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Preface

It has been more than 10 years since the second 
edition of Medical Management of Thyroid Disease  
was published. When I was asked by the publisher 
to edit this third edition of the text, I invited Dr. 
Jennifer Sipos from The Ohio State University to 
be my coeditor. Together, we have continued the 
tradition of this book, which was initially devel-
oped to be a practical guide on the management 
of both common and uncommon thyroid prob-
lems. We have tried, as much as possible, to limit 
the discussion to the clinical manifestations, diag-
nostic procedures, and treatment of the gamut of 
thyroid disorders in adults. As before, to the great-
est degree possible, all of the recommendations 
in the text are “ evidence-based”  or recapitulate 
 evidence-based clinical practice guidelines. We 
have invited a number of new authors to provide a 
fresh approach to some of the topics.

Since the last edition of this text was published 
in 2008, there have been remarkable strides in our 
ability to care for thyroid patients. In the realm 
of benign thyroid disease, we now recognize that 
drug-induced thyroid dysfunction includes a large 
array of new drugs that inhibit tyrosine kinases, 
have effects on the immune system as “ checkpoint 
inhibitors,”  or have other more ill-defined effects. 
An entire chapter is devoted to this topic, in rec-
ognition of its importance. In the treatment of 
hypothyroidism, clinicians are now feeling more 
justified in using T4/T3 combination therapy in 
some patients, reflecting a better understand-
ing that T4 monotherapy may not recapitulate 
the serum hormonal profile of the thyroid gland 
itself. There has been a revolution in the manage-
ment of thyroid nodules, including a new classifi-
cation for cytopathology (the Bethesda system), as 

well as the development of molecular testing for 
improved diagnosis of indeterminate thyroid nod-
ules. There has also been a sea change in the way 
low-risk thyroid cancer is managed, based on the 
2015 American Thyroid Association clinical prac-
tice guidelines. Instead of a “ one-size-fits-all”  
approach, we now have a more personalized set of 
management strategies, based on the recognition 
that more aggressive treatment (i.e., total thyroid-
ectomy, radioiodine ablation, and full suppression 
of serum TSH) is not necessary for the vast major-
ity of thyroid cancer patients. Furthermore, there 
are now a number of randomized clinical trials 
which have helped to define the best management 
for advanced thyroid cancers.

Dr. Sipos and I want to thank the contributors to 
this text for their time and expertise. We also want 
to express our gratitude to two of our mentors, Dr. 
E. Chester Ridgway and Dr. Ernest Mazzaferri. 
Both were giants in the field of thyroidology, both 
contributed to the first and second editions of this 
text, and both have sadly passed away in the last 
several years. We wish to recognize them for their 
guidance, and for being inspiring role models and 
colleagues. Finally, we hope that practitioners 
will benefit from reading this textbook, but we 
understand that the ultimate beneficiaries of the 
knowledge gained will be the millions of patients 
suffering from thyroid disease around the world.

David S. Cooper, MD 
The Johns Hopkins University School of Medicine

Jennifer A. Sipos, MD 
The Ohio State University Wexner Medical Center
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1
The laboratory and imaging 
approaches to thyroid disorders

JACQUELINE JONKLAAS AND DAVID S. COOPER

INTRODUCTION

The central role of the thyroid gland in control-
ling metabolism was recognized in the 19th cen-
tury, but evaluation of the function of the thyroid 
remains an evolving science. Initial approaches 
to the assessment of thyroid function centered 
on measuring end-organ responses as biological 
markers of thyroid hormone actions. Development 
of in vitro competitive binding assay methods 
allowed the direct quantification of hormone 

levels in serum, and sensitive immunoassays have 
demonstrated the subtleties of pituitary and hypo-
thalamic control of the thyroid. Abnormalities 
of hormone binding by serum proteins necessi-
tated sensitive estimation of free hormone levels. 
With the detection of serum markers of autoim-
mune and malignant diseases of the thyroid gland, 
earlier diagnosis and improved monitoring of 
these conditions have been achieved, often with 
greater sensitivity than may be clinically relevant. 
Limitations to the measurement methods utilized 
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exist, however, particularly when underlying 
assumptions about the comparability of patient 
and control specimens are invalid. Nonetheless, 
the clinician can now effectively confirm suspected 
diagnoses of thyroid dysfunction, cost-effectively 
screen asymptomatic populations for common dis-
eases, and appropriately monitor the treatment of 
patients with disorders of the thyroid.

PHYSIOLOGY OF THE 
HYPOTHALAMIC-PITUITARY-
THYROID AXIS

Excellent reviews and books provide detailed 
explorations of the physiology of the hypotha-
lamic-pituitary-thyroid axis, and the reader is 
invited to delve into those worthwhile sources (1). 
For the purposes of this chapter, a brief review 
of the biosynthesis and transport of thyroid hor-
mones and the regulation of thyroid function by 
the hypothalamic-pituitary complex will suffice 
(Figure 1.1).

The synthesis of thyroxine (T4 ) and triiodo-
thyronine (T3 ) begins with the active transport of 
iodide into the cell via a sodium-iodine symporter 

located in the basal membrane. Following oxida-
tion by thyroid peroxidase, the iodide moiety is 
covalently attached to tyrosyl residues of thyro-
globulin, and the resulting iodotyrosines are cou-
pled and cleaved from thyroglobulin to form T4  
and T3 , normally in a 10:1 ratio. Thyroid hormone 
secretion requires endocytosis and degradation of 
iodinated thyroglobulin, followed by the release of 
T4  and T3  into the circulation. This process results 
in the total daily output of 80 to 100  µ g of T4 . In 
contrast, only 20% of the circulating T3  is pro-
duced by the thyroid, the remaining 80% is derived 
from the enzymatic outer-ring or 5¢ -monodeio-
dination of T4  in extrathyroidal tissues such as the 
liver, kidney, brain, muscle, and skin. Removal of 
the inner-ring or 5-iodine of T4  forms the inactive 
metabolite reverse T3  (rT3 ). Other inactivating 
pathways for T4  and T3  include glucuronidation, 
sulfation, deamination, and cleavage. The normal 
daily fractional turnover rates for T4  and T3  are 
10% and 75%, respectively.

In serum, at least 99.95% of T4  and 99.5% of 
T3  molecules are bound by the transport proteins 
thyroxine-binding globulin (TBG), transthyre-
tin (thyroxine-binding prealbumin [TBPA]), and 

Figure 1.1 The hypothalamic pituitary thyroid axis. (From Refetoff S, Dumitrescu A. Best Pract Res Clin 
Endocrinol Metab.  2007;21:277– 305. Used with permission.)
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albumin. Although TBG is present in lower con-
centrations than either transthyretin or albumin, 
its greater affinity for thyroid hormones makes 
it the predominant serum carrier of T4  and T3 . 
Variations in binding characteristics among nor-
mal and abnormal thyroid hormone-binding pro-
teins are responsible for much of the methodologic 
limitations in assays that attempt to measure con-
centrations of free T4  and T3 . This large pool of 
protein-bound hormone provides a stable reser-
voir that maintains the supply of free, unbound 
hormone available for transport into the cells. 
Once within target cells, T4  is further deiodinated 
to T3 , which in the nucleus binds to the thyroid 
hormone receptor, modulating the transcription of 
thyroid hormone-responsive genes and producing 
most of the clinical effects recognized as the meta-
bolic effects of thyroid hormones.

The primary regulatory influence on thyroid 
gland function is the circulating level of thyro-
tropin (thyroid stimulating hormone, or TSH). 
Produced by thyrotroph cells of the anterior 
pituitary, TSH is a two-subunit glycoprotein, 
the specificity of which is conferred by its β -sub-
unit; the α -subunit is structurally similar to 
that of follicle-stimulating hormone, luteinizing 
hormone, and human chorionic gonadotropin. 
Negative feedback by T4  and T3  influences TSH 
synthesis and release, as evidenced by a complex 
inverse relationship between the concentrations 
of TSH and free iodothyronine (2, 3). It is likely 
that each individual has a genetically determined 
set-point for this TSH/free T4 relationship, based 
on twin studies (4, 5). TSH levels peak just before 
nocturnal sleep, and the nadir occurs in the late 
afternoon; this nocturnal surge is lost early in 
the course of nonthyroidal illness. TSH levels 
in various populations conform best to a log-
Gaussian rather than Gaussian distribution (6). 
The hypothalamic tripeptide thyrotropin-releas-
ing hormone (TRH) stimulates TSH secretion 
and modulates thyrotroph response to altered 
thyroid hormone levels. In conjunction with the 
suppressive effects of dopamine, corticosteroids, 
somatostatin, androgens, and endogenous opi-
oids, TRH may be responsible for modulating the 
setpoint for the negative feedback loop that con-
trols thyroid hormone levels. Hypothalamic pro-
duction of TRH itself is regulated by circulating 
thyroid hormones, as well as by multiple central 
nervous system factors.

LABORATORY EVALUATION OF 
THYROID FUNCTION

Assays of thyroid hormones

TOTAL SERUM IODOTHYRONINE 
CONCENTRATIONS

When concentrations and binding affinities of 
thyroid hormone-binding proteins are normal, 
there exists at physiologic equilibrium a direct 
relationship between levels of total hormone 
and free hormone (7). Thus, measurement of 
total iodothyronine concentration can pro-
vide a reasonable surrogate for estimating the 
amount of free iodothyronine present. Either 
serum or plasma can be used to assay hormone 
concentrations, although serum is generally 
preferred. The most commonly employed tech-
nique for the determination of total T4  (TT4 ) 
and T3  (TT3 ) concentrations is competitive 
immunoassay, using either polyclonal or mono-
clonal “ capture”  antibodies directed against 
the specific iodothyronine. To ensure measure-
ment of bound as well as free hormones, inhibi-
tors of iodothyronine binding are added— e.g., 
8- anilino-1-naphthalene sulfonic or salicylic 
acids for TBG and barbital for TBPA. These 
agents successfully dissociate the hormone from 
binding proteins without interfering with hor-
mone binding to immunoglobulin.

Radioimmunoassay (RIA) depends upon mea-
surement of the distribution of a tracer quantity 
of radiolabeled hormone that competes with the 
endogenous hormone in the patient’ s specimen 
for binding to a capture antibody. The higher 
the serum hormone concentration, the lower the 
amount of radiolabel that binds to the antibody. 
Following the addition of a limited amount of cap-
ture antibody and the radiolabeled iodothyronine 
to be measured, the antibody-antigen complexes 
are separated from the serum. Separation tech-
niques vary, including ammonium sulfate or sec-
ond antibody precipitation. Newer methods that 
facilitate automated separation include attachment 
of the anti-T4  antibody to a solid phase, such as 
the wall of the assay tube or magnetizable par-
ticles. The concentration of either TT4  or TT3  is 
then determined by comparison of the amount of 
antibody-bound radiolabel with a simultaneously 
derived standard curve. A fundamental assump-
tion, therefore, is that there is no difference in the 
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assay conditions (including protein binding and 
other constituents found in the serum) between 
the patient’ s sample and the control standards, an 
assumption that is often invalid.

Nonisotopic methods avoid reliance upon 
radioactive reagents and are now the most com-
monly used assays. The heterogeneous enzyme-
linked immunosorbent assay (ELISA) incorporates 
enzymes, fluorescent, or chemiluminescent mole-
cules that create a quantitative signal when inter-
acting with a specific enzyme bound to the tracer 
hormone— e.g., alkaline phosphatase, horseradish 
peroxidase, or glucose-6-phosphate dehydroge-
nase. As in RIA, numerous physical and chemical 
approaches exist for separating signal bound to 
the anti-iodothyronine antibody from unbound 
signal. In contrast, homogeneous enzyme immu-
noassays do not require a separation step. Instead, 
the binding of the antibody to a tracer hormone 
directly affects the activity of the signal-generating 
enzyme bound to the tracer. Other technologies, 
such as liquid chromatograph-tandem mass spec-
troscopy (LC-MS/MS) have also been applied to 
provide greater specificity and less analytical inter-
ference (8).

Due to common alterations in serum TBG lev-
els, TT4  and TT3  are generally not used as stand-
alone tests in clinical practice, but are combined 
with direct measurements of TBG or TBG-binding 
capacity, which can then be used to calculate a Free 
Thyroxine Index (see below).

Reference ranges vary to some degree, but 
commonly cited ranges are 4.5– 12.6  mcg/dL 
(58– 160  nmol/L) for TT4  and 80– 180  ng/dL 
(1.2– 2.7  nmol/L) for TT3  (9). As developed by 
their manufacturers, these assay techniques have 
similar performance characteristics, although 
each may be affected by different sources of inter-
ference. TT4  assays tend to be more reliable than 
TT3  assays. For example, in a recent study, in 
which 11 TT4  and 12 TT3  assays were compared, 
with LC-MS/MS values as the reference serum 
concentrations, only 4/10 TT4  assays and 4/11 TT3  
assays failed to agree to within 10% of the refer-
ence concentrations, with greater deviation seen 
with the TT3  assay (10). Contributing factors to 
measurement error include qualitative differ-
ences between the protein constituents of sample 
diluents used for calibration and those found in 
patient sera, leading to differential dissociation of 
hormone from binding proteins.

DETERMINATION OF FREE T4  AND T3  
CONCENTRATIONS

Because T4  and T3  are highly bound to serum 
proteins, alterations in either the levels of these 
proteins or their binding characteristics can sig-
nificantly alter the concentration of total hormone. 
As it is the free hormone that is biologically active, 
however, techniques are required to permit either 
direct measurement or estimation of the serum 
free hormone levels. All methods that have been 
developed face the identical problem: distinguish-
ing between the 3– 4 orders of magnitude difference 
in the concentrations of the free and the protein-
bound hormones. In all free hormone assays, the 
central assumption is that the effectiveness of sepa-
rating the free from the bound hormone is identical 
in both the patient samples and the standards used 
to calibrate the assay, an assumption that is difficult 
to validate in all potential clinical situations. As a 
result, in a study comparing the results of 15 FT4  
and 13 FT3  immunoassays to values obtained by 
the reference method equilibrium dialysis-LC-MS/
MS, all the FT4  immunoassays and 9 of the FT3  
immunoassays produced results that were outside 
the 10% agreement with the reference method (11).

Direct methods for measuring FT4  and FT3  
include equilibrium dialysis, ultrafiltration, and 
gel filtration to separate the free hormone from its 
binding proteins. In the case of equilibrium dialy-
sis, undiluted patient serum is dialyzed overnight 
across a membrane with pores that allow free but 
not protein-bound hormone to partition, allowing 
equilibration of the free hormone concentration 
across the membrane. A highly sensitive RIA, capa-
ble of detecting nanogram (or picomole) quantities 
of hormones, is then used to measure the hormone 
content of the protein-free dialysate, comparing to 
a standard curve generated with gravimetrically 
determined amounts of hormone (12). Faster turn-
around can be achieved by using ultrafiltration 
rather than equilibrium dialysis, but greater vari-
ability can result from minimal amounts of serum 
proteins that leak through the filtration device as 
well as a hormone that is adsorbed to either the 
membrane or container surface. Such direct mea-
surements are generally expensive, time consum-
ing, and not widely used commercially. Expected 
adult values for these direct methods are about 0.8 
to 2.3  ng/dL for free T4  and 210 to 440  pg/dL for 
free T3 . As mentioned above, the LC-MS/MS assay 
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used above as the reference method for assessing 
FT4  and FT3  assays employed separation by equi-
librium dialysis (11). Separation by ultrafiltration 
has also been combined with LC-MS/MS (13). The 
LC-MS/MS technique to measure free T4  levels 
provides high specificity; hence its use as a refer-
ence assay (11). LC-MS/MS can also offer simulta-
neous measurement of other thyroid analytes (13).

Immunoassay methods for estimation of free 
hormone concentration are now widely used. In 
the “ analogue”  or “ one-step”  free T4  method, a 
labeled T4  analogue that does not bind to serum-
binding proteins is added to serum and the mix-
ture is either incubated with an anti-T4  antibody 
or allowed to bind to antibody attached to a solid 
phase. At equilibrium, the amount of analogue 
complexed to the antibody is inversely propor-
tional to the amount of free T4  that is available. 
One-step methods require structurally modified 
analogues that do not displace hormone from 
protein-binding sites, but a complete lack of dis-
placement is rarely achieved. Therefore, these 
methods depend on the assumption that there is 
no difference in hormone-binding affinity for pro-
teins between the sample to be measured and the 
assay controls or calibrators, both for the actual 
analyte as well as the analogue. This assumption 
is particularly at risk when there are circulating 
inhibitors of hormone binding in serum, such as 
occurs in renal failure or other nonthyroidal ill-
nesses, or major alterations in hormone-binding 
protein concentrations (14). Because the analogues 
used generally bind to albumin, although not with 
the same kinetics as T4  or T3 , this method may not 
correct for abnormalities in albumin binding.

In “ two-step”  assays, serum is exposed to a solid 
phase containing an anti-T4  antibody, binding a 
certain amount of free hormone to the solid phase. 
By diluting the specimen and limiting the duration 
of incubation, there should be minimal disruption 
of endogenous hormone binding to serum proteins 
(12). After removal of the serum and its proteins, 
a tracer quantity of radiolabeled T4  is incu-
bated with the solid phase, equilibrating with the 
remaining unoccupied antibody molecules. The 
amount of radiolabeled T4  complexed to the solid 
phase is thus inversely proportional to the free 
T4  concentration of the serum. Because the label 
is unable to interact with serum-binding proteins 
or endogenous inhibitors of hormone binding to 
protein (due to the physical separation step), the 

“ two-step”  method has a good correlation with the 
free T4  determined by direct equilibrium dialysis. 
Nonradioactive assays have also been developed, 
and automated two-step procedures are in com-
mon use.

For free T3  measurements, methods that rely 
upon physical separation of bound from free hor-
mones, such as dialysis or ultrafiltration, are not 
generally commercially available. The same tech-
nology for “ one-step”  assays of free T4  is used to 
measure free T3 . Interference from serum proteins 
and difficulty avoiding stripping T3  from its bind-
ing proteins is a greater problem than in free T4  
assays (15). New methods that utilize tandem mass 
spectrometry following equilibrium dialysis or 
ultrafiltration may allow faster and more reliable 
assays (16).

The thyroid hormone-binding ratio (THBR), 
another calculated value proportional to the 
fraction of hormone that is free in circulation, 
derives from measurement of the availability of 
protein-binding sites in the patient’ s serum. In 
the traditional uptake method, a tracer quantity of 
radiolabeled iodothyronine is added to the serum 
and allowed to partition between unoccupied 
specific protein-binding sites and a nonsaturable 
adsorbent— e.g., talc, charcoal, resin, or anti-iodo-
thyronine antibodies. T3  is generally preferred as 
the labeled ligand, as it has a lower affinity for TBG 
and therefore does not displace T4  from its binding 
sites. There is an inverse relationship between the 
amounts of radiolabel adsorbed by the inert solid 
phase and unoccupied serum protein-binding 
sites. The percent uptake derives from the ratio of 
tracer bound by the adsorbent to the tracer bound 
by serum proteins; an alternative but less reli-
able formula expresses the ratio as the amount of 
tracer attached to adsorbent to the amount initially 
added. The THBR is then calculated as the percent 
uptake in the patient’ s serum and normalized to 
that of a control or reference serum; the expected 
normal range is centered around unity. The THBR 
is increased when there are few endogenous bind-
ing sites, which can occur with an increased 
amount of T4  available to bind (thyrotoxicosis), 
the presence of competing ligands (certain drugs 
and nonthyroidal illness), or a decreased amount 
of binding protein (TBG deficiency). Conversely, 
hypothyroidism and TBG excess will produce an 
increased number of available binding sites, pro-
ducing a decreased THBR. As a general rule, true 
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thyroid function abnormalities produce concor-
dant increases or decreases in the total serum T4  
and THBR, whereas discordant changes in the two 
tests typically result from protein-binding abnor-
malities. Alternate methods use nonisotopic labels, 
such as enzyme-linked tracers and light emitters. 
These all rely on the similar principle of estimating 
the partitioning of the labeled hormone between 
serum-binding proteins and a solid phase. A free 
hormone index is estimated by multiplying the 
total serum hormone concentration by the THBR. 
In most conditions of endogenous thyroid func-
tion abnormalities or protein-binding alterations, 
the index corrects for effects of protein binding on 
total T4  levels, and correlates well with free T4  lev-
els measured by reference methods.

Potential pitfalls in the interpretation of THBR 
tests occur when there is a ligand that can interfere 
with binding to both the solid phase and serum 
proteins, for example, nonthyroidal illness. Falsely 
elevated free thyroxine index values can also be 
present when the protein-binding abnormality 
is specific for T4  and masked by the use of T3  in 
the THBR— for example, familial dysalbumin-
emic hyperthyroxinemia, in which an abnormal 
albumin binds only thyroxine with high affinity. 
Similarly derived from the total T3 , the “ free T3  
index”  can be useful in evaluating cases of abnor-
mal serum binding.

CAUSES OF INCREASED T4  AND/OR T3  
CONCENTRATIONS

The majority of patients with hyperthyroidism, 
regardless of the etiology, have increased total 
serum concentrations of both T4  and T3 , as well 
as high levels of the free hormones (Table 1.1). 
In a minority of cases, there may be an isolated 
elevation of either iodothyronine. T3 -toxicosis is 
especially prominent in patients with mild and 
recurrent Graves’  disease or hyperfunctioning 
adenomas and those patients overtreated with 
triiodothyronine-containing thyroid hormone 
preparations. The relative magnitude of T3  eleva-
tion is often greater than T4  in forms of hyperthy-
roidism caused by increased glandular synthesis of 
hormone; in Graves’  disease, the proportion of cir-
culating T3  that derives from thyroidal production 
nearly doubles (17). The opposite— that is, a lower 
T3 :T4  ratio— is true in thyrotoxicosis due to an 
inflammatory thyroiditis, in which there is a release 
of the previously formed hormone, iodide-induced 

hyperthyroidism, and iatrogenic thyrotoxico-
sis due to exogenous levothyroxine administra-
tion. Mild hyperthyroxinemia can even be seen in 
patients being treated with exogenous levothyoxine 
for hypothyroidism but whose TSH levels are nor-
mal on therapy (18, 19) (Tables 1.2 and 1.3).

Increased total T4  concentrations without thy-
rotoxicosis, termed euthyroid hyperthyroxinemia, 
result from both acquired and congenital eti-
ologies. One commonly encountered situation is 
acquired TBG excess due to hyperestrogenemia. 

Table 1.1 Causes of increased T4  and/or T3  
concentrations

Thyrotoxicosis
Euthyroid hyperthyroxinemia

Increased binding to plasma proteins
Thyroxine-binding globulin excess

Congenital
Hyperestrogenemia: Exogenous, endogenous
Acute and chronic active hepatitis
Acute intermittent porphyria
HIV-1 infection
Familial dysalbuminemic hyperthyroxinemia
Transthyretin excess

Congenital
Paraneoplastic
Antithyroxine immunoglobulins

Impaired T 4   to T 3   conversion 
Iodinated contrast agents
Amiodarone
Glucocorticoids
Propranolol
Congenital
Generalized resistance to thyroid hormones
Nonthyroidal illness
Acute psychosis
Acute medical/surgical illness
Hyperemesis gravidarum
Lead intoxication
Drugs
Clofibrate
5-fluorouracil
Perphenazine
Methadone
Heroin
l-thyroxine therapy
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Elevated hepatic exposure to estrogen leads to 
increased sialylation of carbohydrate side chains of 
TBG, thereby decreasing the clearance of the gly-
coprotein and increasing serum TBG levels. This 
effect is seen within several weeks of the onset of 
hyperestrogenemia and can occur with exogenous 
administration of estrogens, increased endogenous 
production— for example, pregnancy— and even 
administration of selective estrogen receptor mod-
ulators, such as tamoxifen and raloxifene (20, 21). 
Exogenous estrogen administered transdermally, 
by avoiding first pass metabolism in the liver, does 
not cause elevated TBG levels and hyperthyroxin-
emia (22). Acquired TBG excess may also be respon-
sible for the slight increase in T4  levels reported in 
male cigarette smokers (23). X-linked inherited 
TBG excess occurs with a frequency of 1 in 25,000 
newborns, and can cause up to 2.5-fold elevations 

in the total serum concentration of T4 . Other 
abnormal serum-binding proteins can contribute 
to euthyroid hyperthyroxinemia. In the autoso-
mal dominant condition familial dysalbuminemic 
hyperthyroxinemia (FDH), one or more abnormal 
species of albumin contain a high-affinity binding 
site for thyroxine. Because the defect is specific for 
T4  and does not affect T3  binding, these patients 
have an elevated total T4 ; a normal THBR using 
T3 , but a decreased THBR using T4  as the ligand; 
a normal total T3 ; and either a normal or increased 
free T4 , depending on the type of direct assay used. 
Equilibrium dialysis typically yields normal lev-
els of free T4  in this syndrome. The diagnosis is 
established by paper or gel electrophoresis of serum 
enriched with radiolabeled T4 , which permits iden-
tification of the abnormal binding proteins.

Elevations of free T4  concentrations can occur 
as a result of interference in binding to serum 

Table 1.2 Causes of decreased T4  and/or T3  
concentrations

Hypothyroidism
Euthyroid hypothyroxinemia
Decreased binding to serum proteins
Thyroxine-binding globulin deficiency
Chronic liver disease
Congenital
Cushing’ s syndrome
Drugs
l-Asparaginase
Androgens
Nicotinic acid

Growth hormone excess
Nephrosis
Protein-losing enteropathy
Thyroxine-binding globulin and transthyretin 

variants with reduced affinity
Inhibition of T4  binding by drugs

Carbamazepine
Diphenylhydantoin
Fenclofenac
Furosemide
Heparin
Meclofenamic acid
Mefenamic acid
Salicylates
Sertraline

Nonthyroidal illnesses

Table 1.3 How various serum constituents are 
altered in hyperthyroidism and hypothyroidism

Increased Decreased

Hyperthyroidism 

Alkaline phosphatase Cholesterol (total, LDL)
Angiotensin-converting 

enzyme
Apolipoprotein b, 

apo (a)
Calcium Corticosteroid-

binding globulinFactor VIII
Ferritin
Osteocalcin
Sex hormone-binding 

globulin
Urine nitrogen excretion
Urine pyridinoline cross 

links

Hypothyroidism 

Carcinoembryonic 
antigen

Aldosterone
Angiotensin-

converting enzyme
Factor VIII
Osmolarity
Sex hormone-binding 

globulin
Corticosteroid-

binding globulin

Cholesterol (LDL and 
HDL fractions)

Creatine phosphokinase
Creatinine
Lactic dehydrogenase
Myoglobin
Norepinephrine
Prolactin
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proteins. In vivo, hormones can be displaced from 
protein by medications such as furosemide, causing 
a true, albeit rapidly reversible, minimal hyperthy-
roxinemia after rapid intravenous administration 
of the diuretic. Activation of lipases by both low- 
and high-molecular-weight heparins leads to 
increased levels of free fatty acids that displace 
thyroid hormones ex vivo, causing an artefactual 
elevation of measured free hormone (24).

In autoimmune thyroid diseases and mono-
clonal gammopathies, endogenous serum anti-
T4  or anti-T3  antibodies bind thyroid hormones, 
increasing the serum concentrations of protein-
bound hormones. More commonly, however, 
anti-iodothyronine autoantibodies have negligible 
in vivo effects on hormone binding, but interfere 
with immunoassay measurements (25). In a clas-
sic RIA for total hormone concentration, the auto-
antibody will compete with the capture antibody 
for the radiolabeled ligand, reducing the amount 
of signal available to be measured and leading to 
a false high value. A similar spuriously increased 
result can occur in the one-step free T4  assay, in 
which the autoantibody binds the labeled T4  ana-
logue, preventing it from being measured and 
yielding a falsely increased free T4  level; this is 
avoided in a two-step assay in which the labeled 
ligand is unable to interact with the serum auto-
antibodies. Another autoantibody that interferes 
with immunoassays is the rheumatoid factor, an 

IgM directed against the Fc fragment of human 
IgG. Because rheumatoid factor is weakly hetero-
philic, it appears to bind to the nonhuman capture 
antibody, preventing interaction with the radio-
labeled ligand and leading to a falsely increased 
hormone concentration (26). Preincubation of the 
serum specimen with a nonspecific animal immu-
noglobulin, ethanol, or polyethylene glycol reduces 
this antibody-mediated interference.

Assay interference by biotin supplements is a 
recently recognized cause of artefact in a number 
of thyroid-related assays that employ biotinylated 
components, potentially falsely decreasing results 
in sandwich immunoassays or falsely increasing 
results in competitive immunoassays (27). Thus, 
depending on the assay system, biotin ingestion 
can cause falsely elevated or falsely low serum FT4 , 
FT3 , and TSH, and even falsely increased levels of 
thyroid-stimulating antibodies mimicking Graves’  
disease (28) (Table 1.4).

Decreased function of the 5¢ -monodeiodinase 
causes impaired conversion of T4  to T3 , decreas-
ing T4  clearance and increasing T4  levels. Iodinated 
radiocontrast dyes— for example, sodium ipo-
date— are potent inhibitors of T4  to T3  conversion 
and have been used therapeutically in severely hyper-
thyroid patients, but are no longer commercially 
available in the United States. Amiodarone, a highly 
iodinated antiarrhythmic agent, also interferes 
with T4  deiodination. Since amiodarone-induced 

Table 1.4. Biotin-related assay interference

Type of assay

Relationship 
between signal 

and analyte 
concentration Impact on signal

Type of potential 
error

Example of 
analyte

Competitive Signal intensity of 
washed solid 
phase is 
inversely 
proportional to 
analyte 
concentration

Biotin interferes 
with binding of 
antigen antibody 
complexes to 
solid phase

Overestimation of 
concentration of 
analyte

FT4
FT3

TRAb

Non-
competitive, 
Sandwich

Signal intensity of 
washed solid 
phase is 
proportional to 
analyte 
concentration

Biotin interferes with 
binding of 
sandwich to solid 
phase

Underestimation of 
concentration of 
analyte

TSH
hCG

Thyroglobulin
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hyperthyroidism can also occur, great care must be 
taken in interpreting hyperthyroxinemia in patients 
receiving iodinated medications (29). An inher-
ited defect in 5¢ -monodeiodinase function, due to 
a mutation in a selenocysteine insertion sequence 
binding protein, has recently been described, and 
is probably responsible for hyperthyroxinemia 
observed in these patients (30).

Patients with resistance to thyroid hormones 
have an inherited partial defect in tissue respon-
siveness to thyroid hormones. Serum concentra-
tions of total and free thyroid hormones are both 
increased as compensation for partial resistance. 
Most kindreds that have been evaluated have been 
found to have a dominant negative mutation in a 
single allele of the thyroid hormone receptor beta 
gene. Although affected individuals are generally 
described as being clinically euthyroid, consider-
able variation exists in the measurable degrees of 
hormone resistance among specific target organs 
for thyroid hormone (31).

Transient elevations of total serum T4  and, less 
frequently, free T4  levels occur in patients with 
acute medical and psychiatric illnesses. Although 
some patients develop increased levels of both T4  
and T3  when the nonthyroidal illness resolves, con-
sistent with coexistent hyperthyroidism, in most of 
these patients normal thyroid hormone levels are 
restored with recovery (32). Transient increases in 
total and free T4  and T3  can be seen in 8 to 33% 
of patients admitted for acute psychiatric disorders 
(33, 34). TSH concentrations have been reported as 
increased in up to 10% of acutely psychotic patients 
(35), but they are frequently suppressed in severely 
depressed outpatients as well as those suffering 
from post-traumatic stress disorders (36, 37).

CAUSES OF DECREASED T4  AND/OR T3  
CONCENTRATIONS

Reduced serum levels of total and free T4  and T3  
are typically seen in patients with overt hypothy-
roidism, reflecting impairment of hormone syn-
thesis and release by the gland (Table 1.2). Due to 
TSH stimulation of residual gland function and 
elevation in the fractional conversion of T4  to T3  
by 5¢ -monodeiodinase in both thyroid and periph-
eral tissues, 30% of patients with primary hypo-
thyroidism maintain normal T3  levels despite 
decreases in T4 . Thyroxine synthesis is also sup-
pressed in patients receiving T3  exogenously or 
with autonomous T3  overproduction.

Euthyroid hypothyroxinemia can be due to a 
variety of mechanisms. Analogous to the abnor-
malities that can cause hyperthyroxinemia, defects 
in hormone binding to serum proteins can lead to 
decreases in T4  levels. Partial deficiency of TBG, 
caused by impaired production or accelerated deg-
radation of unstable variants, occurs in 1 in 4,000 
births. X-linked complete TBG deficiency is less 
common, found in 1 in 15,000 male births; female 
heterozygotes have TBG levels that are partially 
reduced. Numerous variants of TBG with reduced 
affinity for thyroid hormones have been described, 
with varying frequencies in different populations 
(38). Acquired impairment of hormone binding 
develops secondary to decreases in binding protein 
levels, due to either reduced production (as occurs 
in hyperthyroidism) or increased clearance (as 
from nephrotic syndrome). In most patients with 
quantitative or qualitative defects in TBG, direct 
and indirect estimates of free T4  levels are normal. 
In the extreme case of complete deficiency, lack of 
a linear relationship between free T4  fraction and 
THBR leads to falsely low free T4  index results, and 
values of free T4  can be either normal or underesti-
mated by two-step and direct measurements.

Hypothyroxinemia and hypotriiodothyronin-
emia are common findings in patients with non-
thyroidal illness, with more severe reductions in 
total hormone levels associated with more severe 
or critical illness (39, 40). Milder degrees of ill-
ness are typically accompanied by reductions in 
T4  to T3  conversion, resulting in a low T3  state 
but the preservation of T4  levels. In addition to 
deficiency of albumin and transthyretin, another 
proposed mechanism includes the inhibition of 
hormone binding to TBG, perhaps due to certain 
free fatty acids released from damaged tissues 
or cytokines, such as tumor necrosis factor (41). 
Numerous medications interfere with thyroid 
hormone binding to serum proteins, including 
diphenylhydantoin, furosemide, heparin, sertra-
line, and certain non-steroidal anti-inflammatory 
agents (42, 43). Inhibition of 5¢ -monodeiodinase 
activity in nonthyroidal tissues accelerates clear-
ance of T4  through nondeiodinative mechanisms, 
particularly in nonthyroidal illness and starva-
tion, and may be secondary to increased levels of 
interleukin-6; the production rate of T3  declines 
as a result of this monodeiodinase inhibition, but 
no change is seen in T3  metabolic clearance (44). 
Medications such as glucocorticoids, amiodarone, 
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oral radiocontrast agents, gold, and high-dose pro-
pranolol and propylthiouracil (PTU) also inhibit 
T4  deiodination to T3 ; however, clinical signs of 
hypothyroidism are unlikely to develop, except 
with unmonitored PTU use. Hypothyroxinemia 
has been described in patients treated with novel 
anti-cancer agents that inhibit vascular endothelial 
growth factor receptors, with evidence of multiple 
potential mechanisms that include primary thy-
roid dysfunction, but also effects on either thy-
roid hormone absorption or metabolic clearance 
(45, 46). Pituitary TSH production is suppressed 
by endogenous and/or exogenous glucocorticoids, 
dopamine, somatostatin, and endorphins and may 
also be mediated by reduced hypothalamic TRH 
secretion (47). Alteration of TSH sialylation and 
bioactivity may occur in critical illness as well 
(48). However, in general, the serum TSH is the 
most reliable measure of thyroid function in this 
patient population. With increasing severity of 
nonthyroidal illness, all of the proposed mecha-
nisms presumably result in a low T4 , low T3  state. 
Often, the decrease in protein binding is reflected 
by a decreased T4  and increased THBR, yielding 
a normal free thyroxine index. However, in many 
instances, the presence of a binding inhibitor (such 
as heparin or free fatty acids released in inflamma-
tion) interferes with hormone attachment to the 
solid phase, leading to a slightly lower value for the 
THBR and a falsely low estimate of the free thyrox-
ine index. Most analogue and some two-step pro-
cedures for measuring free T4  are also adversely 
affected by binding inhibition in nonthyroidal ill-
ness (7, 14). These laboratory abnormalities reverse 
with recovery from the nonthyroidal illness or 
discontinuation of the interfering medication. 
Although most of the effects of nonthyroidal ill-
ness may represent energy-conserving adaptive 
mechanisms, the traditional view of these patients 
as being euthyroid is not universally held (49). 
However, no benefit from thyroid hormone supple-
mentation has yet been demonstrated.

