
treatment ceased that this time.

All subjects with AIT underwent transcutaneous
echocardiography within 6 weeks of their diagnosis of
thyrotoxicosis as part of their assessment for their car-
diac disease. Left ventricular function was classified as
normal if the ejection fraction was greater than 55%,

mild dysfunction if left ventricular function was
45–55%, moderate dysfunction if it was 30–45%
and severe dysfunction if it was less than 30% (20).
TSH was measured by a third-generation, solid-phase,
two-site chemiluminescent immunometric assay (Bio-
Mediq DPC Immulite 2000; Diagnostics Products Cor-
poration, Los Angeles, CA, USA) with a coefficient of
variation (CV) of 3.7%. Free T4 was measured by a
competitive analog immunoassay with a CV of 4.1%.
Free triiodothyronine (T3) was measured by a competi-
tive analog-based immunoassay with a CV of 7.0%.
Statistical analysis was performed with the aid of Stat-
view using an ANOVA model. Relationships between
variables were determined by multiple regression ana-
lysis. Results are expressed as means^S.E.M.

Results

Patients with Graves’ disease were significantly younger
than the patients with AIT and toxic MNG (see Table 1).
Graves’ thyrotoxicosis and toxic MNG predominantly
occurred in women compared with AIT, where men
were preferentially affected.

Mean TSH levels were significantly suppressed in all
three groups. However, there were no significant inter-
group differences (see Table 2). Free T4 levels were sig-
nificantly higher in AIT (45.6^3.5 pmol/l) and Graves’
disease (44.6^4.0 pmol/l) compared with toxic MNG
(31.5^5.1 pmol/l, P , 0.05). In contrast, free T3
levels were only significantly higher in Graves’ disease
(14.7^1.5 pmol/l, P ¼ 0.002) compared with AIT
(8.6^0.7 pmol/l) and toxic MNG (7.4^0.5 pmol/l).
Thus, the free T4 to free T3 ratio was increased in AIT
(7.3^0.5, P ¼ 0.001) compared with Graves’ disease
(3.5^0.2) and toxic MNG (4.1^0.4), reflecting the
reduced conversion of T4 to T3 which is seen in amiodar-
one-induced thyroid dysfunction (1, 2). The cumulative
amiodarone dose ranged from 6 to 584 g (mean
122.7^13.8 g). The time to normalize free T4 levels
was significantly longer in the AIT group (27.9^3.5
weeks, P , 0.01) compared with Graves’ thyrotoxicosis
(12.7^1.4 weeks) and toxic MNG (8.0^0.5 weeks),
reflecting the relative resistance to medical therapy
seen with AIT (see Table 1).

Table 1 Demographic characteristics, cumulative amiodarone dosage, time to normalize free T4 levels and outcome in patients with
amiodarone-induced thyrotoxicosis (AIT), Graves’ thyrotoxicosis (Graves’) and toxic multinodular goitre (TMNG). Means^S.E.M.

AIT Graves’ TMNG

Number of patients 60 49 40
Age (years) 68.3^1.7 42.8^2.3# 72.7^2.1
Sex (male/female) 42/18§ 11/38 1/39
Cumulative amiodarone dose (g) 122.7^13.8§ 0 0
Duration of amiodarone therapy (days) 409^46§ 0 0
Time to normalize free T4 (weeks) 27.9^3.5{ 12.7^1.4 8.0^0.5
Outcome (deaths) 6{ 0 0

#P ¼ 0.001 Graves’ vs AIT and TMNG; §P ¼ 0.001 AIT vs Graves’ and TMNG; {P , 0.01 AIT vs Graves’ and TMNG.
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Six deaths occurred in the patients with AIT (10.0%,
P , 0.01) before free T4 levels were normalized. Four
deaths occurred due to intractable left ventricular dys-
function and two due to multi-organ failure, one in a
patient with end-stage renal failure and another with
significant pulmonary fibrosis. No deaths occurred in
the other two groups. AIT was a significant predictor
of death (P ¼ 0.002), whereas free T4, free T3 and
age were not. Within the group with AIT, severe left
ventricular dysfunction (P ¼ 0.0001) and age
(P ¼ 0.005) were significant predictors of death,
whereas sex, free T4, free T3 and cumulative amiodar-
one dose were not. Of the 12 patients with AIT and
severe left ventricular dysfunction, six died (50%). No
patients with mild or moderate left ventricular dysfunc-
tion or normal left ventricular function died.

Discussion

This study demonstrates that AIT is more common in
men compared with other forms of thyrotoxicosis,
which are more common in women (19, 21, 22), prob-
ably reflecting a higher incidence of cardiac disease in
men (2). AIT was also associated with a higher free
T4 to free T3 ratio, supporting studies which show
that amiodarone reduces the peripheral conversion of
T4 to T3 due to amiodarone inhibiting type I iodo-thyr-
onine 5’-deiodinase (1). AIT was more resistant to
medical therapy, consistent with a more prolonged
time to normalize free T4 levels, possibly due to the
high intrathyroidal iodine content, which reduces the
effectiveness of thionamide therapy (1). In this study,
patients with AIT were at increased risk of death,
especially if they were elderly with severe left ventricu-
lar dysfunction. In contrast, the severity of the thyro-
toxicosis did not appear to increase mortality in AIT.
The increased mortality in the patients with severe
left ventricular dysfunction is most probably related to
their advanced cardiac disease rather than the drug
amiodarone.

