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ABSTRACT

Context: Amiodarone-induced thyrotoxicosis (AIT) type 2 is self-limiting in nature, but most 
physicians are reluctant to continue amiodarone. When prednisone fails to restore euthyroi-
dism, possibly due to mixed cases of AIT type 1 and 2, perchlorate (ClO4) might be useful as 
ClO4 reduces the cytotoxic effect of amiodarone on thyrocytes.
Objectives:  To demonstrate the feasibility of continuation of amiodarone in AIT type 2, and to 
evaluate the usefulness of ClO4 (given alone or in combination with prednisone) in AIT type 2.
Design and setting: Randomized multicenter study in 10 Dutch hospitals.
Methods: Patients with AIT type 2 were randomized to receive prednisone 30 mg/d (group A, 
n = 12),  sodium perchlorate 500 mg  twice daily (group B, n = 14) or prednisone + perchlorate 
(group C, n = 10);  all patients continued amiodarone and were also treated with  methimazole 
30 mg/d . Follow-up was 2 yr. Main outcome measures: Treatment  efficacy ( defined as TSH 
values  ≥ 0.4 mU/l under continuation of amiodarone)  and recurrent thyrotoxicosis.
Results: Initial therapy was efficacious in 100%, 71% and 100% of groups A, B and C respec-
tively (p=0.03). The 29% failures in group B became euthyroid after addition of prednisone. 
Neither the time to reach TSH  ≥ 0.4 mU/l (8 wk [4-20], 14 wk [4-32] and 12 wk [4-28] in groups 
A, B and C respectively), nor the time to reach FT4  ≤ 25 pmol/l (4 wk [4-20], 12 wk [4-20] 
and 8 wk [4-20] in groups A, B and C) were significantly different between groups (values as 
median with range). Recurrent thyrotoxicosis occurred in 8.3%.
Conclusion: Euthyroidism was reached  despite continuation of amiodarone in all patients. 
Prednisone remains the preferred treatment modality of AIT type 2, as perchlorate given alone 
or in combination with prednisone had no better outcomes. 
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INTRODUCTION

Amiodarone-induced thyrotoxicosis (AIT) type 2 is caused by a destructive thyroiditis due to 
direct cytotoxic effects of the drug on thyrocytes1-3. The nature of destructive thyroiditis is that 
of a self-limiting disease; Clinical observations support the transient character of AIT type 2, 
although spontaneous recovery may take several months4-7. Nevertheless, most physicians 
prefer to discontinue amiodarone treatment in AIT type 2: 66% in North America, 80% in 
Europe, and 94% in Latin America8, 9. The very nature and severity of the underlying cardiac 
disease, however, renders discontinuation of amiodarone medication an unattractive option in 
many cases, and puts the patient at risk for worsening of cardiac arrhythmias. Scattered re-
ports suggest amiodarone can be continued safely in AIT type 2 7, 10-12, but prospective studies 
in this respect are lacking.
The preferred treatment of AIT type 2 according to questionnaires and clinical studies is to 
stop amiodarone and  treat with prednisone, either alone or in combination with thionamides4, 

8,9,13. The rationale behind the addition of thionamides is that it is not always possible to label 
AIT accurately as type 2 because mixed cases of type 2 and type 1 occur8,9,14. AIT type 1 is 
due to iodide-induced hyperthyroidism, occurring in patients with pre-existent thyroid disease 
like nontoxic goiter or latent Graves’ disease. These uncertainties have led to marked differen-
ces in proposed treatment algorithms. An UK-based algorithm recommends to continue ami-
odarone and start with prednisone plus carbimazole and to consider potassium perchlorate if 
after two weeks T3 levels have not decreased15. KClO4 is recommended in type 1 because 
it acutely inhibits thyroidal iodide uptake, thereby rendering the thyroid more sensitive to thi-
onamides. An algorithm from Turkey recommends to stop amiodarone, start with KClO4 plus 
methimazole and to add prednisone if after one month FT4 has not normalized or decreased 
by > 50%16. Combining prednisone and KClO4 is attractive because it may take care of mixed 
cases of AIT which are believed to occur in 15-27%8,9. However, treatment of AIT type 2 with 
KClO4 alone might also be considered10. This strategy would avoid exposure to steroids and 
its related side effects, whereas KClO4-induced severe side effects like aplastic anemia have 
not been reported in AIT patients treated with lower doses of the drug ( ≤ 1000 mg/d) and for a 
shorter period (≤ 6 months) than customary in the past13,17. KClO4 inhibits the cytotoxic effect 
of amiodarone on thyrocytes in vitro, although to a lesser extent than steroids3.
Against this background, we had two study aims: to demonstrate the feasibility of continuation 
of amiodarone in AIT type 2, and to evaluate the usefulness of perchlorate in AIT type 2 (given 
either alone, or in combination with prednisone to shorten the time to euthyroidism). To this 
end, we designed a randomized multicenter clinical trial in AIT type 2 patients who continued 
amiodarone.