Low serum FT4  levels are often encountered 
in the second and third trimester of pregnancy, a 
finding which is thought to be a methodological 
artefact related to expanded plasma volume, high 
serum TBG serum levels, and other unknown fac-
tors (50). Since a low FT4  and a normal serum TSH 
suggest central hypothyroidism, it is important to 
be aware of this pitfall. Many experts recommend 
using the total T4  with or without serum TBG 

assessment, as a more reliable assessment of thy-
roid hormone levels in the second and third trimes-
ters, taking into account the normal elevation of T4  
because of higher serum TBG concentrations (50).

Assays of thyroid-stimulating 
hormones

Early TSH assays utilized a single polyclonal anti-
body in a radioimmunoassay and were capable of 
detecting elevated levels of TSH in patients who 
have primary hypothyroidism. With a sensitivity 
of about 1  mU/L, these tests were unable to distin-
guish the low-normal TSH levels in serum of 25% 
of euthyroid individuals from subnormal concen-
trations. With the introduction of immunometric 
(IMA) methods that use two or more antibodies 
directed at different antigenic determinants on 
the TSH molecule, assay sensitivities have been 
improved by 10- to 200-fold. The first antibody, 
usually a mouse monoclonal construct, is linked 
to a solid phase, permitting the target molecule 
to be separated from the serum with high affin-
ity; the second antibody, which may be polyclonal, 
is labeled, providing a signal proportional to the 
amount of ligand bound. With these more sensi-
tive assays, hyperthyroid patients can be identi-
fied on the basis of low or undetectable levels of 
TSH in IMAs, analogous to detection of primary 
hypothyroidism with elevated TSH levels. Even 
more sensitive determinations of low TSH values 
have been obtained in an assay utilizing a chemi-
luminescent acridinium ester to generate the anti-
body-linked signal. High intraassay and interassay 
precision with chemiluminometric methods may 
permit routine detection of TSH levels as low as 
0.01  mU/L or lower.

The ability of TSH assays to accurately measure 
low concentrations of the hormone is termed the 
“ functional sensitivity”  of the assay, defined as the 
concentration at which the interassay coefficient of 
variation is 20%. This contrasts with the “ analyti-
cal sensitivity,”  which is based on intraassay mea-
surements of the blank calibrator, and does not 
reflect a clinically meaningful result (9). Whereas 
the original RIA methods have been termed “ first 
generation”  assays, the newer, more sensitive TSH 
assays, which provide a sufficient separation in 
serum TSH values between hyperthyroid and 
euthyroid patients, are defined as “ second genera-
tion”  when the functional sensitivity is 0.1  mU/L, 
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and “ third generation”  when the functional sensi-
tivity is 0.01  mU/L (51).

Multiple sources contribute to the total variation 
observed in TSH assay results (52). Endogenous, 
biologic variation exists due to the heterogeneity 
of TSH isoforms, based on posttranslational modi-
fications that can alter the immunoreactivity as 
well as the bioactivity of the molecule; this poten-
tially may be overcome with the use of variants 
of recombinant TSH that mimic these individual 
modifications (53, 54). Circadian and seasonal 
effects contribute to within-person variation as 
well. But, within-person variation during serial 
measurements is relatively minimal compared 
with between-person variation, raising concern 
that population reference standards may be inad-
equate to distinguish a healthy from diseased state 
(52, 55, 56).

Debate now exists about the optimal refer-
ence range for TSH assays. Typically, the lower 
and upper limits of a population reference range 
of the analyte’ s concentrations are the 2.5th and 
97.5th percentiles (the 95% confidence interval), 
measured in a rigorously defined normal cohort 
without any evidence of relevant disease. Applying 
this criterion to TSH levels, as determined in the 
U.S. National Health and Nutrition Examination 
Survey (NHANES III), the population reference 
range would be 0.45– 4.12  mU/L (57). Similar 
ranges have been reported in other populations, 
differing to some degree due to variations in iodine 
intake, race, age, gender, and even the time of day 
that blood is sampled (58). As most functional 
thyroid disorders are due to autoimmune thyroid 
disease, the relationship between levels of thyroid 
autoantibodies and TSH has also been evaluated, 
demonstrating a U-shaped curve with the lowest 
prevalence of autoantibodies at TSH levels between 
0.1 and 1.5  mU/L in women and 0.1 and 2.0  mU/L 
in men (59). Additionally, the likelihood of even-
tual development of overt primary hypothyroid-
ism has been reported to be markedly higher in the 
setting of a TSH level of at least 2.0  mU/L and ele-
vated levels of antithyroid peroxidase antibodies 
(60). Therefore, it has been proposed that the upper 
limit of the population reference range should in 
fact be as low as 2.5 or 3.0 mU/L (61, 62). Other 
studies have suggested that age-specific reference 
ranges would be appropriate, with the 97.5th per-
centile being well above 4.5  mU/L with succes-
sively increasing deciles of age (63). However, in 

the absence of definitive evidence that defining 
hypothyroidism as a TSH greater than 2.5  mU/L 
leads to unequivocal clinical benefit from treat-
ment with thyroid hormone, and given the over-
all concern that the population reference range 
may not be optimal for defining a disease state 
when inter-individual variation is relatively large, 
changes in the TSH reference range have not been 
made, and is generally in the 0.4– 4.5  mU/L range 
in most laboratories (64).

During pregnancy, the placenta is responsible 
for the production of high levels of hCG, a glyco-
protein hormone sharing a common alpha sub-
unit with TSH. While there is no cross-reactivity 
of hCG in TSH immunometric assays, hCG in 
high serum concentrations can stimulate the thy-
roid to produce thyroid hormone, thereby lower-
ing serum TSH concentrations. Most laboratories 
have now established trimester specific TSH serum 
concentrations that, in general, are decreased by 
0.1– 0.2  mU/L and 1  mU/L at the low- and high-
end, respectively, of the usual TSH reference 
range of 0.4– 4  mU/L in nonpregnant women (65). 
Indeed, levels less than 0.1 mU/L in the first tri-
mester can be seen in about 10% of normal women 
(66). Since serum hCG levels peak at the end of the 
first trimester, the effect on serum TSH wanes, so 
that the TSH reference range becomes closer to the 
normal nonpregnant range by the third trimester.

Interference with TSH immunoassays is 
uncommon. Patients with endogenous hetero-
philic antibodies directed against mouse immu-
noglobulin can have falsely elevated TSH levels, as 
the heterophilic antibody can substitute for TSH 
and bridge between the two antibodies in the assay 
(67). This problem has been eliminated from most 
commercially available kits by addition of an excess 
of mouse immunoglobulin. If interference with the 
assay is suspected, measurement of serial dilutions 
of the sample may show a non-linear relation-
ship; alternatively, the sample can be tested using 
another manufacturer’ s assay (9, 67). MacroTSH, 
in which TSH is complexed to immunoglobulins 
to form a high molecular weight species with no 
biological activity, is another cause of artefactu-
ally elevated serum TSH, analogous to the case of 
macroprolactin (68). In this case, serial dilution of 
the sample is linear for TSH, and the presence of 
macroTSH in the serum needs to be detected by 
measuring TSH in the supernatant after polyethyl-
ene glycol precipitation (68).
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CAUSES OF HYPOTHYROTROPINEMIA

In severe hyperthyroidism, serum TSH levels 
remain below the functional sensitivity of even 
third or fourth generation assays, but such degrees 
of suppression are not seen in other causes of low 
TSH levels. Subnormal but detectable TSH levels 
can be seen in patients who have mild or asymp-
tomatic hyperthyroidism of any etiology, or they 
may be due to TSH suppression from nonthyroidal 
illness. More sensitive TSH immunoassays provide 
adequate separation between hospitalized hyper-
thyroid patients with medical illness, in whom 
basal TSH levels generally remain undetectably 
low, and euthyroid patients with nonthyroidal ill-
ness, in whom basal TSH levels are usually but not 
always > 0.01  mU/L.

In hypothyroidism due to hypothalamic or 
pituitary disease, low levels of basal TSH may 
occur. Hypothyroidism due to pituitary or hypo-
thalamic disease can also present with inappro-
priately normal or even slightly elevated levels of 
immunologically intact but biologically inactive 
TSH secondary to alternative glycosylation of the 
protein (69, 70). Among the drugs that can affect 
TSH production, the rexinoid bexarotene appears 
to suppress TSH gene transcription directly and 
causes a dose-dependent central hypothyroid-
ism (71, 72). The hypoglycemic drug metformin 
has been reported to lower TSH levels by an as yet 
unknown mechanism (73).

CAUSES OF HYPERTHYROTROPINEMIA

Elevated serum TSH values are the cornerstone 
of the diagnosis of primary hypothyroidism. Due 
to the extreme sensitivity of the hypothalamic-
pituitary-thyroid negative feedback loop, small 
decrements in circulating thyroid hormone levels 
produce logarithmic increases in serum TSH levels 
(51). At one end of the spectrum are patients with 
frankly symptomatic thyroid hormone deficiency, 
whose free T4  levels are subnormal and whose TSH 
levels are typically > 20  mU/L. But, even patients 
with the earliest stages of thyroid gland impair-
ment can have elevated TSH concentrations. These 
patients with so-called subclinical hypothyroid-
ism have T4  and T3  levels within the normal range 
associated with increased serum TSH concentra-
tions. Although the clinical management of such 
patients remains controversial, those individuals 
with a predisposition to developing clinical hypo-
thyroidism— for example, those with autoimmune 

thyroiditis or a history of thyroid irradiation or sur-
gery, should be treated or followed longitudinally 
for development of overt hypothyroidism (74). 
Medications that have been associated with hyper-
thyrotropinemia include cytokines that can cause 
autoimmune thyroiditis (such as interferon-α ), 
and antineoplastic agents such as tyrosine kinase 
inhibitors, and immune checkpoint inhibitors (45). 
In neonates, various maternal causes of fetal dis-
tress, including preeclampsia and gestational dia-
betes mellitus, are associated with elevated TSH 
levels in cord blood, but whether this reflects tran-
sient primary hypothyroidism or a central stimu-
lation of TSH production is unknown (75).

The differential diagnosis of hyperthyrotropin-
emia also includes conditions associated with inap-
propriate TSH secretion, as in patients whose TSH 
levels are higher than would be predicted from their 
circulating free thyroid hormone levels. Patients 
with TSH-secreting pituitary adenomas may have 
normal or increased TSH levels in the setting of 
increased T4  concentrations. These patients usu-
ally present with a goiter and clinical evidence of 
thyrotoxicosis, with or without clinical evidence 
of a sellar mass lesion. In half of the cases, there is 
co-secretion of other anterior pituitary hormones 
(e.g., growth hormone or prolactin) and the α -sub-
unit of TSH is commonly overproduced. A molar 
ratio of α -subunit to intact TSH that is greater than 
unity is strongly suggestive of a pituitary adenoma 
(76). Resistance to thyroid hormone (RTH) is a rare 
inherited disorder characterized by reduced respon-
siveness of target tissues to thyroid hormone due 
to mutations in the thyroid hormone receptor gene 
(77). The diagnosis of RTH should be considered 
when thyroid function tests reveal elevated T4  and 
T3  levels and a non-suppressed TSH. Due to very 
similar thyroid function test abnormalities, RTH 
must be distinguished from a TSH-producing ade-
noma. RTH patients exhibit normal α -subunit and a 
normal molar ratio of α -subunit to intact TSH of ≤ 1.

The resistance of the thyroid to TSH, present-
ing with nongoitrous congenital hypothyroidism 
and elevated TSH levels, has been described both 
in isolated form as well as in pseudohypoparathy-
roidism type Ia (78). In this latter congenital con-
dition, deficiency of the stimulatory subunit of the 
guanine nucleotide-binding proteins that mediate 
activation of adenylate cyclase can cause resistance 
to multiple hormones, including TSH and parathy-
roid hormone.
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In infants, exposure to cold temperatures 
 immediately following birth or during hypother-
mic surgery causes TSH concentrations to rise as 
high as 50 to 100  mU/L, which is thought to reflect 
the immaturity of the hypothalamic-pituitary-
thyroid axis (79). Adults, on the other hand, do not 
demonstrate altered TSH levels after brief periods 
of cold exposure, despite increases in the concen-
trations and fractional clearance rates of circulat-
ing free T4  and T3 . However, seasonal changes in 
serum TSH (i.e., during colder vs warmer tempera-
tures) have been recently observed (80).

Specialized studies of thyroid 
function

THYROGLOBULIN

In most forms of thyroid disease, thyroglobulin 
(Tg) is released from thyroid follicular cells pro-
portional to the synthesis and release of T4  and T3 , 
increasing size of the gland, and the degree of cyto-
toxic inflammation. The reference range in subjects 
with intact thyroid glands and normal TSH levels is 
about 3 to 40  ng/mL. Markedly elevated levels are 
seen in most patients with hyperthyroidism and 
thyroiditis, but mild increases are also observed in 
cigarette smokers despite slightly lower TSH levels 
(81). In determining the cause of hyperthyroidism, 
an undetectable serum Tg suggests factitious or 
iatrogenic thyrotoxicosis. Undetectable levels are 
also seen in hypothyroid patients with congenital 
or acquired absence of the thyroid gland. Presently, 
the primary indication for measurement of serum 
Tg concentrations is as a tumor marker for the 
longitudinal follow-up of patients with differenti-
ated thyroid carcinoma, which necessitates greater 
functional sensitivity at lower concentrations than 
the euthyroid reference range (82). Although intro-
duced more than 15 years ago, these assays are now 
being increasingly used to detect Tg in fine needle 
aspirations of neck masses or cystic lesions as an 
adjunct to cytologic interpretation to diagnose 
recurrent or metastatic cancer (83).

Serum Tg is generally measured by either two-
antibody immunometric assay or single-antibody 
immunoassay. The newer immunometric assays 
require shorter incubation times and have greater 
sensitivity (≤ 1  ng/mL) than the immunoassays, 
but several problems persist. The greatest limita-
tion is the potential for interference by anti-Tg 
autoantibodies, which can be found in up to 25% of 

patients with differentiated thyroid carcinoma. In 
the immunometric assays, the serum Tg concentra-
tion can be falsely lowered by autoantibodies that 
bind Tg and effectively remove it from the serum, 
thus making it incapable of binding to the assay’ s 
reporter antibodies. Detecting the presence and 
degree of autoantibody interference in an immu-
noassay may also be difficult (84). Conversely, in 
radioimmunoassays, anti-Tg autoantibodies can 
cause falsely high values because they bind radio-
labeled Tg; as a result, less is available to bind to 
the assay antibody. Thus, in the presence of anti-Tg 
antibodies, discordant findings of an undetectable 
Tg in an immunometric assay and a concentration 
of at least 2  ng/dL in a radioimmunoassay may sug-
gest the presence of antibody interference, but can-
not be used to quantify the problem. A measure of 
serum Tg should therefore always be preceded by a 
test for anti-Tg antibodies, and it is recommended 
that laboratories withhold reporting low results of 
Tg immunometric assays when autoantibodies are 
identified (9). Of note, recent reports demonstrate 
that the presence of anti-Tg antibodies may not 
preclude identification of the high concentration 
of Tg seen in fine needle aspiration specimens (85).

Despite a trend toward assay standardization, 
the variability of results using differing Tg assays 
remains at at least 25% due to variations in the anti-
thyroglobulin antibodies used and the molecular 
heterogeneity of Tg. Occasionally, immunometric 
assays may fail to detect very high serum Tg concen-
trations due to the so-called hook effect, in which 
the high concentrations of Tg bind to one antibody, 
preventing the formation of the two-antibody 
sandwich upon which the assay depends. If this 
effect is suspected, the sample should be reanalyzed 
after dilution. Another cause of a false-negative Tg 
in patients with differentiated thyroid cancer can 
be tumor production of variants of Tg that fail to 
be recognized by the antibodies used in an assay 
(86). Recently, thyroglobulin LC-MS/MS assays 
have been introduced that purport to circumvent 
the problem of anti-Tg antibody interference (87). 
However, recent data suggest that these assays are 
still capable of generating falsely low serum Tg lev-
els in patients with known residual disease (88).

Measurement of serum Tg has become a cor-
nerstone of differentiated thyroid cancer follow-up 
(89). There is a very high negative predictive value 
of an undetectable TSH-stimulated serum Tg level to 
identify those patients with differentiated thyroid 
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cancer who have no evidence of disease. Recent 
data suggest that similar high negative predictive 
values of an non-TSH-stimulated serum Tg < 0.1 
are seen using a second-generation Tg immuno-
chemiluminometric assay (ICMA) with a func-
tional sensitivity of 0.05  ng/mL (90).

Alternatively, the positive predictive value is 
limited in the presence of remnant normal thyroid 
cells left after thyroidectomy, and thus one indica-
tion for postsurgical adjuvant radioiodine therapy 
is to eliminate such normal sources of Tg (89). 
However, in most patients who have not under-
gone remnant ablation after total thyroidectomy, 
serum Tg levels are generally  < 1– 2  ng/ml, and a 
rising serum Tg is still useful in the detection of 
recurrent disease (91). The thyroglobulin doubling 
time, analogous to the calcitonin doubling time 
in medullary thyroid cancer, is a useful prognos-
tic parameter to monitor in patients with known 
residual disease (92). False positive Tg results can 
also be caused by heterophilic antibodies, a prob-
lem in many immunometric assays that has only 
been partially resolved by the addition of blocking 
antibodies, but rare false-negative results have also 
been reported (93, 94).

THYROID AUTOANTIBODIES

Antibodies directed against the cell surface (TSH 
receptor), intracellular components (microsomal 
membranes, thyroglobulin), and extracellular 
antigens (T4 , T3 ) are often found in sera of patients 
with autoimmune thyroid diseases. Although 
autoantibodies tend to target fewer antigenic epi-
topes than heterologous antibodies, these autoan-
tibodies can still be quite a heterogeneous mixture 
of proteins, leading to problems with both specific-
ity and sensitivity in assays.

In Hashimoto’ s disease, cytotoxic antibodies 
may bind to a thyroid microsomal antigen that is 
expressed on the apical cell surface, and these anti-
bodies subsequently fix complement. These anti-
thyroid microsomal antibodies can be detected 
by sensitive hemagglutination techniques in the 
sera of 95% of patients with histologically proven 
Hashimoto’ s disease, as compared with only 
55% for non-complement-fixing antithyroglobu-
lin antibodies. Among commercially available 
assays, immunometric procedures, including RIA, 
immunoradiometric assay, and enzyme-linked 
and fluorescent methods are superior to routine 
hemagglutination techniques. Improvements in 

sensitivity and specificity have been obtained using 
monoclonal antibodies directed against thyroid 
peroxidase (TPO), and purified or recombinant 
TPO in the assay systems (95, 96). International 
standardization now exists against a specific ref-
erence preparation, MRC 66/387, permitting 
reporting of results in “ international units,”  but 
concordance among multiple assays remains sub-
optimal (97). Reference ranges vary widely among 
different assays, with manufacturers often citing 
levels greater than 10  kIU/L as being clinically rel-
evant predictors of autoimmune thyroid disease. 
However, long-term follow-up studies that identi-
fied anti-microsomal antibodies as being predic-
tive of eventual hypothyroidism were likely based 
on far less sensitive assays, and similar studies will 
be required to determine whether such minimally 
detectable levels are also predictive (60, 98).

Antithyroglobulin antibodies are less specific 
for autoimmune thyroiditis but have achieved 
greater significance for their potential to interfere 
with thyroglobulin assays in patients with thyroid 
cancer. Contemporary immunoassays are con-
siderably more sensitive and specific than older, 
agglutination methods, and can detect antithyro-
globulin antibodies in up to 10% of the clinically 
disease-free population and 3.4% of those who 
lack anti-TPO antibodies (57). Nevertheless, ref-
erence preparations for standardization of these 
assays still vary considerably, and even use of the 
accepted international standard reference MRC 
65/93 has not resulted in the interchangeability of 
assays (99). As with anti-TPO antibody measure-
ments, differences exist in the definitions used for 
reference ranges. Assays that report detectable lev-
els of antithyroglobulin antibodies below 10  kIU/L 
as abnormal may have low specificity both for 
actual pathology and for antibodies that can inter-
fere with thyroglobulin assays (99).

No correlation exists between the severity of 
hypothyroidism and titers of antithyroid antibod-
ies, and low levels can be seen in patients with no 
demonstrable thyroid dysfunction. Anti-TPO and 
antithyroglobulin antibodies are also present in 
Graves’  disease, albeit less frequently (85% and 
25%, respectively), and may predict the subsequent 
development of hypothyroidism in some patients 
with this condition. With appropriate treatment 
of the thyroid hormone excess or deficiency, anti-
thyroid antibody titers often decrease but are not 
clinically useful measures of disease activity.
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Multiple procedures have been developed to 
measure the TSH-receptor stimulatory immuno-
globulins that are pathogenetic for Graves’  dis-
ease, detecting either stimulation of biochemical 
functions in thyroid cells (thyroid-stimulating 
immunoglobulins) or blockade of receptor bind-
ing by TSH (TSH-binding inhibitors). The origi-
nal long-acting thyroid stimulator (LATS) assay 
of Adams and Purves had been largely replaced by 
quantitation of cyclic AMP production, typically 
by Chinese hamster ovary cells transfected with 
human TSH receptors or chimeric human/rat TSH 
receptors (100). TSH-binding inhibitors can be 
detected by quantitation of radiolabeled TSH bind-
ing to recombinant human TSH receptors in the 
presence of serum, followed by polyethylene gly-
col precipitation to separate bound from unbound 
radiolabel (101). Alternatively, recombinant TSH 
receptors can be affinity-immobilized on an anti-
body-coated tube, which is then incubated with 
TSH with an attached radioactive or chemilumi-
nescent label (102). In general, the most sensitive of 
these assays can detect thyroid-stimulating immu-
noglobulins in up to 95% of hyperthyroid Graves’  
sera, and TSH-binding inhibitors in 60 to 85%. In 
general, there is an excellent correlation between 
the bioassay methods and the TSH receptor– based 
assays (103). However, thyroid-stimulating immu-
noglobulins levels may be more useful for identify-
ing Graves’  disease as the cause of exophthalmos 
(104). Blocking antibodies that bind to but do not 
stimulate the TSH receptor have also been identi-
fied in hypothyroid and euthyroid patients with 
autoimmune thyroiditis or Graves’  disease.

The measurement of thyroid autoantibodies is 
of value in selected clinical situations. The pres-
ence of thyroid-stimulating immunoglobulins in 
patients in whom the etiology of hyperthyroid-
ism is uncertain can lead to a diagnosis of Graves’  
disease. Current third generation TRAb assays 
have a 95% sensitivity and specificity for diagnos-
ing Graves’  disease (105). Assessment of anti-TSH 
receptor antibody levels before treatment can be 
predictors of the likelihood of remission after a 
course of antithyroid drug therapy or the develop-
ment of Graves’ ophthalmopathy (106). Persistence 
of high levels of thyroid-stimulating immunoglob-
ulins in Graves’  disease following therapy is asso-
ciated with increased rates of recurrence (107, 108). 
When detected during the third trimester of preg-
nancy in a woman with Graves’  disease, significant 

increases in either TSH-binding inhibitors or thy-
roid-stimulating immunoglobulins titers correlate 
with the development of intrauterine and neonatal 
hyperthyroidism due to transplacental passage of 
immunoglobulins (109).

TISSUE RESPONSES TO THYROID HORMONE 
ACTION

Before the availability of hormone immunoassays, 
measurement of the end-organ responses— for 
example, the basal metabolic rate— was the pri-
mary means of evaluating thyroid hormone func-
tion. Today, regulation of serum TSH levels by T4  
and T3  is the most precisely measurable and useful 
response by tissues to the action of thyroid hor-
mones. Measurements of thyroid hormone effects 
in extrapituitary tissues are occasionally used to 
evaluate patients in whom there is a discordance 
among the clinical evaluation, thyroid hormone 
levels, and the concentration of TSH (110).

Numerous serum constituents have altered 
levels in hyperthyroidism and hypothyroidism, 
mostly reflecting changes in synthesis and/or clear-
ance of these substances (Table 1.3). There is con-
siderable overlap between the normal ranges and 
values seen in thyroid gland dysfunction. However, 
they remain useful markers of thyroid hormone 
effects, especially with serial determination dur-
ing therapy of underlying thyroid disorders and in 
the evaluation of patients with discordant thyroid 
function tests. Combinations of biophysical and 
serum parameters of thyroid hormone action are 
particularly useful in the evaluation of patients 
with possible thyroid hormone resistance states. 
To characterize the presence and extent of resis-
tance, parameters of pituitary and peripheral tis-
sue response are measured before and during the 
administration of increasing doses of T3  (50, 100, 
and 200  μ g per day). Among the various tests per-
formed, changes in sex hormone-binding globulin, 
basal metabolic rate, and body weight provide the 
strongest distinction between normal responsive-
ness and generalized resistance to thyroid hor-
mones (111).

LABORATORY EVALUATION FOR 
THYROID DISEASE

Distinct strategies for use of thyroid function 
tests should be designed to satisfy four distinct 
purposes: screening for the presence of clinically 
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unsuspected disease in an asymptomatic general 
population, case finding to detect thyroid disease 
in patients whose symptoms and signs are suf-
ficiently subtle that the examining clinician may 
not suspect thyroid dysfunction as the etiology, 
diagnosis to prove the presence of clinically sus-
pected disease, and optimization of management 
of proven thyroid disease.

Screening and case findings

Population screening is generally warranted if the 
prevalence of such disease is not small, the health 
consequences of undiagnosed disease are sub-
stantial, and the treatment is effective. With these 
criteria in mind, there is considerable controversy 
about the appropriateness of screening asymptom-
atic adults for thyroid dysfunction (112–114). The 
Whickham study demonstrated an annual inci-
dence of thyroid hormone excess and deficiency of 
0.5% in women and 0.06% in men in the United 
Kingdom (60). The hazard rate for developing 
thyroid dysfunction was higher in women with 
advancing age, but not men. Using a logit model 
to evaluate contributors to risk, only the presence 
of antithyroid antibodies and a baseline TSH of at 
least 2.0  mU/L were predictive of eventual overt 
hypothyroidism. More at issue than prevalence, 
however, is the question of whether undiagnosed 
mild hypothyroidism or hyperthyroidism has sig-
nificant enough consequences to justify the costs 
of screening. Using a decision analysis model, add-
ing a serum TSH determination to the quintennial 
cholesterol screening recommended starting at age 
35 was found to be reasonably cost-effective (115). 
Deferring periodic TSH screening until older ages 
and decreasing cost for TSH assays are key factors 
in improving cost-effectiveness even further. As a 
result, three endocrine professional organizations 
(the American Thyroid Association, American 
Association of Clinical Endocrinologists, and The 
Endocrine Society) all support routine screening 
of asymptomatic adults (116). Conversely, other 
organizations with a broader focus than these 
endocrine groups do not recommend screen-
ing for thyroid dysfunction, including the U.S. 
Preventive Services Task Force, American College 
of Physicians, Royal College of Physicians, and 
Institute of Medicine (113, 117, 118).

There is uniform agreement, however, that 
screening for neonatal hypothyroidism is necessary 

(119). Neonatal hypothyroidism occurs with a fre-
quency of 1 in 4,000 live births and is associated 
with significant neurological and developmental 
morbidity, much of which can be prevented by 
early treatment with thyroid hormone replace-
ment. Mandatory neonatal screening is based 
either upon the measurement of total (not free) T4  
or TSH in whole blood collected on filter paper. In 
strategies that measure T4  first, determination of 
the TSH concentration is performed if the T4  level 
is below the 10th percentile, and serum assays are 
then used to confirm a diagnosis of hypothyroid-
ism. The advantage of a T4 -first strategy is the 
ability to detect central hypothyroidism and mini-
mized impact of the neonatal TSH surge (120). An 
alternative strategy employs primary TSH screen-
ing, followed by confirmatory T4  testing; this 
approach is more commonly used in Europe and 
in areas of iodine deficiency (121).

Case findings are best reserved for patients 
whose clinical assessment may be sufficiently com-
plex as to obscure suspicion for thyroid dysfunc-
tion. Often, these patients are elderly, and their 
symptoms may be primarily constitutional, neuro-
psychiatric, or cardiovascular. Although dementia 
is an uncommon presentation of hypothyroidism, 
the relative ease of diagnosis and treatment of this 
condition warrants inclusion of a thyroid function 
test in the evaluation of such patients. As an ini-
tial test for case finding, a sensitive TSH assay has 
excellent sensitivity and specificity for both hyper-
thyroidism and hypothyroidism. In contrast, hos-
pitalized patients with acute illnesses have a high 
frequency of transient thyroid function abnor-
malities and are unlikely to have primary thyroid 
disease diagnosed on the basis of routine tests. In 
the absence of strong clinical evidence of thyroid 
dysfunction, patients hospitalized with acute ill-
nesses should probably not undergo thyroid test-
ing for case finding (39).

Postpartum women have a high frequency of 
transient thyroid dysfunction, especially those 
with pre-existing euthyroid autoimmune thy-
roiditis. Within the first 3 months after delivery, 
at least 5% of women develop postpartum thyroid-
itis, a painless inflammatory condition that can 
cause thyrotoxicosis and/or hypothyroidism. More 
than one-half of these patients require therapeu-
tic intervention. Furthermore, 25% of women with 
postpartum thyroiditis eventually develop chronic 
hypothyroidism requiring lifelong therapy. Case 
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finding with serum TSH measurements 3 and 6 
months after delivery is recommended for women 
with type 1 diabetes mellitus, personal history of 
postpartum thyroiditis, or those known to have 
elevated levels of anti-TPO antibodies (122).

IMAGING APPROACH TO THYROID 
DISEASE

Ultrasonography and nuclear 
medicine studies

Two imaging modalities have proven to be of con-
siderable utility for the evaluation of thyroid dis-
ease. These modalities are ultrasonography, which 
has become the gold standard for the initial evalu-
ation of diffuse and nodular thyroid disease, and 
radioiodine scanning and uptake, which are of 
crucial importance for the diagnosis and manage-
ment of hyperthyroidism and thyroid cancer.

Ultrasonography

TECHNIQUE

Ultrasound (US) examination of the thyroid gland 
is performed using high-frequency sound waves 
(10– 15  MHz) generated by a linear transducer. The 
reflections of the sound waves are used to generate 
an image which can then be displayed. The magni-
tude of the echo from each point in the field of view 
is mapped to the gray level or brightness of the cor-
responding pixel in the image (B-mode, grayscale 
image). In order to perform a US assessment, the 
patient is placed in a supine position with the neck 
extended. Axial (or horizontal or transverse) scans 
of the whole thyroid gland are obtained at the 
upper, middle, and lower poles, with a comparison 
of the size and echogenicity of each lobe and docu-
mentation of their width and anterior-posterior 
diameters (123). Longitudinal (or sagittal) scans 
provide the length of the lobes. Focal lesions are 
then documented and described using standard-
ized reporting criteria (123, 124). The following 
characteristics of nodules are reported: size, loca-
tion, shape, composition, description of any calci-
fications, echogenicity, and vascular pattern. The 
vascularity of the lobes and the associated nodules 
is also depicted using color Doppler imaging, in 
which blood flow information is color-coded and 
superimposed on the B-mode grayscale image.

INDICATIONS

In addition to documenting the presence of thy-
roid nodules, US can also provide information 
about their risk of malignancy. The nodule char-
acteristics described above are used to assign a 
risk of malignancy. For those nodules with a sig-
nificant risk of malignancy, US can also be used to 
guide fine needle aspiration biopsy. Nodules that 
are determined not to be malignant can be moni-
tored by US for changes in their size and other 
characteristics. Other roles for US examination 
are to document cervical lymphadenopathy, eval-
uate other thyroid lesions, and evaluate changes 
in the thyroid parenchyma. US is also invaluable 
for monitoring the post-thyroidectomy neck for 
tumor recurrence or suspicious lymph nodes in 
a patient being followed after initial treatment of 
thyroid cancer.

NORMAL THYROID APPEARANCE

The normal thyroid gland consists of right and left 
lobes and a connecting isthmus. A normal thy-
roid gland weighs approximately 30 gm, but the 
size, shape, and volume of the gland vary with 
age and sex. Measurement of the width, depth, 
and length of each thyroid lobe can be used to 
calculate thyroid volume. Normal volumes are 
10– 15  ml and 12– 18  ml for females and males, 
respectively. The echogenicity of a normal thy-
roid gland is greater than the echogenicity of the 
surrounding muscles. The normal gland appears 
homogeneous with a “ ground glass”  appearance 
(123) (see Figure 1.2).

DIFFUSE THYROID DISEASE

US can be used to document a diffusely enlarged 
thyroid gland and can document extension into 
the superior mediastinum. It can also document 
the parenchymal changes associated with various 
diffuse thyroid diseases based on the echogenicity 
compared with the normal thyroid gland (123). 
A gland affected by Hashimoto’ s thyroiditis can 
appear heterogeneous with multiple hypoechoic 
micronodular areas (see Figure 1.3a), as com-
pared with the more homogeneous appearance 
of normal thyroid parenchyma (Figures 1.2d and 
1.2e). As the disease progresses, the parenchymal 
fibrosis is manifest as linear bands of echogenicity. 
Vascularity, as indicated by color Doppler imaging, 
is usually normal or increased early in the disease 
course (see Figure 1.3b) and reduced in the later 
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atrophic stage. In the case of Graves’  disease, the 
gland is enlarged and lobulated with reduced echo-
genicity secondary to increased blood flow and 
decreased colloid (see Figure 1.4a), as compared 
with normal thyroid gland parenchyma (Figures 
1.2d and 1.2e). In comparison to Hashimoto’ s 
thyroiditis, the gland is less heterogeneous, and  
when color Doppler imaging is employed, has 
increased vascularity and increased blood flow (see 

Figure 1.4b). Subacute granulomatous thyroiditis 
is characterized by ill-defined patchy hypoechoic 
areas in the thyroid gland. The thyroid gland in 
both silent and postpartum thyroiditis appears 
either diffusely hypoechoic or has multiple areas of 
low echogenicity throughout both lobes. Riedel’ s 
thyroiditis appears as an enlarged hypoechoic 
gland that has a coarse echotexture with linear 
echogenic streaks corresponding with fibrotic 
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carotid trachea

(b)

carotid

trachea

le� thyroid lobe

(c)

right thyroid lobe
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(d)

right thyroid lobe
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Figure 1.2 Ultrasound of a normal thyroid gland showing (a) the isthmus in transverse view, (b) the 
left thyroid in transverse view, (c) the right thyroid lobe in transverse view, (d) the left thyroid lobe in 
sagittal view, (e) the right thyroid lobe in sagittal view.
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Figure 1.3 Ultrasound imaging of a thyroid gland affected by Hashimoto’s thyroiditis with (a) gray 
scale imaging showing hypoechoic micronodular areas and (b) color Doppler showing increased 
vascularity.
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Figure 1.4 Ultrasound imaging of a thyroid gland affected by Graves’ disease with (a) grayscale imag-
ing showing reduced echogenicity and less heterogeneity than Hashimoto’s thyroiditis and (b) color 
Doppler showing increased vascularity and blood flow.
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bands. Color Doppler imaging has been used to 
distinguish the causes of amiodarone-induced 
thyrotoxicosis, as type 1 disease is characterized by 
increased blood flow and type 2 disease is associ-
ated with normal or decreased flow.

