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Summary

Objective Amiodarone is frequently associated with thyroid dys-

function. Identifying predictors for amiodarone-associated thyroid

dysfunction and assessing treatment outcome may aid clinicians in

daily practice.

Methods We included 303 consecutive patients with amiodarone

therapy for cardiac arrhythmias (260 with atrial fibrillation and 43

with ventricular arrhythmias). Thyroid function tests were per-

formed every 6 months.

Results Mean age was 63 ± 12 years and 66% was male. After

median follow-up of 3Æ3 (0Æ1–24) years, 23 (8%) patients developed

amiodarone-associated thyrotoxicosis (incidence rate 1Æ9 per 100

person years) and 18 (6%) hypothyroidism (incidence rate 1Æ1 per

100 person years). The only predictor for amiodarone-associated

thyrotoxicosis was age <62 years [HR = 2Æ4 (95% CI 1Æ0–5Æ7),

P = 0Æ05]. Predictors for amiodarone-associated hypothyroidism

were thyroid stimulating hormone >1Æ4 mU/l at baseline

[HR = 5Æ1 (95% CI 1Æ1–22Æ4), P = 0Æ03], left ventricular ejection

fraction <45% [HR = 3Æ8 (95% CI 1Æ1–13Æ3), P = 0Æ04] and diabe-

tes mellitus at baseline [HR = 3Æ3 (95% CI 1Æ1–10Æ3), P = 0Æ04].

Gender was not a predictor for amiodarone-associated thyroid dys-

function. Five out of 12 (42%) patients with thyrotoxicosis exhib-

ited spontaneous normalization of thyroid function on

continuation of amiodarone therapy. Mean time to normalization

in the total group was 6Æ2 ± 3Æ3 months, with no difference

between continuing or discontinuing amiodarone (6Æ6 ± 3Æ8 vs

5Æ8 ± 2Æ8 months, P = 0Æ5).

Conclusions During median follow-up of 3Æ3 years, the inci-

dence of amiodarone-associated thyrotoxicosis was higher com-

pared to hypothyroidism. Only general predictors for

amiodarone-associated thyroid dysfunction were observed. Dis-

continuation of amiodarone did not influence treatment out-

come.
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finally revised 21 April 2011; accepted 25 April 2011)

Introduction

Amiodarone has been shown to be superior to other drugs in

maintaining sinus rhythm in patients with persistent atrial fibril-

lation (AF), and to be safe in patients with left ventricular dys-

function and post myocardial infarction.1–5 It is, however,

associated with many side effects, the most prevalent being thy-

roid dysfunction.6,7 Amiodarone-associated thyroid dysfunction

is an important clinical issue as it can cause major adverse

cardiovascular events such as recurrence of arrhythmias and heart

failure.8–12 There is conflicting evidence whether amiodarone-

associated thyroid dysfunction is associated with exposure time

and higher (cumulative) dosages.7,13,14 The incidence of amioda-

rone-associated thyrotoxicosis and hypothyroidism differs

between different parts of the world, partly due to ambient iodine

intake.15–17 In Europe, iodine intake is low to moderate rendering

patients more sensitive to effects of exogenous iodine and result-

ing in a higher incidence of amiodarone-associated thyrotoxicosis

compared to hypothyroidism.18 Amiodarone-associated thyrotox-

icosis is further divided into two sub-types, type I and II. Type I

occurs mainly in patients with an underlying thyroid condition,

in which excess thyroid hormone is produced. Type II is a form

of thyroiditis due to the direct toxic effect of amiodarone, which

releases an excess of thyroid hormone.19 Monitoring patients for

thyrotoxicosis is difficult as it often has a sudden and explosive

onset.16 In addition, treatment is based on the different pathogen-

esis of both types, but in clinical practice mixed forms often

exist.19 No diagnostic tool so far including colour flow Doppler

sonography has proven to be able to make an absolute distinction

between the two sub-types.20 Antithyroid drugs are used in the

current treatment of type I but with varied success.17,18 Discon-

tinuation of amiodarone is recommended if possible.20 Type II is

treated with prednisone and amiodarone can often be contin-

ued.21,22 It is not known whether risk factors exist for develop-

ment of amiodarone-associated thyroid dysfunction.
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Therefore, we assessed patients treated with amiodarone for the

incidence of and predictors for amiodarone-associated thyrotoxi-

cosis and hypothyroidism. Thyroid function tests were performed

every 6 months according to the American endocrinologists guide-

lines.23 In addition, we assessed clinical characteristics and treat-

ment outcome of patients with amiodarone-associated thyroid

dysfunction.

