The

new england journal

of

medicine

review article

current concepts

Thyroiditis
Elizabeth N. Pearce, M.D., Alan P. Farwell, M.D., and Lewis E. Braverman, M.D.

From the Section of Endocrinology, Diabetes, and Nutrition, Boston Medical Center,
Boston University School of Medicine, Boston (E.N.P., L.E.B.); and the Division of Endocrinology, University of Massachusetts
Medical Center, Worcester (A.P.F.). Address
reprint requests to Dr. Braverman at the
Section of Endocrinology, Diabetes, and Nutrition, Boston Medical Center, 88 E. Newton St., Evans 201, Boston, MA 02118, or at
lewis.braverman@bmc.org.
N Engl J Med 2003;348:2646-55.
Copyright © 2003 Massachusetts Medical Society.

2646

t

he term thyroiditis encompasses many relatively common
thyroid disorders, which have been classified according to various schemes
(Table 1). In this article we review the diagnosis and treatment of the different
types of thyroiditis.

mechanisms of autoimmune thy roid destruction
thyroid autoimmunity

Hashimoto’s thyroiditis, painless sporadic thyroiditis, and painless postpartum thyroiditis all have an autoimmune basis (Table 2). In Hashimoto’s thyroiditis, the antithyroid
immune response begins with activation of thyroid antigen–specific helper T cells. According to one theory, this activation results from infection with a virus that has a protein similar to a thyroid protein, although clear evidence for a viral cause is lacking.2
According to another theory, thyroid epithelial cells present their own intracellular proteins to T cells. In women, autoimmune thyroiditis may be induced by the accumulation
of fetal cells in the maternal thyroid gland during pregnancy (painless postpartum thyroiditis).3,4
Once helper T cells are activated, they induce B cells to secrete thyroid antibodies.
Increased serum concentrations of thyroid antibodies are present in up to 10 percent of
the general population in the United States5 and in approximately 25 percent of U.S.
women over 60 years of age.6 The prevalence of high serum concentrations of thyroid
antibodies varies according to race and ethnic background. In the third U.S. National
Health and Nutrition Examination Survey of persons 12 years of age or older, high serum
concentrations of thyroid antibodies were present in 14.3 percent of whites, in 10.9 percent of Mexican Americans, and in only 5.3 percent of blacks.7 The majority of patients
with measurable thyroid antibody concentrations have normal thyroid function. In studies in England, 10 percent of postmenopausal women with high serum thyroid antibody
concentrations had subclinical hypothyroidism and 0.5 percent had overt hypothyroidism, although euthyroid patients with high serum thyroid antibody concentrations had
progression to overt hypothyroidism at a rate of 2 to 4 percent a year.5,8 In a 10-year
prospective study conducted in Switzerland, high serum thyroid peroxidase antibody
concentrations predicted the progression of subclinical hypothyroidism to overt hypothyroidism.9
The thyroid antibodies most frequently measured are those directed against thyroid
peroxidase and against thyroglobulin. The former are closely associated with overt thyroid dysfunction, and their presence tends to correlate with thyroidal damage and lymphocytic inflammation. Thyroid peroxidase antibodies are complement-fixing and thus
directly cytotoxic to thyrocytes,10 but there is limited evidence that this toxic effect is a
primary destructive mechanism in autoimmune thyroiditis. Antibodies that block thyrotropin receptors have been reported in up to 10 percent of patients with Hashimoto’s

n engl j med 348;26

www.nejm.org

june 26, 2003

The New England Journal of Medicine
Downloaded from nejm.org by KEVIN ROSTEING on September 24, 2020. For personal use only. No other uses without permission.
Copyright © 2003 Massachusetts Medical Society. All rights reserved.

current concepts

thyroiditis.11 In some patients, these antibodies may
have a role in the development and severity of hypothyroidism, although they are not directly involved in the destruction of thyrocytes. Thyroglobulin antibodies are present less frequently, and their
role is unclear. Antibodies to colloid antigen, thyroid hormones, and the sodium iodide symporter
have also been detected in patients with autoimmune thyroiditis.
The mechanism for autoimmune destruction of
the thyroid probably involves both cellular immunity and humoral immunity. Lymphocytic infiltration
of the thyroid gland by equal numbers of B cells and
cytotoxic T cells is a common histologic feature of
all forms of autoimmune thyroiditis (Fig. 1). In patients with Hashimoto’s thyroiditis, thyrocytes express the Fas gene, a member of the closely linked
group of tumor necrosis factor genes, or supergene
family, whereas thyrocytes from normal glands do
not. Apoptosis caused by the interaction of the Fas
gene and the Fas ligand on the surface of thyrocytes may be an underlying cause of thyroid-cell destruction.12

clinical and biochemical
changes in thyroiditis
The various forms of thyroiditis may cause thyrotoxicosis, hypothyroidism, or both (Fig. 2).
thyrotoxicosis

In painless sporadic thyroiditis, painless postpartum thyroiditis, and painful subacute thyroiditis, inflammatory destruction of the thyroid may lead to
transient thyrotoxicosis as preformed thyroid hormones are released from the damaged gland. As thyroid hormone stores are depleted, there is often a
progression through a period of euthyroidism to
hypothyroidism. The first biochemical change in
inflammatory thyroiditis before the onset of thyrotoxicosis is an increase in the serum concentration
of thyroglobulin.23 As in other forms of thyrotoxicosis, the serum concentration of thyrotropin is
suppressed, and concentrations of total and free
triiodothyronine (T3) and thyroxine (T4) are elevated. Serum T4 concentrations are proportionally
higher than T3 concentrations, reflecting the ratio
of stored hormone in the thyroid gland (whereas in
genetic susceptibility
Graves’ disease and in toxic nodular goiter, T3 is
The genetics of autoimmune thyroid disease are preferentially elevated). The signs and symptoms
complex.13 Association of Hashimoto’s thyroiditis
and painless postpartum thyroiditis with HLA-DR3,
HLA-DR4, and HLA-DR5 has been reported in white
Table 1. Terminology for Thyroiditis.
persons,14-16 but other associations have been observed in other racial and ethnic groups. The cytoType
Synonyms
toxic-T-lymphocyte–associated protein 4 (CTLA-4)
Chronic lymphocytic thyroiditis
Hashimoto’s thyroiditis
gene region may be associated with familial HashiChronic autoimmune thyroiditis
moto’s thyroiditis, although a clear linkage has been
Lymphadenoid goiter
difficult to demonstrate. Studies of the association
Painless postpartum thyroiditis
Postpartum thyroiditis
between painless postpartum thyroiditis and the
Subacute lymphocytic thyroiditis
CTLA-4 gene have been negative.17 There is a higher
Painless sporadic thyroiditis
Silent sporadic thyroiditis
incidence of subacute thyroiditis in those with the
Subacute lymphocytic thyroiditis
HLA-Bw35 haplotype.18
Painful subacute thyroiditis