THYROID NODULES

US has become a key tool for determining whether 
a thyroid nodule, which has been found by palpa-
tion or incidentally by imaging, requires biopsy 
to exclude malignancy (124). Benign thyroid nod-
ules are generally isoechoic or hyperechoic. Pure 
cysts are anechoic and are always benign and do 
not require biopsy. Spongiform nodules contain-
ing scattered microcystic structures also have a 
very low (< 3%) risk of malignancy. The most com-
mon thyroid malignancy, papillary thyroid cancer, 
is generally hypoechoic, with other features such 
as irregular margins, microcalcifications, a “ taller 
than wide”  configuration in the transverse view, 
and internal vascularity. Follicular thyroid can-
cers are often hypoechoic with a rounded shape. 
Anaplastic thyroid cancer is typically hypoechoic, 
with irregular margins and areas of necrosis. 
Medullary thyroid cancer is also hypoechoic in 
appearance and may have echogenic foci due to 
amyloid deposition. US can also provide infor-
mation about the number and characteristics of 
additional nodules, in addition to the index nod-
ule. The presence of multiple nodules within the 
thyroid gland is associated with a very slightly 
reduced overall risk of thyroid cancer for the indi-
vidual patient (125).

RISK STRATIFICATION SYSTEMS FOR 
THYROID NODULES

Systems used to stratify the risk of malignancy 
within a thyroid nodule have been based on a 
description of the individual ultrasound features, 
or various scoring systems that accommodate the 
US patterns or number of suspicious ultrasound 
features (126). A 2005 guideline recommended 
biopsy with different size cut-off criteria based on 
individual US features (127). A recent meta-anal-
ysis examining the predictive value of individual 
US features using combined data from 31 studies 
suggested that the highest diagnostic odds ratio 
for malignancy of 11.14 (CI 6.6– 18.9) was provided 
by the taller than wide characteristic (128). Other 
individual predictive features were infiltrative 
margins, internal calcifications, hypoechogenicity, 

and a solid nodule. However, each of these indi-
vidual features had relatively modest likelihood 
ratios, and when the prevalence of thyroid cancer 
was taken into account, they resulted in a relatively 
modest post-test probability of thyroid cancer 
being present. Other meta-analyses have produced 
similar conclusions (129). Thus, the use of a single 
US feature does not take into account the altera-
tion in risk that can occur with a combination of 
features, nor does it incorporate individual patient 
risk factors.

Combinations or patterns of US features have 
higher predictive value for thyroid cancer (126) 
compared with individual features. The American 
Thyroid Association (ATA) has developed criteria 
for assessment of the risk of malignancy within a 
nodule using the pattern of sonographic features 
(89) (see Figure 1.5). Using this system, a solid 
hypoechoic nodule that also has either irregular 
margins, microcalcifications, a taller-than-wide 
shape, an extrusive soft-tissue component, or extra 
thyroidal extension is considered to be high suspi-
cion and to have at least a 70– 90% risk of malig-
nancy. Figure 1.6 shows a nodule with high-risk 
ATA sonographic features that was found to be 
papillary thyroid cancer when subject to biopsy. 
Solid hypoechoic nodules without these additional 
features are considered to be intermediate risk with 
a 10– 20% risk of malignancy. Isoechoic or hyper-
echoic nodules without these features have a low 
risk (5– 10%) of malignancy. A hyperechoic nod-
ule with low-risk features is shown in Figure  1.7. 
Spongiform nodules have very low (< 3%) risk of 
malignancy, whereas purely cystic lesions are con-
sidered benign with < 1% risk of malignancy. Based 
on these differing assessments of the risk of thyroid 
cancer, different size criteria are suggested by the 
ATA for making a decision to pursue fine needle 
aspiration biopsy. For example, nodules with high 
and intermediate risk sonographic patterns are 
recommended for biopsy if they are greater than 
1 cm in size, whereas low risk nodules are recom-
mended for biopsy if they are greater than 1.5  cm 
in dimension.

Several other systems for assessing the risk of 
a thyroid nodule harboring malignancy have been 
developed. Some of these are quantitative and are 
based on calculating the number of suspicious US 
features and generating a risk score. The Thyroid 
Imaging Reporting and Data Systems (TIRADS), 
originally formulated in 2009 (130), has since been 
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Figure 1.5 Risk stratification of thyroid nodules as proposed by the American Thyroid Association 
(ATA) 2016 Guidelines.

Figure 1.6 Nodule with ATA high suspicion sonographic pattern. (Right upper pole nodule is solid and 
hypoechoic with irregular margins and multiple microcalcifications. Color flow is present. Nodule is 
taller than it is wide. No extrathyroidal extension.)
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proposed in many different iterations (131– 135). 
The significance of sonographic features and 
combinations of features are similar to the ATA 
schema (89), but size cutoffs for fine needle aspi-
ration and need for a follow-up sonography are 
slightly different.

Thyroid nodules can also be assessed using 
strain elastography that employs an US trans-
ducer, which is used to compress and decompress 
the thyroid nodule(s) being examined (136). The 
change in signal measures the tissue stiffness, 
which is usually displayed as a continuum of col-
ors. The greater the stiffness of thyroid tissue, the 
greater the likelihood of malignancy. However, at 
this time, this technique has not been sufficiently 
standardized to be in general use. Computer-aided 
diagnostic systems have also been studied for the 
assessment of thyroid nodules. Although this type 
of artificial intelligence does not currently perform 
any better than an experienced radiologist, pro-
ducing similar sensitivity, but lesser specificity and 
accuracy (137), such algorithms may be refined in 
the future.

Sonographic patterns can also be used to guide 
the follow-up of thyroid nodules that are found to 
have benign cytology after biopsy (89). If a nodule 
has a high suspicion US pattern, follow-up US and 
biopsy within 12 months is indicated. Nodules 
with intermediate or low-risk patterns merit a 
follow-up US examination at 12– 24 months and 
a repeat biopsy if there are new suspicious sono-
graphic features or growth. Benign nodules with 
very low suspicion features may not require sono-
graphic surveillance, or can be reimaged after 24 
months.

LYMPH NODES

US is also of considerable value in identifying 
abnormal cervical lymph nodes in individuals 
being evaluated for a possible thyroid cancer diag-
nosis, for those undergoing evaluation prior to 
thyroid surgery for known thyroid cancer, and for 
surveillance of the thyroid bed and neck in patients 
after surgery for thyroid cancer. Benign lymph 
nodes are usually oval with a preserved hilum (see 
Figures 1.8a and 1.8b), whereas lymph nodes con-
taining metastatic thyroid cancer are more likely 
to have a rounded shape, loss of their fatty hilum, 
cystic change, microcalcifications, or irregular 
internal hypervascularity (see Figure 1.8c)

Nuclear medicine studies

TECHNIQUE

The thyroid has the ability to concentrate iodine 
and incorporate it into thyroid hormone. In fact, 
adequate supplies of iodine are essential for nor-
mal thyroid function and a euthyroid status. 
Iodine is transported into the thyroid gland via 
the sodium-iodide symporter (NIS), a trans-
porter whose activity is stimulated by thyroid 
stimulating hormone or thyrotropin (TSH) and 
iodine depletion. Radioactive iodine is taken up 
and incorporated into the thyroid gland in an 
identical manner to “ cold”  iodine. Radioiodine 
isotopes used in evaluating thyroid disease 
include iodine-123 (I-123) and iodine-131 (I-131). 
Technetium-99m (Tc-99m), a manmade ele-
ment, is another radiopharmaceutical used in 
thyroid imaging. Tc-99m can be considered to 

Figure 1.7 Nodule with ATA low suspicion sonographic pattern. (Left mid-lower pole solid hyper-
echoic elongated nodule has no microcalcifications or extrathyroidal extension.)
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be an iodine analogue which is trapped within 
thyroid follicular cells by NIS, but, unlike iodine, 
is not incorporated into thyroid hormone (138). 
Radioiodine imaging utilizes a gamma camera 
which detects the gamma rays (photons) emitted 
by both I-123 and I-131. Gamma rays from I-123 
have a low energy (159  KeV) and are detected by a 
low energy collimator, whereas gamma rays from 
I-131 include primary photons of higher energy 
(364  KeV) that are detected by a high energy 
collimator (139). Radioactive iodine is usually 
administered orally and is typically visualized 4 
and 24  hours after administration. Photons ema-
nating from the thyroid interact with the crystal 
within the gamma camera to produce scintilla-
tions that are converted into light and displayed 
as an image that can be digitally enhanced. Two 
pieces of information are useful: these are the pat-
tern and the amount of radioiodine accumulated 
by the thyroid gland. The uptake at 24  hours is 
most useful for assessing thyrotoxicosis, whereas 
uptake may be studied at various times when 
imaging the whole body in a patient with thyroid 
cancer. The half-life of I-123 is 13  hours, compared 
with 8  days for I-131, and 6  hours for Tc-99m 

(139). I-131 emits beta particles, as well as gamma 
photons. These particles have an average energy 
of 192  KeV and will destroy cells they are trapped 
within, which is the reason that I-131 is currently 
used almost exclusively for therapy rather than 
imaging. Tc-99m is also a gamma emitter, and is 
readily available and much less expensive than 
I-123. Tc-99m is administered intravenously and 
imaging typically occurs 20  minutes later, with 
an uptake in the 0.4– 1% range.

INDICATIONS

I-131 was one of the first isotopes used in medi-
cine beginning in the 1940s and is useful for eval-
uating and treating hyperthyroidism and thyroid 
cancer. Once a patient has been diagnosed with 
hyperthyroidism, a thyroid scan and uptake may 
be helpful in determining etiology, depending 
on the accompanying clinical presentation. In 
a patient in whom the clinical and laboratory 
constellation of findings is indicative of Graves’  
disease, a thyroid scan and uptake may not be 
necessary, although the radioiodine uptake is 
usually needed if therapy with I-131 is selected. 
However, in a patient with thyrotoxicosis in 

(a)

(b) (c)

Figure 1.8 (a) Benign 0.5 cm lymph node with normal fatty hilum, (b) morphologically normal 0.9 cm 
lymph node, (c) 1.6 cm lymph node with eccentric cystic component, abnormal vascularity and abnor-
mal echogenicity.
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whom the underlying etiology is not immedi-
ately obvious, a thyroid scan and uptake is use-
ful in distinguishing between Graves’  disease, 
thyroiditis, and iatrogenic thyrotoxicosis. In the 
case of a patient with a multinodular gland or 
a solitary thyroid nodule, the pattern of a scan 
with I-123 or Tc-99m can identify autonomous 
nodules that are responsible for the hyperthy-
roidism. Sometimes hypofunctioning nodules 
that require further evaluation by US, due to 
their potential for malignancy, are also identi-
fied. Potential findings from a thyroid scan and 
uptake are shown in Table  1.5. I-123 and I-131 
also have key roles in the imaging and treatment 
of thyroid cancer, as cancerous tissue retains the 
ability to concentrate iodine, although to lesser 

and varying degrees. Following thyroidectomy, 
I-123 can be used to detect both remnant normal 
thyroid tissues and thyroid cancer metastases. 
I-131 can be administered to achieve ablation of 
these normal and malignant tissues and to image 
them thereafter.

NORMAL THYROID APPEARANCE

A normal thyroid gland has a smooth appear-
ance and homogeneous tracer distribution. There 
may be relatively less activity at the periphery of 
the lobes (see Figure 1.9a). The two thyroid lobes 
may not be symmetrical as asymmetry of lobe size 
is a normal variant. Normal radioactive iodine 
uptake values vary according to the population’ s 
iodine intake and the individual nuclear medicine 

Table 1.5. Diagnosis of hyperthyroidism based on thyroid scan and uptake

Diagnosis Uptake Pattern Depiction of scan

Graves’ disease Elevated Diffuse

Toxic multinodular 
goiter

Usually elevated Heterogeneous

Toxic nodule May be elevated Focal, potential suppression  
of the rest of the gland

Thyroiditis Low May be patchy

Exogenous thyroid 
hormone

Low Uniform

Ectopic thyroid tissue May be elevated Outside of the thyroid gland
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facility’ s established reference range. The values 
also vary over time after the administration of the 
dose of radioisotope. Normal radioiodine uptake 
values are approximately 5– 15% at 4  hours and 
15– 30% at 24  hours (140). The Tc-99m uptake is 
much lower (138) and is assessed approximately 
20  minutes after injection of the radiotracer.

DIFFUSE THYROID DISEASE

Thyroid scanning and measurement of uptake 
using I-123 are useful for the differential diagno-
sis of Graves’  disease (140). Thyroid gland uptake 
is increased over the normal range in Graves’  dis-
ease (see Table 1.5 and Figure 1.9b), which is the 
most common cause of thyrotoxicosis. The pattern 
of uptake is homogeneous, and a pyramidal lobe 
may be visible (139). If treatment with I-131 is the 
selected therapy for Graves’  disease, the therapy 
may be given using one of a variety of calculations 
to determine the appropriate administered activ-
ity (see Chapter 2, “The Diagnostic Evaluation and 

Management of Hyperthyroidism due to Graves’ 
Disease”).

In subacute or silent thyroiditis, despite the 
laboratory evidence of thyrotoxicosis, there is low 
uptake of radioiodine (or Tc-99m) by the gland 
(Table 1.5) (139). This decreased uptake may give 
way to a patchy pattern of uptake as the gland recov-
ers from the thyroiditis. Low radioiodine uptake 
over the thyroid gland may also be seen in a patient 
with thyrotoxicosis when the cause of the problem 
is thyroid hormone ingestion or iodine excess. Low 
uptake is typically seen in a hypothyroid patient with 
Hashimoto’ s thyroiditis. Rarely, this low uptake 
may be preceded by a period of diffusely increased 
uptake and hyperthyroidism in the early stage of 
Hashimoto’ s disease (so called “ Hashitoxicosis” ) 
(140). Other rare situations in which there may be 
low or absent radioiodine uptake in the neck in a 
hyperthyroid patient include struma ovarii, where 
there is increased uptake of the tracer in the pelvis, 
and functioning metastatic thyroid cancer.

(a) (b)

(d)(c)

Figure 1.9 Thyroid radioisotope scans may be helpful in assessing certain patients with 
hyperthyroidism. (a) Demonstrates symmetrical isotope distribution (123I) in a normal individual. 
(b) Demonstrates an enlarged gland with diffuse uptake consistent with Graves’ disease. 
(c) Demonstrates a solitary functioning thyroid nodule. There is intense activity in the right-lobe 
nodule with diminished activity in the rest of the gland because of suppression of TSH by thyroid 
hormone secretion of the nodule. (d) Shows a toxic multinodular goiter. Radioactive isotope activity is 
heterogeneous, with areas of intense activity interspersed with areas of reduced activity.



 Imaging approach to thyroid disease 27

THYROID NODULES

Thyroid nodules may be present in a euthyroid, 
hypothyroid, or hyperthyroid patient. In the first 
two instances, the primary means of nodule evalu-
ation is with US. In the case of a patient with both 
nodular disease and hyperthyroidism, a thyroid 
scan and uptake will help determine whether auton-
omously functioning nodular thyroid tissue is the 
cause of the hyperthyroidism (see Table 1.5) (139). 
The greater the size of a solitary nodule, the greater 
the likelihood that it will cause hyperthyroidism. 
As the adenoma grows over time, its hyperfunction 
may lead to suppression of endogenous TSH secre-
tion with concomitant suppression of radioiodine 
uptake by the rest of the gland (140) (see Figure 1.9c). 
Almost all hyperfunctioning nodules are benign. 
However, rarely, a malignant nodule may appear to 
be functioning with Tc-99m when the scan is per-
formed at 20  minutes, but the nodule will be non-
functioning with I-123 at 24  hours. Such cancers can 
“ trap”  Tc 99m and I-123, but cannot further process 
(“ organify” ) the iodine into thyroid hormone, and 
will therefore appear nonfunctioning or “ cold”  on 
the scan done at 24  hours. Therefore, patients with 
nodules that are functioning on pertechnetate imag-
ing should undergo I-123 imaging to verify that they 
are functioning (141). A multinodular gland may 
contain both hyperfunctioning and hypofunction-
ing nodules (see Figure 1.9d). Before considering 
I-131 treatment of a toxic multinodular goiter, the 
non-functioning nodules should undergo examina-
tion by US, and sonographically suspicious nodules 
should be subject to fine needle aspiration biopsy to 
exclude malignancy.

ECTOPIC THYROID TISSUE

Radiotracer scanning may identify thyroid tissue 
that is not present in the usual location (138, 140). 
Examples include a thyroglossal duct cyst and 
a lingual thyroid, which are present in the mid-
line along the normal course of the embryologic 
descent of the thyroid gland. Other potential find-
ings include a substernal goiter and ectopic thyroid 
tissue within the chest.

THYROID CANCER

A diagnosis of differentiated thyroid cancer typi-
cally leads to thyroidectomy or lobectomy. If a 
thyroidectomy is pursued, depending on the size 
of the tumor and other features such as cervical 

node involvement, lymphatic or vascular invasion, 
or extrathyroidal extension, whole body scan-
ning with I-123, and adjuvant or therapeutic I-131 
administration might also be employed (89, 139). 
Malignant thyroid tissue does not take up iodine 
as effectively as normal thyroid tissue. Therefore, 
manipulations, including iodine depletion employ-
ing a low iodine diet, and elevation of serum TSH, 
either through injection of recombinant human 
TSH (rhTSH, Thyrogen® ) or withdrawal from 
thyroid hormone therapy, are required (89). Poorly 
differentiated thyroid cancers do not accumulate 
iodine effectively and have minimal response to 
I-131 therapy. Anaplastic thyroid cancer also does 
not effectively accumulate iodine. Medullary thy-
roid cancer cells do not have an iodine transporter 
and are not treated with I-131 at all. PET scanning 
using 18-F-fluorodeoxyglucose is another imaging 
modality that may be useful for assessing thyroid 
cancers which do not concentrate iodine efficiently.

A diagnostic whole-body iodine scan is usually 
performed following I-123 administration, and the 
pattern and amount of uptake can be used to tai-
lor the patient’ s I-131 therapy. The administered 
activity of I-123 is usually approximately 3  mCi, 
and scanning is performed approximately 24  hours 
after oral administration of the tracer dose. In addi-
tion to uptake within any remnant thyroid tissue 
within the neck, there will also be a demonstration 
of physiologic iodine uptake or distribution within 
salivary glands, liver, gastrointestinal tract, and 
bladder. Metastatic disease within cervical or medi-
astinal lymph nodes, lungs, or the skeleton may also 
be demonstrated. Depending upon the histopatho-
logic features of the patient’ s tumor, combined with 
the pattern and degree of uptake documented on 
the diagnostic scan, a therapeutic activity of I-131, 
varying from 30 to 200  mCi, is selected. The beta 
particles from the I-131 will destroy any benign or 
malignant tissue which accumulates the isotope. A 
post-therapy scan is recommended 3– 7  days after 
administration of I-131 therapy. Such scans may 
demonstrate additional sites of disease that were 
not identified by the diagnostic (or pre-therapy) 
scan (see Figure  1.10, which shows uptake within 
cervical and pulmonary metastases only appreci-
ated after therapy). “ False positive”  areas of iodine 
uptake may also be seen associated with physiologic 
or non-thyroid cancer pathologic processes. These 
include uptake in the thymus, breast, endome-
trium, and pleural effusions (142).
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GRAVES’  DISEASE

Introduction

Graves’  disease is an autoimmune thyroid disor-
der characterized by clinical hyperthyroidism and 
the presence of autoantibodies directed against the 
thyrotropin (TSH) receptor (1). The presentation 
of this disease varies with age. Younger patients 
manifest nervousness, weight loss, anxiety, heat 
intolerance, hyperdefecation, inability to concen-
trate, and tremulousness, while older patients may 
manifest few if any of these typical symptoms (2). 
Circulating TSH receptor– stimulating antibod-
ies are present in at least 90% of patients and are 
responsible, in large part, for the thyroidal hyper-
activity (3). An interesting aspect of Graves’  disease 
is its association with ophthalmopathy, which can 
cause tearing, burning, itching, proptosis, double 
vision, and/or (rarely) visual impairment (4). The 
etiology of Graves’  hyperthyroidism and ophthal-
mopathy remains unclear. There are abnormalities 
in T-cell function that allow the TSH receptor anti-
bodies to develop; these antibodies not only stim-
ulate TSH receptor action in thyrocytes but may 
cross-react with orbital antigens (e.g., fibroblasts 
and adipocytes) as well (5). 

Epidemiology

Although it may present in patients of any age, 
Graves’  disease occurs more commonly in women 
than men, especially in women between the ages 
of about 20 and 50 years (6). Graves’  disease is rare 
in young children; when it occurs in neonates, it 
is almost always related to transplacental passage 
of TSH receptor– stimulating immunoglobulins, a 
condition that typically persists for several weeks 
until the IgG antibodies are cleared from the neo-
nate’ s circulation (7). In adults, the annual incidence 
of new cases of Graves’  disease is 1 to 10 per 100,000, 
although, of course, these numbers vary depending 
upon the method of detection and the iodine con-
tent in the geographic area (8). People living in all 
areas of the world are affected by Graves’  disease. 
It is believed that the incidence correlates directly 
with the amount of iodine in the diet. Increased 
iodine intake has been shown to be associated with 
an increased frequency of hyperthyroidism (9). 
Cigarette smoking and stressful life events have also 
been linked to the etiology of Graves’  disease (9).  

The use of certain drugs, especially interferon-
alpha, has been associated with the development of 
Graves’  disease during therapy (10).

Pathophysiology

Although much has been learned about the immune 
dysregulation that characterizes Graves’  disease, 
the precise cause is unknown. There are defects in 
antigen-specific T cells that result in B-cell pro-
duction of many antibodies, most notably stimula-
tory TSH receptor antibodies. The thyroid glands 
of patients with Graves’  disease are infiltrated with 
these antigen-specific T cells. Whether the disease 
is caused by abnormal clones of autoreactive T cells 
or the initial trigger is abnormal antigen presenta-
tion by thyrocytes is not known (11). It is thought 
that the same anti-TSH receptor antibodies are 
responsible for Graves’  ophthalmopathy (GO, also 
called thyroid eye disease [TED]) (Figures 2.1a,  
2.1b, and 2.2). 

Diagnosis

SIGNS AND SYMPTOMS

The typical signs and symptoms of Graves’  hyper-
thyroidism do not differ significantly from those of 
any other type of hyperthyroidism (Table 2.1) (3). 
The main features of hyperthyroidism relate to 
the action of excess thyroid hormone at the cel-
lular level and enhanced beta-adrenergic activity. 
Typical manifestations include weakness, fatigue, 
anxiety, tremulousness, heat intolerance, and 
weight loss. Any organ system may be involved. 
The skin may be warm, smooth, and moist. 
Tachycardia is common, but atrial arrhythmias, 
heart block, or high or low cardiac output may 
occur, especially in older individuals (12). Mitral 
valve prolapse, a systolic flow murmur, an S3 gal-
lop, or a Means– Lerman “ scratch”  murmur may 
be present. The latter systolic sound is best heard 
along the left intercostal space during expiration. It 
is thought to result from either turbulent pulmonic 
artery blood flow or to friction between the pericar-
dial and pleural surface in a hyperdynamic heart. 
Recent studies have also shown that older patients 
with thyrotoxicosis may develop congestive heart 
failure with evidence of a reversible cardiomyop-
athy and normal or low ejection fraction (13). In 
addition, some patients may develop reversible, 
usually asymptomatic, pulmonary hypertension 
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related to increased cardiac output or to left atrial 
diastolic dysfunction (14).

Patients may complain that they are eating vora-
ciously but are still losing weight; hyperdefecation 
is more frequent than frank diarrhea. Some patients 
may actually gain weight due to an enhanced 
appetite. Anorexia may be encountered in elderly 
patients where hyperthyroidism can masquerade 
as an occult malignancy (15). Liver function tests 
may be elevated secondary to the hyperthyroid 
process or— less frequently— to related autoim-
mune disorders, such as primary biliary cirrhosis, 
systemic lupus erythematosus, or scleroderma (16). 
Additional manifestations of hyperthyroidism actu-
ally relate to the underlying immunological abnor-
malities. Vitiligo and/or prematurely gray hair may 
be present, indicating the presence of antimelano-
cyte autoantibodies. Patients with Graves’  ophthal-
mopathy may present with or have burning, itching, 
proptosis, photophobia, or diplopia. Uncommonly, 
there may be proptosis or optic nerve compression, 
resulting in decreased visual acuity (Figure 2.3).

Elevated serum calcium, probably related 
to a direct effect of thyroid hormones on osteo-
clasts, may occur in about 10% of patients. Even 
mildly elevated thyroid hormone levels or sub-
clinical hyperthyroidism may be associated with 
decreased bone mineral density, most notably in 
postmenopausal women, as shown in population-
based studies and a meta-analysis (17– 20). Hand 
tremor and generalized proximal muscle weak-
ness are common. Rarely, hypokalemic periodic 
paralysis may occur, most frequently in Asian 
males (21). Attacks are precipitated by high car-
bohydrate intake and heavy exercise. The precise 
pathophysiology of these events is unknown, 
but patients may have a genetic predisposition 
to activation of Na/K-ATPase activity, which is 
enhanced in hyperthyroidism (22). One suggested 
treatment regimen is to administer 10 mEq KCL 
IV or 2 gm KCL every 2 hours with close moni-
toring of serum potassium and cardiac status, as 
rebound hyperkalemia occurs commonly (23). 
Propranolol, 3– 4 mg/kg orally, can reverse or 

(a)    (b) 

Figure 2. 1 (a) Patient with Graves’  disease and ophthalmopathy demonstrating proptosis and perior-
bital edema. (b) One theory of the pathogenesis of Graves’  disease. There is a defect in suppressor 
T lymphocytes (Ts) that allows helper T lymphocytes (TH) to stimulate B lymphocytes (B) to synthesize 
thyroid auto-antibodies. The thyroid-stimulating immunoglobulin (TSI) is the driving force for thyro-
toxicosis. The inflammatory process in the orbital muscles may be due to sensitization of cytotoxic 
T lymphocytes (Tc), or killer cells, to orbital antigens in association with cytotoxic antibodies. The 
thyroid and the eye are linked by a common antigen, the TSH-R, found in thyroid follicular cells and 
orbital fibroblasts. It is not yet clear what triggers this immunologic cascade. (Tg Ab, thyroglobu-
lin antibody; TPO Ab, thyroperoxidase or microsomal antibody; Ag, antigen; Ab, antibody.) (From 
Greenspan’ s Basic and Clinical Endocrinology , Gardner D and Shoback D, eds. McGraw-Hill 2016.)
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prevent attacks (21). Restoration of the euthyroid 
state prevents future attacks.

The central nervous system (CNS) manifesta-
tions of Graves’  hyperthyroidism are varied but 
include restlessness, irritability, nervousness, and 
impatience. Some patients may realize that they 
have a decreased ability to concentrate and remem-
ber facts; occasionally, they may have demonstra-
ble personality changes (24). These features may be 
difficult to quantify, but relatives may help to iden-
tify them. Cognitive function may be impaired, 
especially in hospitalized elderly patients, and sei-
zures and coma can be the presenting features of 
“ thyroid storm”  (see section on Thyroid Storm). 
Depression and irrational or even criminal behav-
ior are very unusual. It is difficult to prove that seri-
ous personality disorders or criminal behavior are 
directly associated with hyperthyroidism per se, 

although hyperthyroidism has been implicated in 
these circumstances (25). Suicide does not seem to 
be more common in hyperthyroidism (26). Rarely, 
hyperthyroid patients may present with other neu-
rological findings, such as chorea (27).

Women may have irregular menses and 
decreased fertility, but amenorrhea is rare (28). 
Men may have decreased libido and gynecomas-
tia, thought to be related to increased estrogen 
production (Figure 2.4) (29). Total serum estro-
gen levels are usually increased, in part related 
to increased sex hormone– binding globulin lev-
els. Serum LH concentrations are increased and 
there may be Leydig cell failure associated with 
impaired spermatogenesis (27). One study sug-
gested that up to 50% of hyperthyroid men have 
some aspect of sexual dysfunction that is recovered 
with therapy (30). Generalized lymphadenopathy, 

Figure 2.2 (a–d) Thyroid radioisotope scans may be helpful in assessing certain patients with hyperthy-
roidism. (a) Demonstrates symmetrical isotope distribution (123 I) in a normal individual. (b) Demonstrates 
an enlarged gland with diffuse uptake consistent with Graves’  disease. (c) Demonstrates a solitary func-
tioning thyroid nodule. There is intense activity in the right-lobe nodule with diminished activity in the 
rest of the gland because of suppression of TSH by thyroid hormone secretion of the nodule. (d) Shows 
a toxic multinodular goiter. Radioactive isotope activity is heterogeneous, with areas of intense activity 
interspersed with areas of reduced activity.



 Graves’  disease 41

splenomegaly, and thymic enlargement may 
occur, although other causes should be excluded 
(31). A normochromic normocytic anemia has 
been described, probably related to decreased 
ability to incorporate iron into red blood cell pre-
cursors. A macrocytic anemia should prompt an 

evaluation for gastric achlorhydria and possible 
vitamin B12 deficiency (32).

Pretibial myxedema results from excessive 
lymphocyte infiltration in the pretibial area, with 
resultant mucopolysaccharide deposition by fibro-
blasts (33, 34). The clinical result may simply be a 
small area of raised discoloration in the pretibial 

Table 2.1 Clinical effects of hyperthyroidism*

System Effects

General Nervousness, insomnia, fatigue, tremulousness, heat intolerance, weight loss

Skin Warmth, moistness, hyperidrosis, alopecia, increased pigmentation, 
onycholysis, acropachy*, pretibial myxedema*, urticaria, pruritus, vitiligo*

Eyes Exophthalmos*, conjunctivitis*, chemosis*, diplopia*, decreased vision*
Cardiovascular Tachycardia, dyspnea, palpitations, atrial fibrillation, heart block, congestive 

failure, angina pectoris
Gastrointestinal Hyperphagia, diarrhea or hyperdefecation, elevated liver function tests, 

hepatosplenomegaly
Metabolic Elevated serum calcium, decreased serum magnesium, increased bone alkaline 

phosphatase, hypercalciuria
Neuromuscular Fine hand tremor, proximal muscle weakness, myopathy, muscle atrophy, 

creatinuria, periodic paralysis
Osseous Osteoporosis, osteopenia
Neurological Fever, delirium, stupor, coma, syncope, choreoathetosis, hemiballismus 
Reproductive/sexual Irregular menses, amenorrhea, gynecomastia, decreased fertility
Hematopoietic Normochromic normocytic anemia, lymphocytosis, lymphadenopathy, 

enlarged thymus*, splenomegaly*
Mental Restlessness, irritability anxiety, inability to concentrate, emotional lability, 

depression, psychosis

This table is not intended to be all-inclusive but rather representative.
*Indicates findings seen only in Graves’  disease.

Figure 2.3  An orbital CT scan (coronal view) 
showing diffuse orbital muscle involvement with 
enlargement, most notably of the right medial 
and left inferior recti muscles in a patient with 
Graves’  ophthalmopathy.

Figure 2.4 A patient with Graves’  disease show-
ing gynecomastia. The cause of gynecomastia 
in this circumstance is thought to be related to 
increased conversion of testosterone to estradiol. 
Other causes of gynecomastia, such as hCG-
secreting tumors, should also be considered.
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area. Rarely, a large area of induration and nonpit-
ting edema may develop, sometimes involving the 
entire lower leg. In this circumstance, the patient 
may have difficulty wearing shoes and the area may 
be pruritic and even painful (Figure 2.5). Although 
the cause of pretibial myxedema is unknown, it 
seems to be related to anti-TSH receptor antibody 
levels (63). Pretibial myxedema usually does not 
occur unless a patient has clinical evidence of oph-
thalmopathy, and pretibial myxedema may occur 
in other anatomic sites, such as the feet, face, or 
preradial area. Topical steroids, usually recom-
mended to be used under an occlusive dressing, 
is the most effective therapy, but the response is 
poor in patients with more severe disease. Thyroid 
acropachy, which is clubbing of the fingers and 
toes, occurs rarely in Graves’  disease and develops 
almost exclusively in patients with concomitant 
ophthalmopathy and dermopathy (Figure 2.6). The 
etiology is unknown (32).

The manifestations of Graves’  hyperthyroid-
ism that occur in younger individuals may be dif-
ferent from those in older subjects (35). Younger 
patients tend to have more classic findings, such 
as nervousness, weight loss, anxiousness, tachy-
cardia, and heat intolerance. Older patients may 

have none of these manifestations but may only 
present with weight loss or a cardiac abnormality, 
especially atrial fibrillation. The explanation for 
these differences is unknown, and, of course, these 
comments should be taken as generalizations with 
many exceptions.

Laboratory diagnosis

THYROID HORMONE AND TSH LEVELS

In the past, common thyroid hormone measures 
included total T4, total T3, resin T3 uptake, and 
TSH. However, recent advances in techniques now 
allow the direct measurement of free T4 (FT4). 
This analysis is preferred to the total T4, as > 99% 
of T4 is bound to circulating proteins (thyroxine-
binding globulin, albumin, and prealbumin) and 
< 1% is unbound and available to enter cells and, 
after conversion to T3, bind specific nuclear recep-
tors and mediate biological activity. Total T4 mea-
surements are affected by factors that influence 
thyroid hormone– binding proteins, including 
drugs (estrogens, birth control pills, androgens, 
opiates) and medical conditions such as hepati-
tis, cirrhosis, and nephrotic syndrome. FT4 lev-
els remain normal in these situations. Total T3 is 

Figure 2.5 Two different patients with pretibial myxedema demonstrating varying degrees of involve-
ment. (a) Illustrates more minimal involvement with skin thickening, while (b) shows severe thickening, 
which would make daily activities, such as walking with shoes, difficult. The patient on the right also 
has a patch of vitiligo.
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preferred by many experts because FT3 still may 
not be measured in most laboratories in a reliable, 
precise, cost-effective manner. Approximately 5% 
of patients will have a normal serum free T4 level 
and elevated serum T3 level (“ T3 toxicosis” ) (36), 
and some patients, especially the elderly can have 
“ T4 toxicosis”  with normal serum T3 levels (37). 
Like total T4, total T3 levels are altered by situa-
tions that change thyroid hormone– binding pro-
teins. Sensitive TSH assays can measure < 0.01 
mU/L in serum, with the normal range being about 
0.5 to 4.5 mU/L. These improvements in sensitivity 
result from utilizing chemiluminescence and other 
techniques. All patients with conventional forms 
of hyperthyroidism should have an undetectable 
TSH level in third-generation assays, although 
many commercial laboratories only report that a 
value is < 0.01 mU/L.

24-HOUR RADIOIODINE UPTAKE

Serum measurements of thyroid hormone and 
TSH are the cornerstone in the diagnosis of hyper-
thyroidism, but they do not assess biological activ-
ity or the tissue effects of the circulating thyroid 
hormone levels. The capacity of the thyroid gland 
to concentrate radioactive iodine is a physiological 
test representing in vivo events. A normal subject 
will concentrate about 8% to 30% of radioactive 
iodine administered when determined at 24 hours. 
Patients with hyperthyroidism will usually con-
centrate higher amounts of radioactive iodine than 
normal, reflecting the heightened ability of the 

gland to concentrate iodine. On the other hand, 
patients with thyrotoxicosis and a low radioiodine 
uptake (RAIU) generally have a problem associated 
with increased release into the circulation of pre-
formed thyroid hormone, for example, the various 
form of thyroiditis (see Chapter 3, “ Thyroiditis” ). 
Radiocontrast dyes and other sources of exogenous 
iodine such as amiodarone will interfere with this 
test because the enormous amounts of unlabeled 
iodine in these compounds dilute out the radioac-
tive label, resulting in less radioactive iodine being 
concentrated by the thyroid gland and a very low 
24-hour uptake. Since dietary iodine intake in the 
United States has decreased over time, the normal 
range for the 24-hour uptake may have increased 
compared to values obtained 20 or 30 years ago. 
Variations in geographic and individual dietary 
iodine intake of bread, pastry, seafood, salt, and 
dairy products may also contribute to changes in 
the 24-hour uptake. Most institutions have not 
reassessed their normal range for this test in many 
years, mainly because it is difficult to justify the 
administration of radioactive materials to normal 
subjects. Therefore, the normal range should be 
considered as a guide and not an absolute limit. 
Some clinicians feel that a scan should be per-
formed whenever a radioiodine uptake is ordered 
to assess whether an undetected cold nodule also 
may be present. In addition to the radioiodine 
uptake, a scan of the thyroid can also be obtained, 
generally performed at 24 hours with 123 I. This can 
provide additional information about the size of 

Figure 2.6  A patient with Graves’  disease demonstrating bilateral exophthalmos and acropachy (club-
bing) (a). (b) Shows a radiograph of the same patient demonstrating phalangeal periosteal reaction 
(arrow).
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the thyroid gland, whether the uptake is diffuse or 
focal, with one or more discrete areas of increased 
uptake, as well as the presence of areas of decreased 
activity which may require further evaluation with 
ultrasound (Figures 2.2 a–d).