PATIENTS AND METHODS

Patients and study design
Patients were recruited from 10 centers (4 university medical centers and 6 district hospitals) 
in The Netherlands. Inclusion criteria were AIT type 2, and continuation of amiodarone treat-
ment as agreed upon by treating physician and patient. AIT type 2 was ascertained if all follo-
wing diagnostic criteria were met: TSH < 0.4 mU/l and FT4 > 25 pmol/l, TPO-Ab < 50 kU/l and 
TBII < 2 U/l, poor or no visualization of thyroid gland on 99mTc-pertechnetate scintigraphy, ab-
sence of nodular goiter (more than one nodule or a nodule > 1 cm) on ultrasonography. Exclu-
sion criteria were no informed consent, critical illness,  drug or alcohol abuse, and pregnancy.
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There was central enrollment via a specific website. Randomization was performed centrally 
with blocks of six sealed envelops. Patients were randomized to three treatment arms: group 
A, prednisone 30 mg/d + methimazole 30 mg/d; group B, sodium perchlorate 500 mg twice 
daily + methimazole 30 mg/d; group C, prednisone 30 mg/d + sodium perchlorate 500 mg twi-
ce daily + methimazole 30 mg/d. Physicians and patients were not blinded with regard to study 
medication. Follow-up visits were every 4 weeks up to 28 weeks, thereafter every 8 weeks up 
to 1 yr, and at 1.5 and 2 yr. Physical examination and blood sampling was done at every visit. 
If TSH values were ≥ 0.4 mU/l, study medication was tapered down to zero dose in two weeks. 
If TSH values were < 0.4 mU/l after 3 months, study medication was continued, and addition 
of perchlorate 500 mg twice daily (group A) or prednisone 30 mg/d (group B) was considered. 
If thyrotoxicosis persisted after six months, treatment could be instituted as regarded most 
appropriate by the individual physician responsible for the care of the patient. All patients 
had to continue their usual dose of amiodarone. Treatment was considered efficacious at 
achievement of TSH  ≥ 0.4 mU/l while still on amiodarone; TSH < 0.4 mU/l, discontinuation 
of amiodarone, or premature stop because of serious  side effects of study medication were 
rated as failures. The trial was registered under number ISRCTN06558147, and approved by 
Institutional  Review Boards of each center. Participants gave written informed consent.

Laboratory analysis
Assays of thyroid function tests, serum glucose, creatinine, hemoglobin and leucocytes were 
performed in the local laboratories. Thyroid function was classified as overt hyperthyroidism 
(TSH < 0.4 mU/l, FT4  > 25 pmol/l  and /or T3 > 2.7 nmol/l), subclinical hyperthyroidism (TSH 
< 0.4 mU/l, FT4 ≤ 25 pmol/l, T3 ≤ 2.7 nmol/l), euthyroidism (TSH 0.4-5.0 mU/l), subclinical 
hypothyroidism (TSH > 5.0 mU/l, FT4 10-25 pmol/l), overt hypothyroidism (TSH > 5.0 mU/l, 
FT4 < 10 pmol/l). 
Thyroid volume was measured by ultrasonography in 14 patients. Thyroid volume was cal-
culated using the formula width x length x thickness x 0.52 for each lobe as described pre-
viously18. In 22 patients it was only mentioned if the thyroid was enlarged or not. Based on 
this information, we divided the thyroid volumes in two categories; not enlarged (<20 ml) and 
enlarged (20-30 ml). The Netherlands are an iodine replete country and none of the patients 
had a thyroid volume > 30 ml. 