Subacute thyroiditis
de Quervain’s thyroiditis
Giant-cell thyroiditis
Subacute granulomatous thyroiditis
Pseudogranulomatous thyroiditis

Suppurative thyroiditis

Infectious thyroiditis
Acute suppurative thyroiditis
Pyrogenic thyroiditis
Bacterial thyroiditis

environmental factors

Among patients with Hashimoto’s thyroiditis, hypothyroidism is more likely to develop in smokers
than in nonsmokers,19 a finding that may be related
to the presence of thiocyanates in cigarette smoke.
An increased prevalence of painless postpartum thyroiditis has also been noted among smokers.20 In
addition, geographic variations in the incidence of
Hashimoto’s thyroiditis, painless postpartum thyroiditis, and painless sporadic thyroiditis suggest
that dietary iodine insufficiency may be protective
against autoimmune thyroiditis.21,22
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Drug-induced thyroiditis
(amiodarone, lithium, interferon
alfa, interleukin-2)
Riedel’s thyroiditis
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Table 2. Characteristics of Thyroiditis Syndromes.*

Hashimoto’s
Thyroiditis

Characteristic

All ages, peak
30–50

Age at onset (yr)
Sex ratio (F:M)

Painless
Postpartum
Thyroiditis
Childbearing age

8–9:1

Cause

Autoimmune

—
Autoimmune

Painless
Sporadic
Thyroiditis

Painful
Subacute
Thyroiditis

Suppurative
Thyroiditis

Riedel’s
Thyroiditis

20–60

Children, 20–40

30–60

5:1

1:1

3–4:1

All ages, peak
30–40
2:1
Autoimmune

Unknown

Infectious

Unknown

Pathological findings Lymphocytic infiltra- Lymphocytic
tion, germinal
infiltration
centers, fibrosis

Lymphocytic infiltration

Giant cells,
granulomas

Abscess formation

Dense fibrosis

Thyroid function

Hypothyroidism

Thyrotoxicosis,
hypothyroidism, or both

Thyrotoxicosis,
hypothyroidism, or both

Thyrotoxicosis, Usually euthyhypothyroidroidism
ism, or both

Usually euthyroidism

TPO antibodies

High titer,
persistent

High titer,
persistent

High titer,
persistent

Low titer, or absent, transient

Absent

Usually present

ESR

Normal

Normal

Normal

High

High

Normal

24-Hour 123I uptake

Variable

Normal

Low or normal

<5%

<5%

<5%

* Information is from Farwell and Braverman.1 TPO denotes thyroid peroxidase, ESR erythrocyte sedimentation rate, and 123I iodine-123.

of thyrotoxicosis due to thyroiditis are usually not
severe.

ty pes of thyroiditis
hashimoto’s thyroiditis

hypothyroidism

The hypothyroid phase of thyroiditis results from
the gradual depletion of stored thyroid hormones.
Although chronic hypothyroidism is most closely
associated with Hashimoto’s thyroiditis, all types of
thyroiditis may progress to permanent hypothyroidism. This outcome is more likely in patients with
higher serum concentrations of thyroid antibodies
or in patients in whom a more severe hypothyroid
phase develops. As thyroid function diminishes, serum thyrotropin concentrations rise. The combination of elevated serum thyrotropin concentrations
and normal free T4 and T3 concentrations is termed
“subclinical hypothyroidism,” or “mild thyroid failure.”24 As thyroid failure progresses, serum T4 concentrations fall, and the combination of elevated
thyrotropin concentrations and low T4 concentrations is termed “overt hypothyroidism.” Serum total
and free T3 concentrations may not fall until the disease is far advanced, because increased serum thyrotropin concentrations stimulate the thyroid to
release T3. In most patients, once the serum T3 concentrations fall below the normal level, the classic
symptoms and signs of hypothyroidism appear.
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Hashimoto’s thyroiditis (Fig. 1A), which is characterized by the presence of high serum thyroid antibody concentrations and goiter, is the most common type of thyroiditis. In the United States and
other countries where the ordinary diet provides sufficient iodine (median urinary iodine levels, >100 µg
per liter), Hashimoto’s thyroiditis is the most frequent cause of hypothyroidism and goiter. In an occasional patient, hyperthyroidism alternates with
hypothyroidism, most likely owing to the intermittent presence of thyroid-stimulating and thyroidblocking antibodies.25
A firm, bumpy, symmetric, painless goiter is frequently the initial finding in Hashimoto’s thyroiditis. About 10 percent of patients with chronic autoimmune hypothyroidism have atrophic thyroid
glands (rather than goiter), which may represent
the final stage of thyroid failure in Hashimoto’s
thyroiditis.26 High serum thyroid peroxidase antibody concentrations are present in 90 percent of patients with Hashimoto’s thyroiditis, and high serum
thyroglobulin antibody concentrations are present
in 20 to 50 percent of these patients.27 The thyroid
appears hypoechogenic on ultrasound examination.
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The 24-hour radioactive iodine (iodine-123 [123I])
uptake is not helpful in establishing the diagnosis.
Once overt hypothyroidism is present, levothyroxine sodium is the treatment of choice for Hashimoto’s thyroiditis. We also use levothyroxine sodium to treat patients with subclinical hypothyroidism
and high serum thyroid antibody concentrations,
because the progression to overt hypothyroidism is
common9 and because hyperlipidemia and atherosclerotic heart disease may develop in patients
with subclinical hypothyroidism.28,29 The goal of
replacement therapy with levothyroxine sodium is
normalization of serum thyrotropin values.
In patients with Hashimoto’s thyroiditis and a
large goiter, thyrotropin-suppressing doses of levothyroxine sodium can be given over the short term
(i.e., six months) to decrease the size of the goiter. In
most patients with Hashimoto’s thyroiditis (whether their condition is euthyroid or hypothyroid), goiter size will decrease by 30 percent after six months
of therapy with levothyroxine sodium.30 Replacement doses should be resumed if the size of the
goiter does not decrease. Because serum thyroid antibody concentrations do not decrease with levothyroxine sodium therapy,31,32 except in some patients
with hypothyroidism,33 monitoring of these concentrations is not indicated once the diagnosis of
Hashimoto’s thyroiditis has been made.
Although thyroid lymphoma is very rare, the risk
of this disease is increased by a factor of 67 in patients with Hashimoto’s thyroiditis.34 Patients with
Hashimoto’s thyroiditis and a dominant thyroid
nodule should undergo fine-needle aspiration biopsy to rule out lymphoma and thyroid carcinoma.
When thyroid carcinoma occurs in patients with this
type of thyroiditis or other lymphocytic infiltration,
the prognosis appears to be more favorable than
when it does not.35
painless postpartum thyroiditis