TSH RECEPTOR ANTIBODY MEASUREMENTS

If the cause of hyperthyroidism is uncertain, mea-
surement of anti-TSH receptor antibodies (TRAb; 
also called TSI and TBII) can be performed. 
Anti-TSH receptor antibody measurements can 
be performed with one of two possible assays 
(3). Stimulatory TSH receptor immunoglobulins 
(TSI) are measured in vitro by testing the ability 
of serum or IgG from a possible Graves’  patient 
to stimulate cells transfected with the TSH recep-
tor to generate cyclic adenosine monophosphate 
(cAMP) (3). These responses are compared to those 
of normal control serum or IgG. A > 50% increase 
above control serum is considered to be a positive 
cAMP response. Usually, sera from Graves’  dis-
ease patients will stimulate cAMP by more than 
two- or threefold. The advantage of the TSI assay 
is that it measures TSH receptor– stimulating anti-
bodies, which are relevant to hyperthyroidism. 
Another test, called a thyrotropin-binding inhibi-
tory immunoglobulin assay (TBII assay), measures 
the total conglomerate amount of TSH receptor 
antibodies in serum. The ability of serum or IgG 
from hyperthyroid patients to inhibit radiolabeled 
TSH binding to recombinant TSH receptors is 
compared to control normal serum (3). The poten-
tial disadvantage of TBII measurements is that 
they do not distinguish stimulatory from inhibi-
tory or “ blocking”  antibodies. To date, there are 
no commercial assays that can measure inhibi-
tory antibodies. Both assay methods have compa-
rable sensitivity and specificity for the diagnosis of 
Graves’  disease (3).

The measurement of TSH receptor antibodies 
is useful in several clinical settings (3). Their pres-
ence will differentiate Graves’  disease from other 
causes of hyperthyroidism when this differentia-
tion cannot be made clinically. Anti-TSH recep-
tor antibody measurements may also be useful 
to help confirm the presence of Graves’  ophthal-
mopathy from other nonendocrine causes of pro-
ptosis in euthyroid patients (so-called “ euthyroid 
Graves’  disease” ). Anti-TSH receptor antibody 
measurements may also help predict if a patient 
with Graves’  disease is in remission at the end of 

a course of antithyroid drug therapy (ATD) (38), 
and this strategy is recommended in recent clini-
cal practice guidelines (39). Importantly, anti-TSH 
receptor antibodies may be elevated in the sera of 
pregnant women who have (or have had) active 
autoimmune thyroid disease, such as Graves’  dis-
ease. If the TSH receptor antibodies are markedly 
elevated (e.g., two- to threefold above the upper 
limit of normal), there is an increased likelihood 
that these IgG antibodies will cross the placenta 
and cause neonatal hyperthyroidism (40).

Anti-TSH receptor antibodies can be found in 
the sera of pregnant women with Graves’  disease, 
but they may also be present in the sera of patients 
who have had Graves’  disease and are hypothy-
roid after radioiodine therapy (41). Many experts 
suggest measuring these antibodies in the third 
trimester in women with active Graves’  disease or 
Graves’  ophthalmopathy and in women treated for 
Graves’  disease in the recent past, or remotely if 
they were treated with radioiodine (39).

PITFALLS

There are several pitfalls that should be avoided 
in the laboratory assessment of Graves’  disease 
patients. The assays for iodothyronines and TSH 
are specific and accurate; as a result, there are few 
reasons for artifactual results except for mislabel-
ing and rare laboratory errors. Specific antibodies 
against T3 or T4 may alter their respective mea-
surements. Although unusual, such antibodies can 
occur in patients with autoimmune thyroid dis-
ease, in those who work with animals, and, occa-
sionally, for no apparent reason. In a study of 115 
patients with antithyroid hormone autoantibodies, 
about 42% of patients had antibodies against tri-
iodothyronine, 33% against thyroxine, and 25% of 
patients had both anti-T3 and anti-T4 antibodies 
(42). Although 44% of these patients were consid-
ered to be euthyroid, 16% were hyperthyroid and 
almost 40% were hypothyroid. While the effect of 
antibodies on T4 and T3 measurements depends 
upon the method of measurement, in general, they 
cause a laboratory result that is incongruent with 
the clinical state (40).

It is important to ensure that patients with 
Graves’  hyperthyroidism have an undetectable 
serum TSH level so that rare individuals with 
peripheral hormone resistance or TSH-secreting 
pituitary tumors are not misdiagnosed as having 
Graves’  disease. Also, certain patients may harbor 
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heterophilic antibodies that can result in falsely 
elevated serum TSH levels, causing diagnostic con-
fusion in patients with hyperthyroidism (43). Biotin 
ingestion can also cause a falsely low serum TSH 
and elevated levels of FT4 and FT3 in assays that use 
streptavidin– biotin detection systems, mimicking 
the biochemical profile of hyperthyroidism (44).

It is also important to exclude other coexistent 
autoimmune disorders that may be confusing the 
clinical picture. For example, a patient with Graves’  
hyperthyroidism who complains of inordinate 
weakness and tiredness may, in fact, have coexis-
tent hypoadrenalism due to Addison’ s disease; a 
patient with persistent gastrointestinal symptoms 
may have occult celiac disease (45).

The patient’ s clinical assessment and history 
must be integrated with the thyroid function tests. 
Thyroid function tests should ideally be deter-
mined twice prior to treatment and, when pos-
sible, measurement of FT4 and T3 is preferred. In 
patients with mild hyperthyroidism and no clini-
cal features of Graves’  disease, it is important to 
obtain a radioactive iodine uptake test or TRAb 
prior to treatment to confirm high-uptake thyroid 
disease (i.e., Graves’  disease). Even if the diagnosis 
of Graves’  disease seems obvious, at least one TSH 
measurement should be obtained to rule out the 
unlikely TSH-secreting pituitary tumor.

Treatment

Ideally, the treatment of any medical condition is 
directed at its cause, but the proximate cause of the 
immune dysregulation in Graves’  disease remains 
obscure (11). Therefore, the available treatments are 
directed at the thyroid gland rather than the under-
lying autoimmunity. The therapies that are available 
to the clinician in the twenty-first century are the 
same as those that were available almost 80 years 
ago: antithyroid drugs, radioiodine, and surgery 
(39). Although some patients, especially those who 
are relatively asymptomatic, may wonder whether 
specific treatment is necessary, overtly hyperthyroid 
individuals usually require restoration of a euthyroid 
state because of potentially deleterious skeletal, car-
diovascular, and psychological effects.

ANTITHYROID DRUG THERAPY

Antithyroid drugs remain the first choice for ini-
tial therapy of children, adolescents, and young 
adults in the United States (46). They are the usual 

treatment for almost all patients in the rest of the 
world (44, 47) and perhaps for most patients in 
the United States as well (48). Antithyroid drugs 
are generally safe and effective in controlling the 
hyperthyroid state. However, they have limitations 
and toxicities that are important to recognize, and 
their proper use requires knowledge of their phar-
macology as well as clinical experience.

Clinical pharmacology of antithyroid 
drugs
Antithyroid drugs do not directly affect iodine 
uptake or hormone release by the thyroid; hence, 
contrary to popular belief, the 24-hour radioiodine 
uptake is not affected very much by antithyroid 
drug therapy (49).

Within the thyroid, both propylthiouracil 
(PTU) and methimazole (Tapazole) inhibit thy-
roid hormone synthesis by interfering with intra-
thyroidal iodine utilization and the iodotyrosine 
coupling reaction, both of which are catalyzed by 
thyroid peroxidase. Extrathyroidally, PTU, but 
not methimazole, inhibits the conversion of T4 to 
T3 in peripheral tissues. Although some feel that 
this difference confers an advantage to PTU over 
methimazole in severe hyperthyroidism or thyroid 
storm, there are no comparative data to support 
this supposition. In controlled trials in outpatients, 
methimazole generally normalizes serum T4 and 
T3 levels faster than PTU (50). There are also in 
vitro and in vivo data pointing to possible benefi-
cial effects of both drugs on the immune system, 
although it is far from clear whether this is impor-
tant clinically in terms of remission rates with 
antithyroid drug therapy (47, 51).

Antithyroid agents are well absorbed from the 
gastrointestinal tract. In the circulation, PTU is 
heavily protein-bound, mainly to albumin, while 
methimazole binding to proteins is negligible. 
However, both drugs appear to cross the placenta 
equally well (52, 53). The serum half-lives of PTU 
and methimazole are 1 and 4 to 6 hours, respec-
tively. However, the intrathyroidal duration of 
action of both drugs is longer than that, making 
the determination of drug blood levels not par-
ticularly helpful clinically. Although both drugs 
are metabolized in the liver and metabolites are 
excreted by the kidney, in the absence of data to 
the contrary, the doses used to treat hyperthyroid-
ism do not generally need to be altered in patients 
with liver or kidney disease.
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Antithyroid drugs in clinical practice
Antithyroid drugs are used in two ways in the ther-
apy of hyperthyroidism (47). They can be employed 
as primary therapy and are usually given for 1 to 
2 years in the hope that the patient will achieve 
remission (remission is usually defined arbitrarily 
as biochemical euthyroidism for 1 year follow-
ing cessation of the antithyroid drug), or they are 
used for a few months to “ cool the patient down”  
prior to ablative therapy with radioiodine or sur-
gery. Unfortunately, patients are often started on 
antithyroid drugs without a clear goal in mind 
and then remain on them either continuously 
or intermittently for protracted periods of time. 
Antithyroid drugs are also mistakenly used in the 
long-term treatment of toxic nodules or toxic mul-
tinodular goiter, situations in which remission is 
highly unlikely.

Antithyroid drugs for primary therapy of 
Graves’  disease
Prior to initiating antithyroid drug therapy, the 
physician should carefully discuss the options with 
patients and their family (54). Unlike radioiodine 
and surgery, antithyroid drug treatment will not 
cause permanent hypothyroidism, but the chances 
of remission are < 50% for the average patient. 
Even if remission occurs, the chances of perma-
nent remission are < 50%, and late hypothyroidism 
may develop in up to 20% (39, 55). Also, the poten-
tial for allergic reactions is often underestimated or 
not discussed (56). Patient preferences are impor-
tant to take into consideration, even if the deci-
sion for or against a particular therapy seems to be 
based more on emotion than fact. No therapy has 
been shown to be superior to any other in terms 
of efficacy or patient satisfaction (57). However, the 
physician can help the patient make an informed 
choice. In a recent meta-analysis (58), orbitopa-
thy, smoking, goiter size, thyroid hormone levels, 
and levels of anti-TSH receptor antibodies were 
all significantly associated with relapse. A prior 
history of multiple relapses is another factor that 
would argue against antithyroid drug use as first-
line therapy. On the other hand, a small gland and 
mild biochemical changes would favor remission, 
and in some studies the rates may be as high as 
70 to 90%. A negative thyroid-stimulating immu-
noglobulin (TSI) titer at the beginning of therapy 
has been shown to predict a high rate of remission 

(59), but negative titers occur in only about 10% of 
patients, so it is probably not cost-effective to order 
TSI titers routinely. Age, sex, family history of 
Graves’  disease, the presence of ophthalmopathy, 
and smoking behavior are not reliably or consis-
tently predictors of remission.

Family planning is another factor that should 
be considered in women. First, many clinicians feel 
that if pregnancy is desired in the following 1 to 2 
years, antithyroid drugs are less appropriate, since 
the patient may be pregnant while taking a drug 
that could harm the fetus. Also, in patients who are 
in remission after a course of antithyroid drugs, 
relapse is very common in the postpartum period 
(60). Therefore, some clinicians feel that women 
desirous of pregnancy in the near future are not 
optimal candidates for long-term antithyroid drug 
treatment (see Chapter 12, “ Thyroid Disease and 
Pregnancy” ) (61).

Once antithyroid drugs are selected as initial 
treatment, methimazole (or carbimazole in the 
United Kingdom and certain other countries) 
has emerged as the preferred therapy because of 
potentially life-threatening hepatotoxicity with 
PTU (62). Methimazole has a number of other 
advantages over PTU. First, it is a once-a-day drug, 
which improves compliance, and the number of 
methimazole tablets that a typical patient takes 
daily is fewer, which is important to some patients. 
Also, the toxicity of methimazole is more predict-
able, in that the frequency of side effects is dose-
related; many patients can be treated with doses as 
low as 5 to 15 mg/day, a dose range in which side 
effects are few (63). PTU may be preferable in “ thy-
roid storm”  or severe hyperthyroidism because of 
its ability to block T4-to-T3 conversion (47). PTU 
could be considered in patients with a mild drug 
reaction to methimazole (e.g., a drug eruption) 
that does not respond to antihistamines and who 
reject definitive therapy with either radioiodine or 
surgery (39).

In mild to moderate thyrotoxicosis, methim-
azole is usually started at a dose of 10 to 30 mg/
day as a single daily dose. The rapidity of response 
depends on the severity of the underlying thyroid 
problem, the size of the gland and its hormonal 
stores, the dose and frequency of the drugs, and, of 
course, compliance. Most patients become euthy-
roid within 6 to 12 weeks; it is important to moni-
tor both T3 and FT4 levels, as serum T3 may take 
longer to normalize than the FT4 (48). In general, 
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the methimazole dose is related to the severity of 
the underlying thyrotoxicosis (Table 2.2) (39).

Although it may take longer to achieve control 
than with higher doses (48), initial doses as low as 
10 mg/day can control hyperthyroidism in many 
patients (61). Once antithyroid drugs have been 
started, thyroid function should be monitored 
every 4 to 6 weeks at least for the first 6 months 
and less frequently thereafter. During treatment, 
some patients can have startling degrees of “ T3 
predominance,”  with serum T3 levels two to three 
times above the upper limit of normal and serum 
T4 values that are subnormal (64). Also, the serum 
TSH level can remain suppressed long after the 
patient has become euthyroid or even hypothyroid, 
which limits its value early in the course of treat-
ment. In many patients, the drug can be tapered to 
a lower dose after a few months, once the patient 
has become biochemically euthyroid. If this taper-
ing is not done, hypothyroidism will often ensue 
(65). In patients who are hyperthyroid on a low 
drug dose but hypothyroid on a larger dose, some 
physicians use a “ block-replacement”  regimen. In 
this method, a dose of antithyroid drug that would 
cause hypothyroidism is employed in conjunc-
tion with thyroxine supplementation to maintain 
a euthyroid state. This method of treating patients 
may also be useful in the pediatric population but 
has not gained wider acceptance (66).

Once a patient has been placed on long-term 
therapy with an antithyroid drug, what is the 
optimal duration of therapy before a remission 
has been achieved and the drug can be discon-
tinued? Older retrospective data suggested that 
the longer a person remained on therapy, the 
more likely a remission would be achieved once 
the drug was stopped. More recently, prospective 
trials have not shown longer treatment periods 
(e.g., > 12– 18 months) to be more effective (e.g., 
[67]). Therefore, treatment for 12– 18 months is 
reasonable, but data supporting longer periods of 
time are lacking.

After 1 to 2 years of therapy, a large goiter, con-
tinued requirement for a large dose of methimazole 
(e.g., greater than 10 mg a day), and a persistently 
high T3/T4 ratio or low TSH are all poor prognos-
tic signs for remission. Anti-TSH receptor anti-
body testing (TRAb) should be performed, and if 
persistently positive, the chances of remission are 
very low (< 10%), but even in patients with normal 
levels, there is a 20% to 30% chance of eventual 
relapse (68, 38). In patients whose TRAb levels 
are normal and the drug discontinued, thyroid 
function should be monitored every 2– 3 months, 
as relapses in this situation occur over months to 
years, rather than weeks to months (3). During this 
time, patients are not necessarily seen for an office 
visit unless they become hyperthyroid, or at 6– 12 
months if they remain normal. T3 thyrotoxicosis 
frequently occurs during a relapse, so that serum 
T3 should be monitored along with the serum T4 
levels. In contrast, relapses are most likely to occur 
within the first 6 months after drug discontinua-
tion if the drug is stopped in the face of positive 
TSAb (69).

Some patients have persistent subclinical 
hyperthyroidism after antithyroid drug cessa-
tion, with normal serum T4 and T3 values but 
suppressed serum TSH concentrations. While the 
chances that such patients will have a full-fledged 
relapse are greater (70), relapse is not inevitable. 
Some experts treat patients with subclinical hyper-
thyroidism (i.e., suppressed TSH, normal FT4 
and T3) as if they had relapsed and recommend 
another trial of antithyroid drug therapy or radio-
iodine. Others simply observe them expectantly 
and only recommend treatment if and when overt 
hyperthyroidism develops. A persistently fully 
suppressed serum TSH (i.e., < 0.1 mU/l) is of more 
concern in the elderly (see section on Subclinical 
Hyperthyroidism) (71).

Remissions are not necessarily lifelong, but 
long-term follow-up studies have shown that some 
patients have durable remissions that apparently 

Table 2.2 Methimazole dosing in hyperthyroidism

Free T4 levels (fold above the upper limit of the reference 
range, typically 1.8 ng/dl) Methimazole starting dose (mg/day)

FT4  =  2– 3 ng/dl (1– 1.5 fold) 5– 10

FT4  =  3– 4 ng/dl (1.5– 2 fold) 10– 20
FT4  =  > 4 ng/dl (> 2 fold) 20– 40

Data based on recommendations in (39).
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last for many years (72). A strategy for treatment 
of relapse should be discussed with the patient in 
advance. Some patients will opt for another course 
of antithyroid drug, even though more than one 
prior relapse is associated with continued relapse. 
Other patients will wish to move on to definitive 
radioiodine therapy, or, more uncommonly, to 
surgery. Some patients prefer chronic antithyroid 
drug treatment, often for decades (73, 74). As noted 
previously, some patients eventually develop spon-
taneous hypothyroidism, so that lifelong follow-up 
is necessary.

Antithyroid drug side effects
The side effects of antithyroid drugs are usually clas-
sified as “ minor”  or “ major,”  depending on the 
level of potential harm to the patient (Table 2.3) 
(47, 75). Many side effects appear to be “ aller-
gic”  or “ immune,”  and one preliminary report 
suggested that patients with Graves’  disease 
were more likely to have adverse reactions than 

hyperthyroid patients with nodular thyroid dis-
ease (76). Overall, side effects develop in 5% to 
25% of patients and are among the most frequent 
reasons for abandoning drug therapy. As noted 
previously, methimazole-related drug reactions 
are dose-related, but this does not appear to be 
the case for PTU. The commonest minor reactions 
are fever, rash, pruritus, arthralgias, gastrointesti-
nal distress, and nausea. Rashes can be urticarial, 
macular, or morbilliform. In one prospective trial, 
rash developed in about 20% of patients treated 
with 30 mg of methimazole versus 6.6% with 15 
mg of methimazole daily (48). If a rash develops, it 
will sometimes resolve spontaneously (even with 
continued use) with or without the use of anti-
histamines to treat associated itching. Although 
switching to the alternative drug is another pos-
sibility, the cross-reaction rate may be as high 
as 50% (77). Some patients may simply elect to 
stop the offending drug and accept a definitive 
form of therapy. Loss of sense of taste, sometimes 

Table 2.3 Side effects of antithyroid drugs (49, 76)

Overall 
frequencya Comments

Minor side effects 
Skin reactions (pruritic rash) 4– 6% Dose-related for MMI; possibly more common with 

MMI
Arthralgias 1– 5% Gastrointestinal 1– 5%
Hair loss 4% Possibly related to change in thyroid function 

(hypothyroidism)
Abnormal taste/smell 0.3% Only reported with MMI/CBZ
Sialadenitis Very rare

Major side effects 
Severe polyarthritis 1– 2%
Agranulocytosis 0.1– 0.5%
Aplastic anemia Rare
Vasculitis Rare May be ANCA  +  drug-induced SLE and other immune 

syndromes also reported
Severe hepatitis 0.1– 0.01 Almost exclusively PTU; transient increases in 

transaminases seen in 30%
Cholestasis Rare Almost exclusively seen with MMI or CBZ. No deaths 

reported
Hypoprothrombinemia Rare No case reports since 1982
Insulin-autoimmune syndrome Rare Seen almost exclusively in Asians

Key:  MMI, methimazole; CBZ, carbimazole; PTU, propylthiouracil; ANCA, antineutrophil cytoplasmic antibody.
a  Rate of side effects (minor and major) is greater at high doses of MMI and may approach 30% at high doses.
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associated with anosmia, is a rare minor side effect 
reported only with methimazole (73). It devel-
ops suddenly after 1 to 2 months of therapy and 
resolves after the drug is stopped (Table 2.3).

Fever and arthralgias, while technically minor 
side effects, warrant drug discontinuation since 
they may be the harbinger of more serious problems, 
such as vasculitis. Similarly, leukopenia, defined as 
a white blood cell (WBC) count < 4  ×   109 /L, occurs 
in up to 10% of patients. Leukopenia requires fol-
low-up and prompt cessation of the antithyroid 
drug if the WBC count falls below 3  ×   109 /L, since 
leukopenia may precede the development of full-
blown agranulocytosis. Antithyroid drug– related 
leukopenia should be distinguished from the 
leukopenia that can be seen in Graves’  disease 
and in healthy African Americans by obtaining 
a baseline WBC count (39). A white blood cell 
count and differential should be obtained prior 
to initiating therapy, and the use of methimazole 
should be reconsidered if the granulocyte count is 
< 1.5  ×   109 /L (39).

The major side effects are quite rare, but the 
most frequent are agranulocytosis, vasculitis and 
drug-induced lupus, and hepatic damage (hepa-
titis and cholestasis). Agranulocytosis develops 
in approximately 0.2% to 0.5% of patients. In 
one case series, agranulocytosis developed in 12 
of 2190 (0.55%) patients taking PTU and 43 of 
13,208 (0.31%) patients taking methimazole (78). 
Agranulocytosis is usually defined as an absolute 
granulocyte count < 0.5  ×   109 /L, but most patients 
have granulocyte counts that are far lower, often 
close to zero. It should be distinguished from the 
exceedingly rare cases of antithyroid drug– induced 
aplastic anemia by a hematocrit > 30% and a plate-
let count 100  ×   109 /L. Agranulocytosis is thought 
to be autoimmune in origin, developing because of 
antigranulocyte antibodies that are found in the 
serum of affected patients (79). Since the develop-
ment of agranulocytosis may be HLA-linked (80), 
it might be reasonable to avoid giving antithyroid 
drugs to close relatives of a patient who has had 
this side effect.

Agranulocytosis typically develops in the first 3 
months of therapy, but there are notable exceptions 
(81, 82). Older patients may be more susceptible, 
and it can develop after one or more prior innocu-
ous exposures to the drugs (83). Routine monitor-
ing of the WBC count has not been recommended 
because it is not cost-effective, but some patients do 

have a slow decline in leukocyte counts that is the 
harbinger of agranulocytosis (75, 79). Although 
current guidelines do not recommend monitoring 
of the white blood cell count (39), some clinicians 
monitor the complete blood count and liver func-
tion tests in patients taking antithyroid agents, 
both prior to and periodically during this treat-
ment (44).

Patients with agranulocytosis may be afebrile 
until they develop an infection. The typical patient 
has severe malaise, oropharyngitis and odynopha-
gia, and high fever. Immediate cessation of the 
antithyroid drug, hospitalization, and administra-
tion of broad-spectrum antibiotics is mandatory, 
with coverage for Pseudomonas aeruginosa  which 
is frequently isolated from the blood in affected 
patients (84). Although most patients recover, it 
should be recalled that agranulocytosis is asso-
ciated with a mortality rate as high as 5– 10% in 
recent series (85, 86). A bone marrow examination 
may provide helpful prognostic information; an 
extreme loss of myeloid precursors suggests a lon-
ger time to recovery (87), as well as the potential for 
a poorer response to granulocyte colony-stimulat-
ing factor (G-CSF) therapy (88). The use of G-CSF 
has become standard in the management of drug-
induced agranulocytosis (82). A randomized con-
trolled trial of G-CSF in antithyroid drug-induced 
agranulocytosis found no statistically significant 
difference in the mean time to recovery from 
G-CSF compared to conservative therapy (89). 
However, this trial has been criticized because the 
dose of G-CSF was thought to be too low (100– 200 
mcg/day) versus the now standard dose of 300 
mcg/day (86). If thyrotoxicosis requires treatment 
during the acute episode of agranulocytosis, beta-
adrenergic blocking drugs, lithium, or iodinated 
contrast agents can be used. Attempting to switch 
to the other antithyroid drug is not recommended, 
as cross-sensitivity has been reported. In this situ-
ation, plasmapheresis should be considered (90), 
although PTU could be used for a few days with 
close monitoring of the granulocyte count.

An antithyroid drug– related syndrome that 
includes renal failure, vasculitic skin changes, 
pulmonary and respiratory tract involvement, 
arthritis, and positive circulating anticytoplasmic 
neutrophil antibodies (ANCAs) has been described, 
mainly in Asian patients (91). Anticytoplasmic 
neutrophil antibodies have typically been asso-
ciated with Wegener’ s granulomatosis and 
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polyarteritis nodosa, but they may also be present 
in drug allergy. In the antithyroid drug– related 
cases, the antibodies are of the pericytoplasmic 
variety (so-called pANCAs, with myeloperoxidase 
being the putative antigen), and the vast majority, 
but not all, have been patients exposed to PTU. 
Although the syndrome usually resolves after a few 
weeks, some patients with severe renal dysfunction 
or pulmonary involvement have required high-
dose glucocorticoid therapy or cyclophosphamide, 
and several patients have needed short-term hemo-
dialysis. In some antithyroid drug-treated patients, 
ANCAs are present, but patients remain asymp-
tomatic (92).

Some patients develop a condition that has been 
termed the “ antithyroid arthritis syndrome”  (93, 
94). The frequency of this side effect is in the range 
of 1% to 2%, and it usually develops within 60 days 
of initiating therapy. The syndrome is character-
ized by hot, swollen, tender joints involving mul-
tiple sites. Patients with this syndrome do not have 
positive ANCAs. Symptoms usually resolve after 
1 to 2 weeks of therapy with nonsteroidal anti-
inflammatory drugs; glucocorticoid therapy may 
be necessary in severe cases.

Liver toxicity is a rare but serious side effect of 
antithyroid drug therapy (95, 96). Hepatic involve-
ment with PTU typically presents as clinical hepa-
titis with malaise, anorexia, jaundice, and tender 
hepatomegaly. Laboratory data and liver biopsy 
histology are consistent with hepatocellular injury. 
The following criteria for the diagnosis of PTU-
induced hepatitis have been proposed: clinical 
and laboratory evidence of hepatocellular damage; 
temporal relationship to PTU therapy; exclusion 
of known infectious agents, drugs, or toxins; and 
absence of shock or sepsis (97). Over 50 cases of 
PTU-related hepatitis have been reported in the 
literature, with fatalities and some patients requir-
ing liver transplant (98). The mean duration of 
PTU therapy in reported cases is 3 months, with a 
range of 2 days to 1 year; the average age of affected 
individuals in one review was 28 years (99). Young 
African American females may be at higher risk 
(100). Once the syndrome is recognized, imme-
diate cessation of the drug is mandatory. Expert 
management of potential complications and 
hepatic failure is essential. Although glucocorti-
coid therapy has been used, there is no evidence 
that it decreases the time to recovery or survival, 
and glucocorticoids are not recommended. There 

have been patients whose ongoing hyperthyroid-
ism has been managed successfully with methim-
azole (e.g., [101]); other options would include 
beta-adrenergic blocking drugs, saturated solution 
of potassium iodide (SSKI) and definitive therapy 
with radioiodine or surgery.

Approximately one-third of PTU-treated patients 
develop asymptomatic two- to sixfold elevations of 
serum transaminases within 2 months of start-
ing the drug, which then resolve despite contin-
ued therapy (103). Also, up to 35% of patients with 
Graves’  disease have elevations of liver function 
tests at baseline (104). In one report, PTU therapy 
led to normalization of liver function tests in two-
thirds of patients, while the remaining one-third 
had a further elevation before levels returned to 
baseline (100). These data suggest that abnormal 
liver function tests are not an absolute contraindi-
cation to PTU therapy, although a serious discus-
sion of these issues must be held with the patient. 
All patients about to embark on a course of PTU 
should be warned about the possibility of hepatitis 
and told to discontinue the drug if malaise, jaun-
dice, dark urine, or light-colored stools develop. 
Routine monitoring of liver function is controver-
sial but is suggested by some thyroidologists (44).

Similar to the case with PTU, methimazole 
therapy results in the normalization of abnor-
mal liver function tests in most patients (105). 
Methimazole therapy has not been associated with 
potentially lethal hepatic involvement. Rather, a 
cholestatic picture is characteristic, with severe 
hyperbilirubinemia, bile duct stasis, and preserved 
hepatocellular architecture on biopsy (92, 93). One 
review collected 30 cases in the literature (106), but 
there are probably many cases that go unreported, 
as with PTU-induced hepatitis. The syndrome usu-
ally resolves slowly over a period of several months 
after the drug is stopped. In one case report of 
methimazole-related hepatotoxicity, PTU was sub-
stituted for methimazole without sequelae (107). 
Extreme caution should be used when employing 
one antithyroid agent in a situation in which the 
alternative agent has caused hepatic abnormalities. 
Recent studies from Asia suggest that methimazole 
can also be associated with laboratory abnormali-
ties that are more consistent with hepatocellular 
damage than cholestasis (108, 109). Further stud-
ies in other populations are necessary to document 
whether this is true in other ethnic groups. As noted 
previously, some patients with hyperthyroidism 
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have abnormal liver function tests, and pre-exist-
ing liver disease per se is not a contraindication to 
antithyroid drug therapy; however, transaminases 
more than fivefold above the upper limit of the ref-
erence range should prompt consideration of other 
therapies (39).

BETA-ADRENERGIC ANTAGONIST DRUGS

Beta-adrenergic antagonist drugs play an impor-
tant role in the management of thyrotoxicosis 
(110). Blockade of adrenergic receptors provides 
patients with considerable relief from adrenergic 
symptoms such as tremor, palpitation, anxiety, 
and heat intolerance. Small decreases in serum T3 
concentrations occur in patients treated with large 
doses of selected beta-adrenergic antagonist drugs 
(propranolol) because of inhibition of extrathyroi-
dal conversion of T4 to T3 (111), but these are prob-
ably clinically insignificant.

Although beta blockers improve the negative 
nitrogen balance and decrease heart rate, cardiac 
output, and oxygen consumption in thyrotoxic 
patients, these measurements seldom become nor-
mal except in the mildest cases. Therefore, these 
drugs are used as primary therapy only in patients 
with self-limited forms of thyrotoxicosis (e.g., the 
various forms of subacute thyroiditis). They are 
most often used in Graves’  disease as an adjunct 
to alleviate symptoms during the diagnostic evalu-
ation, while awaiting the effects of antithyroid 
drugs, the results of ablative therapy with radioio-
dine, or to prepare patients for surgery.

Although propranolol was the drug originally 
used by most clinicians for therapy of thyrotoxi-
cosis, other beta blockers have a longer duration 
of action (e.g., long-acting propranolol, atenolol, 
metoprolol, and nadolol) or are more cardioselec-
tive (atenolol and metoprolol). The usual starting 
dose of propranolol is in the range of 80 to 160 mg/
day; similar effects are produced by 50 to 200 mg/
day of atenolol or metoprolol or 40 to 80 mg/day 
of nadolol. Large doses (e.g., 360 to 480 mg/day 
of propranolol) are sometimes necessary for opti-
mum clinical effects, possibly because of acceler-
ated drug clearance (112). Propranolol and esmolol 
can be given intravenously to patients who are 
acutely ill (see discussion of thyroid storm).

Beta-adrenergic antagonist drugs are well toler-
ated. Common side effects include nausea, head-
ache, fatigue, insomnia, and depression. Rash, 
fever, agranulocytosis, and thrombocytopenia 

are rare. Undesirable effects related to the beta- 
adrenergic antagonist effects are far more common. 
Patients with a clear history of asthma should not 
receive these drugs; a cardioselective drug could 
be used cautiously in patients with mild asthma. 
Patients with a history of congestive heart fail-
ure should not receive a beta-adrenergic blocking 
drug except when the heart failure is clearly rate-
related or caused by atrial fibrillation. Even then, 
the drug should be given cautiously, preferably 
with digoxin. Beta blockers are also relatively con-
traindicated in insulin-treated diabetic patients, in 
whom hypoglycemic symptoms may be masked. 
They should not be given to patients with bradyar-
rhythmias or Raynaud’ s phenomenon or patients 
being treated with a monoamine oxidase inhibitor; 
they should also probably not be given routinely to 
pregnant patients.

The potential usefulness of diltiazem in thy-
rotoxicosis has been studied (113). This calcium 
channel blocking agent reduced resting heart rate 
by 17%, comparable to what can be achieved with 
a beta-adrenergic antagonist drug. Calcium chan-
nel blockers should be considered in patients with 
severe tachycardia in whom beta blockers are con-
traindicated— for example, in patients with both 
asthma and thyrotoxicosis.

POTASSIUM IODIDE THERAPY

Potassium iodide (KI) has been used in the past to 
treat mild hyperthyroidism due to Graves’  disease 
(114), but it has fallen out of favor because of con-
cern that continued use might lead to an exacerba-
tion of thyrotoxicosis due to an “ escape”  from the 
inhibitory effects on thyroid hormone synthesis. 
However, two recent Japanese reports found that 
KI can be useful in patients with mild thyrotoxi-
cosis, especially in those who are allergic to anti-
thyroid drugs (100, 115). In one report, patients 
treated with a dose of 50– 100 mg KI daily had con-
trol of their hyperthyroidism that was comparable 
to a control group treated with low-dose methima-
zole (116), and some patients (38% of a group of 29 
patients treated for a mean of 7.4 years) achieved 
remission (100).

RADIOIODINE (131 I) THERAPY FOR GRAVES’  
DISEASE
131 I therapy has been utilized for approximately 
70 years for patients with Graves’  disease; it is 
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considered safe and effective (116, 117). The goal 
of therapy is to render the patient permanently 
hypothyroid, a process that typically takes about 3 
months. In the past, radioiodine therapy was con-
sidered to be first-line therapy in most adults with 
thyrotoxic Graves’  disease in the United States, but 
this may longer be the case (46). Patients and their 
families must be counseled about the advantages 
and disadvantages of radioiodine therapy and 
must participate in the decision process. Elderly 
or severely thyrotoxic patients considered too ill 
to undergo the therapeutic manipulations inher-
ent in the process of giving 131 I are usually initially 
treated with antithyroid agents to render them 
euthyroid, at which time a decision can be made 
with regard to definitive radioiodine therapy.

