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CLINICAL RECOGNITION

Patients treated with amiodarone for a cardiac arrhythmia may develop amiodarone Induced thyrotoxicosis (AIT). The risk of AIT is increased in iodine-deficient regions. The incidence of AIT varies greatly (between 0.003% and 10%). AIT occurs in 3% of patients treated with amiodarone in North America, but is much more frequent (up to 10%) in countries with a low iodine dietary intake. In contrast to the other forms of hyperthyroidism, AIT is more frequent in males than in females (M/F = 3/1).

AIT manifests with clinical signs indistinguishable from spontaneous hyperthyroidism, however symptoms and signs of thyrotoxicosis are not apparent in all patients, and may be obscured by an underlying cardiac condition. The reappearance or exacerbation of an underlying cardiac disorder after amiodarone is started, in a patient previously stable, should prompt an investigation into thyroid function for suspected development of AIT. Sometimes worsening of a cardiac arrhythmia with recurrence of atrial fibrillation and palpitations is the only clinical evidence of AIT. The development of angina may also occur. Similarly, unexplained changes in warfarin sensitivity, requiring a reduction in the dosage of this drug, can be the consequence of increased thyroid hormone levels, since hyperthyroidism increases warfarin effects.

AIT may develop early during amiodarone treatment, after many months of treatment, and has even been reported to occur several months after amiodarone withdrawal, since amiodarone and its metabolites have a long half-life due to accumulation in several tissues, especially fat. 


PATHOPHYSIOLOGY 

There are two different forms of AIT, and differential diagnosis between the two forms is important, since treatments are different. However, it is often not possible to clearly distinguish AIT1 and AIT2.
Type 1 AIT usually occurs in an abnormal thyroid gland (latent Graves’ disease, multinodular gland) and is the consequence of increased thyroid hormone biosynthesis due to iodine excess in patients with a preexisting thyroid disorder (Amiodarone contains 37% iodine by weight). Type 1 AIT is more common in iodine deficient regions. Type 2 AIT is a destructive process of the thyroid gland leading to the release of pre-formed hormone. This thyroiditis is an intrinsic toxic effect of amiodarone. Type 2 AIT usually persists for one to three months until thyroid hormone stores are depleted. In most countries Type 2 AIT is more common than Type 1 AIT. Differences between Type 1 and Type 2 AIT are described in table 1. Differentiating between AIT Type 1 and 2 is often very difficult.
	Table 1 Differences between Type 1 and 2 Amiodarone Induced Thyrotoxicosis

	
	Type 1
	Type 2

	Underlying thyroid disease
	Yes (Multinodular goiter, Grave’s)
	No

	Time after starting amiodarone
	Short (median 3 months)
	Long (median 30 months)

	24-hour iodine uptake
	Low-Normal (may rarely be high in iodine deficient regions)
	Low to Suppressed

	Thyroid Ultrasound
	Diffuse or Nodular Goiter may be present
	Normal or small gland

	Vascularity on Echo-color Doppler ultrasound
	Increased
	Absent

	T4/T3 ratio
	Usually <4
	Usually >4

	TgAb / TPOAb/ TSI
	May be present
	Usually absent

	Circulating interleukin-6
	Normal to high
	Sometimes markedly elevated but usually doesn’t differentiate from AIT1


DIAGNOSIS AND DIFFERENTIAL DIAGNOSTIC TESTS

To confirm the diagnosis of AIT it is necessary to demonstrate a suppressed serum TSH associated with an increase in serum FT3 and FT4 levels in a patient currently or previously treated with amiodarone. T3 levels may not be as elevated as expected as amiodarone inhibits the conversion of T4 to T3 and severe non-thyroidal illness may be present blocking the increase in T3. The presence of a preexisting thyroid disorder is suggestive for Type 1 AIT. Frequently in patients with Type 2 AIT an increased T4/T3 ratio is present as a feature of destructive thyroiditis. Thyroid antibodies may be present in Type 1 AIT depending upon the underlying thyroid disorder. High levels of thyroglobulin antibodies and TPO antibodies have also been reported in 8% of Type 2 AIT patients. Type 2 AIT develops as an inflammatory process in a normal thyroid and therefore the levels of IL-6 may be markedly elevated but typically the IL-6 levels do not distinguish AIT2 from AIT1. 