Subjects and methods

Patients

We identified 504 consecutive patients from 1984 to 2007 on first

time amiodarone treatment for documented cardiac arrhythmias

in a prospectively set-up database. Data was retrieved retrospec-

tively. Thyroid function tests at baseline prior to amiodarone initi-

ation were available in 303 patients, 260 (86%) patients with

persistent AF and 43 (14%) with ventricular arrhythmias. In the

remaining 201 patients thyroid function tests were not performed

prior to amiodarone initiation, or had thyroid function tests in the

subclinical range and were therefore excluded from the analysis.

Free triiodothyronine serum levels were not systematically mea-

sured at baseline and throughout follow-up and were available in

half of the patients. Thyrotoxicosis and hypothyroidism were

defined according to thyroid stimulating hormone (TSH) and free

thyroxine (FT4) values (see Follow-up below). Patient charts in the

Department of Cardiology at the University Medical Center Gron-

ingen, the Netherlands were screened.

Amiodarone dosage

Before amiodarone treatment was started, a history, physical exam-

ination, a chest x-ray and an electrocardiogram were available.

Patients with persistent AF were loaded with 600–800 mg oral ami-

odarone daily for 4 weeks and daily dose was lowered to 200 mg.

For ventricular arrhythmias, patients were loaded with 800–1200

mg oral amiodarone for 4 weeks. Maintenance dose was lowered to

200–400 mg. During follow-up, maintenance dose of amiodarone

was temporarily increased if inadequate suppression of ventricular

arrhythmias occurred. In case of high serum levels and adequate

arrhythmia suppression daily amiodarone dose was lowered. It was

left up to the treating physician and patient whether cessation of

amiodarone was indicated in case of an occurrence of an amioda-

rone-related adverse event.

Follow-up

During follow-up, patients were seen according to standard

clinical practice, at least every 6 months. During follow-up, thy-

roid function, renal function and liver function tests were eval-

uated in addition to amiodarone and desethylamiodarone

serum levels. Duration of follow-up was computed from the

start of amiodarone until death, or to the date when the last

follow-up data was obtained. The cumulative amiodarone dos-

age was calculated as the summation of all daily amiodarone

dosages, in grams.

Patients with increased TSH >7Æ2 mU/l were referred to an

endocrinologist. In case of symptoms patients were started on levo-

thyroxine therapy and in case of lack of symptoms patients were

monitored for TSH after 6 weeks and 3 months. Patients were also

referred to an endocrinologist when TSH was below 0Æ03 mU/l

with increased FT4 values (thyrotoxicosis) and when repeated TSH

values were between 0Æ03 and 0Æ4 mU/l (subclinical thyrotoxicosis).

Patients were assessed for family history of thyroid disease in addi-

tion to clinical and physical symptoms of amiodarone-associated

thyroid dysfunction. In addition, thyroglobulin and thyroid perox-

idase antibodies were measured and I131 uptake scans were per-

formed if sufficient distinction between type I and II could not be

made on the basis of history and physical examination. Type II

amiodarone-associated thyrotoxicosis was present in case of nega-

tive family history of thyroid disease, absence of thyroid antibodies

and no iodine uptake on I131 uptake scan. Thyroid ultrasounds

were not performed routinely. Treatment of type II consisted of

prednisone. In case of inadequate treatment response thiamazole

was added. Adequate treatment response was defined as normaliza-

tion of thyroid function tests within 3 months. In severe biochemi-

cal and/or clinical thyrotoxicosis or undefined type of

thyrotoxicosis both drugs were given. Severe clinical thyrotoxicosis

was defined as thyrotoxicosis associated with arrhythmias or

weightloss. Potassium perchlorate was further added in case of

inadequate treatment response. Type I amiodarone-associated thy-

rotoxicosis was treated with thiamazole. After treatment evaluation

and insufficient effect prednisone or potassium perchlorate was

added. Achieving euthyroid state was defined by attaining TSH lev-

els in the normal range. The treating endocrinologist could deviate

from the standard treatment protocol if the clinical situation war-

ranted it. An initial wait-and-see approach was often adopted in

case of discontinuation of amiodarone and no clinical symptoms.

Amiodarone was discontinued at the discretion of the treating

cardiologist.