Painless postpartum thyroiditis (Fig. 1B) causes
lymphocytic inflammation of the thyroid within the
first few months after delivery. It occurs in up to 10
percent of women in the United States, although estimates vary.36,37 The disease is most common in
women who have high serum thyroid peroxidase
antibody concentrations during the first trimester
of pregnancy or immediately after delivery and in
those with other autoimmune disorders, such as
type 1 diabetes mellitus, or with a family history of
autoimmune thyroid disease.
In only one third of patients with painless post-
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Figure 1. Specimens from Patients with Hashimoto’s
Thyroiditis (Panel A), Painless Postpartum Thyroiditis
(Panel B), and Painful Subacute Thyroiditis (Panel C)
(Hematoxylin and Eosin, ¬200).
The specimen in Panel A shows typical changes of Hashimoto’s thyroiditis, including lymphoid follicles with
germinal centers (G), small lymphocytes and plasma
cells (P), thyroid follicles with Hürthle-cell metaplasia
(H), and minimal colloid material (C). The specimen in
Panel B, obtained from a patient with painless postpartum thyroiditis, shows normal follicles with minimal
Hürthle-cell metaplasia (H) and dense lymphocytic infiltration (WG) without germinal centers. The specimen in
Panel C, obtained from a patient with painful subacute
thyroiditis, shows characteristic residual follicles (R), fibrotic bands (F), mixed inflammation (I), and a multinucleated giant cell (M).
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Figure 2. Clinical Course of Painful Subacute Thyroiditis, Painless Postpartum
Thyroiditis, and Painless Sporadic Thyroiditis.
Measurements of serum thyrotropin (TSH) and iodine-123 (123I) uptake
show thyrotoxicosis during the first three months, followed by hypothyroidism for three months and then by euthyroidism. T4 denotes thyroxine.

partum thyroiditis will the classic triphasic thyroid
hormone pattern develop (Fig. 2). Thyrotoxicosis
typically begins one to six months after delivery and
lasts for one to two months. That phase may be followed by a hypothyroid phase starting four to eight
months after delivery and lasting four to six months.
Eighty percent of women recover normal thyroid
function within a year; in one follow-up study, however, permanent hypothyroidism developed within
seven years in 50 percent of the women studied.38
Chronic hypothyroidism is more likely in multiparous women or in those with a history of spontaneous abortion.39 After a first episode of painless postpartum thyroiditis, there is a 70 percent chance of
recurrence with subsequent pregnancies.40
In most cases of painless postpartum thyroiditis,
a small, nontender, firm goiter is present. High
serum concentrations of thyroid peroxidase antibodies, thyroglobulin antibodies, or both, are also
present.41 The erythrocyte sedimentation rate is normal. The 24-hour 123I uptake may be used to distinguish painless postpartum thyroiditis from postpartum Graves’ disease; the uptake is low (<5 percent)
in women with painless postpartum thyroiditis,
whereas it is elevated in those with Graves’ disease.
This test should be performed in patients with symptomatic thyrotoxicosis when there are no clear signs
of Graves’ disease, such as large goiter or ophthalmopathy. Because radioactive iodine is secreted in
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breast milk and 123I has a half-life of 13 hours, nursing mothers need to pump and discard milk for at
least two days after the test.
Mild thyrotoxicosis rarely requires therapy, but
when the disease is severe, it is treated with betablockers. Antithyroid drug therapy is contraindicated, because there is no excess thyroid hormone production. Treatment of the hypothyroid phase may
not be necessary, but if this phase is prolonged or if
the patient is symptomatic, levothyroxine sodium
should be given, then withdrawn after six to nine
months to determine whether thyroid function has
normalized.