Statistical analysis
Comparison of the baseline characteristics in the three randomization arms was done with a 
Kruskall-Wallis test for continuous variables and a chi-squared test for independence for ca-
tegorical variables.  A Mann-Whitney test was used to test for differences in age, TSH en FT4 
between the excluded patients and the 36 included patients. Time to TSH ≥ 0.4  mU/L in the 
three groups was compared by Kaplan Meier curves and the logranktest. 
After logtransformation of TSH and cube root transformation of FT4, differences in trends 
over time by treatment group for  TSH and FT4 were modeled and tested via linear random 
effects models. Frequencies of recurrent thyrotoxicosis and need of secondary therapy were 
compared between the three arms with Chi-square tests. The initial FT4 concentrations in 
patients who became euthyroid on initial therapy and those who did not, were compared using 
a Mann-Whitney test. 
A likelihood ratio test was performed to evaluate differences between treatment groups in 
blood pressure, weight, creatinine,  glucose, hemoglobin and leucocytes.
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Statistical analyses were done using the SPSS 12.0.2 statistical package and the R statisti-
cal computing environment version 2.13.0. In all analyses, p values < 0.05 were considered 
significant.

RESULTS

Patient recruitment.
Nine patients did not satisfy inclusion criteria (FT4 ≤ 25 pmol/l in 5, preference to stop amio-
darone in 3, and AIT type 1 in 1), and an exclusion criterion was present in five patients (no 
informed consent in 4, severe concomitant illness in 1). Six out of 42 randomized patients 
were excluded after randomization (TBII > 2 U/l in 3, discontinuation of amiodarone by mis-
communication before and 3 weeks after start of study medication in 2, moved abroad in 1). 
Age, TSH and FT4 were not different between the 20 excluded patients and the 36 patients 
composing the final study population. Table 1 shows baseline characteristics of the study po-
pulation; there were no significant differences between the three groups.

Efficacy of treatment.
Figure 1 depicts thyroid function during the study period for each of the three randomized 
groups. Table 2 shows efficacy of thyrotoxicosis treatment. The goal to reach TSH values 
≥ 0.4 mU/l was reached by initial therapy in all patients of groups A and C, but required the 
addition of prednisone in 4 patients (29%) of group B (P  = 0.03). Time to normalization of FT4 
and TSH tended to be shorter in group A, but differences between groups were not significant 
(P = 0.45 en 0.42 respectively). The time to reach TSH values ≥ 0.4 mU/l was in group A 8 wk 
(4-20), in group B 14 wk (4-32) and in group C 12 wk (4-28) (values as median and range) 
and the time to reach FT4 values ≤  25 pmol/l was in group A 4 wk (4-20), in group B 12 wk (4-
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Table 1. Baseline characteristics of patients with amiodarone-induced thyrotoxicosis type 2* 

Characteristics Group A (n=12) 
prednisone + 
methimazole 

Group B (n=14) 
perchlorate+ 
methimazole 

Group C (n=10) 
prednisone+ 
perchlorate+ 
methimazole 

Male sex  - nr (%) 9 (75) 11 (79) 9 (90) 
Age - yr 54,0 ± 16,7 53,4 ± 13,9 57,0 ± 14,1 
Weight - kg 82,2 ± 23,3 78,3 ± 8,2 84,7 ± 11,5 
Blood pressure – mmHg 
 Systolic 
 Diastolic 

 
127 ± 21 
74 ± 8 

 
126 ± 20 
75 ± 9 

 
130 ± 23 
71 ± 7 

Pulse frequency – beats/min 83 ± 13 74 ± 12 71 ± 14 

TSH – mU/L 0,01 ± 0.03 0,01 ± 0,01 0,01 ± 0,00 
FT4 – pmol/L 60,2 ± 28,5 61,2 ± 25,5 63,0 ± 33,9 
Creatinine – μmol/L 88,5 ± 21,7 93,7 ± 31,7 94,4 ± 14,4 
Glucose – mmol/L 5,1 ± 1,0 5,0 ± 0,8 5,3 ± 0,9 
Haemoglobin – mmol/L 8,8 ± 0,9 9,0 ± 1,4 8,6 ± 0,7 
Leucocytes x109/L 6,9 ± 1,3 7,3 ± 2,2 6,7 ± 1,2 
Thyroid volume  
(not enlarged/ enlarged) - nr 

10/2 9/5 9/1 

* Values as mean ± SD; between group comparisons were not significant 

 



20) and in group C 8 wk (4-20). There was no signifi cant difference in baseline FT4 between 
the 4 patients that required addition of prednisone and the 10 other patients in group B.  Side 
effects of study medication were as follows: group A, one diabetic patient had to increase in-
sulin dose; group B, one patient developed transient muscle pain, high serum creatine kinase 
and drug exanthema after 2 weeks, two patients complained of nausea; group C, one patient 
developed transient elevation of liver enzymes after 12 weeks. All patients continued their 
usual amiodarone medication.
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  Figure 1. Grouping of AIT type 2 patients according to thyroid function during follow up and 
 randomization arm.   
 