Color flow Doppler ultrasonography is useful to differentiate between Type 1 and Type 2 AIT. Intra-thyroidal vascular flow is increased in Type 1 AIT (pattern II-III) and reduced or absent in Type 2 (pattern 0).

In many patients with Type 1 AIT the 24-hr iodine uptake is low.  In rare patients with Type 1 AIT, despite the very high iodine load, a normal or inappropriately elevated 24-hr iodine uptake may be observed, especially if the patients live in an iodine deficient area. Patients with Type 2 AIT typically have a radioactive iodine uptake < 1%.

While the distinction between Type 1 and Type 2 may sometimes be clear, in many patients neither the clinical findings nor the response to treatment clearly indicate whether the patient has Type 1 or Type 2 AIT. Some patients may have a mixed form of AIT.
TREATMENT 
AIT may lead to increased morbidity and mortality, especially in older patients with impaired left ventricular function. Thus, in most patients, prompt restoration and stable maintenance of euthyroidism should be achieved as rapidly as possible.
Mild AIT may spontaneously resolve in about 20% of the cases. Type 1 AIT should be treated with high doses of methimazole (20-60 mg/day) or propylthiouracil (400-600 mg/day) to block the synthesis of thyroid hormones (Figure 1). The response to methimazole or propylthiouracil is often modest due to the high iodine levels in patients taking amiodarone. In selected patients, potassium perchlorate when available can also be used to increase sensitivity of the gland to methimazole or propylthiouracil by blocking iodine uptake in the thyroid. KClO4 should be used for no more than 30 days at a daily dose < 1 g/day, since this drug, especially in higher doses, is associated with aplastic anemia or agranulocytosis. Once thyroid hormone levels are back to normal, definitive treatment of the hyperthyroidism should be considered. If thyroid uptake is sufficient (>10%) radioactive iodine can be used. Thyroid surgery is a good alternative. If thyrotoxicosis worsens after initial control, a mixed form Type1-Type 2 should be considered, and treatment for Type 2 AIT should be started.

Type 2 AIT can be treated with prednisone, starting with an initial dose of 0.5-0.7 mg/kg body weight per day and the treatment is generally continued for three months. If a worsening of the toxicosis occurs during the taper, the prednisone dose should be increased. Methimazole and propylthiouracil are generally not useful in Type 2 AIT. 

Because the distinction between AIT Type 1 and 2 is difficult and not always clear, and because some patients have mixed forms of AIT, these therapies for AIT Type 1 and 2 are often combined.

For patients with persistent hyperthyroidism surgery is the optimal choice.  Propylthiouracil can be used to inhibit T4 to T3 conversion. Beta blockers will be helpful in preparation for surgery.
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Figure 1. Management of Patients with Amiodarone Induced Thyrotoxicosis
FOLLOW-UP

It is still debatable whether amiodarone should be discontinued once the diagnosis of AIT is made. Because of the long half-life, there is no immediate benefit in stopping the drug. However, some forms of Type 2 AIT may remit with amiodarone withdrawal. If feasible from the cardiological point of view, it is probably safer to withdraw amiodarone and use a different anti-arrhythmic drug, but no controlled trials have been published on this question. A good alternative to amiodarone in patients with atrial fibrillation and atrial flutter can be dronedarone, but this drug is contraindicated in patients with NYHA Class IV heart failure, or NYHA Class II–III heart failure with a recent decompensation. Some patients with Type 2 AIT may develop hypothyroidism due to thyroid gland destruction. 
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