Normal

0

of
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Painless postpartum thyroiditis and painless sporadic thyroiditis are indistinguishable except by the
relation of the former to pregnancy.42 The latter disease is more difficult to study because of its sporadic
nature. These syndromes may represent a subacute
form of Hashimoto’s thyroiditis. Painless sporadic
thyroiditis43 may account for about 1 percent of all
cases of thyrotoxicosis. The clinical course is similar
to that of painless postpartum thyroiditis. Although
abnormalities in thyroid function resolve in most
patients, 20 percent of patients will have residual
chronic hypothyroidism.44 Symptoms are usually
mild. A small, nontender, very firm, diffuse goiter is
present in 50 percent of these patients.45 High serum thyroid peroxidase antibody concentrations are
present in 50 percent of patients at the time of diagnosis, with lower titers, on average, than in Hashimoto’s thyroiditis.45 A low or undetectable concentration of 123I at 24 hours can be diagnostic, and
the test should be performed when the cause of the
thyrotoxicosis is unclear, in order to avoid inappropriate treatment with antithyroid drugs. Therapy is
the same as that for painless postpartum thyroiditis. Overall recurrence rates have not been well established.
painful subacute thyroiditis

Painful subacute thyroiditis (Fig. 1C), which is a selflimited inflammatory disorder, is the most common
cause of thyroid pain. It occurs in up to 5 percent of
patients with clinical thyroid disease.46 It frequently follows an upper respiratory tract infection, and
its incidence is highest in summer, correlating with
the peak incidence of enterovirus.47 A viral cause of
subacute thyroiditis has therefore been proposed,48
but so far clear evidence for it is lacking.
Subacute thyroiditis begins with a prodrome of
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generalized myalgias, pharyngitis, low-grade fever,
and fatigue. Patients then present with fever and severe neck pain, swelling, or both. Up to 50 percent of
patients have symptoms of thyrotoxicosis. In most
patients, thyroid function will be normal after several weeks of thyrotoxicosis, and hypothyroidism will
subsequently develop, lasting four to six months, as
in painless sporadic thyroiditis and painless postpartum thyroiditis. Although thyroid function normalizes spontaneously in 95 percent of patients over
a period of 6 to 12 months, residual hypothyroidism persists in 5 percent of patients.1,49 Painful subacute thyroiditis recurs in only about 2 percent of
patients.50
The hallmark of painful subacute thyroiditis is a
markedly elevated erythrocyte sedimentation rate.
The C-reactive protein concentration is similarly elevated.51 The leukocyte count is normal or slightly
elevated. Peripheral-blood thyroid hormone concentrations are elevated, with ratios of T4 to T3 of
less than 20, reflecting the proportions of stored
hormone within the thyroid,52 and serum concentrations of thyrotropin are low or undetectable. Serum thyroid peroxidase antibody concentrations are
usually normal. The 24-hour 123I uptake is low
(<5 percent) in the toxic phase of subacute thyroiditis, distinguishing this disease from Graves’ disease. Color-flow Doppler ultrasonography may also
help to make this distinction; in patients with
Graves’ disease the thyroid gland is hypervascular,
whereas in patients with painful subacute thyroiditis the gland is hypoechogenic and has low-to-normal vascularity.53
The treatment for painful subacute thyroiditis
is to provide symptomatic relief only. Nonsteroidal
medications or salicylates are adequate to control
mild thyroid pain. For more severe thyroid pain,
high doses of glucocorticoids (e.g., 40 mg of prednisone daily) provide immediate relief; doses should
be tapered over a period of four to six weeks. Corticosteroids should be discontinued when the 123I uptake returns to normal. Beta-blockade controls the
symptoms of thyrotoxicosis. Therapy with levothyroxine sodium is rarely required, because the hypothyroid phase is generally mild and transient, but
it is indicated for symptomatic patients.
suppurative thyroiditis

Suppurative thyroiditis is usually caused by bacterial infection, but fungal, mycobacterial, or parasitic
infections may also occur as the cause. The thyroid
is resistant to infection, because of its encapsula-
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tion, high iodide content, rich blood supply, and
extensive lymphatic drainage, and suppurative thyroiditis is therefore rare.54 It is most likely to occur
in patients with preexisting thyroid disease (thyroid
cancer, Hashimoto’s thyroiditis, or multinodular
goiter), those with congenital anomalies such as a
pyriform sinus fistula (the most common source of
infection in children), and those who are immunosuppressed, elderly, or debilitated; it is particularly
likely to occur in patients with the acquired immunodeficiency syndrome (AIDS), in whom Pneumocystis carinii and other opportunistic thyroid infections
have been reported.55,56
Patients with suppurative bacterial thyroiditis
are usually acutely ill with fever, dysphagia, dysphonia, anterior neck pain and erythema, and a tender
thyroid mass. Symptoms may be preceded by an
acute upper respiratory infection. The presentation
of fungal infection, parasitic infection, mycobacterial thyroiditis, and opportunistic thyroid infection
in patients with AIDS tends to be chronic and insidious.
Thyroid function is generally normal in patients
with suppurative thyroiditis, but both thyrotoxicosis and hypothyroidism have been reported.54 Leukocyte counts and erythrocyte sedimentation rates
are elevated. Suppurative areas appear “cold” on radioactive-iodine scanning. Fine-needle aspiration
biopsy with Gram’s staining and culture is the diagnostic test of choice. The therapy for suppurative
thyroiditis consists of appropriate antibiotics and
drainage of any abscess. The disease may prove fatal
if diagnosis and treatment are delayed.
drug-induced thyroiditis

Many medications can alter thyroid function or the
results of thyroid-function tests. However, only a
few are known to provoke autoimmune or destructive inflammatory thyroiditis.
Amiodarone

The various effects of amiodarone on the thyroid
(Table 3) and the peripheral metabolism of the
thyroid hormones have recently been reviewed.57
Amiodarone-induced hypothyroidism, which is due
to excess iodine, occurs in up to 20 percent of patients in iodine-sufficient regions. Patients with preexisting thyroid autoimmunity are at increased risk
for the development of hypothyroidism while receiving amiodarone. Treatment with levothyroxine sodium is indicated in hypothyroid patients, and amiodarone may be continued. The dose of levothyroxine
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Table 3. Features of Amiodarone-Induced Thyroid Dysfunction.
Feature

Type I Thyrotoxicosis

Type II Thyrotoxicosis

Hypothyroidism

Mechanism

Excess iodine (common in
iodine-deficient areas)

Destructive inflammatory
thyroiditis

Excess iodine (common in
iodine-sufficient areas)

Thyroid antibodies

Often present

Usually absent

Often present

Thyroid function

Thyrotoxicosis

Thyrotoxicosis

Hypothyroidism

24-Hour

Low in iodine-sufficient regions but may be normal
or increased in iodinedeficient areas