Figure 1. Grouping of AIT type 2 patients according to thyroid function during follow up and  
randomization arm. 



Recurrent thyrotoxicosis.

Recurrent thyrotoxicosis occurred in 3 of the 36 patients (8.3%) (Table 2). The patient in group 
A was treated again with prednisone and methimazole, and became euthyroid within 8 weeks. 
Recurrence in one patient of group C -occurring 4 weeks after reaching euthyroidism upon 
initial therapy at 8 weeks- was treated with methimazole only; shortly thereafter agranulocy-
tosis developed and amiodarone was discontinued. Recurrence in the other patient of group 
C at 1.5 yr was treated again with triple therapy, and euthyroidism was restored in 4 weeks.

Follow-up.
Follow-up was shorter than 2 years in 3 patients: one in group C (the patient who developed 
agranulocytosis upon methimazole  and stopped amiodarone treatment) and two patients in 
group B. One patient had a sudden cardiac death between 1.5 and 2.0 yr. The other patient 
received a cardiac transplant at 21 weeks. Both patients were euthyroid and still on amio-
darone when these events occurred. Amiodarone was continued in all patients until the end of 
follow-up (Table 2).  Figure 1 depicts for each group the proportion of patients per category of 
thyroid function during follow-up. No statistically significant differences between groups were 
observed, although there was a tendency to reach euthyroidism faster in group A. Figure 2 
shows the course of TSH and FT4 levels during follow-up. No differences between groups 
were observed.  The occurrence of subclinical hypothyroidism was a frequent (about 40%) 
and rather early phenomenon, persisting during the whole follow-up in many cases. Overt 
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 Group A (n=12) 
prednisone + 
methimazole 

Group B (n=14) 
perchlorate + 
methimazole 

Group C (n=10) 
prednisone + 
perchlorate + 
methimazole 

Efficacy of treatment*    
TSH ≥0.4 mU/l on initial therapy 12 (100%) 10 (71%) 10 (100%) 
TSH ≥0.4 mU/l on additional therapy     NA 4 (29%) NA 
time to FT4 ≤25 pmol/l ¶                          4 wk (4-20) 12 wk (4-20) 8 wk (4-20) 
time to TSH ≥0.4 mU/l ¶                           8 wk (4-20) 14 wk (4-32) 12 wk (4-28) 
amiodarone continued                             12 (100%) 14 (100%) 10 (100%) 
    
Recurrent thyrotoxicosis    
recurrent thyrotoxicosis 1 0 2 
time of recurrence 24 wk NA 12 and 76 wk 
time to TSH ≥0.4 mU/l                        8 wk NA 4 wk 
    
Follow up    
amiodarone continued until end FU      12 (100%) 14 (100%) 10 (100%) 
follow-up <2 yr                                           0 2 #                              1 ^ 
follow-up 2 yr                                             12 12 9 
TSH 0.4-5.0 mU/l at 2 yr                           10 11 6 
TSH > 5.0 mU/l at 2 yr                               2 1 3 
on levothyroxine at 2 yr                            3 1 1 

Table 2. Treatment outcomes in patients with amiodarone-induced thyrotoxicosis type 2. 

* defined as TSH ≥0.4 mU/l while amiodarone is continued; ¶ median and range;  NA, not applicable; 
# sudden cardiac death and cardiac transplant; ^ agranulocytosis upon methimazole treatment of 
recurrent thyrotoxicosis 

 

Table 2. Treatment outcomes in patients with amiodarone-induced thyrotoxicosis type 2.
* defined as TSH ≥0.4 mU/l while amiodarone is continued; ¶ median and range;  NA, not applicable; 
# sudden cardiac death and cardiac transplant; ^ agranulocytosis upon methimazole treatment of 
recurrent thyrotoxicosis



hypothyroidism occurred less frequently (about 10%). Levothyroxine was given to 6 patients. 
No other side effects than mentioned above were reported. Follow-up of body weight, blood 
pressure and hematological and biochemical lab tests disclosed no further adverse effects. 
(supplemental table).
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  Figure 2. Course of TSH and FT4 (mean values with 95% confidence intervals as shaded 
 areas) in patients with AIT type 2 randomized to treatment with prednisone + methimazole, 

perchlorate + methimazole, or prednisone + perchlorate + methimazole. Upper panels indicate 
 values for the period 0-28 weeks, lower panels for the period 36 weeks-2 years.  Note 
 logarithmic scale for TSH values. 
 