In the present study, AIT was associated with signifi-
cant mortality, with 10% of the group dying before
their thyrotoxicosis was under control, compared with
no deaths in the two other groups with thyrotoxicosis.
Wong et al. (7) reviewed 24 cases of AIT where five

patients died, resulting in a 20.8% mortality.
Since patients on amiodarone have underlying cardiac
dysfunction (14) and often other co-morbidities, it is
no surprise mortality is high when thyrotoxicosis, a
pro-arrhythmic condition, develops (23). Moreover, the
sensitivity of the cardiovascular system to develop
arrthymias and cardiac failure in thyrotoxicosis is
increased in the presence of pre-morbid cardiac dysfunc-
tion (23). In our subgroup of 12 patients with severe left
ventricular dysfunction, six died (50% mortality).
Once again, this is not surprising as a left ventricular
ejection fraction of less than 40% is a powerful predictor
of mortality in patients with ischaemic heart disease
(20). In AIT, age was also associated with increased
mortality, probably related to increased incidence of
other co-morbidities in the ageing population.

AIT has been divided into excess iodine-induced thyr-
oid hormone synthesis in an abnormal gland (Type I)
and destructive thyroiditis (Type II) (15 –17), but
more recently a group with features of Type I and
Type II (mixed) has been recognized (2). Type I is
associated with ongoing thyrotoxicosis and therefore
treatment with thionamides is required, whereas Type
II is treated with corticosteroids (15). The difficulty
clearly differentiating Type I and II has led authors to
suggest therapy should be directed towards both types
until the diagnosis seems certain (2, 24). It is unclear
whether the mortality is different between the two
types of AIT. Treatment of AIT is not straightforward.
Because of the high iodine content of amiodarone and
the low radioiodine uptake on scanning, radioiodine
ablative therapy is ineffective compared with other
forms of thyrotoxicosis (24). Bartalena et al. (16) suc-
cessfully treated 12 patients with Type I AIT with
methimazole 30 mg/day plus perchlorate, observing a
normalization of T3 levels by 4 weeks. In contrast,
their 12 patients with Type II AIT all responded to
40 mg/day prednisone. In another study, patients
with Type II AIT were randomized to iopanoic acid
1 g daily or prednisone 30 mg daily (15). Although,
both medications were effective is rapidly reducing
T3 levels, free T4 levels did not normalize for 221
days for iopanoic acid and 43 days for prednisone. In
contrast, 28 cases of AIT were reviewed by Osman
et al. (25), where five cases spontaneously resolved
and 23 responded to carbimazole treatment, although

Table 2 Thyroid hormone levels in patients with amiodarone-induced thyrotoxicosis (AIT), Graves’ thyrotoxicosis (Graves’) and toxic
multinodular goitre (TMNG). Means^S.E.M.

AIT Graves’ TMNG

TSH (mU/l) 0.06^0.02 0.01^0.01 0.07^0.03
Free T4 (pmol/l) 45.6^3.5 44.6^4.0 31.5^5.1#

Free T3 (pmol/l) 8.6^0.7 14.7^1.5§ 7.4^0.5
Free T4/T3 ratio 7.3^0.5{ 3.5^0.2 4.1^0.4
Anti-thyroid peroxidase antibody (% þ ve) 7 32 13

#P , 0.05 TMNG vs Graves’ and AIT; §P ¼ 0.002 Graves’ vs AIT and TMNG; {P ¼ 0.0001 AIT vs Graves’ and TMNG.
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adjunctive steroids were introduced into one patient
who was resistant to thioamide alone. Surgery has
been advocated as effective management with one
study reporting successful treatment of AIT with thy-
roidectomy, where the authors report surgery as life-
saving in the three most critical cases (13). Other
groups have reported similar responses to surgery,
especially when unresponsive to medical therapy
(11, 14).

The present study was retrospective and prospective
studies are required to confirm the findings. Moreover,
the patients with AIT were not stratified into Type I
or II and more data are required to determine whether
mortality is different between the two Types. Treatment
was not randomized and therefore it was not possible to
conclude whether one treatment modality was better
than another.

AIT remains a challenging management condition.
The findings in the present study support the use of
an echocardiogram in assessing the patient. If severe
left ventricular dysfunction is present, aggressive medi-
cal treatment should ensue, and surgery may be con-
sidered early. Patients with moderate –severe left
ventricular dysfunction may also require monitoring
of the thyroid function more regularly. We conclude
that (i) AIT differs from other forms of thyrotoxicosis,
and (ii) severe left ventricular dysfunction is associated
with increased mortality in patients with AIT.
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