123I

uptake*

<5%

Usually low in iodinesufficient regions

Findings on color Doppler
ultrasonography

Hypervascularity

Reduced blood flow

Variable

Therapy

High-doses of antithyroid
drugs — possibly potassium perchlorate, or
iopanoic acid before
thyroidectomy

High doses of corticosteroids, iopanoic
acid

Levothyroxine sodium

* 123I denotes iodine-123.

sodium needed to normalize the serum concentration of thyrotropin is often higher than the usual
dose, because amiodarone decreases 5'-deiodinase
activity in peripheral tissues, thus also decreasing
production of T3.
Amiodarone-induced thyrotoxicosis occurs in up
to 23 percent of patients receiving amiodarone and
is far more prevalent in iodine-deficient regions.58
Type I amiodarone-induced thyrotoxicosis is defined as synthesis and release of excessive thyroid
hormone; it is iodine-induced, and it is more likely
to occur in patients with preexisting subclinical thyroid disorders, especially nodular goiter. Type II
amiodarone-induced thyrotoxicosis is a destructive
thyroiditis that causes the release of preformed thyroid hormone from the damaged thyroid gland. Distinguishing between the two forms of amiodaroneinduced thyrotoxicosis is difficult, especially since
some patients have both types. In patients in the
United States, 123I uptake values are typically low
in type I and type II amiodarone-induced thyrotoxicosis. Color-flow Doppler ultrasonography may
show hypervascularity in type I disease but reduced
blood flow in type II.59 Although the serum interleukin-6 concentration was initially reported to be
more elevated in type II amiodarone-induced thyrotoxicosis than in type I,60 subsequent studies have
not replicated this finding.
Type I amiodarone-induced thyrotoxicosis is best
treated with high doses of antithyroid drugs (meth-
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imazole or propylthiouracil), sometimes with the
addition of potassium perchlorate to prevent further uptake of iodine by the thyroid. Lithium has
also been suggested as therapy for type I disease.61
Type II amiodarone-induced thyrotoxicosis responds to high-dose corticosteroids. Iopanoic acid
has recently been reported to be effective in patients
with type II amiodarone-induced thyrotoxicosis,62
although less so than corticosteroids,63 and in those
with type I disease who require thyroidectomy.64
Careful examination of the thyroid, base-line thyroid-function tests, and measurements of serum
concentrations of thyroid peroxidase and thyroglobulin antibodies should be performed before amiodarone therapy is instituted, and thyroid function
should be monitored every six months as long as patients are receiving the drug (Fig. 3).
Lithium

In patients with preexisting thyroid autoimmunity,
lithium may increase the serum thyroid antibody
concentrations and lead to subclinical or overt hypothyroidism.65 Estimates of the prevalence of high
serum thyroid antibody concentrations in patients
receiving long-term treatment with lithium range
from 10 to 33 percent.66 In addition, thyrotoxicosis
has been reported after long-term lithium use,67
possibly caused by lithium’s direct toxic effects on
thyroid cells or by lithium-induced painless sporadic thyroiditis.68,69
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At Base Line
Thyroid examination and measurements of thyroid peroxidase antibodies, thyroglobulin (Tg) antibodies, thyrotropin (TSH), thyroxine (T4),
free T4 (or free T4 index), total triiodothyronine (T3)
Every 6 mo
Thyroid examination and measurements of TSH, T4, free T4 (or free T4 index), total T3

Decrease in serum thyrotropin

Increase in serum thyrotropin

No change in T4, free T4
(or free T4 index), or total T3

Increased T4 (or free T4 index)
or total T3 vs. previous values

Frequent observations

Drug-induced thyrotoxicosis

Drug-induced hypothyroidism

Figure 3. Monitoring Thyroid Function in Patients Receiving Amiodarone Therapy.
Adapted from Martino et al.,57 with the permission of the publisher.

Interferon Alfa and Interleukin-2

In up to 15 percent of patients without previous thyroid autoimmunity, high serum thyroid peroxidase
antibody concentrations or thyroid dysfunction will
develop during interferon alfa therapy.70 High serum thyroid peroxidase antibody concentrations in
such patients and in patients receiving interleukin-2
therapy may be associated with overt or subclinical
hyperthyroidism (Graves’ disease) or hypothyroidism.71 Interferon alfa has also been reported to
cause destructive inflammatory thyroiditis.72,73 The
measurement of 123I uptake helps to distinguish
between drug-induced Graves’ disease, in which the
uptake is elevated, and drug-induced inflammatory
thyroiditis, in which the uptake is low, in patients
with thyrotoxicosis.
When Graves’ disease develops in patients receiving interferon alfa therapy, they should be treated with antithyroid drugs. While treatment with
interferon alfa or interleukin-2 is continued, the
thyrotoxic phase of inflammatory thyroiditis can be
treated with beta-blockers and, if necessary, with
nonsteroidal antiinflammatory drugs or corticosteroids, and the hypothyroidism can be treated with
levothyroxine sodium. Although thyroid function
usually normalizes when cytokine therapy is discon-

n engl j med 348;26

tinued, affected patients are at increased risk for autoimmune thyroid dysfunction in the future. Thyroid-function tests and measurements of serum
thyroid antibodies should be performed before therapy with interferon alfa or interleukin-2 is initiated
and every six months thereafter.
riedel’s thyroiditis

Riedel’s thyroiditis, a local manifestation of a systemic fibrotic process,74 is a progressive fibrosis of
the thyroid gland that may extend to surrounding
tissues. The prevalence of this disease is only 0.05
percent among patients with thyroid disease requiring surgery, and its cause is unknown. High serum
thyroid antibody concentrations are present in up to
67 percent of patients, but it is unclear whether the
antibodies are a cause or effect of the fibrotic thyroid destruction.
Patients with Riedel’s thyroiditis present with a
rock-hard, fixed, painless goiter. They may have
symptoms due to tracheal or esophageal compression or hypoparathyroidism due to extension of the
fibrosis into adjacent parathyroid tissue. Most patients are euthyroid at presentation but become hypothyroid once replacement of normal thyroid tissue is nearly complete. A definitive diagnosis is
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made by open biopsy. The treatment is surgical, although therapy with glucocorticoids, methotrexate,
and tamoxifen has been reported to be successful
in the early stages of the disease.75,76

of

medicine

Dr. Braverman reports having received consulting or lecture fees
from Abbott Laboratories, Genzyme, and Monarch Pharmaceuticals.
We are indebted to Dr. Antonio de las Morenas for providing photomicrographs of thyroid tissue.