If the diagnosis of Graves’  disease is clear, a 
24-hour radioactive iodine uptake test is not abso-
lutely required before administering 131 I therapy, 
but many experts believe that it is important to 
document that the uptake is sufficiently elevated 
to administer 131 I. On rare occasions, a patient 
will have had exposure to radiocontrast dye or 
compounds containing sufficient iodine to sup-
press the radioactive iodine uptake. In this cir-
cumstance, giving a therapeutic dose of 131 I would 
fail to treat the patient and exposure him or her 
unnecessarily to radiation. 131 I therapy should not 
be given to a breastfeeding woman or a patient who 
may be pregnant. Therefore, a careful medical his-
tory and a serum beta-hCG should be obtained 
within 5 to 7 days prior to giving the therapy. A 
woman of childbearing age should be counseled 
not to become pregnant for 6 months after 131 I 
therapy (39). This time period is chosen based on 
the biological half-life of the radioiodine, as well 
as the desire for the patient to be euthyroid prior to 
becoming pregnant. Careful radiation safety pro-
cedures must be followed by the patient and his or 
her family for about a week following 131 I therapy 
(118). For example, if a patient has young children 
in the house, they should not share eating utensils 
or be kissed or held closely. The individual instruc-
tions vary from institution to institution and with 
the family situation.

There are two general approaches to deciding on 
the appropriate therapeutic dose of 131 I for a patient 
with Graves’  disease (116, 117). The first method 
attempts to determine the most appropriate dose for 
an individual by estimating the size of the thyroid 
gland and delivering approximately 80– 200 µ C of 

131 I per gram of thyroid tissue. The estimated thyroid 
gland size is multiplied by the desired delivered dose 
per gram of tissue (100 to 120 µ C of 131I), and this 
number is divided by the 24-hour uptake expressed 
as a decimal (e.g., 80% uptake is converted to 0.80). 
This method appears to be more quantitative than it 
actually is because clinicians tend to underestimate 
the size of large thyroid glands and overestimate 
the size of smaller ones, and it is impossible to pre-
dict radiation sensitivity of a specific thyroid gland 
(119). Alternatively, a second method of treatment is 
to use “ fixed doses”  of 131 I. With this approach, the 
physician arbitrarily picks a given 131 I dose that is 
used in all patients with hyperthyroid Graves’  dis-
ease. A typical fixed dose would be 10 to 15 mCi 131 I. 
This practice has the advantage of simplicity— but, 
of course, it does not take into account the size or 
activity of the thyroid gland. Retrospective and pro-
spective studies have not shown major differences in 
outcomes for the two methods of dose determina-
tion (120, 121). In randomized trials, both methods 
have similar outcomes at 6– 12 months, in terms of 
rates of hypothyroidism and persistent hyperthy-
roidism, with approximately 80% of patients being 
either hypothyroid or euthyroid, and about 20% 
having persistent hyperthyroidism (120, 121). There 
is a clear increase in the risk of worsening of thyroid 
eye disease (see below). Most studies have not found 
an increase in malignancy after radioiodine therapy 
for Graves’  disease (see the section below on radio-
iodine and cancer).

The follow-up evaluation of a patient after 131 I 
therapy varies between institutions and physi-
cians, and, of course, depends upon the clini-
cal circumstances and goals of treatment. In the 
typical patient with Graves’  disease, 131 I is given 
in order to induce permanent hypothyroidism. In 
this circumstance, following a therapeutic dose of 
131 I, serum FT4 and total T3 levels are determined 
periodically, perhaps every 3 to 6 weeks, depend-
ing upon the clinical context. After several months, 
when the thyroid function tests are decreased to 
the normal range and the patient is being evalu-
ated for possible hypothyroidism, serum TSH is 
also determined. Some patients develop transient 
central hypothyroidism following radioiodine 
therapy, with subnormal serum TSH that usually, 
but not always, evolves into permanent primary 
hypothyroidism (122). Approximately 10– 20% 
of patients will require a second dose of 131 I, and 
about 1% of patients require a third dose. It is 
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prudent to wait 6 to 12 months for the full effects 
of the initial dose to be manifest before another 
dose is considered. Overall, about 50% of patients 
become permanently hypothyroid after one year, 
with the rate being dependent on the radioiodine 
dose, with another 2– 3% developing hypothy-
roidism in the ensuing years (121). Thus, patients 
who do not become hypothyroid early require life-
long follow-up to monitor for the development of 
hypothyroidism.

Prior to definitive therapy, most patients will 
be given a beta blocker when the diagnosis of 
thyrotoxicosis is made, the goal being amelio-
ration of symptoms and a pulse rate < 100 beats 
per minute. Young patients who are mildly to 
moderately thyrotoxic (e.g., minimal symptoms, 
otherwise healthy, minimal elevations of T4 and 
T3) do not require methimazole pretreatment 
before 131 I treatment, although they usually will 
continue their beta blocker or be prescribed 
one. There is a possibility of worsening of thy-
roid function in the weeks following radioiodine 
therapy (123), likely due to a transient increase 
in TRAb (124). Therefore, older patients with 
moderate hyperthyroidism or patients with more 
severe disease (e.g., presence of coexisting medi-
cal conditions, elevated FT4 and total T3 perhaps 
3– 4 times above normal), are commonly given 
antithyroid agents before and continued after 
radioiodine therapy to maintain normal thyroid 
hormone levels (125, 126). The drug is tapered as 
the thyroid function tests normalize and then 
stopped when the tests show the development of 
hypothyroidism. Continued methimazole ther-
apy interferes with the efficacy of radioiodine 
therapy and needs to be stopped at the time of 
therapy (127). Most endocrinologists provide a 
window of about 2 to 5 days prior to and after 131 I 
therapy when the patient does not receive anti-
thyroid drugs; 3 days is sufficient (128).

In a meta-analysis of studies that examined 
outcomes of patients either pretreated or not pre-
treated with antithyroid drugs prior to radioiodine 
(129), new-onset atrial fibrillation was reported 
in 1/660 (0.2%) patients pretreated with ATDs vs. 
3/646 patients without ATDs (0.5%). Death after 
radioiodine was reported in 1/660 (0.2%) pretreated 
with antithyroid agent and in 6/646 (0.9%) without 
adjunctive drug therapy. Clearly, the routine use 
of antithyroid drugs in this context is unnecessary 
and potentially exposes patients to drug toxicity. 

Antithyroid drug pretreatment may interfere with 
the efficacy of radioiodine, perhaps by acting as 
free radical scavengers within the irradiated gland. 
An older meta-analysis ascertained that both anti-
thyroid drugs lower the success rate whether they 
are used before or after radioiodine treatment 
(126), but randomized trials have not shown a sig-
nificant effect on efficacy from methimazole or 
carbimazole (130, 131).

Radioiodine and Graves’  
ophthalmopathy
131 I therapy is believed to exacerbate existing oph-
thalmopathy (132, 133), at least when it is more 
than minimally active on clinical grounds (134); 
thus, it is important to take a relevant history and 
perform a thorough ophthalmological examina-
tion. If there is moderately severe ophthalmopa-
thy or if it seems to be progressive, it is important 
to obtain an ophthalmology consultation, and an 
orbital computed tomography (CT) scan (without 
contrast) or magnetic resonance imaging (MRI) 
should be considered to evaluate the presence and 
extent of disease. These radiological studies may 
be required only in selected patients, but they do 
provide quantitative, reliable information regard-
ing proptosis, muscle size, and possible optic nerve 
compression that can be used for comparative pur-
poses later.

Tallstedt et al. (132) studied 168 patients with 
Graves’  hyperthyroidism divided into age group 
1 (20 to 34 years; n  =   54 patients) and age group 
2 (35 to 55 years; n   =  114 patients). The patients in 
group 1 were randomly assigned to receive either 
methimazole treatment for 18 months or subto-
tal thyroidectomy, while those in group 2 were to 
receive either of these two treatments or, alterna-
tively, 131 I therapy. All patients were studied for at 
least 24 months. During the period of evaluation, 
ophthalmopathy developed for the first time in 22 
patients (13%) and worsened in 8 patients (5%). 
The likelihood of the development or worsening 
of ophthalmopathy was comparable among the 
patients in group 1 (medical therapy, 15%, and sur-
gery, 11%). In group 2, ophthalmopathy developed 
or worsened in 10% of patients treated medically, 
in 16% treated surgically, and in 33% of patients 
treated with 131 I (p   = 0.02).

Bartalena (133) studied 443 patients with 
Graves’  hyperthyroidism that had either no oph-
thalmopathy or minimal disease. Patients were 
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randomly assigned to receive radioiodine, radioio-
dine followed by a 3-month course of prednisone, 
or methimazole for 18 months. The initial dose 
of prednisone was 0.4 to 0.5 mg/kg/day starting 
2 to 3 days after 131 I therapy and continuing for 
1 month. The dose was tapered and discontin-
ued after 2 months. Patients were followed closely 
biochemically and clinically for 12 months. In 
patients treated with radioiodine alone (n  =   150), 
ophthalmopathy developed or worsened in 15% 
within 6 months after treatment. No patient in 
this group had an improvement in ophthalmopa-
thy. In marked contrast, in the group treated with 
radioiodine and prednisone, 50 of the 75 (67%) 
with ophthalmopathy at baseline had improve-
ment, and no patient had progression. Of the 148 
patients treated with methimazole, 3 (2%) who had 
ophthalmopathy at baseline improved, 4 (3%) had 
worsening of eye disease, and the remaining 141 
had no change. These data clearly show that pred-
nisone therapy can help prevent radioiodine-asso-
ciated deterioration in ophthalmopathy. Ideally, 
glucocorticoid therapy should be considered as a 
team decision among the patient, endocrinologist, 
and ophthalmologist.

Taking into account various regimens in the lit-
erature, one reasonable approach in patients with 
mild– moderate ophthalmopathy is to administer 
prednisone in doses of 40 to 60 mg prednisone 
daily starting several days prior to or on the day of 
131 I therapy and continuing for several weeks, try-
ing to taper the drug completely by 6 to 8 weeks 
(39). Corticosteroid therapy is reserved for patients 
with mild or moderate ophthalmopathy, and lower 
doses (e.g., 0.2– 0.3 mg/kg of prednisone) may be 
effective in patients with mild disease (39, 135). 
Recent American Thyroid Association guidelines 
recommend against using radioiodine therapy in 
patients with active moderate to severe ophthal-
mopathy (39). Tallstedt et al. noted that the initial 
serum T3 level was an independent risk factor for 
the development of ophthalmopathy and that post-
ablative hypothyroidism should be avoided (136). 
Bartelena et al. (137) also showed that cigarette 
smoking was a potent independent risk factor for 
the worsening of ophthalmopathy after radioio-
dine therapy, and patients with Graves’  disease 
who smoke should be advised to discontinue. 
Whether cigarette smokers without eye disease 
should be treated with glucocorticoids after radio-
iodine has not been studied, and ATA guidelines 

make no recommendation in this situation (39). 
To complicate matters, a randomized trial showed 
that radioiodine therapy was capable of inducing 
eye disease in patients presenting without clini-
cal findings (138). In this report, 18% (23 of 131) 
of patients treated with methimazole had devel-
opment of ophthalmopathy compared to 38% (53 
0f 141) of radioiodine-treated patients. Although 
for the most part, the eye disease was mild, this 
study indicates that even patients without clini-
cal eye involvement need to be informed about the 
increased risk of eye disease developing following 
radioiodine therapy, especially if they are cigarette 
smokers.

Radioiodine and cancer
A number of older studies have failed to show a 
definitive causal relationship between radioio-
dine therapy for hyperthyroidism and the subse-
quent development of thyroid cancer, leukemia, 
or other malignancies. For example, Ron et al. 
(139) retrospectively analyzed 35,593 hyperthyroid 
patients (91% had Graves’  disease) who had been 
treated with radioiodine, antithyroid drugs, or 
surgery between 1946 and 1954. Some 65% of these 
patients were treated with radioactive iodine, thus 
allowing long-term comparison of results between 
various therapeutic modalities. When studied 
in December 1990, about half of the patients had 
died. The total number of cancer deaths in all 
hyperthyroid patients was comparable in patients 
treated with radioactive iodine and those treated 
with surgery or antithyroid agents, although there 
was a slight excess of cancer-related mortality from 
lung, breast, kidney, and thyroid. Starting at least 
1 year after treatment, an enhanced risk of cancer 
mortality was also seen in hyperthyroid patients 
treated with antithyroid drugs. After more than 5 
years following therapy, radioactive iodine therapy 
was associated with an increased risk of thyroid 
cancer mortality, but only in patients with toxic 
multinodular goiter. Overall, the risk of thyroid 
cancer in patients treated with radioactive iodine 
resulted from a small absolute excess in actual 
patient deaths.

Franklyn et al. (140) suggested that 131 I therapy 
was associated with a higher incidence of thyroid 
cancer. They retrospectively studied 7417 patients 
treated in Birmingham, England, with radioiodine 
for Graves’  disease. On analyzing 72,073 person-
years of follow-up, 634 cancer diagnoses were found 
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as compared with an expected number of 761. The 
relative risk of cancer mortality was also decreased, 
and incidence of cancers of the pancreas, bron-
chus, trachea, bladder, and lymphatic and hema-
topoietic systems was decreased. However, there 
were significant increases in incidence and mor-
tality for cancers of the small bowel and thyroid, 
although the absolute risk of these cancers was 
small. In this English study, the goal of radioiodine 
therapy had been euthyroidism rather than hypo-
thyroidism. The destruction of all residual thyroid 
tissue would be expected to lessen the possibility of 
thyroid cancer. In another population-based study 
of 3888 patients treated for hyperthyroidism, there 
was no increase in cancer mortality over 8 years 
of follow up, but the method of treatment was not 
specified (141). In a similar study of 2973 patients 
treated with radioiodine with a 9-year follow-up, 
there was an increase in overall and cancer mor-
tality (adjusted RR 1.36; 95% CI 1.12– 1.65), mainly 
due to cancer of the stomach, kidney, and breast, 
chiefly in elderly patients with nodular thyroid 
disease rather than Graves’  disease (142). However, 
in another larger case control study from the same 
group, comparing cancer incidence among patients 
with hyperthyroidism treated with either surgery 
or radioiodine versus matched controls, there was 
no difference (143).

THYROIDECTOMY FOR GRAVES’  DISEASE

A total or near total thyroidectomy is also a reason-
able therapeutic option for selected patients with 
Graves’  disease (39, 144, 145). This therapy is gen-
erally reserved for patients who are not well con-
trolled on or allergic to antithyroid agents and do 
not want radioiodine therapy; who have a particu-
lar reason for surgery— for example, a very large 
goiter, co-existing hyperparathyroidism, a thyroid 
nodule with suspicious aspirate; and those who 
prefer this therapy after a careful consideration of 
each option. Thyroidectomy must be performed by 
an experienced thyroid surgeon, although there is 
still a risk of temporary or permanent hypocalce-
mia secondary to injury of the parathyroid glands. 
Hoarseness also may occur as a result of injury to 
the recurrent laryngeal nerve (146). These two seri-
ous complications occur in approximately 1% of 
patients treated surgically (147). Vitamin D status 
should be checked preoperatively and replenished 
in the case of deficiency, since this is a risk fac-
tor for postoperative hypocalcemia (39). In most 

circumstances, a euthyroid state should be estab-
lished prior to surgery with antithyroid agents, 
although more rapid preparation with beta- 
adrenergic blocking drugs and SSKI has been used 
as well (148). SSKI (10 drops three times a day) 
given daily for 10 days prior to surgery has been 
shown to decrease intraoperative blood loss in two 
randomized trials (149, 150) and may decrease 
complication rates (151). If there is no immediate 
need for surgery, antithyroid drug therapy is prob-
ably safer, as postoperative fever and tachycardia 
more commonly develop after preparation with 
beta blockers alone or with SSKI (152).

Rapid preparation of patients for surgery is 
occasionally necessary. In one series of ten patients 
with significant hyperthyroidism and antithy-
roid drug– induced agranulocytosis, beta block-
ing drugs, SSKI, and glucocorticoids have been 
successfully used to prepare patients for surgery 
(153). Cholestyramine has also been used to rap-
idly lower thyroid hormone levels in this setting 
(154). Despite optimal care, perioperative thy-
roid storm may still occur, and patients should be 
treated aggressively if signs or symptoms are pres-
ent (155). Obviously, patients become hypothyroid 
immediately following surgery and require lifelong 
thyroxine therapy. Levothyroxine at a dose of 1.6 
mcg/kg should be started on discharge from the 
hospital; slightly lower doses are appropriate for 
the elderly.

CHOICE OF THERAPY FOR GRAVES’  
DISEASE: SUMMARY

Antithyroid drugs are a reasonable choice for first-
line therapy in patients with small goiters and mild 
disease or in those whose TSI levels are normal. 
Also, children and adolescents are traditionally 
treated initially with antithyroid drugs. Because 
of concern that radioiodine can worsen underly-
ing ophthalmopathy, some clinicians recommend 
antithyroid drugs or surgery in patients with sig-
nificant eye disease, even when the biochemical 
abnormalities are more severe. In the future, costs 
may become more important in the management 
of hyperthyroidism. In studies that examined 
costs of care, radioiodine therapy was the least 
expensive alternative compared to antithyroid 
drugs and surgery (156, 157). Computer-simulated 
cost-effectiveness analyses reached the same con-
clusion, with antithyroid drug therapy also being 
cost-effective (158, 159). Patient satisfaction is also 
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an important outcome that has only recently been 
studied. In the one report in which it was mea-
sured, antithyroid drugs, radioiodine, and surgery 
were equal in terms of patient satisfaction, whether 
a particular therapy would be recommended to 
friends or relatives, and in patients’  concern about 
possible side effects (160). Patient involvement in 
the decision-making process is critical to improved 
satisfaction with therapy (52, 161).

Treatment of Graves’  
ophthalmopathy and pretibial 
myxedema

Although almost all patients with Graves’  disease 
have radiologic evidence of eye muscle involve-
ment, only approximately 30 percent of patients 
have obvious clinical disease (162). Several different 
methods for assessing disease severity have been 
described, but none of the classifications are per-
fect. The “ NOSPECS”  classification is still in wide 
use today (Table 2.4a), as is the Clinical Activity 
Score, which is more quantitative (Table  2.4b) 
(163). In general, the most common symptoms are 
related to soft tissue swelling due to orbital conges-
tion, with irritation, tearing, burning, and a gritty 
sensation in the eyes. Diplopia is a more unusual 
and debilitating problem, and only rarely is vision 
threatened because of corneal exposure or optic 
nerve involvement. Symptoms and cosmetic con-
cerns also significantly impact negatively on the 
quality of life of affected patients (164).

The symptoms and signs of Graves’  ophthal-
mopathy are due to orbital inflammation, with 
the extraocular muscles and/or retro-orbital fibro-
blasts being the target of the autoimmune reaction 
(165– 166). Glycosaminoglycans produced by fibro-
blasts responding to T-cell infiltration cause edema 
of the extraocular muscles, and further expan-
sion of the retro-orbital tissues is due to increased 
orbital fat (168). Ultimately, fibrosis of the extra-
ocular muscles can lead to diplopia, and severe 
enlargement of the muscles can cause an ischemic 
optic neuropathy due to compression of the optic 
nerve as it exits the apex of the orbit.

The primary autoimmune target in Graves’  
ophthalmopathy is unknown but probably is a 
cross-reacting antigen or antigens that are pres-
ent in both in the orbit and the thyroid gland. 
The TSH receptor has been hypothesized to be 
the putative common antigen. TSH receptor 

transcripts have been isolated from extraocular 
muscle using polymerase chain reaction (PCR) 
(169) and TSH receptor protein has been identified 
in orbital tissues (170). Further, autoantibodies 
directed against TSH receptor or the insulin-like 
growth factor-1 (IGF-1) receptor may play a role 

Table 2.4 a “ NO SPECS”  classification of eye 
changes of Graves’  disease

Class Definition

O N o physical signs or symptoms

I O nly signs, no symptoms (e.g., upper lid 
retraction, stare, and eyelid lag)

II S oft tissue involvement (symptoms and 
signs)

III P roptosis
IV E xtraocular muscle involvement
V C orneal involvement
VI S ight loss (optic nerve involvement)

Adapted from Werner SC. Modification of the classification 
of the eye changes of Graves’  disease: Recommendations 
of the Ad Hoc Committee of the American Thyroid 
Association. J. Clin. Endocrinol. Metab . 1977; 44: 203– 4.

Table 2.4b Clinical activity score to assess thyroid 
eye disease

Clinical activity score

Pain Painful feeling behind the globe
Pain on attempted up-, side-, or 

downward gaze
Redness Redness of the eyelids

Diffuse redness of the 
conjunctivae

Swelling Chemosis
Swelling of the caruncle
Edema of the eyelids
Increase in proptosis of ≥ 2 mm in 

3 months
Impaired 

Function 
Decrease in visual acuity or 

decrease in eye movements 
over 1– 3 months

Each sign gets 1 point. The Clinical Activity Score is the 
sum of all the points.
Adapted from Mourits MP, Koornneef L, Wiersinga WM, 
Prummel MF, Berghout A, van der Gaag R. Clinical criteria 
for the assessment of disease activity in Graves’  ophthal-
mopathy: A novel approach. Br. J. Ophthalmol . 1989; 73: 
639– 44.



 Graves’  disease 57

in the development or progression of Graves’  
ophthalmopathy (171).

Since the cause of Graves’  ophthalmopathy is 
unknown, treatment is directed at treating symp-
toms. In most patients, the problem is self-limited, 
often resolving as the hyperthyroidism is treated. 
Although most experts feel that it is best for the 
patient to be euthyroid, there is no consistent rela-
tionship between a patient’ s thyroid function and 
progression or regression of eye disease. There is 
good evidence that smoking exacerbates Graves’  
ophthalmopathy (172), and it is suggested that 
smoking cessation has a beneficial effect (173). The 
mechanism by which smoking affects Graves’  oph-
thalmopathy is unknown. There is solid evidence 
that radioactive iodine therapy can exacerbate 
Graves’  eye disease when it is moderately severe 
at baseline (130, 131), likely due to the increase in 
TRAb levels after treatment (39). When the condi-
tion is mild, symptoms such as irritation, tearing, 
and photophobia are easily treated with artificial 
tears and lubricating eye ointments. In more severe 
cases, high doses of glucocorticoids usually will 
result in prompt improvement in local symptoms 
and ocular motility. Data from randomized clini-
cal trials have shown that intravenous pulse ther-
apy with methylprednisolone is more effective and 
safer than high-dose oral therapy (174, 175). One 
commonly used regimen is methylprednisolone 
500 mg IV weekly for 6 weeks followed by 250 mg 
IV for 6 weeks, which resulted in a 77% response 
rate and minimal toxicity (176). Unfortunately, as 
the glucocorticoid is tapered, the ophthalmopathy 
often flares up, so that other measures are some-
times needed.

In patients with persistent moderate to severe 
eye disease, orbital radiotherapy is usually the next 
step after glucocorticoid therapy (177). Treatment 
typically entails administering 200 cGy over 14 
days for a total of 2000 Gy. Although somewhat 
controversial, orbital radiotherapy has been 
shown to be effective in several studies, includ-
ing a randomized prospective trial in which half 
of the patients received sham irradiation (178). In 
this study, 60% of irradiated patients improved 
versus 31% of sham-irradiated patients. However, 
Gorman et al. (179) also performed a prospec-
tive, randomized, double-masked, internally 
controlled, clinical trial of external beam radio-
therapy for patients with mild to moderate Graves’  
ophthalmopathy. When analyzed 6– 12 months after 

orbital radiation, there was no apparent clinical 
benefit identified. Subsequent systematic reviews 
of the literature have concluded that orbital 
radiotherapy may provide benefit, especially for 
diplopia, and that it is more effective when com-
bined with glucocorticoid therapy, rather than 
as a standalone treatment (181– 183). In general, 
orbital radiation is considered to be safe, although 
there may be an increased risk of retinopathy in 
patients with diabetes (183). Some experts rec-
ommend radiotherapy plus steroids earlier in the 
course of thyroid eye disease, in that it may permit 
earlier withdrawal of glucocorticoid therapy.

Patients who fail radiation therapy may require 
surgical decompression of the orbit if there is 
rapidly progressive visual loss due to optic neu-
ropathy, steroid dependence, or continuing ocular 
motility problems. Surgery is also indicated to cor-
rect self-perceived cosmetic problems, particularly 
in patients with severe proptosis or lid retraction. 
Unfortunately, orbital decompression often results 
in more significant ocular motility problems that 
then require additional strabismus surgery for cor-
rection (184). There are a variety of surgical pro-
cedures, including transorbital and transantral 
(transmaxillary) approaches, but there is no con-
sensus about the relative merits of one approach 
over the other.

More specific pharmacologic therapies for 
Graves’  ophthalmopathy have been studied. There 
has been great interest in selenium supplementa-
tion since the publication of a report from Italy of 
a masked randomized controlled trial of selenium 
100 mcg twice a day versus placebo for 6 months in 
mild thyroid eye disease (185). In this study, sele-
nium therapy significantly improved ophthalmop-
athy scores and quality of life compared to placebo. 
The proposed underlying rationale is selenium’ s 
role as an antioxidant and free radical scavenger, 
decreasing oxidative stress to orbital fibroblasts 
(186). However, it is unclear whether selenium 
supplementation will benefit persons who do not 
live in relative selenium-deficient geographical 
areas, such as the United States (187). Rituximab, 
a mouse-human monoclonal antibody directed 
against the CD 20 antigen on B lymphocytes, has 
been shown to be effective versus glucocorticoids 
in one randomized trial (188) but not effective ver-
sus a placebo in another similarly designed trial 
(189). It has been hypothesized by Salvi et al. (190) 
that the difference in outcomes between the two 
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trials might be explained by the younger age, lower 
levels of TRAb, and shorter duration of disease in 
the trial. Recently, favorable results were reported 
from a randomized placebo-controlled trial of the 
IGF-1 receptor blocking drug teprotumumab (191). 
Other potential targets in the treatment of thyroid 
eye disease include anti-interleukin-6 antibodies 
and somatostatin analogs (192).

The cause of pretibial myxedema remains 
obscure (193), but it probably shares common 
features with Graves’  ophthalmopathy, including 
lymphocytic infiltration and a response by fibro-
blasts to the subsequent inflammation. The usual 
treatment is topical steroid cream with or without 
occlusion (194). Intralesional steroids have also 
been used, but in general glucocorticoid therapy 
has been ineffective (195). There are case reports 
of plasmapheresis being effective, combined with 
immunosuppressive therapy (196), as well as case 
reports of rituximab having efficacy in severe “ ele-
phantine”  pretibial myxedema (197, 198).

SUBCLINICAL HYPERTHYROIDISM

Subclinical hyperthyroidism is a term generally 
utilized to describe patients with normal serum 
total and FT4 and T3 levels and a decreased 
serum TSH level (199). A recent consensus panel 
has published useful guidelines for approaching 
and treating patients with subclinical hyperthy-
roidism (200). This group classified subclinical 
hyperthyroidism into Grade 1, with serum TSH 
levels between 0.1 mU/l and 0.4 mU/l, and Grade 
2, with serum TSH level 0.1 mU/l. This may have 
relevance, since lower serum TSH levels reflect 
higher levels of serum FT4 and T3, albeit within 
their respective reference ranges (201). The serum 
TSH level should be measured in a third-genera-
tion assay that is capable of discriminating degrees 
of low values, and the patient must not be taking 
or receiving any medications known to alter the 
hypothalamic– pituitary axis (such as corticoste-
roids and dopamine). High-dose biotin ingestion 
(5– 10 mg a day) can result in falsely low serum TSH 
levels in some assays (202). TSH can be suppressed 
in the first trimester of some pregnant patients 
and the patient must have a normal pituitary– thy-
roid axis. In addition, serum TSH levels may be 
below the traditional reference range in some 
healthy persons of African descent (203). Further, 
the patient must be relatively healthy, without 

serious systemic diseases, since the “ euthyroid 
sick syndrome”  may lower the serum TSH level. 
The patient with subclinical hyperthyroidism typi-
cally does not have significant signs or symptoms 
of hyperthyroidism, such as weight loss, nervous-
ness, or palpitations (204). Some of the signs and 
symptoms of overt hyperthyroidism are vague and 
nonspecific and it may be difficult to determine if 
a patient is really asymptomatic (205). In a young 
patient with subclinical hyperthyroidism due to 
Graves’  disease, the thyroid is either not palpable 
or mildly enlarged, but a multinodular goiter is 
often palpable in older patients with multinodular 
goiters. When patients with known thyroid disease 
are excluded, the incidence of subclinical hyper-
thyroidism is estimated to be about 2% (196) and is 
higher in iodine-deficient populations (206).

Sawin et al. (207) first determined that low 
serum thyrotropin concentrations are a risk fac-
tor for subsequent atrial fibrillation. Subsequent 
larger population-based studies have confirmed 
the strong relationship between subclinical 
hyperthyroidism and atrial fibrillation, as well 
as other adverse cardiovascular outcomes such 
as congestive heart failure and cardiac mortal-
ity (208– 210). Some studies have shown that 
postmenopausal women with subclinical hyper-
thyroidism have lower bone mineral density as 
compared with age-matched control women, and 
recent meta-analyses have shown that there is a 
higher risk of fractures in older persons with sub-
clinical hyperthyroidism (211, 212). Subclinical 
hyperthyroidism may progress to overt hyper-
thyroidism, in which the serum FT4 and/or T3 
levels are above normal. The rate of recurrence 
depends on the baseline serum TSH: it is rela-
tively low when the serum TSH is between 0.1 
and 0.4 (about 0.7% over 7 years) (213), but it is 
higher (about 20% over 3 years) when the serum 
TSH is fully suppressed (214). The etiology of the 
subclinical hyperthyroidism also influences the 
risk of progression, with the risk being higher in 
patients with Graves’  disease compared to those 
with a toxic multinodular goiter (215).

Diagnosis

The evaluation of a patient with subclinical hyper-
thyroidism may vary among physicians, but a rea-
sonable approach in a typical asymptomatic patient 
is to perform a complete history and physical 
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examination, ensure the thyroid function tests 
are measured in appropriately sensitive assays, 
and repeat the thyroid function tests monthly or 
every other month for 3– 6 months. Thyroid func-
tion tests should include FT4 and FT3, since occa-
sionally the free hormone levels may be increased 
disproportionately compared to the total hormone 
levels (216). If atrial fibrillation, cardiovascular 
disease, or other significant medical illnesses are 
present, earlier diagnosis and treatment are appro-
priate, so it is recommended to repeat thyroid 
function tests over a shorter period of time, such as 
2 weeks. The suppressed TSH level may represent 
the initial manifestations of hyperthyroidism that 
will evolve into a more overt form over the ensu-
ing months. Alternatively, the suppressed TSH 
may be transient and return to the normal range, 
as a suppressed TSH could represent an episode 
of transient thyroiditis (217). If this were correct, 
the TSH would be expected to return to normal 
within three months. Therefore, to ensure the sta-
bility of the laboratory tests and help exclude the 
possibility of a laboratory error, thyroid function 
tests are determined periodically prior to further 
evaluation. However, after stability in TSH levels is 
demonstrated, studies to determine the etiology of 
the mild thyroid dysfunction should be performed, 
including thyroid ultrasound, a radioactive iodine 
uptake and scan, and to consider measuring TSH 
receptor antibody levels (218). A thyroid sono-
gram may be useful to quantitate thyroid gland 
size and to determine the presence and character-
istics of thyroid nodules. Frequently, the radioac-
tive iodine uptake is at the upper range of normal 
or slightly higher, and TSAbs are also minimally 
elevated or normal, reflecting the minimal degree 
of hyperthyroidism. The radioactive iodine uptake 
is measured not only to assess the level of thyroidal 
activity but also to exclude painless thyroiditis.

Treatment

Unfortunately, there are no large randomized tri-
als that examine the potential benefits of treating 
subclinical hyperthyroidism. Mudde et al. (219) 
and Faber et al. (220) showed a benefit of antithy-
roid drug therapy or radioiodine therapy on bone 
density values in patients with subclinical hyper-
thyroidism. Buscemi et al. showed that restora-
tion of euthyroidism with antithyroid agents had 
a favorable effect on cardiac and bone parameters 

(221). Once the tests are shown to be consistent with 
persistent subclinical hyperthyroidism, treatment 
options must be discussed. The first option is simply 
to continue to monitor the patient and thyroid lev-
els indefinitely. This is a reasonable option in some 
patients, especially young premenopausal women 
and young men with Grade 1 subclinical hyperthy-
roidism. However, treatment is recommended by 
most experts, despite the absence of high-quality 
evidence of benefit, for older patients, especially 
those with serum TSH levels < 0.1 mU/l (Grade 2 
subclinical hyperthyroidism) because of the risk of 
progression to overt hyperthyroidism, osteoporosis 
and fractures, and atrial fibrillation (39, 193, 211) 
Since there are data supporting the idea that atrial 
fibrillation is more likely in patients aged > 65 with 
Grade 1 subclinical hyperthyroidism (201), treat-
ment should be considered in this age group if the 
TSH is persistently only mildly suppressed (193). 
The treatment should be directed toward the under-
lying etiology of the thyroid dysfunction: antithy-
roid drugs or radioiodine in patients with Graves’  
disease and radioiodine for patients with thyroid 
nodular disease. Surgery would also be an option 
in patients with very large goiters or who have sus-
picious thyroid nodules (193). Detailed random-
ized prospective studies are required regarding all 
aspects of subclinical hyperthyroidism to allow a 
more evidence-based approach to these patients.

THYROID STORM

The term thyroid storm  refers to severe and exag-
gerated symptoms and signs of hyperthyroidism, 
usually in association with tachycardia, fever, diar-
rhea, vomiting, dehydration, disorientation, or 
mental confusion (206, 267). Patients usually expe-
rience severe restlessness and anxiety and may be 
unable to reason. There is a continuum between 
“ routine”  hyperthyroidism and thyroid storm, and 
different observers may vary in their definition of 
thyroid storm. There are generally accepted crite-
ria for the diagnosis of thyroid storm (Table 2.5)  
(222, 223). Thyroid function tests— for example, 
FT4 and FT3— overlap between routine hyperthy-
roidism and thyroid storm, and mean values are 
similar in most studies (224). Lower socioeconomic 
status and lack of access to medical care may be 
another important predisposing factor (225).

Thyroid storm is typically precipitated by a 
specific event, such as surgery (especially patients 
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having thyroid surgery without adequate prepa-
ration), severe systemic illness (e.g., pneumonia, 
pharyngitis), or parturition. It is important to pre-
vent thyroid storm whenever possible by trying to 
predict circumstances in which it may occur. It is 
preferable, in general, to treat patients as if they 
had thyroid storm when it is suspected, rather than 
to delay therapy in the hope that thyroid storm will 
not develop or become fully manifest.