Assays

Prior to July 1999 normal values for thyroid stimulating hormone

(TSH), free thyroxine (FT4) and free triiodothyronine (FT3) were

0Æ3–5Æ0 IU/l, 9Æ0–26Æ0 and 3Æ0–8Æ4 pmol/l. (Amersham Amerlite�

enhanced luminescent immunometry assay (Amersham Interna-

tional, Amersham, Bucks, UK). Between July 1999 and March 2006

normal values for TSH, FT4 and FT3 were 0Æ4–7Æ2 mU/l, 6Æ3–18Æ2
and 2Æ4–6Æ7 pmol/l respectively. (Delfia� system (PerkinElmer Life

and Analytical Sciences, Boston, MA, USA). After March 2006 nor-

mal values were 0Æ5–4Æ0 mU/l, 11Æ0–19Æ5 and 4Æ4–6Æ7 pmol/l, using

immunochemiluminometric E-module assay (Roche Diagnostics,

Indianapolis, IN, USA). The thyroid function tests values were con-

verted using a validated method to the values used after March

2006. The following formulas were used for TSH: E-mod-

ule = 1Æ145 · Delfia + 0Æ0018 and Delfia = 1Æ33 · Amerlite +

0Æ05. Free thyroxine values were converted using the following

formulas: E-module = 1Æ223 · Delfia)0Æ7983 and Delfia = 0Æ72 ·
Amerlite + 1Æ58. Free triiodothyronine values were converted

using the following formulas: E-module = 0Æ762 · Delfia)0Æ4793

and Delfia = 0Æ95 · Amerlite)0Æ91.
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Amiodarone-associated thyrotoxicosis was defined as TSH

<0Æ25 mU/l and elevated FT4 or FT3 and amiodarone-associated

hypothyroidism as TSH >10 mU/l and decreased FT4 or FT3, while

on amiodarone therapy or £3 months discontinuation.

Statistical analysis

Baseline descriptive statistics are presented as the mean ± standard

deviation (SD) or median (range) for continuous variables and

numbers with percentages for categorical variables. Differences

between variables in patients who encountered amiodarone-associ-

ated thyroid dysfunction (i.e. thyrotoxicosis and/or hypothyroid-

ism) vs those who did not were evaluated by Students t-test or

Mann–Whitney U-test, depending on normality of the data, for

continuous data and by Fisher exact test or Chi-square test for cate-

gorical data.

Incidence rate per 100 person years were calculated for all amio-

darone-associated thyrotoxicosis and hypothyroidism. Multivari-

ate stepwise Cox regression analysis was performed to determine

predictors for the occurrence of amiodarone-associated thyrotoxi-

cosis and hypothyroidism compared to patients without any thy-

roid dysfunction. Cut off points of continuous variables were

chosen as the median value. Variables identified as significant uni-

variate predictors (P £ 0Æ1) were tested in a multivariate model.

Interaction was investigated. Event-free survival curves were con-

structed. A P-value <0Æ05 was considered statistically significant

in all analyses. The statistical analyses were carried out using the sta-

tistical program spss, version 16.0 (SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics

Between May 2006 and March 2008, data was retrospectively

retrieved regarding 303 cardiac arrhythmia patients. The patients

consisted of 260 (86%) with AF and 43 (14%) with ventricular

arrhythmias. The excluded patients had comparable baseline char-

acteristics to patients with available normal thyroid function tests

at baseline (data not shown). The baseline characteristics of the

included patients are shown in Table 1. Median total follow-up

was 3Æ3 (0Æ1–24) years with a median total duration of amiodarone

use of 1Æ4 (0Æ1–24) years. A total of 41 (14%) patients encountered

thyroid dysfunction 23 (8%) cases of amiodarone-associated

thyrotoxicosis and 18 (6%) cases of amiodarone-associated hypo-

thyroidism.

Patients with thyroid dysfunction had both a longer median fol-

low-up as well as a longer median duration of amiodarone use

compared to patients who encountered no thyroid dysfunction

[4Æ6 (1Æ0–24) vs 3Æ2 (0Æ1–20) years, P = 0Æ003 and 3Æ2 (0Æ2–24) vs

1Æ4 (0Æ1–14) years, P < 0Æ001]. As a result, median cumulative ami-

odarone dose in the thyroid dysfunction group was also signifi-

cantly higher compared to the no thyroid dysfunction group [212

(23–1311) vs 90 (2–943) grams, P = 0Æ001]. Patients with amioda-

rone-associated thyrotoxicosis were younger compared to patients

with amiodarone-associated hypothyroidism (58 ± 13 years vs

65 ± 11 years, P = 0Æ07) and had significantly lower median base-

line TSH value [1Æ5 (0Æ55–9Æ0) vs 3Æ7 (1Æ1–6Æ87) mU/l, P < 0Æ001].

During follow-up 47 patients died.

Amiodarone-associated thyrotoxicosis

The incidence rate per 100 person years was 1Æ9 for amiodarone-

associated thyrotoxicosis and it occurred throughout follow-up

(Fig. 1). The median serum levels of both amiodarone and dese-

thylamiodarone at the time of event were in the normal range [0Æ8
(0Æ1–2Æ2) and 0Æ6 (0Æ1–1Æ3) mg/l respectively].