 

Figure 2. Course of TSH and FT4 (mean values with 95% confidence intervals as shaded areas) in 
patients with AIT type 2 randomized to treatment with prednisone + methimazole, perchlorate + 
methimazole, or prednisone + perchlorate + methimazole. Upper panels indicate values for the period 
0-28 weeks, lower panels for the period 36 weeks-2 years.  Note logarithmic scale for TSH values.
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Supplemental table. Bodyweight, bloodpressure, hematological and biochemical lab tests during 
follow up. 

Characteristics Group A (n=12) 
prednisone + 
methimazole 

Group B (n=14) 
perchlorate+ 
methimazole 

Group C (n=10) 
prednisone+ 
perchlorate+ 
methimazole 

Creatinine (μmol/L) 
                            t=0 

 
84.5 (62-130) 

 
84.0 (56-166) 

 
97.0 (75-122) 

                            t=4  100.0 (67-133) 92.0 (61-151) 98.0 (79-120) 
                            t=8 90.5 (80-145) 91.0 (76-159) 101.0 (90-126) 
                            t=12 99.5 (72-150) 91.5 (77-155) 106.0 (83-148) 
                            t=16 103.0 (75-173) 102.0 (76-172) 98.0 (85-129) 
                            t=20 100.0 (78-177) 99.0 (73-139) 96.0 (86-146) 
                            t=24 101.0 (72-194) 98.0 (72-125) 95.0 (85-147) 
Hemoglobin (mmol/L) 
                            t=0 

 
8.6 (7.7-11.1) 

 
8.7 (7.6-12.1) 

 
8.6 (7.7-9.6) 

                            t=4  9.1 (6.7-11.2) 9.2 (7.8-12.6) 8.4 (7.8-9.5) 
                            t=8 8.8 (7.3-11.7) 8.8 (7.9-12.8) 8.5 (7.9-9.6) 
                            t=12 8.8 (7.6-12.0) 9.1 (7.8-12.5) 8.9 (7.0-9.5) 
                            t=16 8.7 (8.0-11.8) 9.4 (8.3-12.6) 8.9 (6.9-9.3) 
                            t=20 8.8(8.2-11.9) 9.7(8.1-12.6) 9.2 (7.8-10.0) 
                            t=24 8.9 (8.0-11.8) 9.5 (8.0-13.4) 9.0 (7.8-9.6) 
Leucocytes (109/L) 
                            t=0 

 
7.1 (5.3-9.3) 

 
6.5 (5.1-12.4) 

 
6.5 (4.9-8.8) 

                            t=4  9.7 (7.5-13.9) 6.7 (4.8-13.5) 10.6 (7.2-12.0) 
                            t=8 10.0 (6.3-13.0) 6.8 (4.9-11.1) 10.7 (5.3-16.6) 
                            t=12 8.4 (6.5-16.8) 7.0 (5.0-14.1) 9.1 (7.0-15.5) 
                            t=16 7.8 (4.7-16.1) 7.3 (5.0-13.3) 7.0 (1.3-15.3) 
                            t=20 7.5 (4.8-17.9) 8.1 (4.9-10.9) 7.6 (5.0-12.6) 
                            t=24 6.3 (4.8-13.5) 7.5 (4.9-12.8) 7.0 (3.9-13.1) 
Glucose (mmol/L)     
                            t=0 

 
4.9 (3.7-6.9) 

 
5.0 (3.8-6.3) 

 
5.4 (3.9-6.9) 

                            t=4  6.0 (4.1-15.0) 5.1 (4.3-12.0) 5.4 (3.5-8.1) 
                            t=8 6.4 (4.2-12.7) 5.0 (4.5-6.9) 5.2 (3.7-7.3) 
                            t=12 5.3 (3.3-12.0) 5.2 (4.0-8.3) 5.7 (4.8-9.4) 
                            t=16 5.1 (2.7-20.6) 5.6 (4.4-7.2) 4.8 (4.0-5.5) 
                            t=20 5.4 (3.6-13.2) 5.5 (2.6-8.4) 5.1 (3.8-8.2) 
                            t=24 4.7 (3.5-12.5) 4.7 (2.9-6.5) 5.2 (4.7-6.1) 
Weight (kg) 
                            t=0 

 
81.8 (56-121) 

 
77.0 (69-99) 

 
82.4 (70-109) 