Treatment (Table 2.6)

Patients should be treated with antithyroid agents 
to restore euthyroidism prior to anticipated 
stressful events, such as surgery. As noted earlier, 
hyperthyroid patients should be prepared with 

antithyroid medications for several weeks prior 
to thyroidectomy. Treatment for a patient with 
severe thyrotoxicosis or thyroid storm should be 
more aggressive than that for a patient with less 
severe thyroid dysfunction (226). The doses of 
medications are higher in patients considered to 
have thyroid storm. Propylthiouracil, 100 to 200 
mg q4h, or methimazole, 10 to 20 mg q4h, is rec-
ommended in conjunction with propranolol, 60 
to 80 mg q8h. In unusual circumstances when 
patients cannot be administered oral medica-
tion effectively, propylthiouracil or methimazole 
can be given rectally or intravenously (227, 228). 
Due to the rarity of the condition, there are no 
randomized trials comparing PTU and methima-
zole in thyroid storm, but PTU has a theoretical 

Table 2.5 Point scale for the diagnosis of thyroid storm (223)

Criteria points Points Criteria Points

Thermoregulatory dysfunction Gastrointestinal– hepatic dysfunction
Temperature (º F)a Manifestation

99.0– 99.9 5 Absent 0

100.0– 100.9 10 Moderate (diarrhea, abdominal pain, 
nausea/vomiting)

10

101.0– 101.9 15 Severe (jaundice) 20
102.0– 102.9 20
103.0– 103.9 25
≥ 104.0 30

Central nervous system disturbance  
Cardiovascular Manifestation 
Tachycardia (beats per minute) Absent 0
100– 109 5 Mild (agitation) 10
110– 119 10 Moderate (delirium, psychosis, extreme 

lethargy)
20

120– 129 15 Severe (seizure, coma) 30
130– 139 20
≥ 140 25

Precipitant history 
Atrial fibrillation Status 
Absent 0 Positive 10
Present 10 Negative 0
Congestive heart failure 
Absent 0
Mild 5
Moderate 10
Severe 20

Scores totaled: > 45 Thyroid storm, 25– 45 Impending storm, < 25 storm unlikely.
a  Celsius 37.2– 37.7 (5), 37.8– 38.3 (10), 38.3– 38.8 (15), 38.9– 39.4 (20), 39.4– 39.9 (25), ≥ 40 (30 points).
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advantage since it blocks T4 to T3 conversion (47). 
Propranolol can also be given intravenously (2– 5 
mg every 4 hours), and if there is a history of pul-
monary disease, esmolol, at a dose of 50– 100 µ g/
kg/min can be used. Hydrocortisone at 100 mg 
q8h is added to ensure adequate adrenal func-
tion, and an iodine-containing agent may also be 
employed. An intravenous preparation of sodium 
iodide is not available. Oral saturated solution of 
potassium iodide, 5 drops three times a day (tid), 
or Lugol’ s solution, 5 drops tid, contain sufficient 
iodine to reduce thyroid production and secre-
tion of T4 and T3, and their effects can be seen 
within several days. Cholestyramine (or colesti-
pol) administration can be effective as adjunctive 
therapy to lower serum thyroid hormone levels, 
as it decreases the enterohepatic circulation of T4 
and T3 (229). Care must be exercised to separate 
the interval between the administration of chole-
styramine (and colestipol) and other oral medica-
tions. Plasma exchange has also proven useful in 
refractory cases (230).

SOLITARY TOXIC NODULES

Introduction

A solitary autonomous thyroid nodule produces 
sufficient thyroid hormone to suppress TSH and 
cause overt or subclinical hyperthyroidism (231). 
Often, a thyroid nodule may be autonomous and 

not yet be sufficiently functional to suppress serum 
TSH. The capacity to secrete thyroid hormones 
varies with the size of the thyroid nodule, and 
those that are > 3 cm in size are much more likely 
to produce hyperthyroidism (232). The percentage 
of autonomous nodules that secrete sufficient thy-
roid hormones to produce overt hyperthyroidism 
is relatively low, in the range of 30% (232).

Pathology

Histologically, autonomous nodules are cellular 
follicular lesions with frequent hemorrhage, fibro-
sis, calcification, and cysts. There is a dense fibrous 
capsule. The vast majority of solitary autonomous 
thyroid nodules are benign. In adults, as many as 
several percent of these nodules contain foci of 
papillary thyroid cancer, whereas in children and 
adolescents, the percentage of autonomous nod-
ules that contain thyroid cancer is likely higher 
(e.g., 233). A fine needle aspiration biopsy of the 
nodule should be performed if there is any suspi-
cion of cancer based on clinical, historical, sono-
graphic, or laboratory studies. For example, the 
presence of associated cervical lymphadenopa-
thy, recent growth (which could simply represent 
hemorrhage), or a history of neck radiation may 
increase the suspicion for associated cancer. The 
type of thyroid cancer found in this circumstance 
is usually papillary thyroid cancer, although other 
types, such as follicular or Hü rthle cell cancer (234) 

Table 2.6  Drugs used to treat thyroid storm

Drug class
Recommended 

drug Dose Mechanism of action

Beta-adrenergic 
blockers

Propranolol 40– 80 mg po tid− qid • Beta-adrenergic blockade
• Decreased T4 to T3 conversion 

with high-dose propranolol
Esmolol 50– 100 mcg/kg/min

Thionamides Propylthiouracil 200 mg po q 4 h • Inhibition of hormone synthesis
• Decreased T4 to T3 conversion

Methimazole 20 mg po q 4 h Inhibition of hormone synthesis
Iodine SSKI 2 drops po q 8 h • Inhibition of hormone synthesis

• Decreased release of thyroid 
hormone

Lugol’ s solution 3– 5 drops po q 8 h

Glucocorticoids Dexamethasone 2 mg po or IV q 6 h • Improved vasomotor stability
• Decreased T4 to T3 conversionHydrocortisone 100 mg po or IV q 8 h

Bile acid-binding 
resin

Cholestyramine 4 gm po q 6 h Interference with enterohepatic 
circulation and reabsorption of 
thyroid hormones
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may be identified. Earlier studies suggested that 
cytologists would read aspirates from autono-
mous nodules as suspicious for follicular thyroid 
cancer, given the cellular nature of these nodules. 
However, subsequent analyses show that the fine 
needle aspirations are rarely confusing and that 
the majority of autonomous nodules yield benign 
cells in the presence of colloid.

Pathogenesis

Autonomous function of the nodule is attributed 
to either a loss in suppression of normal cell func-
tion or a genetic defect in the TSH receptor or a 
downstream pathway (e.g., G protein), causing 
excess stimulation of the thyroid cell and unregu-
lated thyroid hormone production. The majority 
of solitary autonomous thyroid nodule tissue con-
tains mutations in the TSH receptor protein or, less 
often, in the stimulatory G protein (235). Several 
different mutations in the TSH receptor gene and 
the resultant mutated protein are associated with 
cAMP-dependent transcription independent of 
the presence of TSH. Mutated receptors retain a 
significant response to TSH stimulation, although 
it is decreased when compared to normal thyro-
cytes. The Gs  protein regulates cell growth; when it 
becomes mutated, this protein acts as an oncogene, 
leading to abnormal cellular regulation. Gs  muta-
tions have been found in approximately 5% to 30% 
of toxic thyroid nodules (226).

Clinical considerations

It has traditionally been thought that autonomous 
thyroid nodules were a relatively unusual form of 
hyperthyroidism (223). However, in a recent epi-
demiological study from Sweden, patients with 
solitary toxic thyroid nodules accounted for 15% of 
all hyperthyroid patients (6). Patients with autono-
mous functioning thyroid nodules present most 
frequently with a neck mass but may also have 
subclinical hyperthyroidism. Overt symptoms of 
hyperthyroidism are uncommon. The frequency 
of toxic adenomas increases with age, and only 
about half of patients with autonomous nodules 
over the age of 60 years manifest clinical signs or 
symptoms of hyperthyroidism. Autonomous nod-
ules are much more common in women. Patients 
with an autonomous nodule larger than 3 cm 

have approximately a 20% chance of progressing 
to overt hyperthyroidism over several years, with 
smaller lesions having a much lower progression 
rate (232). Toxic nodules may undergo cystic or 
necrotic degeneration with return to euthyroid-
ism, and as many as 20% to 30% patients with 
solitary autonomous nodules may have a resto-
ration of normal function secondary to hemor-
rhage (223). Iodine deficiency increases the risk of 
iodine-induced hyperthyroidism in patients with 
autonomous thyroid nodules. Even a small addi-
tion of iodine, perhaps 100 µ g/day, to a low-iodine 
diet can initiate hyperthyroidism (236). Although 
iodine deficiency is not a problem in the United 
States, hyperthyroidism has been reported in 
patients with autonomous thyroid nodules within 
1 to 2 months after exposure to radiocontrast dyes 
(237), as well as after exposure to iodine-contain-
ing drugs such as amiodarone (238).

Diagnosis

Autonomous thyroid nodules are usually diag-
nosed by integration of the history and physical 
exam with laboratory and nuclear medicine test-
ing. The serum TSH level is usually suppressed 
and is often unmeasurable. Free/total T4 and T3 
are usually normal or slightly elevated but may 
vary depending upon nodule size and iodine 
exposure. Preferential T3 secretion— that is, T3 
toxicosis— may be more common in patients 
with autonomous nodules than in Graves’  dis-
ease (239). The identification of an autonomous 
nodule on technetium-99m or radioiodine scinti-
graphic scanning is the sine qua non of the diag-
nosis. When a radionuclide scan is performed, the 
solitary autonomous thyroid nodule represents the 
only tissue that appears to be trapping the radioac-
tive tracer with the remainder of the thyroid tissue 
being suppressed. However, an abnormal thyroid 
scan alone does not prove autonomous function, 
since there are technical factors that could make 
a dominant nodule appear to be the sole area that 
traps radioactive material. When an autonomous 
thyroid nodule is suspected, it may be appropri-
ate to use radioiodine rather than technetium as 
the diagnostic agent. Occasionally, a nodule may 
appear to be “ hot”  with technetium, when it is 
actually a “ cold”  nodule with radioiodine. This 
discordance is thought to relate to the ability of 
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iodine to be trapped and organified by thyroid tis-
sue, whereas technetium can only be trapped.

Treatment

Therapeutic decisions regarding autonomous nod-
ules depend upon a variety of factors, including 
patient age, the severity of hyperthyroidism, and 
associated medical conditions such as coronary 
artery disease and/or a history of cardiac arrhyth-
mias. Patients with overt hyperthyroidism in the 
presence of an undetectable TSH and elevated 
FT4 and T3 should be treated. Older patients with 
undetectable TSH and normal FT4 and T3 should 
be strongly considered for treatment because 
of possible deleterious effects on bone metabo-
lism and the heart (see section on Subclinical 
Hyperthyroidism). More controversial is whether 
young patients with subclinical hyperthyroidism 
or people with nodules > 3 cm in diameter should 
be treated prophylactically. Some patients desire 
treatment for cosmetic reasons.

The most important therapeutic option is 
radioactive iodine ablation of the toxic adenoma. 
Radioactive iodine concentrates in the autono-
mous nodule and may accumulate in extranodu-
lar tissue, albeit to a much lesser extent. Although 
results are variable— based upon the size of the 
nodule, nodule uptake, dose administered, and 
tissue radiation sensitivity— a typical toxic nod-
ule will shrink approximately 40% within 1 year 
following an ablative dose. Radioactive iodine 
ablation of an autonomous thyroid nodule may 
decrease the ability of that nodule to secrete excess 
thyroid hormones; but the nodule itself, although 
functionally inactive, may remain and must be 
monitored clinically over time by physical exami-
nation or ultrasound (223). The beneficial effects 
of radioiodine may not be maximal until 4 to 12 
months after therapy. Thyroid function may nor-
malize or decrease to below the normal range in 
this time period, but the nodule may still be palpa-
ble in perhaps half the patients. Occasionally, a sec-
ond or even a third dose of radioiodine is required 
to render a patient euthyroid. It is recommended to 
wait at least 6 months after the initial dose before 
considering retreatment with radioiodine.

Following radioiodine therapy, hypothyroid-
ism occurs at an average rate of approximately 10% 
within the first year, with an annual rate thereafter 

of about 3% (240). This occurrence rate may relate 
to the fact that the contralateral normal tissue is 
exposed to significant amounts of radiation (241). 
Underlying autoimmune thyroid disease may also 
predispose to the development of hypothyroid-
ism. Larger doses of 131 I appear to be a causative 
factor in studies finding a substantial rate of hypo-
thyroidism. The dose per gram of thyroid tissue, 
percent of radioactive iodine uptake, and pre- and/
or posttreatment with antithyroid medications 
(which might normalize the serum TSH, resulting 
in increased uptake by the contralateral lobe), all 
may affect the outcome. In general, higher activi-
ties are associated with more prompt achievement 
of euthyroidism or hypothyroidism. In a pro-
spective randomized trial of differing regimens 
of radioiodine therapy, 97 patients were divided 
into 4 groups: high (22.5mCi) or low (13mCi) fi xed 
activity versus a calculated activity that was either 
high (180– 200 µ Ci/g) or low (90– 100 µ Ci/g) and 
corrected for 24-hour RAIU and thyroid weight, 
yielding administered activities of 18.7 mCi and 
10.5 mCi, respectively (242). All of the regimens 
resulted in cure of the hyperthyroidism; control 
of thyroid function was more rapid with the two 
high-activity regimens but at the cost of a higher 
rate of hypothyroidism which approached 60% 
versus 10% in patients receiving lower activities

Most studies had shown that 131 I is tolerated 
well by the majority of patients, but exacerbation 
of the underlying thyrotoxicosis can occur, so 
antithyroid drug pretreatment of elderly patients 
or those with comorbidities is recommended. 
However, normalization of the serum TSH should 
be avoided, as noted previously (39).

Surgery can also be performed to remove the 
affected lobe and isthmus, leaving the remaining 
uninvolved lobe intact (243). Thyroid function 
should be normalized prior to surgery with anti-
thyroid drugs. Preoperative treatment with SSKI 
is not recommended because of the risk of exac-
erbating the underlying hyperthyroidism (244). 
Ultrasonography should be performed prior to 
surgery to assess the contralateral lobe for possible 
nodules that may require biopsy and autoimmune 
thyroid disease, which make postsurgical hypo-
thyroidism more likely. In experienced hands, sur-
gery has a low anesthetic risk and a low surgical 
complication rate of vocal cord paralysis and hypo-
parathyroidism, especially if only a lobectomy 
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rather than a thyroidectomy is performed (234). 
Following surgery, thyroid function should be 
assessed at 6 weeks.

OTHER TREATMENT MODALITIES: 
PERCUTANEOUS ETHANOL INJECTION (PEI), 
RADIOFREQUENCY ABLATION (RFA), AND 
LASER THERAPY

Percutaneous ethanol injection (PEI) is an alter-
native therapeutic option in patients with an 
autonomous thyroid nodule. Ethanol (95 to 98%) 
is injected into the autonomous nodule using a 
22-gauge needle under sonographic guidance (245, 
246). Special attention is given to avoiding leakage 
of ethanol into the extranodular tissue, which, 
should it occur, may cause serious complications. 
Other potential complications of PEI include pain 
at the local injection site, dysphonia (usually tran-
sient), exacerbation of thyrotoxicosis, fever, and 
hematoma. Nodules > 30 mL in volume are more 
resistant to this therapy, having almost half the 
cure rate of smaller nodules. Centers experienced 
in this modality note that approximately four to 
eight treatments may be required to achieve suc-
cess. The total volume of ethanol delivered is usu-
ally 1½  times the nodule volume, and 1 to 8 mL 
is administered in weekly sessions over a 2- to 
12-week time frame. A multicenter study (247) 
reported a success rate (defined as normalization of 
thyroid function) at 12 months of 83.4% and 66.5% 
for toxic and pretoxic adenomas, respectively. In 
a single center study of 125 patients treated with 
PEI followed for an average of 5 years, cure of 
hyperthyroidism and disappearance of the nodule 
were noted in > 90% of patients. Complications 
occurred in 4% of patients, including transient 
recurrent nerve dysfunction (two patients), and 
abscess and hematoma (one patient each). There 
were four recurrences with subclinical hyperthy-
roidism (248). PEI is operator-dependent, requires 
multiple sessions, and requires more treatments 
with larger nodules. Also, there appears to be 
relatively little experience with this therapy in the 
United States. Therefore, its use should be limited 
to experienced clinicians and medical centers in 
selected circumstances.

Radiofrequency ablation (RFA) (249) and laser 
therapy (250) have also been used to treat toxic 
thyroid nodules. A recent systematic review and 
meta-analysis concluded that RFA was superior 
to laser therapy in terms of reduction in nodule 

volume (251). A retrospective study comparing 
outcomes in 200 patients who had undergone 
RFA and 200 patients who had undergone thyroid 
lobectomy and total thyroidectomy (for toxic mul-
tinodular goiter) found similar efficacy but more 
complications among patients who had under-
gone thyroid surgery (6% versus 1%) (252). Similar 
to PEI, experience with RFA and laser therapy is 
extremely limited in the United States. Other local 
procedures that are under investigation include 
the use of microwaves and high-intensity focused 
ultrasound (253).

TOXIC MULTINODULAR GOITER

Introduction

A toxic multinodular goiter is a thyroid gland that 
contains at least two autonomous functioning 
thyroid nodules that secrete excessive amounts 
of thyroid hormone, suppressing serum TSH 
and often causing typical symptoms and signs 
of hypermetabolism (235). These nodules may be 
more or less distinct on clinical examination and 
scan. Autonomous nodules require many years to 
develop and transition through a phase when the 
TSH is normal and then subnormal with minimal 
clinical evidence of hyperthyroidism (subclinical 
hyperthyroidism). Because of the time required 
for this process to develop, most patients with 
toxic multinodular goiter are over the age of 50 
(Figure  2.7). Many clinical aspects of patients 
with toxic multinodular goiters are similar to 
those found in those with solitary autonomous 
nodules. For example, exogenous iodine expo-
sure can precipitate or aggravate thyrotoxicosis 
(235, 254).

Pathogenesis

The pathogenesis of toxic multinodular goiter 
is not known, although it is believed that indi-
vidual thyroid follicles preferentially prolifer-
ate. Follicular size, colloid content, and cellular 
characteristics vary widely in different parts of 
the multinodular goiter. Indeed, marked cellular 
variation is the hallmark of multinodular goiters. 
It is believed that most of these nodules are clonal 
in origin. It is unknown how particular nodules 
grow and become autonomous. The more widely 
held view is that several individual clones develop, 
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perhaps related to a mutation in the TSH receptor 
gene, and that these cells gradually grow, become 
autonomous, and finally result in excess hormonal 
secretion (255, 256).

Diagnosis

Patients present with typical clinical and biochem-
ical hyperthyroidism and small, medium-sized, or 
large multinodular goiters. There is nothing par-
ticularly unusual about their presentation, signs, 
or symptoms compared to patients with other 
causes of hyperthyroidism, except the nodules 
and goiter may be sufficiently large to cause local 
compressive symptoms. The radionuclide scan 
shows heterogeneous uptake with areas of hyper- 
and hypointensity. There is a spectrum of disease, 
ranging from minimal thyroid enlargement with 
small thyroid nodules only detected on scan or 
sonogram to markedly enlarged thyroid glands 
and large nodules. Color-flow Doppler sonography 
may also be useful, especially in helping to differ-
entiate nodular variants of Graves’  disease from 
toxic multinodular goiters that are non-autoim-
mune mediated (257). Some multinodular goiters 
have a significant substernal component.

Treatment

Radioiodine and surgery are the two major treat-
ment modalities in patients with toxic multinodu-
lar goiters (39, 258). Because multinodular goiters 
are probably not responding to serum anti-TSH 
receptor immunoglobulins, it is not considered 
possible to induce a long-term remission with the 
chronic use of antithyroid agents. It may be appro-
priate to render a patient euthyroid with the use 
of antithyroid agents prior to radioiodine therapy, 
especially patients over age 60 or those with under-
lying heart disease. Selected patients can be main-
tained on these agents for an indefinite period of 
time— for example, elderly patients with accom-
panying serious medical disorders. However, this 
approach is applicable to a minority of patients 
with toxic multinodular goiters.

Radioiodine therapy is most often used to 
restore euthyroidism or induce hypothyroidism 
(114). 131 I therapy is generally thought to be less 
reliable in controlling the hyperthyroidism, com-
pared with Graves’  disease, and higher doses are 
usually required (approximately 20 to 30 mCi 131I). 
The explanation for the difference in responses 
between Graves’  disease and toxic multinodular 
goiter is unknown, but it probably relates to the 
fact that there are different degrees of autonomy 
and radiosensitivity among cells comprising the 
multinodular goiter. The dose of 131 I varies, but it is 
reasonable to attempt to deliver approximately 160 
to 200 μ C 131 I/g to the thyroid tissue. In one study, 
following 131 I treatment for a toxic multinodular 
goiter, 62% of patients were euthyroid, 19% hypo-
thyroid, and 19% remained hyperthyroid. The 
mean size reduction overall was 32% (259). It is 
often difficult to estimate the size of multinodular 
goiters, especially because they may have a subster-
nal component. A thyroid sonogram is helpful if 
the gland is cervical in location, and CT scanning 
(without intravenous contrast) is useful for esti-
mating the size of a large multinodular goiter with 
substernal extension. Antithyroid drug pretreat-
ment is recommended in the elderly and in patients 
with comorbidities (39), and such treatment has 
been shown to increase the 24-hour radioiodine 
uptake, thereby reducing the administered activ-
ity (260). A similar reduction in activity can be 
achieved using recombinant human TSH (rhTSH) 
(261). Unfortunately, rhTSH use in this clinical set-
ting has been associated with a high frequency of 

Figure 2.7  An elderly patient with a toxic multi-
nodular goiter. It is frequently difficult to discern 
by clinical examination the extent of substernal 
extension of the thyroid gland.
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post-therapy hyperthyroidism (262); therefore, its 
use in this clinical setting is not generally recom-
mended, and it is not approved by the U.S. Food 
and Drug Administration for this indication.

It is difficult to predict the response to a given 
dose of 131 I; in one study, the cure rate was relatively 
similar to that seen in Graves’  disease (263), but oth-
ers have not found similar degrees of success (264). 
Release of preformed and stored thyroid hormones 
can occur after a dose of 131 I, so that these patients, 
who are typically older, should be carefully moni-
tored. Not unexpectedly, smaller thyroid glands 
seem to respond more consistently than larger 
glands, although there is wide variation. Elderly 
patients or those with associated medical disorders 
or heart disease should be treated with antithyroid 
agents and beta blocking drugs prior to admin-
istering 131 I, as this is thought, but not proven, to 
reduce the chance of radioiodine-induced worsen-
ing of the hyperthyroidism (39). Similar to the situ-
ation with solitary toxic nodules, pretreatment with 
SSKI is contraindicated because of the potential for 
worsening of nodular hyperthyroidism (235).

A near total thyroidectomy represents an alter-
native therapeutic option. This procedure should 
be performed by an experienced thyroid surgeon 
(265), but even in this circumstance, there is a risk 
of hypocalcemia and recurrent laryngeal nerve 
paralysis as well as, in unusual circumstances, 
acute release of stored thyroid hormone, with an 
exacerbation of hyperthyroidism. A near total 
thyroidectomy is preferred to a subtotal thyroidec-
tomy to reduce the recurrence rate (266).

Although therapy should be individualized 
and discussed with patients and their families as 
appropriate, most patients with hyperthyroidism 
due to a multinodular goiter should be treated with 
131 I therapy. Antithyroid agent therapy may be use-
ful for patients with smaller glands with less severe 
hyperthyroidism; long-term antithyroid agent 
therapy should be reserved for selected patients. 
Surgery addresses the problem expeditiously and 
can be used quite effectively; it should be consid-
ered for patients with very large thyroid glands 
since the likelihood of such patients responding to 
131 I therapy is lower. Compressive symptoms such 
as hoarseness, superior vena cava syndrome, dys-
phagia, and/or dyspnea are additional indications 
for surgery. However, in patients who are not surgi-
cal candidates, radioiodine should be used.
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3
Thyroiditis

ROBERT C. SMALLRIDGE AND VICTOR BERNET

THYROIDITIS

Thyroiditis is an inflammation of the thyroid 
gland, of which there are numerous causes, both 
non-infectious and infectious (Table  3.1). The most 
common cause is autoimmune (e.g., chronic lym-
phocytic thyroiditis or Hashimoto’ s disease).

Chronic lymphocytic thyroiditis

Chronic lymphocytic thyroiditis is one of the most 
common of all autoimmune disorders (1). In this 
condition, there is an enhanced presentation of 

thyroid antigens and a reduction in immune toler-
ance with an increase in Th-1 lymphocyte activity 
and destruction of thyroid follicles. The destruc-
tion results from several effects including cyto-
kine-induced apoptosis and ICAM-1-mediated 
CD8  +  cell-mediated cytotoxicity (2).

Clinically, almost all patients have antithyroid 
antibodies (Tabs) in their serum, most commonly 
antithyroid peroxidase (TPO-Ab) but also antithy-
roglobulin (TG-Ab). 10– 20% of adults have detect-
able Tabs, with a greater prevalence in women 
and older individuals. Patients often have a small 
goiter and are asymptomatic with a normal serum 
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thyrotropin (TSH). The natural development, how-
ever, is progressive damage to the thyroid follicles 
with subsequent evolution to subclinical, then 
overt hypothyroidism. This progression may be 
slow, occurring over years (3), and the early symp-
toms (fatigue, weight gain) are often unrelated to 
thyroid dysfunction; thus, measuring TSH (and 
when elevated, a free T4) is an important compo-
nent of evaluating a patient’ s symptoms. While 
Hashimoto’ s thyroiditis is almost always painless, 
there are occasional patients with pain, and so 
must be considered in the differential diagnosis of 
neck pain and a tender thyroid gland (4).

The etiology of Hashimoto’ s thyroiditis is mul-
tifactorial. It is estimated that genetic suscepti-
bility contributes 70– 80% toward the disorder. 
Specific contributors include HLA class II anti-
gens, cytotoxic T-lymphocyte antigen-4 (CTLA-4), 
protein tyrosine phosphatase non-receptor type 
22, cytokines (e.g., TNF-alpha; INF-alpha; IL-2), 
thyroglobulin and the vitamin D receptor on thy-
rocytes (1, 5, 6). Environmental factors contrib-
ute 20– 30% toward the development of chronic 
thyroiditis. Many studies have confirmed an 
increase in thyroiditis in populations after iodine 
is introduced into their diet. Interestingly, while 
Graves’  disease is aggravated by smoking, there is 
a decrease in TPO-Ab titer and hypothyroidism in 
smokers. Moderate alcohol ingestion also reduces 
the frequency of hypothyroidism; the effect is dose 
responsive and the mechanism is unknown (5, 6). 
Selenoproteins (iodothyronine deiodinases and 
glutathione peroxidases) are present in thyrocytes, 
and recent studies have examined the possible role 
of selenium (Se++) in thyroid dysfunction. While 
low serum Se++ is associated with Hashimoto’ s 
thyroiditis, to date there are no consistent data 

showing a benefit of Se++ supplementation on 
TPO-Ab level, and more trials are needed (7). An 
ongoing clinical trial is examining whether adding 
Se++ to L-T4 in patients with autoimmune thyroid-
itis improves quality of life or markers of immune 
activity, and if it will affect the dose of L-T4 needed 
(8). There is an association of low vitamin D lev-
els with autoimmunity, and limited data show that 
vitamin D supplementation may reduce TPO-Ab 
titers in L-T4-treated patients with Hashimoto’ s 
thyroiditis (9). Stress has been shown to induce or 
aggravate Graves’  hyperthyroidism, but limited 
data show no effect of stress on TPO-Ab levels or 
hypothyroidism. There are also endogenous fac-
tors contributing to the risk of chronic thyroiditis, 
including female sex and postpartum thyroid-
itis (see below). Fetal microchimerism, whereby 
fetal cells enter the maternal circulation, may also 
increase the mother’ s risk of developing autoim-
mune disorders (5).

TREATMENT

The presence of a thyroid antibody (usually 
TPO-Ab but also TG-Ab) does not, in itself, 
require therapy, but does increase the likelihood 
of developing hypothyroidism and, thus, patients’  
thyroid function should be monitored annually. 
A higher titer antibody generally predicts a more 
rapid progression to hypothyroidism. When TSH 
becomes persistently elevated, then treatment with 
l-thyroxine may be initiated and TSH restored to 
the normal range for euthyroid individuals.

Silent thyroiditis (non-postpartum)

INTRODUCTION

Silent or “ painless”  thyroiditis is a painless inflam-
mation of the thyroid that produces a transient 
hyperthyroid state (10). The terms silent thyroid-
itis and painless thyroiditis are most commonly 
used to describe this condition. However, silent 
thyroiditis has also been called transient pain-
less thyroiditis, painless thyroiditis with transient 
hyperthyroidism, painless subacute thyroiditis, 
atypical thyroiditis, occult subacute thyroiditis, 
lymphocytic thyroiditis, spontaneously resolving 
lymphocytic thyroiditis, and transient thyrotoxi-
cosis with lymphocytic thyroiditis. Silent thyroid-
itis often occurs in the postpartum period and is 
then called postpartum thyroiditis.

Table  3.1 Types of thyroiditis

Chronic Lymphocytic Thyroiditis
Silent Thyroiditis; Non-Postpartum
Postpartum
Infectious/Post-Infectious Thyroiditis
Acute Infectious
Subacute
Riedel’ s Thyroiditis
Radiation Thyroiditis
Trauma-Induced Thyroiditis
Drug-Induced Thyroiditis (see Chapter 5, 

“Drug-Induced Thyroid Dysfunction”)
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EPIDEMIOLOGY

The incidence of painless thyroiditis was reported 
with increasing frequency in the late 1970s and 
early 1980s in the Great Lakes region of the 
United States and Canada. Silent thyroiditis has 
also been reported in South America, India, 
and Japan. However, it has been reported to be 
less frequent on the east and west coasts of the 
United States and in Europe and Argentina (11). 
Patients are usually between 30 and 60  years of 
age, but silent thyroiditis can occur in all age 
groups. There is a female-to-male predominance 
of approximately 1.5:1. There is an 11% chance 
that patients may have recurrent episodes of silent 
thyroiditis (12).

PATHOPHYSIOLOGY

In most cases, silent thyroiditis is an autoimmune 
disease and likely a variant of Hashimoto’ s thy-
roiditis. Histologically, silent thyroiditis is charac-
terized by a lymphocytic infiltration of the thyroid, 
and it is sometimes associated with lymphoid fol-
licles (13). It is associated with other autoimmune 
diseases, such as autoimmune adrenal insuffi-
ciency, lupus erythematosus, idiopathic thrombo-
cytopenic purpura, and rheumatoid arthritis (14). 
Silent thyroiditis has been associated with HLA 
DR3, which suggests a genetic component to the 
disease (15). Thyroid autoantibodies are present 
in the serum in up to 50% of patients, which sug-
gests an autoimmune process (10). No association 
with a viral infection has been found. However, the 
lack of antibodies in some patients and lack of clear 
female predominance suggests that silent thyroid-
itis may be a heterogeneous disorder.

DIAGNOSIS

Patients with silent thyroiditis present with symp-
toms and signs of thyrotoxicosis. The most com-
mon symptoms include palpitations, weight loss, 
nervousness, heat intolerance, and fatigue. The 
thyrotoxic phase may last from 1 to 12  months, 
but it usually lasts about 3  months. Approximately 
one-half of patients have a goiter, in which the 
thyroid is 1.5 to 3 times the normal size, dif-
fusely enlarged, symmetric, firm, and nontender 
(10). The course of the disease typically follows 
three different phases. The first phase is charac-
terized by thyrotoxicosis, and many, but not all 
patients will go on to develop hypothyroidism as 

a second stage of silent thyroiditis. Most patients 
then become euthyroid in the third stage, but per-
manent hypothyroidism may develop months to 
years later.

During the first phase of silent thyroiditis, the 
serum T4 and T3 levels are increased and serum 
TSH is decreased. The T4/T3 ratio is higher in 
silent thyroiditis than in Graves’  disease, reflect-
ing glandular hormonal stores. The radioactive 
iodine uptake is very low. Thyroglobulin levels are 
increased, which may be useful in distinguishing 
silent thyroiditis from factitious thyrotoxicosis. 
Serum thyroglobulin concentrations may remain 
slightly increased even one to two years after 
recovery of normal thyroid function (16). Thyroid 
autoantibody levels are increased approximately 30 
to 50% of the time. However, approximately 50% of 
the positive antibody titers become negative within 
six months after thyroid recovery (10, 12). The 
white cell count is usually normal. The sedimenta-
tion rate is normal in 50% of cases, with only mild 
elevation in the remaining cases (17). Fine-needle 
aspiration (FNA) of the thyroid shows lymphocytic 
infiltration, but aspiration is rarely needed to make 
the diagnosis. Biopsies show that silent thyroiditis 
lacks some of the features of chronic lymphocytic 
thyroiditis, such as Hü rthle cells and germinal 
centers (13).

Patients with silent thyroiditis have a low radio-
active iodine uptake, which distinguishes it from 
states of high radioactive iodine uptake such as 
Graves’  disease or toxic nodular goiter. Other 
imaging studies which discriminate between pain-
less thyroiditis and Graves’  disease include a low 
99mTc-pertechnetate thyroid uptake and thy-
roid vascularity measured by color flow Doppler 
sonography (18). Silent thyroiditis, with its low 
radioactive iodine uptake, must be distinguished 
from iodine-induced thyrotoxicosis, excess thy-
roid hormone ingestion, and amiodarone-induced 
thyrotoxicosis (AIT). In addition, struma ovarii 
can cause a low radioactive iodine uptake over the 
thyroid, but in these cases, uptake over the ovarian 
tumor will be increased.

Thyroid hormone levels decrease during the 
hypothyroid phase and then return to normal 
during the recovery phase. TSH levels often rise 
transiently in the recovery phase. The radioactive 
iodine uptake may also rise transiently above the 
normal range during the recovery phase of silent 
thyroiditis.
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TREATMENT

As silent thyroiditis usually presents with mild to 
moderate symptoms of thyrotoxicosis, treatment 
to relieve symptoms may not be necessary. For 
patients who are more than mildly symptomatic, 
beta-adrenergic blocking agents can be admin-
istered. Antithyroid drugs are not useful because 
destroying thyroid cells releases thyroid hormones, 
causing the thyrotoxic phase of silent thyroiditis. 
If severe thyrotoxicosis is present, corticosteroids 
can be administered to decrease the inflammatory 
process (17). Patients have rarely been treated with 
thyroidectomy when they have had frequent debil-
itating episodes of silent thyroiditis (17, 19). Once 
normal thyroid function returns with a normal or 
elevated radioiodine uptake, patients with recur-
rent episodes of silent thyroiditis may consider 
radioactive iodine ablation of the thyroid (20). 
The hypothyroid phase of silent thyroiditis usu-
ally does not need to be treated since it is usually 
quite mild, and most patients fully recover normal 
thyroid function, at least initially. However, if the 
hypothyroid stage is severe or prolonged, thyroxine 
can be administered for several months. Almost 
all patients recover normal thyroid function after 
an episode of silent thyroiditis, but since approxi-
mately 50% of patients with silent thyroiditis will 
ultimately develop hypothyroidism, thyroid func-
tion should be monitored yearly (17).

Postpartum thyroiditis

INTRODUCTION

Postpartum thyroiditis is a syndrome of thyroid 
dysfunction that occurs within the first year fol-
lowing parturition. Historically, an abnormal thy-
roid gland in the postpartum dates back almost 
two millennia, but the association of hypothyroid 
symptoms and response to thyroid therapy was first 
described in the mid-20th century (21). It is usually 
characterized by transient painless thyrotoxicosis 
with a low radioactive iodine uptake, often fol-
lowed by a hypothyroid phase that is then followed 
by thyroid recovery. However, many postpartum 
thyroiditis patients ultimately develop permanent 
hypothyroidism within a few years (22– 24).

EPIDEMIOLOGY

Postpartum thyroiditis has been reported in 
North America, South America, Europe, and 

Asia. An average prevalence figure of about 
5– 9% of postpartum women has been generally 
accepted (23, 25– 28) with a range of 1.1– 16.7% 
(29). The lower frequency of 1.1% in Asia may be 
related to variations in regional, dietary iodine 
intake or genetic differences in susceptibility 
(30). Approximately 10% of women in the general 
population have positive thyroid antibodies and 
approximately one-half of these patients develop 
postpartum thyroiditis. An increased incidence 
of postpartum thyroiditis (10– 25%) is found 
among patients with type 1 diabetes mellitus 
as well as associations with other autoimmune 
disorders (e.g., systemic lupus erythematosus, 
multiple sclerosis, antipituitary antibodies) (31). 
Postpartum thyroid dysfunction has also been 
reported after pregnancy loss (24).