Table 2a and b summarize complaints, diagnostic and treatment

data of the patients with amiodarone-associated thyrotoxicosis in

whom amiodarone therapy was either continued or discontinued.

Twelve out of the total 23 (52%) patients had complaints, mostly

palpitations. In five out of 12 (42%) patients thyroid function nor-

malized without therapy and continuation of amiodarone therapy

Table 1. Baseline characteristics

Total group

(n = 303)

Amiodarone-associated

thyrotoxicosis

(n = 23)

Amiodarone-associated

hypothyroidism

(n = 18)

No-thyroid

dysfunction

(n = 262)

Age (years) 63 ± 12 58 ± 13 65 ± 11 63 ± 12

Male 200 (66%) 15 (65%) 10 (56%) 175 (67%)

Atrial fibrillation/ventricular arrhythmia 260/43 (86/14%) 20/3 (87/13%) 14/4 (78/22%) 226/36 (86/14%)

Total follow-up (years) 3Æ3 (0Æ1–24) 5Æ0 (1Æ6–13Æ7) 3Æ9 (1Æ2–24) 3Æ2 (0Æ1–20)**

Total amiodarone duration (years) 1Æ5 (0Æ1–24) 3Æ9 (0Æ2–8Æ2) 2Æ9 (0Æ2–24) 1Æ4 (0Æ1–14)**

Total cumulative amiodarone dose (g) 109 (2–1311) 296 (24–616) 214 (23–1311) 95 (2–999)**

Body mass index (kg/m2) 29 ± 5 27 ± 3 28 ± 5 29 ± 5

Thyroid stimulating hormone (mU/l) 1Æ4 (0Æ4–9Æ2) 1Æ5 (0Æ55–9Æ0)* 3Æ7 (1Æ1–6Æ87)* 1Æ7 (0Æ49–9Æ2)

Free thyroxine (pmol/l) 14Æ6 (9Æ3–18Æ7) 14Æ5 (10Æ7–17Æ0) 13Æ7 (10Æ0–17Æ0) 14Æ8 (9Æ3–18Æ7)

Free triiodothyronine (pmol/l) 3Æ8 (0Æ28–6Æ4) 3Æ75 (2Æ34–5Æ41) 3Æ83 (2Æ1–4Æ55) 3Æ82 (0Æ28–6Æ38)

Beta blocker, n (%) 187 (62%) 16 (70%) 10 (56%) 161 (61%)

*Significant difference between amiodarone-associated thyrotoxicosis and hypothyroidism.

**Significant difference between no-thyroid dysfunction and amiodarone-associated thyrotocicosis and hypothyroidism.
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after a mean of 5Æ7 ± 2Æ9 months (Table 2a). Another seven (30%)

patients showed normalization of thyroid function after cessation

of amiodarone therapy without treatment after a mean of 5Æ2 ±

3Æ0 months (Table 2b). In the total group, mean time to thyroid

function normalization was 6Æ2 ± 3Æ3 months, with no significant

difference between amiodarone continuation and discontinuation

(6Æ6 ± 3Æ8 months vs 5Æ8 ± 2Æ8 months, respectively, P = 0Æ5).

Thyroid antibodies were available in half of the patients and were

only positive in one patient. I131 uptake scans were available in 12

patients showing very low to no uptake.

Amiodarone-associated hypothyroidism

The incidence rate per 100 person years was 1Æ1 for amiodarone-

associated hypothyroidism. Amiodarone-associated hypothyroid-

ism occurred during the first 3 years of treatment (Fig. 1). Median

amiodarone and desethylamiodarone serum levels at the time of

the event were also in the normal range [1Æ2 (0Æ5–2Æ5) and 0Æ8 (0Æ4–

0Æ9) mg/l respectively]. Levothyroxine substitution therapy was

started in 16 out of 18 (89%) patients, while still on amiodarone

therapy. Euthyroid state was achieved in all patients while on levo-

thyroxine therapy. In two (11%) patients only amiodarone was

stopped with return to an euthyroid state.

General predictors for amiodarone-associated thyroid

dysfunction and mortality

The only predictor for amiodarone-associated thyrotoxicosis was

age <62 years [HR = 2Æ4 (95% CI 1Æ0–5Æ7), P = 0Æ05]. Univariate

analysis for predictors for amiodarone-associated hypothyroidism

showed TSH >1Æ4 mU/l at baseline, age ‡62 years, diabetes mell-

itus at baseline and left ventricular ejection fraction (LVEF) <45%

to be correlated. After multivariate analysis TSH >1Æ4 mU/l at

baseline [HR = 5Æ1 (95% CI 1Æ1–22Æ4), P = 0Æ03], LVEF <45%
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Fig. 1 Kaplan–Meier curve: incidence amiodarone-associated thyrotoxico-

sis and hypothyroidism.