refer enc es
1. Farwell AP, Braverman LE. Inflammato-

ry thyroid disorders. Otolaryngol Clin North
Am 1996;4:541-56.
2. Kuhr T, Hala K, Dietrich H, Herold M,
Wick G. Genetically determined target organ susceptibility in the pathogenesis of
spontaneous autoimmune thyroiditis: aberrant expression of MHC-class II antigens
and the possible role of virus. J Autoimmun
1994;7:13-25.
3. Imaizumi M, Pritsker A, Unger P, Davies
TF. Intrathyroidal fetal microchimerism in
pregnancy and postpartum. Endocrinology
2002;143:247-53.
4. Klintschar M, Schwaiger P, Mannweiler
S, Regauer S, Kleiber M. Evidence of fetal
microchimerism in Hashimoto’s thyroiditis. J Clin Endocrinol Metab 2001;86:2494-8.
5. Tunbridge WMG, Evered DC, Hall R, et
al. The spectrum of thyroid disease in a community: the Whickham Survey. Clin Endocrinol (Oxf ) 1977;7:481-93.
6. Rosenthal MJ, Hunt WC, Garry PJ, Goodwin JS. Thyroid failure in the elderly: microsomal antibodies as discriminant for therapy. JAMA 1987;258:209-13.
7. Hollowell GJ, Staehling NW, Flanders
WD, et al. Serum TSH, T(4), and thyroid antibodies in the United States population (1988
to 1994): National Health and Nutrition Examination Survey (NHANES III). J Clin Endocrinol Metab 2002;87:489-99.
8. Vanderpump MP, Tunbridge WMG,
French JM, et al. The incidence of thyroid disorders in the community: a twenty-year follow-up of the Whickham Survey. Clin Endocrinol (Oxf ) 1995;43:55-68.
9. Huber G, Staub JJ, Meier C, et al. Prospective study of the spontaneous course of
subclinical hypothyroidism: prognostic value
of thyrotropin, thyroid reserve, and thyroid
antibodies. J Clin Endocrinol Metab 2002;87:
3221-6.
10. Chiovato L, Bassi P, Santini F, et al. Antibodies producing complement-mediated
thyroid cytotoxicity in patients with atrophic
or goitrous autoimmune thyroiditis. J Clin
Endocrinol Metab 1993;77:1700-5.
11. Tamaki H, Amino N, Kimura M, Hidaka
Y, Takeoka K, Miyai K. Low prevalence of thyrotropin receptor antibody in primary hypothyroidism in Japan. J Clin Endocrinol
Metab 1990;71:1382-6.
12. Giordano C, Stassi G, De Maria R, et al.
Potential involvement of Fas and its ligand
in the pathogenesis of Hashimoto’s thyroiditis. Science 1997;275:960-3.
13. Tomer Y, Barbesino G, Greenberg DA,
Concepcion E, Davies TF. Mapping the major susceptibility loci for familial Graves’ and
Hashimoto’s diseases: evidence for genetic

2654

heterogeneity and gene interactions. J Clin
Endocrinol Metab 1999;84:4656-64.
14. Tandon N, Zhang L, Weetman AP. HLA
associations with Hashimoto’s thyroiditis.
Clin Endocrinol (Oxf ) 1991;34:383-6. [Erratum, Clin Endocrinol (Oxf ) 1994;40:702.]
15. Jenkins D, Penny MA, Fletcher JA, et al.
HLA class II gene polymorphism contributes
little to Hashimoto’s thyroiditis. Clin Endocrinol (Oxf ) 1992;37:141-5.
16. Vargas MT, Briones-Urbina R, Gladman D, Papsin FR, Walfish PG. Antithyroid
microsomal antibodies and HLA-DR5 are
associated with postpartum thyroid dysfunction: evidence supporting an autoimmune pathogenesis. J Clin Endocrinol Metab
1988;67:327-33.
17. Waterman EA, Watson PF, Lazarus JH,
Parkes AB, Darke C, Weetman AP. A study of
the association between a polymorphism in
the CTLA-4 gene and postpartum thyroiditis. Clin Endocrinol (Oxf ) 1998;49:251-5.
18. Lazarus JH, Hall R, Othman S, et al. The
clinical spectrum of postpartum thyroid disease. QJM 1996;89:429-35.
19. Fukata S, Kuma K, Sugawara M. Relationship between cigarette smoking and hypothyroidism in patients with Hashimoto’s
thyroiditis. J Endocrinol Invest 1996;19:60712.
20. Fung HY, Kologlu M, Collison K, et al.
Postpartum dysfunction in mid Glamorgan.
Br Med J (Clin Res Ed) 1988;296:241-4.
21. Vitug AC, Goldman JM. Silent (painless)
thyroiditis: evidence of a geographic variation in frequency. Arch Intern Med 1985;
145:473-5.
22. Laurberg P, Pedersen KM, Hreidarsson
A, Sigfusson N, Iversen E, Knudsen PR. Iodine intake and the pattern of thyroid disorders: a comparative epidemiological study
of thyroid abnormalities in the elderly in Iceland and in Jutland, Denmark. J Clin Endocrinol Metab 1998;83:765-9.
23. Parkes AB, Black EG, Adams H, et al. Serum thyroglobulin: an early indicator of autoimmune post-partum thyroiditis. Clin Endocrinol (Oxf ) 1994;41:9-14.
24. Cooper DS. Subclinical hypothyroidism.
N Engl J Med 2001;345:260-5.
25. Weetman AP. Chronic autoimmune thyroiditis. In: Braverman LE, Utiger RD, eds.
Werner & Ingbar’s the thyroid: a fundamental and clinical text. 8th ed. Philadelphia: Lippincott Williams & Wilkins, 2000:721-32.
26. Tsuboi K, Yuasa R, Tanaka Y, Ueshiba H,
Takeda S, Ito K. Incidence of thyroid atrophy
in patients with Hashimoto thyroiditis. In:
Nagataki S, Mori T, Torizuka K, eds. 80 Years
of Hashimoto disease. Amsterdam: Elsevier
Science, 1993:69-72.