PATHOPHYSIOLOGY

Women who are prone to developing postpartum 
thyroiditis most likely have pre-existing, asymp-
tomatic autoimmune thyroiditis. During preg-
nancy, the maternal immune system is partially 
suppressed, with a subsequent rebound in thy-
roid autoantibodies after delivery. Studies have 
shown that higher thyroid antibody levels are 
associated with a higher risk of thyroid dysfunc-
tion and clinical symptoms (32– 35). Postpartum 
thyroiditis has also been related to HLA type. 
HLA-DR3, -DR4, and -DR5 are increased in 
patients with postpartum thyroiditis (36– 39), 
consistent with an immune disorder. Biopsy 
specimens of thyroid tissue during postpartum 
thyroiditis have shown a lymphocytic infiltra-
tion (40). Smoking has been associated with 
postpartum thyroiditis in some (25, 41) but not 
all studies (28, 42, 43).

Several studies have shown postpartum thy-
roiditis to be associated with the presence of a goi-
ter during pregnancy (26, 32, 44). One report using 
ultrasound showed a significant increase in thy-
roid volume between 8- and 20-weeks  gestation in 
women who went on to develop postpartum thy-
roiditis (45). However, another prospective study 
using ultrasound found that thyroid size, before, 
during, or after pregnancy, was not a useful indica-
tor for the development of postpartum thyroiditis 
(42). Therefore, even though postpartum thyroid-
itis may be associated with a goiter, the presence of 
a goiter is not a predictive indicator of postpartum 
thyroiditis.
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DIAGNOSIS

Patients with postpartum thyroiditis may pres-
ent with fatigue, palpitations, heat intolerance, 
nervousness, emotional liability, and other hyper-
thyroid symptoms. Many patients will have some 
enlargement of the thyroid. Postpartum thyroid-
itis is almost universally painless, although one 
case of painful disease has been reported (46). 
In postpartum thyroiditis, there is an absence of 
exophthalmos and, almost always, an increase in 
antithyroid antibody titers. Patients may present 
at a time when thyroid hormones levels are high, 
normal, or low. Since the thyrotoxic phase is a 
destructive type of thyroiditis, the 24-hour radio-
active iodine uptake is low. However, radionuclide 
uptake measurements are usually not possible in 
postpartum women who are breast feeding.

Figure  3.1 shows the frequency of thyrotoxi-
cosis, hypothyroidism, or both in postpartum 
thyroid dysfunction. The classical triphasic pat-
tern of postpartum thyroiditis is mild thyro-
toxicosis followed by transient hypothyroidism 
with subsequent thyroid recovery. This pattern of 
postpartum thyroiditis occurs in 25% of patients. 
The thyrotoxic phase usually presents one to six 
months postpartum. Frequently, a period of hypo-
thyroidism develops over the next three to four 
months, followed by a return to normal thyroid 

function. Some patients with postpartum thyroid-
itis only develop transient thyrotoxicosis without 
subsequent hypothyroidism. This can either take 
the form of thyroiditis-induced thyrotoxicosis in 
approximately 24% of patients or hyperthyroidism 
caused by Graves’  disease in approximately 11% 
of patients. Some patients (40%) with postpartum 
thyroiditis present only with hypothyroidism (pre-
sumably the thyrotoxic phase was mild and not 
detected) that is followed by recovery of thyroid 
function (47). Figure  3.2 shows the possible stages 
of thyroid function in the natural history of post-
partum thyroiditis. Ide et al., (48) reported that 
the thyrotoxic phase of postpartum thyroid dis-
ease occurred within 3  months of delivery in 86% 
of patients, while all cases of postpartum Graves’  
disease developed at 6.5  months or later. When the 
anti-TSH receptor antibody was positive, thyroid 
blood flow by Doppler ultrasonography was  >   4% 
in all women with postpartum Graves’  disease, 
while when the receptor antibody was negative, 
the thyroid blood flow was  < 4% in all patients with 
thyrotoxic postpartum thyroiditis.

All patients with postpartum thyroiditis 
should be monitored for the future development 
of thyroid failure. Approximately 20 to 64% of 
patients with transient thyroid disease postpar-
tum develop hypothyroidism with long-term 
follow-up (33, 36, 37, 49, 50). Factors associated 
with the development of permanent hypothy-
roidism include higher titer of thyroid auto-
antibodies, greater severity of the hypothyroid 
phase of postpartum thyroiditis, and a previ-
ous history of spontaneous abortion (46, 49). 
Microsomal and thyroid peroxidase antibodies 
have been reported to have a sensitivity range 
of 0.45 to 0.89 and a specificity range of 0.9 to 
0.98 (47).

Figure  3.1 The graph correlates the time from 
the beginning of pain to the disappearance of 
pain and palpable abnormalities in 70 patients 
observed through the course of the disease. In 
all instances, pain and tenderness ceased first. 
The mean duration of pain was 65  days ver-
sus 84  days for palpable abnormalities. (From 
Nordyke RA, Gilbert FI, Jr., Lew C. West J. Med.  
1991; 155(1): 61– 3.) Figure  3.2 Natural history of subacute thyroiditis.
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TREATMENT

Treatment of the thyrotoxic phase of postpartum 
thyroiditis is often not needed, since the symp-
toms are usually mild. Beta-adrenergic blocking 
drugs can be used in symptomatic patients, but 
should be used with caution in lactating women. 
The beta-adrenergic blocking drug can be tapered 
as the thyrotoxic phase resolves. If symptoms are 
mild and transient, then the hypothyroid phase can 
also be observed without treatment. If the hypothy-
roid stage is severe or prolonged, thyroxine should 
be administered for 6 to 12  months. After several 
months, the thyroid hormone can be tapered or 
withdrawn and the serum TSH measured to see if 
the patient remains euthyroid. Even if full thyroid 
recovery occurs, patients with a history of postpar-
tum thyroiditis should be followed long-term for 
possible development of permanent hypothyroid-
ism. Some experts prefer to keep women on thyroid 
hormone therapy until they are finished having 
children. Since postpartum thyroiditis can recur in 
up to 80% of subsequent pregnancies, future preg-
nancies should also be monitored (47). Negro et 
al. treated 85 euthyroid antibody– positive women 
in the first trimester of pregnancy with selenium, 
200  g daily starting at 12-weeks gestation, versus 
placebo. Postpartum thyroiditis developed signifi-
cantly less frequently in the women administered 
selenium than in women given placebo (28.6 vs. 
48.6% p  ≤   0.01) (51). This study will require con-
firmation and determination of possible adverse 
effects before selenium therapy can be recom-
mended. Many European countries, but not the 
United States, have dietary selenium intake deemed 
insufficient for optimal plasma glutathione peroxi-
dase activity (52).

Infectious/post-infectious thyroiditis

Acute infectious

INTRODUCTION

Infectious thyroiditis is an inflammatory pro-
cess caused by the invasion of the thyroid by 
bacteria, mycobacteria, fungi, protozoa, or flat-
worms. Infectious thyroiditis may rarely cause 
thyrotoxicosis.

EPIDEMIOLOGY

Infectious thyroiditis is a rare disorder. The thyroid 
is felt to be relatively resistant to infection because 

of its vascularity, its large concentration of iodine, 
the presence of hydrogen peroxide, and its encapsu-
lation. Infectious thyroiditis may be more prevalent 
in the pediatric age group (53).

PATHOPHYSIOLOGY

Many different bacteria that can infect the thyroid, 
including Streptococcus , Staphylococcus , Escherichia 
coli , Salmonella , Bacteroides , Pasteurella  and Trepo-
nema pallidum , Mycobacterium tuberculosis  and sev-
eral fungi, including Coccidioides immitis , Aspergillus , 
Candida albicans  (54) and Nocardia  spp., have been 
associated with thyroiditis (55). Pneumocystis carinii  
may also cause infectious thyroiditis. Patients who are 
immunocompromised or have acquired immunode-
ficiency syndrome are at particular risk for infectious 
thyroiditis.

Most often, this infection is caused by a direct 
extension of an internal fistulous tract between the 
pyriform sinus and the thyroid (56, 57). This tract 
is more common in children and may represent the 
course of migration of the ultimobranchial body 
from its embryonic origin in the fifth pharyngeal 
pouch. This extension tends to develop more com-
monly in the left thyroid lobe than in the right. 
However, infection in the thyroid may occur in a 
normal thyroid, multinodular goiter, or in a degen-
erating thyroid nodule as well. As noted above, 
immunocompromised patients may have a higher 
risk of infectious thyroiditis (58). Infectious thy-
roiditis with thyrotoxicosis has also been reported 
to occur after repeated FNA of a cystic thyroid 
nodule (59).

DIAGNOSIS

Patients with infectious thyroiditis usually present 
with pain and may have a swollen, hot, and tender 
thyroid (55). As a result, affected individuals may 
avoid extension of their neck due to pain, swallow-
ing may be painful, and dysphagia may be pres-
ent. They may also present with signs of infection 
in adjacent tissues, cervical lymphadenopathy, and 
systemic signs of fever and chills.

Laboratory data may include an increased white 
blood cell count and increased sedimentation rate. 
The patient may have increased thyroid hormone 
levels and present with symptoms of thyrotoxico-
sis, due to hormonal release from the thyroid (55). 
In one review, 12 out of 56 cases had laboratory 
data suggesting hyperthyroidism (60). However, 
most patients are biochemically euthyroid, and 
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the radioactive iodine uptake will usually be nor-
mal. Thyroid ultrasound or computed tomogra-
phy (CT) scan of the neck may show a local abscess 
that can be aspirated and cultured to make the 
diagnosis (61). A barium swallow can be obtained 
to evaluate for possible predisposing factors such 
as a fistulous tract between the pyriform sinus and 
the thyroid.

TREATMENT

Treatment depends on the identification of the 
organism causing the infection. Aspiration of 
the thyroid should be obtained with appropri-
ate staining and culture of the material. Systemic 
antibiotics, which are tailored to the specific infec-
tious agent, are administered (53). An abscess will 
require surgical exploration and drainage, and 
fistulae also require surgery or cauterization of 
the pyriform sinus to prevent recurrent infection 
(62– 64).

Subacute thyroiditis

INTRODUCTION

Subacute thyroiditis is a painful, inflammatory 
thyroid condition associated with thyrotoxicosis. 
In the past, it has also been called granulomatous 
thyroiditis, giant cell thyroiditis, non-infectious 
thyroiditis, acute nonsuppurative thyroiditis, and 
de Quervain’ s thyroiditis.

EPIDEMIOLOGY

Subacute thyroiditis is not nearly as common as 
Graves’  disease, but it is more common than silent 
thyroiditis if postpartum thyroiditis is excluded. 
It has been reported to occur at the rate of one in 
every five to eight cases of Graves’  disease (65). In 
Olmsted County, Minnesota, subacute thyroid-
itis occurred at a rate of 4.9 cases per 100,000/yr 
(66), whereas the incidence of Graves’  disease was 
10/100,000/year in men and three times as fre-
quent in women (67). Subacute thyroiditis has been 
reported in North America, Europe, Scandinavia, 
and Japan, but it is not often reported in the tropi-
cal and subtropical areas of the world. In Hawaii, 
subacute thyroiditis is seen at the same rate among 
Caucasians and Japanese, indicating a similar 
prevalence among these two races living in the 
same environment (68). It is not known whether 
the lack of occurrence in the tropical and sub-
tropical areas is due to a lower actual frequency or 

ascertainment bias. However, despite the possible 
geographic variation, subacute thyroiditis is recog-
nized more frequently during the summer months 
(69, 70). Subacute thyroiditis has been reported 
in all age groups. It is most common in the third 
to sixth decades of life, and it is rare in children. 
Female patients outnumber male patients in a ratio 
of up to 6:1 (71).

PATHOPHYSIOLOGY

The cause of subacute thyroiditis is not known, 
but an infectious etiology is likely; for example, 
it tends to occur following an upper respiratory 
tract infection. Mumps, measles, influenza, com-
mon colds, adenovirus, Epstein-Barr virus, cox-
sackievirus, and cat-scratch disease have all been 
associated with subacute thyroiditis (72– 76). 
Subacute thyroiditis (and recurrences) is associ-
ated with HLA-B35 approximately 72% of the 
time (77), suggesting a genetic susceptibility to 
antecedent viral infections. Subacute thyroiditis 
has been reported in twins and family members 
(78, 79). Infiltrative diseases, such as amyloid, 
have also been reported to cause a subacute thy-
roiditis– like clinical picture (80), and anaplastic 
thyroid cancer can rarely begin with painful, 
rapid thyroid enlargement known as “ malignant 
pseudothyroiditis”  (81). Thyroiditis induced by 
amiodarone can also occasionally present with a 
similar clinical picture.

The thyroid gland in subacute thyroiditis is 
enlarged and firm; it may adhere to adjacent tis-
sues. Thyroid tissue obtained by FNA biopsy shows 
an inflammatory infiltrate of neutrophils, lympho-
cytes, histiocytes, and multinucleated giant cells 
(82, 83).

DIAGNOSIS

Patients with subacute thyroiditis usually pres-
ent with an acute onset of malaise, feverishness, 
and pain in the region of the thyroid gland. The 
pain may radiate from the thyroid to the jaw 
and to the ears, or down to the anterior chest 
wall. Coughing, swallowing, turning the head, 
or wearing tight clothing around the neck can 
aggravate the discomfort. Approximately one-
third to one-half of patients may present with 
unilateral thyroid pain, and one-third of patients 
can have migratory discomfort wherein the pain 
spreads from one thyroid lobe to the other, so-
called “ creeping thyroiditis.”  Approximately 
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one-third of cases may present with diffuse pain 
in the thyroid (65, 76, 84). Some biopsy-proven 
cases of subacute thyroiditis have been reported 
to be painless (82, 85, 86).

Many patients may have systemic symptoms of 
malaise, myalgias, fever, and anorexia. As noted 
above, approximately 50% of patients have a his-
tory of an antecedent upper respiratory infection. 
Symptoms of thyrotoxicosis are also present in 
50– 60% of patients, and these may include heat 
intolerance, palpitations, tremor, and nervous-
ness. Cases of subacute thyroiditis causing thyroid 
storm have been reported (87).

Physical examination shows an uncomfort-
able patient with a tender, enlarged, and firm thy-
roid gland. The process is often asymmetric, and 
lymphadenopathy is usually not present. Symptoms 
of thyrotoxicosis may last 4 to 10  weeks, but the 
inflammation with a painful, tender thyroid often 
lasts for eight weeks, and on rare occasions, up to 
one year. Pain and tenderness resolve first, followed 
by the resolution of the palpable thyroid abnormal-
ities, as shown in Figure  3.3 (68). If the patient is 
not seen until late in the course of the disease and 
after pain resolves, the discovery of a thyroid nod-
ule as the residual of lobar enlargement may lead to 
unnecessary surgery, unless an FNA is performed.

Laboratory evaluation shows increased serum 
levels of free thyroxine (FT4) and triiodothyronine 
(T3) due to follicular disruption, with the release 
of stored thyroid hormones and thyroglobulin 
into the systemic circulation. The T4/T3 ratio is 
typically higher than in Graves’  disease, reflect-
ing glandular hormone stores. Serum TSH level 

is suppressed (88). The white blood cell count is 
usually normal but may be moderately increased. 
The erythrocyte sedimentation rate is virtually 
always increased, often to as high or higher than 
100  mm/hr (76, 84). C-reactive protein is also usu-
ally elevated in patients with untreated subacute 
thyroiditis (89). Thyroid autoantibodies are usu-
ally absent or present in low titer, and if present, 
they are usually transient. The 24-hour radioactive 
iodine uptake initially is very low but may rebound 
and become elevated during the subsequent hypo-
thyroid stage of recovery.

As the course of subacute thyroiditis progresses, 
the serum concentration of thyroid hormones 
returns to normal. In more severe cases, transient 
hypothyroidism develops (90). Thyroid function 
usually returns to normal, but permanent hypo-
thyroidism may occur in 15% of patients with 
extended follow-up. Patients treated with corti-
costeroid therapy may develop hypothyroidism 
more commonly than those not treated with cor-
ticosteroids (66). Recurrent bouts of subacute thy-
roiditis may occur in 4% of patients, 6 to 21  years 
after the initial episode (66). Figure  3.4 shows the 
typical phases of thyroid function during subacute 
thyroiditis.

TREATMENT

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
or salicylates (2  g/day) are used initially to treat 
subacute thyroiditis (91). However, corticosteroids 
are used for more severe cases of pain or in patients 
not responding to NSAIDs, and result in rapid clin-
ical improvement (92). Corticosteroids produce 
partial or near complete relief of pain and neck ten-
derness within 24 to 48  hours. If symptoms do not 
respond promptly, an alternate diagnosis, such as 
acute infectious thyroiditis, should be considered. 
Typically, prednisone in an initial dose of 40  mg/
day is used for about a week, followed by a tapering 
dose of 10  mg/wk and withdrawal by four weeks. 
As the drug is tapered, exacerbation of pain may 
occur in approximately 20% of patients (71, 91).  
If this occurs, the dose can be increased and treat-
ment continued for another month. A smaller 
dose of 15  mg prednisolone, tapered by 5  mg every 
two  weeks, was also effective in most patients, 
although 20% required therapy for more than 
eight  weeks (93). In extremely rare cases, neck pain 
and malaise may be prolonged. In these cases, thy-
roidectomy may be needed (94). Beta-adrenergic 

Figure  3.3 Frequency of hyperthyroidism, 
hypothyroidism, or both in postpartum thyroid 
dysfunction.



 Thyroiditis 89

antagonist drugs may be helpful in controlling 
symptoms of thyrotoxicosis. However, they are not 
usually needed because corticosteroids or NSAIDs 
usually alleviate thyrotoxicosis as well as the thy-
roid pain.

Riedel’ s thyroiditis

ETIOLOGY

Riedel’ s thyroiditis is an aggressive fibroinflam-
matory condition of uncertain etiology which 
involves the thyroid and tissues surrounding the 
thyroid gland. It should be distinguished from a 
fibrosing form of Hashimoto’ s thyroiditis, which is 
limited to the thyroid gland.

PATHOPHYSIOLOGY

Riedel’ s thyroiditis may be confined to the neck 
but may also be a component of an IgG-4 related 
systemic inflammatory disease (95– 97). Thyroid 
tissue IgG-4, measured by immunohistochemis-
try, is detected in both Riedel’ s and Hashimoto’ s 
thyroiditis, with a trend for more staining detected 
in the former (97). Serum IgG-4 level was not 
elevated in two patients in which it was measured 
(98). In one series, 38% of patients had extracer-
vical fibrotic processes (fibrosing mediastinitis or 
retroperitoneal, orbital, or pancreatic fibrosis) (98). 
Histologic criteria include (a) a fibroinflammatory 
process, (b) extension into surrounding tissues, 
(c) inflammatory cells (lymphocytes, eosinophils, 
plasma cells), (d) occlusive phlebitis, and (e) no 
neoplasm (99).

DIAGNOSIS

Patients with Riedel’ s thyroiditis may present 
with tracheal narrowing, dysphagia, vocal cord 
paralysis/hoarseness, or neck pain. Parathyroid 
involvement may lead to hypocalcemia from 
hypoparathyroidism. Imaging of the neck should 
include an ultrasound and possibly CT scan 
to determine if the carotid vessels, trachea, or 
esophagus is compromised. PET-CT may also 
be helpful in identifying extracervical tissue 
involvement (96).

TREATMENT

Surgery should be limited to a biopsy for diagnosis 
and possibly isthmusectomy to relieve constriction 
of the trachea, as blurred tissue planes make more 
extensive surgery risky. Initial systemic therapy has 
been with glucocorticoids. For some unresponsive 
patients, tamoxifen has been successful, perhaps 
through stimulating TGF-beta1 which inhibits the 
fibroblast growth factor and inflammation (96). 
Mycophenolate mofetil and prednisone have been 
used, as has rituximab (100). Given the rarity of 
this disease, and variable clinical course, no defini-
tive therapy has been established.

Radiation thyroiditis

INTRODUCTION

Radioactive 131I and external beam radiation are 
used to treat thyroid disease. Radiation thyroid-
itis with a thyrotoxic phase has been reported 

Figure  3.4 Natural history of postpartum thyroiditis.
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following radiation treatment with both forms of 
radiation therapy.

EPIDEMIOLOGY

Radiation thyroiditis from 131I occurred in 5% and 
16% of patients receiving either 30 mCi or 100 mCi, 
respectively, for ablation of residual normal thyroid 
tissue (101). Thyroiditis was more common with 
larger thyroid remnant uptake. Transient increases 
in T3 and T4 levels at about 10  days after therapy 
are seen in some hyperthyroid patients treated 
with radioactive iodine (102). Although clinically 
significant exacerbation of hyperthyroidism is 
usually not observed (103), painful radiation thy-
roiditis requiring anti-inflammatory drug therapy 
(104) as well as thyroid storm has been reported 
after radioiodine therapy (105). Local tender-
ness, difficulty swallowing, and hyperthyroidism 
may also occur after recombinant human TSH 
stimulated 131-Iodine therapy for multinodular 
goiter (106).

Radiation thyroiditis causing transient thy-
rotoxicosis has also been reported with external 
beam radiation. In a prospective study of external 
beam radiation directed to the neck for metastatic 
cancer treatment, 8 out of 22 patients developed a 
subnormal TSH after receiving 40  Gy of external 
beam radiation over two weeks. Levels of T4 and 
T3 tended to rise after 40  Gy of radiation, but the 
levels were not statistically different from the base-
line (107). Several case reports of external beam 
radiation-induced overt thyrotoxicosis have been 
reported (108, 109).

PATHOPHYSIOLOGY

Radiation presumably causes a destructive thy-
roiditis with the release of preformed thyroid 
hormone into the bloodstream. The thyrotoxico-
sis is transient. The radiation dose that has been 
reported to cause external beam radiation-induced 
thyrotoxicosis varies between 37 and 50  Gy (108, 110). 
It is likely that the greater the external beam radia-
tion dose, the more frequently thyrotoxic thyroid-
itis and subsequent hypothyroidism occur.

DIAGNOSIS

In radioactive iodine-induced thyroiditis, mani-
festations usually occur within 2  weeks after 
radioactive iodine is administered. Symptoms, if 
present, consist of neck and ear pain, dysphagia, 
thyroid tenderness, and/or transient symptoms of 

thyrotoxicosis. External beam radiation-induced 
thyrotoxic thyroiditis usually occurs within a few 
weeks of radiation exposure. It is characterized by 
increased serum levels of thyroid hormones and 
suppressed serum levels of TSH. Serum thyroid 
autoantibodies are typically negative. The 24-hour 
radioactive iodine uptake is low.

TREATMENT

Since the thyrotoxicosis from radiation thyroiditis 
is transient, observation may be all that is needed. 
Treatment with beta-adrenergic blocking agents 
can be used to control tachycardia and tremor. 
Patients with 131I-induced thyrotoxic thyroiditis 
may have significant neck pain requiring treat-
ment with corticosteroids (104). After patients are 
treated with external beam radiation therapy, they 
should be monitored long-term for the develop-
ment of hypothyroidism.

Trauma-induced thyroiditis

Several reports of trauma-induced thyroiditis have 
been described, and this condition may be associ-
ated with thyrotoxicosis. Thyroid biopsy, parathy-
roid surgery, surgical trauma, and trauma induced 
by a seat belt have all been reported to cause thyro-
toxicosis (111– 113). The thyroid may be tender due 
to the trauma. The thyrotoxicosis is transient and 
associated with a low uptake of radioactive iodine.
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THYROTROPIN (TSH)-INDUCED 
HYPERTHYROIDISM

TSH-secreting pituitary adenomas are rare tumors 
that indicate an uncommon cause of hyperthy-
roidism. These tumors account for only 0.5– 3% of 
all pituitary tumors with an annual incidence from 
a recent Swedish study of 0.15 per 1  million inhab-
itants and a prevalence of 2.8 per 1  million (1, 2).

The diagnosis of a TSH-secreting pituitary 
adenoma can present a challenge, and may be dif-
ficult to distinguish from thyroid hormone resis-
tance (RTH). Differentiation of a TSH-secreting 
pituitary tumor from RTH is critical as the man-
agement of the two conditions is vastly different. 
According to the recently published American 

Thyroid Association clinical practice guidelines, 
the diagnosis should be based on (1) an inappro-
priately normal or elevated TSH level in the setting 
of elevated free T4 and/or total T3 concentrations, 
(2) a pituitary tumor detected on a CT or MRI 
scan,  as the majority are macroadenomas, and (3) 
the absence of either a family history or genetic 
testing consistent with RTH (3). Once laboratory 
interference with the TSH or free T4 assay has been 
excluded, the measurement of alpha subunits, sex 
hormone-binding globulin, resting energy expen-
diture (when available), dynamic testing with 
thyrotropin-releasing hormone (TRH) stimula-
tion testing (when available), and T3 suppression 
testing have been performed to make the diagnosis 
(Figure 4.1).

http://it.Disclosure


98 Medical management of thyroid disease 

TSH-secreting adenomas usually have a dis-
proportionate hypersecretion of the alpha subunit 
of glycoprotein hormones, leading to an elevated 
molar ratio of serum alpha subunit to TSH. The 
calculation of this ratio is performed by dividing 
the alpha-subunit concentration (ng/mL) by TSH 
(m/L) and multiplying by ten. A ratio of greater 
than one favors the diagnosis of TSH-secreting 
pituitary adenoma over RTH. Of note, measur-
ing alpha subunits is not useful for this purpose 
in postmenopausal women due to the elevation 
in gonadotropins and concomitant elevation of 
alpha subunits. Elevated sex hormone-binding 
globulin, a thyroid hormone– dependent protein, 
elevated resting energy expenditure, a blunted 
TSH response to TRH administration, inability 
to completely suppress TSH secretion with T3 
administration, as well as clinical evidence of thy-
rotoxicosis also support the diagnosis of a TSH-
secreting pituitary adenoma (4, 6).

Pituitary surgery is currently recommended as 
the first line therapy for TSH-secreting adenomas 
(3). Surgical resection is a highly effective treatment 
with a remission (defined as total tumor removal 
and complete endocrinological remission) rate of 
84% in a recent single-center study of 90 patients 
undergoing transsphenoidal resection (7). In this 

study, remission was achieved in 100% of patients 
with microadenomas, 81% of patients with mac-
roadenomas, but only 38% of patients with cav-
ernous sinus invasion (7). Another recent series 
from 2 tertiary referral centers reported the nor-
malization of thyroid function in 75% of patients 
following pituitary surgery, including 65 patients 
undergoing a transsphenoidal approach, 1 patient 
with a macroadenoma and extrasellar extension 
undergoing a transcranial approach, and 2 patients 
who had a combined approach (8). Normalization 
of TSH hypersecretion and pituitary imaging 
occurred in this series in only 58% (8). Recurrence 
rates within 3 years following pituitary surgery are 
low (0– 3%), as is the development of new pituitary 
hormone deficiencies (9– 17%) in experienced 
hands (7, 8). Current clinical practice guidelines 
make a strong recommendation for referral to a 
high-volume pituitary surgeon (3). Patients should 
be made euthyroid with a short course of antithy-
roid drugs prior to surgery and thyroid targeted 
therapies such as radioactive iodine, thyroidec-
tomy, or chronic use of antithyroid drugs, should 
be avoided, due to the theoretical concern of pitu-
itary tumor growth.

The use of somatostatin analogs, dopa-
mine agonists, and radiotherapy have also been 
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studied as adjunctive therapies to surgical resec-
tion. Preoperative somatostatin analog (octreotide 
and lanreotide) therapy yields a  > 50% reduction 
in TSH in the majority of patients (92%) and TSH 
normalization with the restoration of euthy-
roid state in 79– 100% (4, 9– 11). Bromocriptine 
appears to be less effective, however, with most 
patients failing to show a reduction in TSH secre-
tion (4). Despite biochemical improvement with 
somatostatin analog therapy, preoperative medi-
cal therapy does not significantly improve surgi-
cal outcome, with tumor shrinkage in 38– 52% 
of patients and negative imaging after surgery 
in only 57% (4, 8, 9). Radiation therapy success-
fully controls thyroid hypersecretion in 37% of 
patients within 2 years, but high rates (32%) of 
new pituitary deficiencies have been reported 
(8). Current clinical practice guidelines recom-
mend treatment with octreotide and/or external 
beam radiation therapy only as a postoperative 
adjunctive therapy in patients with persistent 
central hyperthyroidism after pituitary surgery 
(3). Somatostatin analogs and radiation therapy 
can also be considered when surgery is contra-
indicated or, in the case of somatostatin analog 
therapy, if there is no visible pituitary tumor on 
MRI (3).

THYROID HORMONE RESISTANCE

Resistance to thyroid hormone (RTH) is a rare 
inherited disorder characterized by the reduced 
responsiveness of target tissues to thyroid hormone 
and can result in a wide range of clinical features 
from hypothyroidism to hyperthyroidism. RTH is 
the most common disease within the broader cat-
egory of “ impaired sensitivity to thyroid hormone”  
(12). The incidence of RTH has been reported to be 
1 in 40,000  live births and occurs equally in males 
and females (13). More than 3000  cases have been 
described to date; a defect in the thyroid hormone 
receptor beta gene (RTH-beta) has been found in 
up to 85% of these individuals, with the majority 
having an autosomal dominant inheritance pat-
tern (12, 14). Thyroid hormone receptors are tran-
scription factors which mediate thyroid hormone 
action at the tissue level and, when defective, can 
lead to reduced tissue responsiveness to thyroid 
hormone (Figure 4.2). The pituitary thyrotrophs 
also exhibit resistance to thyroid hormone, lead-
ing to increased TSH secretion, which results in 
elevated T3 and T4 levels. The TSH secreted in 
RTH may have an increased sialic acid content and 
hence increased bioactivity (15), which leads to a 
goiter in many affected patients.

Figure 4.2 Regulation of thyroid hormone supply in the blood (A), intracellular metabolism (B), and 
genomic action (C). Reproduced with permission (5).
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A broad range of clinical symptoms have been 
reported with RTH but most commonly patients 
present without severe clinical symptoms despite 
the abnormal thyroid function tests. Interestingly, 
clinical symptoms vary widely from patient to 
patient even within families who harbor the same 
mutation (16, 17). Due to varying tissue respon-
siveness to thyroid hormone, features of hyper-
thyroidism (hyperactivity, tachycardia) and 
hypothyroidism (delayed growth and bone age, 
learning disabilities) can be present. The most 
common clinical features are diffuse thyroid goi-
ter (65– 95%) and tachycardia (33– 75%). However, 
emotional disturbance (60%), attention deficit dis-
order (40– 60%), learning disability (30%), intel-
lectual disability (38%), and sensorineural hearing 
loss (21%) have also been reported. Short stature, 
delayed bone age, and low body mass index can 
occur. Over half of patients experience recurrent 
ear and throat infections (18, 19). Frank hypothy-
roidism can be seen in patients inappropriately 
treated with thyroid ablative therapy in a mis-
guided attempt to lower T4 and T3 levels.

The diagnosis of RTH should be considered 
when thyroid function tests reveal elevated T4 and 
T3 levels and a non-suppressed TSH. Due to very 
similar thyroid function test abnormalities, RTH 
must be distinguished from a TSH-producing 
adenoma. RTH patients exhibit normal alpha sub-
unit and SHBG concentrations, an increase in TSH 
concentration in response to TRH administration, 
and a reduction in TSH concentration in response 
to T3 (4). In addition, patients with RTH often will 
have a positive family history, or positive genetic 
testing for THR-beta, and a negative pituitary 
MRI (Figure 4.1) (5). Approximately 15% of RTH 
patients are not found to have TRH-β  mutation, 
due to either the presence of mutations in portions 
of the THR-β  gene not tested or within other genes 
involved in mediating thyroid hormone action.

Currently, there are no available treatments 
to correct the underlying genetic defect in RTH. 
Fortunately, most of these patients do not need 
treatment, as endogenous thyroid hormone pro-
duction increases to compensate for partial tissue 
resistance allowing for a normal metabolic state. 
Treatment is aimed at relieving symptoms; com-
monly, tachycardia and goiter. Beta-adrenergic 
blocking drugs are effective at treating tachycar-
dia. Although large LT3 doses every other day have 
been reported to be effective in reducing goiter 

size (20), this approach is generally not advised. 
Thyroidectomy is not recommended for goiter 
reduction as recurrence is common. Patients who 
have inappropriately undergone thyroidectomy 
or radioiodine ablation often require treatment 
with high doses of LT4, and TSH normalization is 
the goal of treatment. In children with RTH and 
diminished thyroid reserve due to prior ablative 
therapy (or Hashimoto’ s thyroiditis), LT4 dosing 
to return TSH secretion to the normal range is 
indicated and regular assessment of growth, bone 
maturation, and mental development should guide 
therapy. LT4 dose changes can occur every 6 weeks 
after clinical and laboratory assessment, to include, 
when available, metabolic rate, nitrogen balance, 
and serum SHBG. Development of a catabolic state 
indicates overtreatment (5). An increased risk of 
miscarriage and low birth weight in infants with-
out the THR mutation who are born to mothers 
with RTH has been reported (21), as these fetuses 
have normal sensitivity to high maternal thyroid 
hormone levels, analogous to the situation with 
poorly controlled Graves’  disease during preg-
nancy. It has been suggested that pregnant RTH 
women carrying healthy infants should be con-
sidered for antithyroid drug therapy if T4 levels 
exceed 20– 50% above the upper limit of normal, 
although data in this area are limited (22). Finally, 
a case report from 1999 reported success with uti-
lizing 3,5,3’ -triiodothyroacetic acid for a pregnant 
female with RTH whose fetus also harbored the 
mutation (23).

STRUMA OVARII

Struma ovarii is a rare form of an ovarian teratoma. 
Teratomas are tumors composed of epithelial tis-
sue and have been reported to contain elements of 
bone, teeth, hair, skin, or thyroid. Struma ovarii is 
defined as an ovarian teratoma composed of > 50% 
thyroid tissue and represents an extremely rare 
form of hyperthyroidism, as only 5– 10% of struma 
ovarii patients present with thyrotoxicosis (24, 
25). More commonly, patients present with pelvic 
pain, abnormal uterine bleeding, and abdominal 
or pelvic masses (25, 26). Only about 200  cases 
of struma ovarii have been reported in the litera-
ture, and these lesions represent  < 1% of all ovar-
ian neoplasms (24, 27). The diagnosis is often made 
postoperatively due to the low frequency of clini-
cal thyrotoxicosis at initial presentation. However, 
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struma ovarii should be considered in any thyro-
toxic patient with a very low or absent radioactive 
iodine uptake in the thyroid gland. The differential 
diagnosis in this situation includes thyroiditis, fac-
titious thyrotoxicosis, and iodine-induced hyper-
thyroidism. Struma ovarii can be differentiated 
from these conditions with the detection of a pel-
vic mass that concentrates radioactive iodine.

Benign struma ovarii should initially be man-
aged with surgical resection following the preop-
erative normalization of thyroid hormone and beta 
blockade if thyrotoxicosis is present (3). However, 
5– 24% of these tumors may contain thyroid can-
cer (24, 25) and more extensive surgery with 
total abdominal hysterectomy, bilateral salpingo-
oophorectomy, and lymph node sampling may be 
considered in patients presenting with extensive 
disease. Papillary cancer is the most commonly 
reported form of thyroid malignancy found in 
struma ovarii but follicular and insular carcino-
mas have also been reported (28). The optimal 
surgical approach is debated in the literature due 
to the potential consequences of extensive gyneco-
logic surgery, such as loss of fertility.

Following gynecologic surgery, total thyroid-
ectomy and radioactive iodine ablation are rec-
ommended for patients with high-risk disease, 
defined as a gross extraovarian extension of the 
tumor, large lesions (> 4 cm), distant or peritoneal 
metastases, or the presence of a BRAF mutation 
or synchronous primary thyroid cancer (3, 29). A 
recent analysis of the National Cancer Institute’ s 
Surveillance, Epidemiology and End Results 
(SEER) database including 68  patients with struma 
ovarii, found that 6 out of 68  patients harbored pap-
illary thyroid cancer in both the thyroid gland and 
the ovary (27). High-risk mutations such as BRAF 
and RAS have been detected in struma ovarii and 
may lead to more aggressive treatment (30, 31). 
After surgical resection of struma ovarii localized 
to the ovary, recurrence rates were 7.5% at 25  years 
with excellent survival (32). Recurrence rates of 
malignant struma ovarii have been reported to be 
up to 35% in those treated with tumor resection 
alone but 0% in those patients treated with adju-
vant radioactive iodine (25). In general, adjuvant 
therapy with total thyroidectomy and radioactive 
iodine ablation should be performed in patients 
with high-risk malignant struma ovarii. Follow 
up with thyroglobulin levels and imaging has been 
proposed for long-term surveillance.