Table 2. Individual patients with amiodarone-associated thyrotoxicosis who (a) continued and (b) discontinued amiodarone therapy

P Age (years) Gender Treatment TSH (mU/l) Max FT4 (pmol/l)

Time to euthyroid

state (months)

Palpitations/

Weight loss/Agitation

(a)

1 73 Female P, PCL <0Æ005 46 17 )/)/)
2 68 Male T, PCL <0Æ005 70 5Æ6 )/)/)
3 73 Female None 0Æ02 35 6Æ1 )/)/+

4 22 Female T, P <0Æ005 100 7Æ6 )/)/)
5 60 Male T, P, PCL <0Æ005 30 5Æ0 )/)/)
6 52 Male T, P <0Æ005 27 4Æ2 +/)/)
7 48 Male None <0Æ005 36 4Æ7 )/+/+

8 67 Male None 0Æ09 22 10Æ2 )/)/)
9 54 Female None 0Æ03 28 5Æ5 )/)/+

10 51 Male T <0Æ005 46 6Æ1 )/+/)
11 74 Male None <0Æ005 36 2Æ1 )/)/)
12 60 Male T <0Æ005 24 5Æ9 )/)/)
(b)

1 57 Male T, P <0Æ005 100 5Æ5 )/)/+

2 59 Female None 0Æ03 29 10 )/)/)
3 61 Male T, P <0Æ005 84 4Æ4 +/+/+

4 56 Female None 0Æ07 27 5Æ6 +/)/)
5 50 Male None 0Æ01 25 2Æ6 )/)/)
6 51 Male None 0Æ02 21 1Æ4 +/)/)
7 63 Male None <0Æ005 34 4Æ9 +/)/)
8 85 Female None <0Æ005 36 8Æ2 )/)/)
9 67 Female P <0Æ005 55 7Æ2 +/)/+

10 42 Male None <0Æ005 59 4Æ0 +/)/)
11 40 Male T, P <0Æ005 75 10 )/)/)

FT4, free thyroxine; P, prednisone; PCL, perchlorate; T, thiamazole; TSH, thyroid stimulating hormone; complaints yes or no, +/).
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[HR = 3Æ8 (95% CI 1Æ1–13Æ3), P = 0Æ04] and diabetes mellitus at

baseline [HR = 3Æ3 (95% CI 1Æ1–10Æ3), P = 0Æ04] were predictors

for amiodarone-associated hypothyroidism. Cumulative amioda-

rone dosage was not a predictor for either amiodarone-associated

thyrotoxicosis or hypothyroidism.

Multivariate analysis revealed having diabetes at baseline

[HR = 2Æ0 (95% CI 1Æ1–3Æ8), P = 0Æ03] and LVEF <45% [HR=1Æ8
(95% CI 1Æ0–3Æ1), P = 0Æ04] to be predictors for mortality. The

occurrence of amiodarone-associated thyroid dysfunction was not

a predictor.

Discussion

During a median follow-up of 3 years a higher incidence of amio-

darone-associated thyrotoxicosis compared to hypothyroidism was

observed in our study. Only general predictors for amiodarone-

associated thyroid dysfunction could be identified. The only pre-

dictor for amiodarone-associated thyrotoxicosis was age <62 years

and for amiodarone-associated hypothyroidism baseline TSH lev-

els >1Æ4 mU/l, left ventricular function <45% and diabetes mell-

itus. Treatment for amiodarone-associated hypothyroidism

consisted of levothyroxine substitution therapy and continuation

of amiodarone in the majority of cases. Treatment of amiodarone-

associated thyrotoxicosis was more varied and in approximately

50% of patients amiodarone was continued. Time to achieving

euthyroid state was comparable in both groups who continued and

discontinued amiodarone. Amiodarone discontinuation was there-

fore not always required for successful treatment of thyroid dys-

function.

Our study is the first to investigate predictors for amiodarone-

associated thyroid dysfunction in a large population. Few smaller

studies have investigated predictors for the occurrence of amioda-

rone-associated thyrotoxicosis and found inconsistent results.