n engl j med 348;26

www.nejm.org

27. Singer PA. Thyroiditis: acute, subacute,

and chronic. Med Clin North Am 1991;75:
61-77.
28. Meier C, Staub JJ, Roth CB, et al. TSHcontrolled L-thyroxine therapy reduces cholesterol levels and clinical symptoms in
subclinical hypothyroidism: a double blind,
placebo-controlled trial (Basel Thyroid
Study). J Clin Endocrinol Metab 2001;86:
4860-6.
29. Hak AE, Pols HAP, Visser TJ, Drexhage
HA, Hofman A, Witteman JCM. Subclinical
hypothyroidism is an independent risk factor for atherosclerosis and myocardial infarction in elderly women: the Rotterdam
Study. Ann Intern Med 2000;132:270-8.
30. Dayan CM, Daniels GH. Chronic autoimmune thyroiditis. N Engl J Med 1996;335:
99-107.
31. Hayashi Y, Tamai H, Fukata S, et al.
A long term clinical, immunological, and
histological follow-up study of patients with
goitrous chronic lymphocytic thyroiditis.
J Clin Endocrinol Metab 1985;61:1172-8.
32. Hegedus L, Hansen JM, Feldt-Rasmussen U, Hansen BM, Hoier-Madsen M. Influence of thyroxine treatment on thyroid size
and anti-thyroid peroxidase antibodies in Hashimoto’s thyroiditis. Clin Endocrinol (Oxf )
1991;35:235-8.
33. Chiovato L, Marcocci C, Mariotti S, Mori
A, Pinchera A. L-thyroxine therapy induces a
fall of thyroid microsomal and thyroglobulin antibodies in idiopathic myxedema and
in hypothyroid, but not in euthyroid Hashimoto’s thyroiditis. J Endocrinol Invest 1986;
9:299-305.
34. Holm L-E, Blomgren H, Löwhagen T.
Cancer risks in patients with chronic lymphocytic thyroiditis. N Engl J Med 1985;312:
601-4.
35. Matsubayashi S, Kawai K, Matsumoto Y,
et al. The correlation between papillary thyroid carcinoma and lymphocytic infiltration
in the thyroid gland. J Clin Endocrinol
Metab 1995;80:3421-4.
36. Nikolai TF, Turney SL, Roberts RC. Postpartum lymphocytic thyroiditis: prevalence,
clinical course, and long-term follow-up.
Arch Intern Med 1987;147:221-4.
37. Muller AF, Drexhage HA, Berghout A.
Postpartum thyroiditis and autoimmune thyroiditis in women of childbearing age: recent
insights and consequences for antenatal and
postnatal care. Endocr Rev 2001;22:605-30.
38. Premawardhana LD, Parkes AB, Ammari
F, et al. Postpartum thyroiditis and long-term
thyroid status: prognostic influence of thyroid peroxidase antibodies and ultrasound
echogenicity. J Clin Endocrinol Metab 2000;
85:71-5.

june 26, 2003

The New England Journal of Medicine
Downloaded from nejm.org by KEVIN ROSTEING on September 24, 2020. For personal use only. No other uses without permission.
Copyright © 2003 Massachusetts Medical Society. All rights reserved.

current concepts

39. Browne-Martin K, Emerson CH. Post-

53. Hiromatsu Y, Ishibashi M, Miyake I, et

partum thyroid dysfunction. Clin Obstet Gynecol 1997;40:90-101.
40. Lazarus JH, Ammari F, Oretti R, Parkes
AB, Richards CJ, Harris B. Clinical aspects
of recurrent postpartum thyroiditis. Br J Gen
Pract 1997;47:305-8.
41. Roti E, Emerson CH. Postpartum thyroiditis. J Clin Endocrinol Metab 1992;74:35.
42. Emerson CH, Farwell AP. Sporadic silent thyroiditis, postpartum thyroiditis, and
subacute thyroiditis. In: Braverman LE,
Utiger RD, eds. Werner & Ingbar’s the thyroid: a fundamental and clinical text. 8th ed.
Philadelphia: Lippincott Williams & Wilkins,
2000:578-89.
43. Ross DS. Syndromes of thyrotoxicosis
with low radioactive iodine uptake. Endocrinol Metab Clin North Am 1998;27:169-85.
44. Nikolai TF, Coombs GJ, McKenzie AK.
Lymphocytic thyroiditis with spontaneously
resolving hyperthyroidism and subacute thyroiditis: long-term follow-up. Arch Intern
Med 1981;141:1455-8.
45. Woolf PD. Transient painless thyroiditis
with hyperthyroidism: a variant of lymphocytic thyroiditis? Endocr Rev 1980;1:411-20.
46. Greene JN. Subacute thyroiditis. Am J
Med 1971;51:97-108.
47. Martino E, Buratti L, Bartalena L, et al.
High prevalence of subacute thyroiditis during summer season in Italy. J Endocrinol Invest 1987;10:321-3.
48. Volpe R, Row VV, Ezrin C. Circulating
viral and thyroid antibodies in subacute thyroiditis. J Clin Endocrinol Metab 1967;27:
1275-84.
49. Kitchener MI, Chapman IM. Subacute
thyroiditis: a review of 105 cases. Clin Nucl
Med 1989;14:439-42.
50. Iitaka M, Momotani N, Ishii J, Ito K. Incidence of subacute thyroiditis recurrences
after a prolonged latency: 24-year survey.
J Clin Endocrinol Metab 1996;81:466-9.
51. Pearce EN, Martino E, Bogazzi F, et al.
The prevalence of elevated serum C-reactive
protein levels in inflammatory and noninflammatory thyroid disease. Thyroid (in
press).
52. Amino N, Yabu Y, Miki T, et al. Serum
ratio of triiodothyronine to thyroxine, and
thyroxine-binding globulin and calcitonin
concentrations in Graves’ disease and destruction-induced thyrotoxicosis. J Clin Endocrinol Metab 1981;53:113-6.