                            t=4  78.1 (60-115) 74.0 (69-98) 83.0 (77-110) 
                            t=8 78.7 (60-115) 76.0 (70-98) 83.7 (66-110) 
                            t=12 80.5 (59-115) 78.0 (71-99) 84.2 (74-109) 
                            t=16 83.5 (60-115) 80.0 (72-99) 85.0 (74-109) 
                            t=20 89.0 (63-115) 81.0 (73-99) 87.9 (74-109) 
                            t=24 88.1 (62-118) 81.5 (72-99) 85.0 (75-109) 
Systolic blood pressure 
(mmHg)             t=0 125 (100-160) 

 
120 (90-160) 

 
125 (90-160) 

                            t=4  120 (108-150) 130 (100-170) 120 (120-160) 
                            t=8 117 (100-150) 135 (96-160) 125 (105-150) 
                            t=12 120 (80-130) 128 (105-175) 115 (105-130) 
                            t=16 120 (100-159) 130 (120-150) 125 (110-140) 
                            t=20 110 (85-140) 125 (100-150) 120 (100-140) 
                            t=24 122 (95-192) 120 (110-160) 140 (90-145) 
Diastolic blood pressure 
(mmHg)              t=0 

 
76 (60-85) 

 
78 (60-90) 

 
70 (60-80) 

                            t=4  76 (60-90) 75 (60-100) 80 (65-85) 
                            t=8 70 (60-90) 70 (50-95) 80 (65-85) 
                            t=12 74 (40-80) 80 (60-104) 70 (60-91) 
                            t=16 75 (60-105) 75 (70-85) 80 (70-100) 
                            t=20 70 (60-80) 76 (60-90) 75 (70-95) 
                            t=24 77 (60-90) 70 (70-90) 70 (60-90) 
Time in weeks, values are median (range) 

 

 



DISCUSSION

Euthyroidism was restored in all patients: the efficacy of initial therapy was 100% in patients 
randomized to receive prednisone or prednisone + perchlorate, but only 71% in the perchlora-
te group in which prednisone had to be added to obtain normalization of TSH. In our study 
the time needed for normalization of FT4 and TSH was –although not significantly- longer in 
groups B and C than in group A. Although it is possible that perchlorate may reduce the effect 
of prednisone in group C, the limited group sizes in our study preclude such speculations. 
In the steroid treated patients of group A, median time for normalization of FT4 was 28 days 
and of TSH 56 days. These data are in fair agreement with an Italian study reporting median 
time intervals of 30 and 90 days respectively at baseline FT4 levels of 50 ± 19 pmol/l 19. Study 
medication was tolerated well. Serious side effects of perchlorate (bone marrow depression 
and nephrotic syndrome) were not encountered.
Prednisone was the most effective treatment modality of AIT type 2. However, it is intriguing to 
note that perchlorate was effective in 71%. This observation raises the question if the success 
of perchlorate must be attributed to pharmacologic actions of the drug1,3, or to spontaneous 
recovery in the natural history of AIT type 2. If one accepts the latter explanation as more like-
ly, the next question that arises is if prednisone really alters the natural history of the disease, 
i.e. shortens the time to recovery. Although many physicians would be inclined to believe so, 
randomized studies are lacking to substantiate this view. A recent retrospective study repor-
ted that after about 6 weeks of therapy, more than 85% of patients treated with thionamides 
were still thyrotoxic compared to 24% of prednisone-treated patients20. In contrast, another 
uncontrolled study found no difference between patients with or without prednisone treatment 
in terms of the time span needed to normalize FT4 (98[53-177] vs 108 [64-189] days) or TSH 
(138 [94-220] vs 141 [90-233] days). The latter study did not specify AIT type, and was biased 
by higher baseline FT4 in the prednisone-treated patients  (60 vs 37 pmol/l)21. 
Euthyroidism was restored in all patients despite continuation of amiodarone. Our study is the 
first prospective and controlled trial indicating that discontinuation of amiodarone in AIT type 2 
is not necessary for restoration of euthyroidism. One may argue that the time to normalize FT4 
and TSH is longer when amiodarone is continued. A recent retrospective study identified 8 
patients with AIT type 2 assembled in the period 2003-2008 who were treated with prednisone 
under continuation of amiodarone. When compared to 32 matched controls with AIT type 2 
treated with prednisone after discontinuation of amiodarone, median time to first normalizati-
on of thyroid hormone levels did not significantly differ between both groups (24 and 31 days 
respectively)18. Because a higher rate of recurrences in patients continuing amiodarone, the 
median time for stably restoring euthyroidism was much longer in this group. To establish 
whether or not continuation of amiodarone in prednisone-treated AIT type 2 patients really 
affects cure time, will require a randomized clinical trial comparing continuation of amiodarone 
and stopping amiodarone. Continuation of amiodarone carries a risk on recurrent thyrotoxi-
cosis. We observed an incidence of 8.3% at 2-yr follow-up. An open Japanese study reported 
6% recurrences of AIT type 2 occurring 5-8 years after the first episode22. In agreement with 
that study, our recurrences were also mild and responded quickly to therapy.  As expected 
there was a high incidence of hypothyroidism in our study, which –albeit frequently transient in 
nature- persisted in many cases until the end of follow-up. One could argue that continuation 
of amiodarone would result in more cases of hypothyroidism. However, this appears unlikely 
as well as AIT type 2 patients in whom amiodarone was discontinued, developed permanent 
hypothyroidism in 17% within two years after successful treatment with steroids23. A recently 
proposed algorithm recommends to discontinue amiodarone if feasible4. Based on our study 
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results, we would rather recommend the opposite in AIT type 2, i.e. continue amiodarone if 
feasible.
Our study has some limitations. We did not apply colour flow Doppler sonography to discrimi-
nate AIT types because this method was not available in all centers. The number of patients 
in each treatment modality is rather small in our study. In view of this limited sample size the 
results may not be generalized to all cases of AIT type 2, and we cannot exclude the possibility 
that in specific circumstances, discontinuation of amiodarone might be necessary. However, 
in our view these limitations are well balanced by the strengths of the study, being its prospec-
tive nature, the randomization procedure, and the complete follow-up of two years.   
In conclusion, perchlorate appears less useful than steroids in the treatment of AIT type 2. 
Prednisone remains the preferred treatment modality, and continuation of amiodarone is 
feasible in AIT type 2.