Young age and male gender has been shown to be associated with

amiodarone-associated thyrotoxicosis.24,25 Previous observed pre-

dictors of amiodarone-associated hypothyroidism have been

depressed left ventricular function, organic thyroid pathology, ele-

vated levels of anti-thyroid antibodies and female gender.16,24 These

reports, however, studied only 45 to 62 patients and predominantly

males. In patients with congenital heart disease, female gender and

cyanotic heart disease also appeared to be risk factors for develop-

ing amiodarone-associated thyroid dysfunction.26 We did not find

gender to be a predictor for amiodarone-associated thyroid dys-

function, which may be the result of our study population being

larger and relatively well gender-balanced. A considerable drawback

of our study, however, is its retrospective nature. We did not have

data on thyroid antibodies at baseline, though in the patients mea-

sured only one patient was positive. In addition, thyroid antibodies

have not shown to develop during amiodarone treatment.16

Interestingly, we did find higher TSH levels at baseline to be pre-

dictive of amiodarone-associated hypothyroidism in addition to

depressed left ventricular function and diabetes mellitus. Patients

who have TSH levels in the upper range have increased prevalence

of thyroid antibodies and risk of developing hypothyroidism. The

Wickham Survey showed that higher TSH levels at baseline

(>2 mU/l) were associated with an increased risk of hypothyroid-

ism at 20-year follow-up.27 Normally, inhibition of iodide oxida-

tion because of excess intrathyroidal iodine (Wolff–Chaikoff

effect) is restored by autoregulation. Both patients with underlying

thyroid disease and amiodarone-associated hypothyroidism show

an increased prevalence of failure to escape the Wolff–Chaikoff

effect.28

Amiodarone treatment can lead to both thyrotoxicosis and

hypothyroidism.19 In our study population we observed a higher

incidence of thyrotoxicosis compared to hypothyroidism. This is

consistent with two previous studies conducted in the Nether-

lands.7,16 The incidence reported in studies, however, varies greatly.

Most data regarding amiodarone-associated thyroid dysfunction

comes from the field of cardiology. In recent trials conducted for

the prevention of AF a higher incidence of amiodarone-associated

hypothyroidism (20%) compared to thyrotoxicosis (3%) was

observed after 12–54 months of follow-up.6 Most of these trials did

not, however, define amiodarone-associated thyroid dysfunction

explicitly. They also did not always report the type and frequency

of thyroid function monitoring. In addition, one of the main fac-

tors responsible for the difference in amiodarone-associated thyro-

toxicosis and hypothyroidism incidence may be due to differences

in ambient iodine intake in different parts of the world.15,29 Intake

of iodine in West Tuscany Italy is low to moderate compared to

Worchester USA. This was confirmed using urine excretion of

iodine.15 Higher incidence of amiodarone-associated thyrotoxico-

sis was seen in Italy compared to higher incidence of hypothyroid-

ism in the USA. Dietary intake in the Netherlands is also relatively

low and could account for the higher incidence of amiodarone-

associated thyrotoxicosis in the Netherlands.7,16

In our study population, 42% of patients who encountered ami-

odarone-associated thyrotoxicosis reverted to normal thyroid

function without any treatment or discontinuation of amiodarone.

Most patients were considered to have type II amiodarone-associ-

ated thyrotoxicosis. We did not use ultrasound measurements in

our study as it is a technique that has only recently emerged. Prom-

ising results from colour flow Doppler sonography in distinguish-

ing between the two types of thyrotoxicosis have been shown.30–33

It may therefore be helpful in an attempt to improve outcome of

thyrotoxicosis treatment. Its role, however, in diagnosis and treat-

ment has yet to be established in the guidelines. Our patients who

continued and discontinued amiodarone showed similar time to

normalization of thyroid function tests. Data on treatment out-

come in amiodarone-associated thyrotoxicosis and amiodarone

discontinuation is available albeit very limited. Osman et al.21 ret-

rospectively followed treatment outcome in 28 cases of amioda-

rone-associated thyrotoxicosis type I and II. In total, five patients

had spontaneous resolution of thyrotoxicosis and 23 received car-

bimazole first-line therapy. In addition, they compared amioda-

rone continuation (n = 16) with discontinuation (n = 12) and

type I (n = 14) vs type II (n = 14) on treatment outcome.21 Out-

come was not influenced by amiodarone discontinuation nor by

type of amiodarone-associated thyrotoxicosis. Uzan et al.22 studied

13 patients with type II amiodarone-associated thyrotoxicosis of

which 10 continued amiodarone treatment. Eight patients received

corticosteroids due to persistent severe symptomatic thyrotoxico-

sis. All patients recovered with no difference in thyrotoxicosis
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duration. Amiodarone-associated thyrotoxicosis can occur sud-

denly and in a number of patients thyroid function can spontane-

ously recover. This may reflect the natural history of thyroiditis. It

may only be a temporary phenomenon and may not even require

treatment. Results of prospective studies on treatment outcome of

amiodarone-associated thyrotoxicosis are eagerly awaited.