al. Color Doppler ultrasonography in patients with subacute thyroiditis. Thyroid
1999;9:1189-93.
54. Farwell AP. Infectious thyroiditis. In:
Braverman LE, Utiger RD, eds. Werner & Ingbar’s the thyroid: a fundamental and clinical
text. 8th ed. Philadelphia: Lippincott Williams & Wilkins, 2000:1044-50.
55. Golshan MM, McHenry CR, de Vente J,
Kalajyian RC, Hsu RM, Tomashefski JF.
Acute suppurative thyroiditis and necrosis
of the thyroid gland: a rare endocrine manifestation of acquired immunodeficiency syndrome. Surgery 1997;121:593-6.
56. Danahey DG, Kelly DR, Forrest LA.
HIV-related Pneumocystis carinii thyroiditis:
a unique case and literature review. Otolaryngol Head Neck Surg 1996;114:158-61.
57. Martino E, Bartalena L, Bogazzi F,
Braverman LE. The effects of amiodarone
on the thyroid. Endocr Rev 2001;22:240-54.
58. Harjai KJ, Licata AA. Effects of amiodarone on thyroid function. Ann Intern Med
1997;126:63-73.
59. Eaton SE, Euinton HA, Newman CM,
Weetman AP, Bennet WM. Clinical experience of amiodarone-induced thyrotoxicosis over a 3-year period: role of colour-flow
Doppler sonography. Clin Endocrinol (Oxf )
2002;56:33-8.
60. Bartalena L, Grasso L, Brogioni S, Aghini-Lombardi F, Braverman LE, Martino E.
Serum interleukin-6 in amiodarone-induced
thyrotoxicosis. J Clin Endocrinol Metab
1994;78:423-7.
61. Dickstein G, Shechner C, Adawi F, Kaplan J, Baron E, Ish-Shalom S. Lithium treatment in amiodarone-induced thyrotoxicosis. Am J Med 1997;102:454-8.
62. Chopra IJ, Baber K. Use of oral cholecystographic agents in the treatment of amiodarone-induced hyperthyroidism. J Clin Endocrinol Metab 2001;86:4707-10.
63. Bogazzi F, Bartalena L, Cosci C, et al.
Treatment of type II amiodarone-induced
thyrotoxicosis by either iopanoic acid or
glucocorticoids: a prospective randomized
study. J Clin Endocrinol Metab 2003;88:
1999-2002.
64. Bogazzi F, Aghini-Lombardi A, Cosci C,
et al. Lopanoic acid rapidly controls type I
amiodarone-induced thyrotoxicosis prior to
thyroidectomy. J Endocrinol Invest 2002;25:
176-80.
65. Bocchetta A, Mossa P, Velluzzi F, Mari-

n engl j med 348;26

www.nejm.org

otti S, Zompo MD, Loviselli A. Ten-year follow-up of thyroid function in lithium patients. J Clin Psychopharmacol 2001;21:5948.
66. Lazarus JH. The effects of lithium therapy on thyroid and thyrotropin-releasing hormone. Thyroid 1998;8:909-13.
67. Barclay ML, Brownlie BE, Turner JG,
Wells JE. Lithium associated thyrotoxicosis:
a report of 14 cases, with statistical analysis
of incidence. Clin Endocrinol (Oxf ) 1994;
40:759-64.
68. Miller KK, Daniels GH. Association between lithium use and thyrotoxicosis caused
by silent thyroiditis. Clin Endocrinol (Oxf )
2001;55:501-8.
69. Mizukami Y, Michigishi T, Nonomura
A, Nakamura S, Noguchi M, Takazakura E.
Histological features of the thyroid gland in
a patient with lithium-induced thyrotoxicosis. J Clin Pathol 1995;48:582-4.
70. Marazuela M, Garcia-Buey L, GonzalezFernandez B, et al. Thyroid autoimmune disorders in patients with chronic hepatitis C
before and during interferon-a therapy. Clin
Endocrinol (Oxf ) 1996;44:635-42.
71. Atkins MB, Mier JW, Parkinson DR,
Gould JA, Berkman EM, Kaplan MM. Hypothyroidism after treatment with interleukin-2 and lymphokine-activated killer cells.
N Engl J Med 1988;318:1557-63.
72. Ronnblom LE, Alm GV, Oberg KE. Autoimmunity after alpha-interferon therapy
for malignant carcinoid tumors. Ann Intern
Med 1991;115:178-83.
73. Wong V, Fu AX, George J, Cheung NW.
Thyrotoxicosis induced by alpha-interferon
therapy in chronic viral hepatitis. Clin Endocrinol (Oxf ) 2002;56:793-8.
74. De Lange WE, Freling NJ, Molenaar WM,
Doorenbos H. Invasive fibrous thyroiditis
(Riedel’s struma): a manifestation of multifocal fibrosclerosis? A case report with review of the literature. Q J Med 1989;72:70917.
75. Few J, Thompson NW, Angelos P, Simeone D, Giordano T, Reeve T. Riedel’s thyroiditis: treatment with tamoxifen. Surgery 1996;
120:993-8.
76. Vaidya B, Harris PE, Barrett P, KendallTaylor P. Corticosteroid therapy in Riedel’s
thyroiditis. Postgrad Med J 1997;73:817-9.
Copyright © 2003 Massachusetts Medical Society.

june 26, 2003

The New England Journal of Medicine
Downloaded from nejm.org by KEVIN ROSTEING on September 24, 2020. For personal use only. No other uses without permission.
Copyright © 2003 Massachusetts Medical Society. All rights reserved.

2655