99

C
hapter 5     Treatm

ent of A
IT type 2: A R

C
T



 REFERENCE LIST

1. Chiovato L, Martino E, Tonacchera M, Santini F, Lapi P, Mammoli C, Braverman LE, Pinchera A  
1994 Studies on the in vitro cytotoxic effect of amiodarone. Endocrinology 134: 2277-2282

2. Pitsiavas V, Smerdely P, Li M,  Boyoages SC 1997 Amiodarone induces a different pattern of ultra-
structural change in the thyroid to iodine excess alone in both the BB/W rat and the Wistar rat. Eur 
J Endocrinol 137: 89-98

3. Brennan MD, Erickson DL, Carney JA, Bahn RS 1995 Nongoitrous (type II) amiodarone-associated 
thyrotoxicosis:  evidence of follicular disruption in vitro and in vivo. Thyroid 5: 177-183

4. Bogazzi F, Bartalena L, Martino E 2010 Approach to the patient with amiodarone-induced thyrotoxi-
cosis. J Clin Endocrinol Metab 95: 2529-2535

5. Martino E, Aghini-Lombardi F, Mariotti S, Lenziardi M, Baschieri L, Braverman LE, Pinchera A. 1986 
Treatment of amiodarone associated thyrotoxicosis by simultaneous administration of potassium 
perchlorate and methimazole. J. Endocrinol. Invest. 9:201-207

6. Eaton SEM, Euinton HA, Newman CM, Weetman AP, Bennet WM. 2002 Clinical experience of 
amiodarone-induced thyrotoxicosis over a 3-year period: role of colour-flow Doppler sonography. 
Clin Endocrinol. 56: 33-38

7. Ahmed S, van Gelder IC, Wiesfeld ACP, van Veldhuizen DJ, Links TP 2011 Determinants and out-
come of amiodarone-associated thyroid dysfunction. Clin Endocrinol 75: 388-394

8. Tanda ML, Piantanida E, Lai A, Liparulo L, Sassi L, Bogazzi F, Wiersinga WM, Braverman LE, 
Martino E, Bartalena L 2008 Diagnosis and management of amiodarone-induced thyrotoxicosis: 
similarities and differences between North American and European thyroidologists. Clin Endocrinol 
69: 812-818

9. Diehl LA, Romaldini JH, Graf H Bartalena L, Martino E, Albino CC, Wiersinga WM 2006 Manage-
ment of amiodarone-induced thyrotoxicosis in Latin America: an electronic survey. Clin Endocrinol 
65: 433-438

10. Trip MD, Duren DR, Wiersinga WM 1994 Two cases of amiodarone-induced thyrotoxicosis succes-
sfully treated with a short course of antithyroid drugs while amiodarone was continued. Brit Heart J 
72: 266-268

11. Osman F, Franklyn JA, Sheppard MC, Gammage MD 2002 Successful treatment of amiodarone-in-
duced thyrotoxicosis. Circulation  105: 1275-1277