Patients with amiodarone-associated hypothyroidism were trea-

ted with levothyroxine replacement therapy and only a very small

number discontinued amiodarone. No data is available on the

duration of levothyroxine treatment and whether it can be discon-

tinued over time in these patients.

In conclusion, although the data were analyzed retrospectively,

this is the largest group to date in which the incidence of amioda-

rone-associated thyroid dysfunction was studied. Our study shows

a higher incidence of amiodarone-associated thyrotoxicosis com-

pared to hypothyroidism, comparable with previous findings in the

Netherlands. Only general predictors for amiodarone-associated

thyroid dysfunction could be identified, not applicable in the clini-

cal setting. Amiodarone continuation does not seem to influence

outcome of amiodarone-associated thyroid dysfunction, possibly

due to the self-limiting nature of the condition. So, amiodarone

could be discontinued on the clinical judgment of the treating

specialist.

Conflict of interest

Nothing to declare.

Financial disclosure

Nothing to declare.

References

1 Roy, D., Talajic, M., Dorian, P. et al. (2000) Amiodarone to

prevent recurrence of atrial fibrillation. Canadian Trial of Atrial

Fibrillation Investigators. New England Journal of Medicine, 342,

913–920.

2 Singh, B.N., Singh, S.N., Reda, D.J. et al. (2005) Amiodarone ver-

sus sotalol for atrial fibrillation. New England Journal of Medicine,

352, 1861–1872.

3 Julian, D.G., Camm, A.J., Frangin, G. et al. (1997) Randomised

trial of effect of amiodarone on mortality in patients with left-ven-

tricular dysfunction after recent myocardial infarction: EMIAT.

European Myocardial Infarct Amiodarone Trial Investigators.

Lancet, 349, 667–674.

4 Cairns, J.A., Connolly, S.J., Roberts, R. et al. (1997) Randomised

trial of outcome after myocardial infarction in patients with fre-

quent or repetitive ventricular premature depolarisations: CAMI-

AT. Canadian Amiodarone Myocardial Infarction Arrhythmia

Trial Investigators. Lancet, 349, 675–682.

5 Bardy, G.H., Lee, K.L., Mark, D.B. et al. (2005) Amiodarone or an

implantable cardioverter-defibrillator for congestive heart failure.

New England Journal of Medicine, 352, 225–237.

6 Zimetbaum, P. (2007) Amiodarone for atrial fibrillation. New Eng-

land Journal of Medicine, 356, 935–941.

7 Ahmed, S., Rienstra, M., Crijns, H.J. et al. (2008) Continuous vs

episodic prophylactic treatment with amiodarone for the preven-

tion of atrial fibrillation: a randomized trial. JAMA, 300, 1784–

1792.

8 Yiu, K.H., Jim, M.H., Siu, C.W. et al. (2009) Amiodarone-induced

thyrotoxicosis is a predictor of adverse cardiovascular outcome.

Journal of Clinical Endocrinology and Metabolism, 94, 109–114.

9 Klein, I. & Ojamaa, K. (2001) Thyroid hormone and the cardiovas-

cular system. New England Journal of Medicine, 344, 501–509.

10 Kahaly, G.J. & Dillmann, W.H. (2005) Thyroid hormone action in

the heart. Endocrine Reviews, 26, 704–728.

11 Biondi, B., Palmieri, E.A., Lombardi, G. et al. (2002) Effects of thy-

roid hormone on cardiac function: the relative importance of heart

rate, loading conditions, and myocardial contractility in the regula-

tion of cardiac performance in human hyperthyroidism. Journal of

Clinical Endocrinology and Metabolism, 87, 968–974.

12 Toft, A.D. & Boon, N.A. (2000) Thyroid disease and the heart.

Heart, 84, 455–460.

13 Bouvy, M.L., Heerdink, E.R., Hoes, A.W. et al. (2002) Amioda-

rone-induced thyroid dysfunction associated with cumulative dose.

Pharmacoepidemiology and Drug Safety, 11, 601–606.

14 Rouleau, F., Baudusseau, O., Dupuis, J.M. et al. (2001) [Incidence

and timing of thyroid dysfunction with long-term amiodarone

therapy]. Archives des Maladies du Coeur et des Vaisseaux, 94, 39–

43.

15 Martino, E., Safran, M., ghini-Lombardi, F. et al. (1984) Environ-

mental iodine intake and thyroid dysfunction during chronic ami-

odarone therapy. Annals of Internal Medicine, 101, 28–34.

16 Trip, M.D., Wiersinga, W. & Plomp, T.A. (1991) Incidence,

predictability, and pathogenesis of amiodarone-induced thyrotoxi-

cosis and hypothyroidism. American Journal of Medicine, 91, 507–

511.

17 Tanda, M.L., Piantanida, E., Lai, A. et al. (2008) Diagnosis and

management of amiodarone-induced thyrotoxicosis: similarities

and differences between North American and European thyroidol-

ogists. Clinical Endocrinology, 69, 812–818.

18 Bartalena, L., Wiersinga, W.M., Tanda, M.L. et al. (2004) Diagnosis

and management of amiodarone-induced thyrotoxicosis in

Europe: results of an international survey among members of

the European Thyroid Association. Clin Endocrinol (Oxf), 61, 494–

502.

19 Martino, E., Bartalena, L., Bogazzi, F. et al. (2001) The effects of

amiodarone on the thyroid. Endocrine Reviews, 22, 240–254.

20 Eskes, S.A. & Wiersinga, W.M. (2009) Amiodarone and thyroid.

Best Practice & Research. Clinical Endocrinology & Metabolism, 23,

735–751.

21 Osman, F., Franklyn, J.A., Sheppard, M.C. et al. (2002) Successful

treatment of amiodarone-induced thyrotoxicosis. Circulation, 105,

1275–1277.

22 Uzan, L., Guignat, L., Meune, C. et al. (2006) Continuation of ami-

odarone therapy despite type II amiodarone-induced thyrotoxico-

sis. Drug Safety, 29, 231–236.

23 Baskin, H.J. (2006) American association of clinical endocrinolo-

gists medical guidelines for clinical practice for the evaluation and

treatment of hyperthyroidism and hypothyroidism. AACE Thyroid

Task Force.http://www.aace.com/pub/pdf/guidelines/hypo_hyper.

pdf. Ref Type: Internet Communication.

24 Serdiuk, S.E., Bakalov, S.A., Golitsyn, S.P. et al. (2005) [Incidence

and predictors of thyroid dysfunction caused by long-term intake

of amiodaron]. Terapevticheskii Arkhiv, 77, 33–39.

25 Borowski, G.D., Garofano, C.D., Rose, L.I. et al. (1985) Effect

of long-term amiodarone therapy on thyroid hormone levels and

thyroid function. American Journal of Medicine, 78, 443–450.

Thyroid dysfunction and oral amiodarone therapy 393

� 2011 Blackwell Publishing Ltd, Clinical Endocrinology, 75, 388–394



26 Thorne, S.A., Barnes, I., Cullinan, P. et al. (1999) Amiodarone-

associated thyroid dysfunction: risk factors in adults with congeni-

tal heart disease. Circulation, 100, 149–154.

27 Vanderpump, M.P., Tunbridge, W.M., French, J.M. et al. (1995)

The incidence of thyroid disorders in the community: a twenty-

year follow-up of the Whickham Survey. Clin Endocrinol (Oxf), 43,

55–68.

28 Cohen-Lehman, J., Dahl, P., Danzi, S. et al. (2010) Effects of amio-

darone therapy on thyroid function. Nature Reviews. Endocrinology,

6, 34–41.

29 Ursella, S., Testa, A., Mazzone, M. et al. (2006) Amiodarone-

induced thyroid dysfunction in clinical practice. Euro-

pean Review for Medical and Pharmacological Sciences, 10,

269–278.

30 Eaton, S.E., Euinton, H.A., Newman, C.M. et al. (2002) Clinical

experience of amiodarone-induced thyrotoxicosis over a 3-year

period: role of colour-flow Doppler sonography. Clin Endocrinol

(Oxf), 56, 33–38.

31 Loy, M., Perra, E., Melis, A. et al. (2007) Color-flow Doppler

sonography in the differential diagnosis and management of amio-

darone-induced thyrotoxicosis. Acta Radiologica, 48, 628–634.

32 Macedo, T.A., Chammas, M.C., Jorge, P.T. et al. (2007) Differenti-

ation between the two types of amiodarone-associated thyrotoxico-

sis using duplex and amplitude Doppler sonography. Acta

Radiologica, 48, 412–421.

33 Bogazzi, F., Bartalena, L. & Martino, E. (2010) Approach to the

patient with amiodarone-induced thyrotoxicosis. Journal of Clini-

cal Endocrinology and Metabolism, 95, 2529–2535.

394 S. Ahmed et al.

� 2011 Blackwell Publishing Ltd, Clinical Endocrinology, 75, 388–394