12. Uzan L, Guignat L, Meune C, Mouly S, Weber S, Bertagna X, Bertherat J, Thomopoulos P, Duboc D 
2006 Continuation of amiodarone therapy despite type II amiodarone-induced thyrotoxicosis. Drug 
Safety 29: 231-236

13. Bartalena L, Brogioni S, Grasso L, Bogazzi F, Burelli A, Martino E 1996 Treatment of amiodaro-
ne-induced thyrotoxicosis, a difficult challenge: results of a prospective study. J Clin Endocrinol 
Metab 81: 2930-2933

14. Franklyn JA, Gammage MD 2007 Treatment of amiodarone-associated thyrotoxicosis. Nature Clin 
Pract Endocrinol Metab 3: 662-666 

15. Han TS, Williams GR, Vanderpump MP 2009 Benzofuran derivatives and the thyroid. Clin  
Endocrinol 70: 2-13

16. Erdogan MF, Gulec S, Tutar E, Baskal N, Erdogan G 2003 A stepwise approach to the treatment of 
amiodarone-induced thyrotoxicosis. Thyroid 13: 205-209

17. Wolff J 1998 Perchlorate and the thyroid gland. Pharmacol Rev 50: 89-105
18. Bogazzi F, Bartalena L, Tomisti L, Rossi G, Brogioni S, Martino E. 2011. Continuation of amiodaro-

ne delays restoration of euthyroidism in patients with type 2 amiodarone-induced thyrotoxicosis 
treated with prednisone: a pilot study. J Clin Endocrinol Metab. Published ahead of print august 24.

100



19. Bogazzi F, Bartalena L, Tomisti L, Rossi G, Tanda ML, Dell’Unto E, Aghini-Lombardi F, Martino 
E 2007 Glucocorticoid response in amiodarone-induced thyrotoxicosis resulting from destructive 
thyroiditis is predicted by thyroid volume and serum free thyroid hormone concentrations. J Clin 
Endocrinol Metab 92: 556-562

20. Bogazzi F, Tomisti L, Rossi G, Dell’Unto E, Pepe P, Bartalena L, Martino E 2009 Glucocorticoids are 
preferable to thionamides as first line treatment for amiodarone-induced thyrotoxicosis due to de-
structive thyroiditis: a matched retrospective cohort study. J Clin Endocrinol Metab 94: 3757-3762

21. Conen D, Melly L, Kaufmann C, Bilz S, Ammann P, Schaer B, Sticherling C, Muller B, Osswald 
S 2007 Amiodarone-induced thyrotoxicosis. Clinical course and predictors of outcome. J Am Coll 
Cardiol 49: 2350-2355

22. Sato K, Shiga T, Matsuda N, Onoda N, Takano K, Hagiwara N, Kasanuki H 2006 Mild and short 
recurrence of type II amiodarone-induced thyrotoxicosis in three patients receiving amiodarone 
continuously for more than 10 years. Endocrine J 53: 531-538

23. Bogazzi F, Dell’Unto E, Tanda ML, Tomisti L, Cosci C, Aghini-Lombardi F, Sardella C, Pinchera 
A, Bartalena L, Martino E 2006 Long-term outcome of thyroid function after amiodarone-induced 
thyrotoxicosis, as compared to subacute thyroiditis. J Endocrinol Invest 29: 694-699

ACKNOWLEDGMENTS

We would like to thank the colleagues who recruited patients for this trial: A.C.Nieuwenhuijzen 
Kruseman (Academisch Ziekenhuis Maastricht), J. Jager (Diaconessenziekenhuis Meppel), 
R.Gallas (Diaconessenziekenhuis Utrecht), R.P.Peeters (Erasmus Medisch Centrum Rot-
terdam), H.R.Haak (Maxima Medisch Centrum Veldhoven), J.M.Sepers (Medisch Centrum 
Alkmaar), L.de Heide (Medisch Centrum Leeuwarden), I.M.M.J.Wakelkamp (Nieuwegein Zie-
kenhuis Utrecht), A.B.Arntzenius, W.H.van Houtum ( Spaarne Ziekenhuis Hoofddorp), A.van 
Beek,  A.N.A.van der Horst, F.A.J.Verburg (Universitair Medisch Centrum Groningen).We 
thank M.J. Geerlings and E.M. Brian-Johannesma for assistance with laboratory analyses. 
 

101

C
hapter 5     Treatm

ent of A
IT type 2: A R

C
T