TROPHOBLASTIC TUMORS

Trophoblastic tumors including molar preg-
nancy, gestational trophoblastic neoplasias (which 
includes invasive mole and choriocarcinoma), and 
nonseminomatous germ-cell tumors can rarely 
cause hyperthyroidism due to the production 
of the glycoprotein hormone hCG. HCG, TSH, 
luteinizing hormone (LH), and follicle-stimulating 
hormone (FSH) are also glycoprotein hormones 
that have a common alpha subunit and distinct 
beta subunits (34). HCG has a low affinity for 
the TSH receptor, but in high concentration, as 
seen in trophoblastic tumors, it can activate the 
TSH receptor and cause hyperthyroidism. When 
hCG levels rise above 50,000  IU/L, the risk of 
hyperthyroidism increases, and once hCG levels 
reach  > 200,000  IU/L, 67% of patients exhibit a 
suppressed TSH and can present with overt thyro-
toxicosis (35, 36).

Hydatidiform moles (HM), also called molar 
pregnancy, are the result of an aberrant fertiliza-
tion and are characterized by abnormal chori-
onic villi with trophoblast hyperplasia due to the 
overexpression of paternal genes. In the United 
States, the incidence of HM is between 0.5– 2.5 
per 1,000  pregnancies, but is more common in 
Asian and Latin American countries. The risk 
increases in women  > 50  years and  <15  years. 
HM are considered pre-malignant lesions with 
3– 5% developing into choriocarcinomas (37). 
These patients typically present with abnormal 
vaginal bleeding during pregnancy. Pelvic ultra-
sound is characteristic, with a vesicular pattern 
of multiple echoes, hollow areas within the pla-
cental mass, and no fetus (Figure 4.3). Rarely, 
patients can present with symptoms due to meta-
static diseases, such as cough, dyspnea, hemopty-
sis, pleuritic pain due to lung metastases, or focal 
neurologic signs and convulsions with cerebral 
metastases. Increased thyroid function has been 
reported in up to 64% of patients with HM with 
5% experiencing clinical hyperthyroidism. The 
exact prevalence of clinical hyperthyroidism 
in patients with choriocarcinoma is unknown, 
though many case reports have been published 
(37). Surgical uterine evacuation is the primary 
therapy for HM (3). Medial therapy for uterine 
evacuation is controversial and there is a paucity 
of data on the safety of this approach. Theoretical 
concerns include trophoblastic embolization to 
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the lungs or precipitation of metastatic disease 
with uterine contractions induced by medi-
cal therapy. Prophylactic chemotherapy with 
methotrexate or actinomycin D has been stud-
ied in patients with HM who are at high risk for 
development of GTN. A recent meta-analysis 
reported a reduction in progression to malig-
nancy by 67% with prophylactic chemotherapy 
(38). Chemotherapy is the recommended treat-
ment for GTN although there is no consensus on 
the optimal regimen. Commonly, methotrexate 
and actinomycin D are utilized (39). As recently 
reviewed, biweekly actinomycin-D given intrave-
nously may be superior to weekly intramuscular 
methotrexate in patients with GTN and low-
risk WHO scores, but not in patients classified 
as high-risk (40). The recent American Thyroid 
Association clinical practice guidelines recom-
mend methimazole administration in addition to 
the treatment of the primary tumor for patients 
who present with hyperthyroidism (3).

Germ cell tumors in men have an annual inci-
dence of 4.8 per 100,000 and account for 98% of all 
testicular cancers (41). Nonseminomatous tumors 
account for approximately half of the germ cell 
tumors and 20– 40% produce hCG in high levels, 
often  > 50,000  IU per liter. Choriocarcinoma is the 
most aggressive form and is associated with the 
highest levels of hCG production (36). Therefore, 
patients presenting with a nonseminomatous 
germ cell tumor and overt thyrotoxicosis often 

have widely  metastatic disease at diagnosis. The 
primary treatment for stage I disease is surgical 
resection with radical orchiectomy. Loss of fertility 
is a concern with surgical management, so semen 
cryopreservation should be considered prior to 
orchiectomy. Further management with systemic 
chemotherapy, typically a cisplatin-based triplet 
regimen, is reserved for advanced stage disease. 
Prognosis is adversely affected by the presence or 
absence of a primary mediastinal tumor, elevated 
tumor markers (hCG) after orchiectomy, and non-
pulmonary visceral metastases. With all three fea-
tures, prognosis, unfortunately, is poor with only 
50% long-term survival (36). Current practice 
guidelines advocate for antithyroid drugs given 
in conjunction with management of the primary 
tumor (3).

METASTATIC THYROID CANCER

Differentiated thyroid cancer (DTC) metastases 
can rarely produce excess thyroid hormone and 
result in hyperthyroidism. Fewer than 100  cases 
have been reported in the literature, most com-
monly arising from follicular carcinoma, although 
papillary carcinoma– causing hyperthyroidism 
has been reported (42). Recent case reports of five 
patients with metastatic follicular thyroid can-
cer revealed elevated levels of D1 and D2 mRNA 
in the tumors. These patients also were found to 
have clinical hyperthyroidism, elevated T3, and 
elevated T3 to T4 ratio (43, 44). This suggests that 
at least in some cases, the pathogenesis is due to 
the excessive conversion of T4 to T3 by tumor cells. 
In these cases, an elevated FT3 level or FT3/FT4 
ratio greater than 3.5 can suggest the diagnosis 
(45). Although it is not routine practice to measure 
T3 levels following thyroid cancer treatment, it has 
been suggested that an occasional measurement 
of FT3 be performed in patients with massively 
metastatic follicular thyroid carcinoma under 
TSH-suppressive therapy, especially when the FT4 
levels decrease on fixed doses of levothyroxine (45). 
An exogenous iodine load, such as following a CT 
scan, can also lead to hyperthyroidism in patients 
with functional metastatic differentiated thyroid 
cancer, similar to iodine-induced hyperthyroidism 
in the setting of multinodular goiter (46).

The prevalence of functioning metastatic DTC 
is unknown due to the rarity of the condition, but a 
recent case series of patients with massive metastatic 

Figure 4.3 Pelvic ultrasound of a complete 
hydatidiform mole with a characteristic vesicu-
lar pattern of multiple echoes, holes within the 
placental mass, and no fetus. (Reproduced with 
permission Berkowitz R, Goldstein D. (40).) 
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follicular cancer reported 20% of patients exhibiting 
T3 thyrotoxicosis (45). Diagnosis is often difficult as 
patients with widely metastatic DTC are placed on 
high doses of LT4 in an effort to suppress TSH to 
undetectable levels. However, the diagnosis should 
be considered when reduction or withdrawal of 
thyroid hormone does not improve what was ini-
tially thought to be iatrogenic hyperthyroidism.

Treatment of hyperthyroidism due to meta-
static DTC will include both beta blockers and 
antithyroid drugs to improve clinical and bio-
chemical thyrotoxicosis, and treatment of the 
underlying metastatic disease according to cur-
rent practice guidelines for the treatment of DTC, 
which includes surgical resection, radioiodine 
therapy, and, if needed, external beam radiation 
(29). It is critical to achieve a euthyroid state prior 
to surgical resection or radioactive iodine, as thy-
roid storm has been reported (47). Tyrosine-kinase 
inhibitors (TKI) have recently been approved by 
the Federal Drug Administration for the treatment 
of progressive radioiodine-refractory metastatic 
thyroid cancer, and may also be an option to con-
trol the hyperthyroidism associated with meta-
static, progressive disease. A recent case report of 
two patients with metastatic follicular thyroid car-
cinoma with T3 thyrotoxicosis reported control of 
T3 overproduction with lenvatinib (48). Although 
further research is needed, TKI therapy may be 
considered in refractory cases.
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5
Drug-induced thyroid dysfunction

VICTOR BERNET AND ROBERT C. SMALLRIDGE

Drug-induced changes in thyroid hormone lev-
els are frequently encountered in clinical prac-
tice and can make the interpretation of thyroid 
function test results very challenging. Thyroid 
function testing is a critical clinical tool for the 
assessment of a patient’ s thyroid status, and it is 
vital for the clinician to suspect the possibility 
of drug-related changes that could either cause 
or masquerade as thyroid dysfunction. Drugs 
can impact thyroid hormone economy at sev-
eral points along its production, release, and 
metabolism.

There are multiple points in the process of thy-
roid hormonogenesis and metabolism where drugs 
and iodine-containing products can impact thy-
roid hormone (TH) levels and include: Iodine trap-
ping and organification by thyrocytes, oxidation of 
iodine, iodination of tyrosine, thyroid hormone 
synthesis and release, thyroid hormone binding to 
binding proteins in the blood, conversion of T4 to 
T3 or reverse T3, and thyroid hormone absorption, 
including enterohepatic recirculation and metabo-
lism of thyroid hormone products (1). Drugs can 

also influence the hypothalamic-pituitary-thyroid 
axis thereby impacting thyrotropin releasing hor-
mone (TRH) and thyroid stimulating hormone 
(TSH) production and/or secretion which then 
results in alterations in thyroid hormone produc-
tion by the thyroid. Additionally, some drugs have 
been associated with increased risk for develop-
ment of autoimmune thyroid disorders, result-
ing in the production of thyroid antibodies, such 
as antithyroid peroxidase and anti-thyroglobu-
lin antibodies, impairing thyroid function, and 
antiTSH receptor antibodies which can stimulate 
or inhibit production of thyroid hormone.

The list of drugs impacting thyroid hormone 
economy continues to steadily grow, and includes 
newer drugs used for cancer-related treatments 
and those prescribed as immune system modulat-
ing agents (see Tables 5.1 and 5.2). In some cases, 
the effects on thyroid function are transient, in 
others, the impact is more prolonged, irrespective 
of whether the drug has been discontinued, and, 
often, serial monitoring of thyroid hormone levels 
will be indicated. 

Medical management of thyroid disease Drug-induced thyroid dysfunction

Iodine and iodine-containing products  111
Lithium 113
Cancer treatment–related drugs 114
Immune system modulating–related drugs 115
Drugs impacting TSH synthesis or release 116
Inhibition of T4 to T3 conversion 116
Drugs impacting thyroxine-binding globulin 

levels or binding 117

Enhanced metabolic clearance of thyroid 
hormone 117

Inhibition of thyroid hormone absorption 
and/or enterohepatic circulation 118

Assay interference 118
Thyrotoxicosis related to exogenous sources 

of thyroid hormone 118
Conclusion 119
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IODINE AND IODINE-CONTAINING 
PRODUCTS 

Iodine is an essential component of thyroid hor-
mone and patterns of dietary iodine intake have 
been related to predispositions for development of 
thyroid disorders. The recommended daily allow-
ance for iodine intake is 150 mcg for adults, 220 
mcg during pregnancy, and 290 mcg for lactating 
mothers, with toxicity being unlikely to occur until 
intake exceeds 1100 mcg/day (2). Supra-physiologic 
amounts of iodine are found in multiple products, 
including radiographic iodinated contrast media, 
nutritional supplements, foods (e.g., kelp), skin 
cleansers (iodine-containing disinfectants), and 
medications (e.g., amiodarone).

Acute exposure to excess iodine leads to the 
Wolff-Chaikoff effect, a transient decline in thy-
roid hormone synthesis from thyroid peroxidase 
inhibition, resulting in decreased sodium-iodine 
symporter (NIS) activity, followed by an “ escape”  
from this phenomenon and the resumption of thy-
roid hormone production (3, 4). Thyrotoxicosis 
related to iodine exposure is also known as the Jod-
Basedow (Jod is German for iodine) phenomenon 
and typically occurs in patients with underlying 
thyroid disorders such as nodular goiter, a state 
of chronic iodine deficiency, or dormant Graves’  
disease (5). Iodine-induced thyrotoxicosis may be 
either short-lived or chronic in nature (6).

Hypothyroidism can result from excess iodine 
exposure as there can be a failure to escape from 
the Wolff-Chaikoff effect. This is more commonly 
seen in patients with predisposing thyroid disor-
ders such as Hashimoto’ s thyroiditis, postpar-
tum thyroiditis, reduced thyroid gland reserve 
from previous surgery or prior 131 I treatment for 
Graves’  disease, or medications like amiodarone 
or interferon-α  (7, 8). In the case of iodine-induced 
hypothyroidism, the serum TSH level and TPO 
antibody titer are important parameters in clini-
cal decision making. With TSH elevations ≥  10 
mU/L, the institution of thyroid hormone replace-
ment should be considered, while patients with 
TSH levels between 5– 10 mU/L can potentially 
be monitored, although thyroid hormone therapy 
may be prescribed if hypothyroid symptoms are 
present. The presence of TPO antibodies increases 
the risk for development of hypothyroidism and 
iodine exposure in patients with Hashimoto’ s thy-
roiditis appears to exacerbate risk for developing 

hypothyroidism (7). Iodine-induced hypothyroid-
ism has been noted with iodine supplementation 
programs and may be transient in cases where the 
iodine exposure is limited or persistent if exposure 
is chronic in nature (9). Thyroid hormone replace-
ment is indicated when hypothyroidism persists.

Radiographic iodinated contrast media used 
in various imaging studies like CT scans contain 
massive amounts of iodine (~320– 370 mg/ml), 
providing ~2500– 5000 mcg of bioavailable free 
iodine. With increased CT utilization in clinical 
practice, this is a common route of excess iodine 
exposure (10). Serum iodine levels typically remain 
above the normal range for 4– 8 weeks. Studies 
report that renal excretion of iodine is initially 
elevated and then returns to pre-exposure levels 
at around 30– 50 days post-exposure with patients 
> 40 years of age taking longer to excrete the iodine 
load (11, 12).

Hyperthyroidism secondary to iodinated con-
trast exposure can result in either subclinical or 
overt thyrotoxicosis, and there are reports of thy-
roid storm as well. A retrospective case control study 
found that even individuals with no known under-
lying thyroid condition have a two- to threefold risk 
of developing hyperthyroidism or hypothyroidism 
following exposure. A large community-based 
cohort study found a 1.6- to 2-fold rise of post-
iodine contrast associated hyperthyroidism com-
pared to those without such an exposure (13). 
However, other studies have not confirmed such a 
marked increase in thyroid dysfunction in individ-
uals after iodinated contrast exposure (14, 15).

Patients with iodine-induced hyperthyroidism 
have a suppressed serum TSH and either normal 
or elevated T4 and T3 levels. Urinary iodine, spot 
or 24-hour collection, can be used to document 
iodine excess. Nuclear medicine imaging may 
reveal faint or reduced thyroid uptake of iodine or 
technetium, and the radioactive iodine uptake will 
be reduced as well. Further iodine exposure should 
be avoided in cases of iodine-induced hyperthy-
roidism, as the thyrotoxicosis may resolve sponta-
neously provided that iodine exposure is limited. 
Therapy with β -blockers or antithyroid medica-
tions (e.g., methimazole) are appropriate manage-
ment options in patients with significant symptoms 
of hyperthyroidism, especially those with a persis-
tent thyrotoxic state, elderly patients, and those 
with underlying comorbidities, especially cardio-
vascular disease. 
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In patients with an underlying predisposition 
for developing hyperthyroidism, particularly those 
who also have conditions such as coronary artery 
disease or cardiac arrhythmias that can be exac-
erbated by thyrotoxicosis, prophylactic treatment 
with methimazole can be considered. Potassium 
perchlorate, which competitively blocks iodine 
uptake by cells thru NIS, can also be used but is not 
readily available in the United States (16). A study 
in euthyroid patients exhibiting thyroid autonomy 
found that treatment with either methimazole 20 
mg/day or sodium perchlorate 900 mg/day, given 
for 14 days starting 1 day prior to an iodine load 
for coronary angiography, kept FT4 and FT3 at 
baseline levels and prevented TSH suppression 
while T4 and T3 levels rose and TSH dropped sig-
nificantly within the reference range in control 
subjects. However, treatment did not fully prevent 
the development of subclinical hyperthyroidism as 
one case of mild thyrotoxicosis was noted in each 
treatment group and two in the control group (17).

131 I-based imaging and treatments such as 131 I, 
131 I-MIBG, or combined treatments agents such as 
131 I-tositumomab (CD-20 antibody targeting lym-
phocytes) and 131 I- iobenguane (MIBG) targeting 
adrenergic tissues can lead to 131 I uptake by thyro-
cytes and resultant hypothyroidism from β -radi-
ation-mediated destruction of thyroid tissue. 
131 I-Tositumomab has been reported to be associ-
ated with a hypothyroidism rate of between 9– 41% 
occurring between 6 and 24 months post exposure 
(18– 20). 131 I- iobenguane used in the treatment of 
neuroendocrine tumors has been found to cause 
hypothyroidism in 12– 64% of treated individuals 
(21). Thyrocyte uptake of the 131 I can be prevented 
by administration of non-radioactive iodine 
agents, such as the saturated solution of potassium 
iodide (SSKI) or Lugol solution, starting 24 hours 
prior and continuing until 2 weeks following expo-
sure to 131 I-containing agents.

Amiodarone is very rich in iodine: a 100 mg 
dose contains 37 mg of organic iodine and releases 
approximately 3.7 mg of free iodine into the cir-
culation daily. It is associated with thyroid dys-
function in ~15– 20% of individuals receiving 
this therapy (22). Thyroid disorders encountered 
with amiodarone therapy include amiodarone-
induced hypothyroidism as well as thyrotoxicosis 
(amiodarone-induced thyrotoxicosis [AIT]) types 
1 and 2. Type 1 AIT consists of iodine-induced 
hyperthyroidism while type 2 AIT represents a 

destructive thyroiditis, with the latter being the 
more common (23).

Amiodarone-induced hypothyroidism (AIH) 
occurs more frequently in iodine-sufficient areas of 
the world and is more prevalent in women (24, 25). 
Amiodarone-induced hypothyroidism tends to 
develop earlier than AIT and patients typically 
have underlying thyroid abnormalities with many 
having thyroid autoantibodies (26). The combi-
nation of female sex and antithyroid antibodies 
substantially increases the risk of developing AIH 
(27). The large and persistent iodine exposure 
associated with amiodarone therapy leads to the 
Wolff-Chaikoff effect and, as previously discussed, 
the thyroid of a patient with Hashimoto’ s thyroid-
itis may not be able to escape from this inhibitory 
effect (26). Patients with AIH have been found to 
have a positive perchloride discharge test, which is 
consistent with a defect in organification of iodine 
(26). Additionally, iodine-induced thyrocyte dam-
age may hasten the trend toward the development 
of hypothyroidism seen with chronic lymphocytic 
thyroiditis. Remission of amiodarone-associated 
hypothyroidism can occur and is more likely in 
patients with negative thyroid antibody status and 
who are without a history of thyroid abnormali-
ties. The symptoms and laboratory changes noted 
with AIH are similar to those noted with sponta-
neous hypothyroidism. Patients with persistent 
hypothyroidism can be treated with T4-based thy-
roid hormone replacement with dose adjustments 
occurring about every 6 weeks until the TSH falls 
within the desired goal. As many patients receiv-
ing amiodarone have a significant underlying car-
diac disease, TSH suppression from excess thyroid 
replacement should be avoided. Amiodarone can 
also inhibit T4  5¢ -monodeiodination which is fur-
ther discussed in a subsequent section about drugs 
which inhibit T4 to T3 conversion.

AIT is more common with iodine-deficiency 
and is more common in men (25). Type 1 AIT is 
typically associated with pre-existing thyroid dis-
ease, diffuse or nodular goiters, increased vascu-
larity on color flow Doppler sonography (CFDS), 
and low or low-normal radioactive iodine uptake 
(RAIU), while AIT 2 typically occurs without a 
history of thyroid disease, when the thyroid gland 
is normal size or slightly enlarged, there is a qui-
escent vascularity pattern by CFDS, and RAIU is 
low or undetectable. The onset of AIT can occur 
soon after amiodarone initiation or, being stored 
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in several body tissues and having a half-life of up 
to 100 days, can occur months following amioda-
rone withdrawal (22, 28). Following amiodarone 
initiation, the median onset for AIT Type 1 is 3.5 
months and 30 months for Type 2 (29).

As many patients receiving amiodarone are 
typically older and tend to have serious underlying 
cardiac arrhythmias, the occurrence of AIT should 
be promptly addressed, as an increase in mortal-
ity can be seen, especially in individuals with con-
comitant left ventricular dysfunction (30). Type 1 
AIT, which represents a form of iodine-induced 
hyperthyroidism, is best treated with methima-
zole. However, iodine-saturated thyroid glands 
may have a reduced response to these agents, and 
higher doses (e.g., 40– 60 mg methimazole) may 
be required (22). There are reports of successfully 
utilizing potassium perchlorate (1 g/day or less) 
to decrease iodine uptake by the thyroid but this 
agent is not readily available in North America (31).

Type 2 AIT, a destructive form of thyroid-
itis due to a direct toxic effect of amiodarone on 
thyrocytes, may be monitored without therapy in 
mild cases and when amiodarone can be discon-
tinued. However, most patients typically require 
treatment with glucocorticoids such as prednisone 
(32). Approximately 0.5– 0.7 mg/kg body weight of 
prednisone per day is recommended with therapy 
being tapered over ~3 months; one study found 
at least half of patients achieved normal thyroid 
hormone levels within 4 weeks (33). Thionamide 
therapy alone has not been found to be useful in 
pure cases of AIT type 2 with 85% of individuals 
still having thyrotoxicosis at 6 weeks of therapy 
whereas only 24% of patients receiving prednisone 
remained thyrotoxic (34).

However, many cases of AIT appear to have a 
“ mixed”  form of thyrotoxicosis with a combi-
nation of destructive thyroiditis and increased 
hormone production by the thyroid. This circum-
stance may be suspected if thyrotoxicosis from 
apparent Type 1 AIT does not respond to anti-
thyroid medications, or if Type 2 AIT does not 
respond promptly to a course of prednisone. In 
instances where a “ mixed”  etiology appears evi-
dent, combination therapy with prednisone and 
antithyroid medications has been found to be effi-
cacious (24). Radioactive iodine ablation with 131 I 
can be considered in Type 1 AIT if the RAIU is 
elevated adequately (35). There are also reports 
describing the use of recombinant human TSH 

(rhTSH) injections to raise iodine uptake to allow 
for 131 I ablation, but this process can be associated 
with clinically significant rhTSH-stimulated rises 
in serum thyroid hormone levels and related risks 
(36, 37). As many patients with AIT have severe 
cardiac disease, thyroidectomy may be warranted, 
although it is associated with increased peri- 
operative risk (38).

LITHIUM

Lithium is known to impact thyroid physiology in 
several ways. Lithium-associated goiter was first 
reported in the late 1960s. Lithium can inhibit 
thyroid hormone secretion, which may lead to the 
development of hypothyroidism or goiter. This 
effect has been employed to control hyperthyroid-
ism, although it is seldom used for this purpose 
(39). Lithium’ s impact on thyroid cellular function 
is thought to be related to the inhibition of TSH’ s 
effect on cyclic AMP-mediated cellular signaling, 
with associated downstream impact on the phos-
phoinositol pathway (40). Lithium may also impact 
the hypothalamic-pituitary axis. TSH elevations 
have been noted in patients receiving lithium, 
and an exaggerated rise in TSH levels with TRH 
stimulation has been reported in euthyroid bipo-
lar subjects on lithium therapy (40, 41). One study 
reported 83% frequency of a transient rise of TSH 
from baseline on lithium therapy, suggesting that 
the hypothalamic-pituitary axis reaches a new set 
point, since the serum TSH then returns to the 
normal range at 12 months (42). As noted in rat 
studies, T3 nuclear binding in the brain may be 
impacted by lithium and reverse T3 (rT3) may rise 
in humans with lithium as well (43). A correlation 
with serum T3 levels and efficacy of treatment has 
been noted with lithium and it is hypothesized that 
lithium exerts at least some of its effects through 
alterations in T3 concentrations which then impact 
brain cell function (42).

The risk of hypothyroidism associated with 
lithium therapy is predicated on several under-
lying issues, including pre-existing autoimmune 
thyroid disease, gender predisposition, dietary 
iodine status, exposure to goitrogens, and dura-
tion of lithium therapy. There also appears to be an 
increased risk for development of lithium-related 
thyroid disorders with older age (44). Individuals 
receiving lithium who also have underlying auto-
immune thyroid disease are at increased risk 
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for developing hypothyroidism; an annual rate 
of 6.4% of those with positive thyroid antibod-
ies have been found to require l-thyroxine ther-
apy for hypothyroidism in comparison to only 
0.8% for those without thyroid antibodies (45).  
An annual rate of hypothyroidism of 1.5% was 
reported in a study of 150 patients on lithium 
during 15 years of followup (46). Similar to the 
rate seen in the general population, lithium ther-
apy is reported to have a 5:1 female:male ratio 
for development of hypothyroidism (45). The 
reported prevalence of hypothyroidism associ-
ated with lithium therapy ranges between 3.4 
and 52% and appears to vary with the population 
being studied (45). 

While lithium does not appear to stimulate 
the development of thyroid autoimmunity, it 
does appear to accelerate activity of pre-existing 
thyroiditis (47). Additionally, lithium and iodine 
have been found to act synergistically in the 
development of hypothyroidism (48). Based on 
these data, TSH, free T4, and thyroid antibody 
status should be checked prior to the initiation 
of lithium therapy and at least annually thereaf-
ter (49). More frequent testing can be considered 
in the face of a positive family history for thyroid 
disease, positive antibody titer, or other thyroid 
abnormalities such as a goiter or borderline TSH 
level.

Thyrotoxicosis has also been reported in the 
context of lithium therapy and typically occurs 
after years of treatment (50). Graves’  disease, toxic 
multinodular goiter and various forms of thyroid-
itis (e.g., silent, granulomatous, and destructive 
thyroiditis without lymphocytic infiltration) have 
all been described with lithium-associated hyper-
thyroidism (51, 52). Lithium-associated thyrotoxi-
cosis (2.7 cases per 1000 person-years) occurs more 
frequently than in the general population (0.8– 1.2 
cases per 1000 person-years) (50). While it remains 
to be confirmed that lithium stimulates the devel-
opment of TSH receptor antibodies, in at least one 
study ~64% of individuals with lithium-related 
hyperthyroidism were identified as having auto-
immune thyrotoxicosis (50). It remains unclear if 
there is a specific relation between lithium therapy 
and the development of thyroid eye disease (53, 
54). Treatment options for lithium-associated thy-
rotoxicosis include standard therapies for hyper-
thyroidism, including antithyroid medications, 131 I 
ablation, and thyroidectomy plus beta-blockade to 

mitigate symptoms from thyrotoxicosis. In cases of 
destructive thyroiditis with severe thyrotoxicosis, 
glucocorticoids may be utilized.

CANCER TREATMENT-RELATED 
DRUGS

Numerous tyrosine kinase inhibitors (TKI) have 
been associated with the development of pri-
mary hypothyroidism, including axitinib, cedi-
ranib, dasatinib, imatinib, motesanib, nilotinib, 
sorafenib, and sunitinib (see Table 5.2) (55– 57). 
TKIs have also been reported to worsen control of 
hypothyroidism in patients with primary hypo-
thyroidism, including some who were post-thy-
roidectomy and on stable thyroid hormone therapy 
(58, 59).

There are several potential mechanisms that 
can explain the thyroid disorders encountered 
with TKI therapy. Destructive thyroiditis is sus-
pected in some cases as thyrotoxicosis can lead 
to the development of hypothyroidism. The thy-
roid is a vascular gland and destructive thyroid-
itis may be induced by the reduction of blood flow 
secondary to the inhibition of angiogenic-related 
kinase pathways, for example, through effects on 
vascular-endothelial growth factor (VEGF) and 
platelet-derived growth factor (PDGFR) receptors. 
TKI-related reductions in serum free T4 and T3 lev-
els have been noted in patients on TH replacement 
as well. Potential explanations include increased 
metabolism of TH through either increased non-
deiodination clearance or a rise in type 3 deiodin-
ation activity that can be seen with certain TKIs, 
for example, sunitinib (59). In a group of euthyroid 
subjects being treated for gastrointestinal stromal 
tumors (GISTs) with sunitinib, 62% developed an 
abnormal TSH (TSH > 20 mU/L in 21%; TSH > 7 
mU/L in 14%; TSH between 5– 7 mU/L in 17% and 
also 10% with TSH < 0.5 mU/L) (56). However, it 
must be noted that certain GIST tumors them-
selves can induce consumptive hypothyroidism 
by means of overexpression of deiodinase-3. As 
noted, a phase of thyrotoxicosis with suppressed 
TSH may precede the onset of TKI-induced hypo-
thyroidism. As TKI-related thyroid dysfunction 
appears relatively common, it is recommended 
that TSH and free T4 be checked prior to the insti-
tution of TKI therapy then monitored monthly for 
several months and at 2– 3-month intervals there-
after (55).
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IMMUNE SYSTEM MODULATING-
RELATED DRUGS

Pembrolizumab, a programmed death  receptor-1 
(PD-1) blocker, has been associated with the devel-
opment of immune-related adverse events, includ-
ing thyroid disease. In patients receiving at least 
one dose of pembrolizumab, 14% were noted to 
have a thyroid-related adverse event: Silent thy-
roiditis (54%) or hypothyroidism (23%), and a 
significant increase in levothyroxine dose require-
ment in three individuals previously on stable 
TH therapy (60). A positive TPO antibody titer 
was noted in 31% of the cases, and diffuse thy-
roid uptake of 18 fluorodeoxyglucose (18 FDG) was 
reported in 64% of patients without any known 
thyroid malignancy with a median time of onset at 
12 weeks. Increased 18 FDG uptake by the thyroid 
is well known to occur in patients with chronic 
lymphocytic thyroiditis (61). While the majority 
of patients did not develop anti-TPO antibodies or 
thyroid disease, those with a history of hypothy-
roidism or with positive antithyroid antibody sta-
tus are at risk for recurrence or worsening of their 
underlying thyroid disorder (62).

Ipilimumab and tremelimumab are anti-cyto-
toxic T-lymphocyte-associated antigen 4 (CTLA-
4) monoclonal antibodies which through CTLA-4 
receptor blockade lead to anti-tumor activity 
by means of augmented T-cell activation (63). 
Ipilimumab is associated with endocrine immune-
related adverse events, with a reported rate of 
hypophysitis between 0– 17% and thyroiditis and/
or hypothyroidism occurring in 1.5– 9% (64– 66).

Hypophysitis causing central adrenal insuffi-
ciency, hypogonadism, as well as hypothyroidism 
is also seen with these agents. If central adre-
nal insufficiency and hypothyroidism are diag-
nosed concomitantly, to avoid precipitation of 
adrenal crisis glucocorticoid therapy should be 
instituted prior to TH replacement. Long-term 
hormone replacement therapy is usually required 
as these pituitary axis defects rarely reverse (67). 
Tremelimumab-related Graves’  hyperthyroidism 
and autoimmune hypothyroidism have also been 
reported (68, 69).

It is recommended that baseline TSH and free 
T4 levels be obtained prior to initiation of CTLA-4 
monoclonal antibody therapy, and every 8– 12 
weeks thereafter during therapy. In patients receiv-
ing anti-PD-1 agents, one study found that 80% of 

the patients developing immune-related thyroid 
disease had baseline positive TPO antibody titers 
(70). The combined use of immune checkpoint 
inhibitors (CTLA-4, PD-1, and PD-L1) appears to 
increase the occurrence of thyroid-related adverse 
effects such as hypothyroidism, thyrotoxicosis, 
hypophysitis, and autoimmune thyroiditis (71).

The cytokine aldesleukin (IL-2), which stimu-
lates natural killer cell and T-cell activity, thereby 
activating autoreactive lymphocytes, can lead 
to the development of autoimmune thyroiditis. 
Thyroid disorders are reported to occur in 10– 50% 
of individuals receiving IL-2 with hypothyroidism, 
hyperthyroidism, and thyroiditis all having been 
noted (72, 73). The onset of hypothyroidism is typi-
cally between 4– 17 weeks after IL-2 initiation and 
may resolve with cessation of therapy (74).

Drugs associated with the development of 
thyroid autoimmunity can also lead to thyroid 
dysfunction. Type I interferon (interferon-α ) 
therapy used for the treatment of multiple scle-
rosis, chronic viral hepatitis, as well as some 
solid tumors and hematologic conditions has 
been associated with about a 6% prevalence of 
thyroid dysfunction (hypothyroidism 3.9% and 
thyrotoxicosis 2.3%) (75). The disease tends to be 
mild (e.g., subclinical) with ≥ 60% having spon-
taneous resolution whether interferon is contin-
ued or not. The development of thyroid disease is 
increased in females and individuals with under-
lying autoimmune thyroid disease. Thyroid func-
tion tests should be monitored during interferon 
therapy. Patients with positive anti-TPO or anti-
thyroglobulin antibody titers are at risk for devel-
oping autoimmune thyroid disease, while those 
who are negative for both antibodies are at very 
low risk (76).

Alemtuzumab, a drug used for the treatment 
of multiple sclerosis, has been associated with an 
increased frequency of developing an autoimmune 
disease (22.2%) with thyroid disorders being the 
most common at 15.7% (77). The onset of auto-
immune thyroid disease typically occurs within 
the first 12– 18 months of treatment initiation, 
although cases after 5 years after exposure have 
been reported. Thyroid disease more commonly 
occurs in patients with a family history of autoim-
mune thyroid disease or a smoking history. TSH 
should be measured prior to initiation of therapy 
and then every 2– 3 months during the treatment 
course.
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Thalidomide and lenalidomide are agents with 
anti-tumor effects though mediated by immune 
destruction of tumor cells and have been used 
for the treatment of multiple myeloma, mantle 
cell lymphoma as well as erythema nodosum 
and lymphocytic skin infiltrations. In addition, 
these agents have antiangiogenic effects, can 
inhibit tumor growth, and can induce tumor 
cell apoptosis. Cases of hypothyroidism were 
first reported decades ago when thalidomide was 
first in use, and continue to be reported with its 
more recent resurgence in use. Thalidomide-
related hypothyroidism appears to occur about 
1– 6 months following initiation (78). One study 
found that 20% of individuals with multiple 
myeloma receiving thalidomide developed a TSH 
> 5 mU/L and ~7% had a TSH level spike > 10 
mU/L (79). Hypothyroidism appears to occur 
less frequently with lenalidomide at 5– 10%, and 
a case of thyroiditis has also been reported (80). 
Thalidomide has also been associated with thy-
rotoxicosis and concomitant radiation exposure 
may play a role in the occurrence of autoimmune 
thyroid disease (81).

DRUGS IMPACTING TSH SYNTHESIS 
OR RELEASE

Drugs that can inhibit TSH secretion include 
dobutamine, dopamine, somatostatin analogs, 
glucocorticoids, metformin, and the retinoid X 
receptor ligand bexarotene (82– 87). Dobutamine, 
dopamine, and high dose glucocorticoid therapy 
are used in critically ill patients and can confound 
the interpretation of thyroid function test (TFT) 
results in a population already predisposed to thy-
roid hormone changes related to the euthyroid sick 
syndrome. The suppressive effect of somatostatin 
analogs on thyrotropin-secreting pituitary cells 
has been successfully used to control inappropriate 
TSH secretion by TSH-secreting pituitary adeno-
mas and while transient decreases in TSH can be 
noted with octreotide doses > 100 mcg/day in indi-
viduals without such tumors, it does not appear to 
cause long-term suppression or hypothyroidism 
(88). Bexarotene, an antineoplastic agent used for 
the treatment of cutaneous T cell lymphoma, can 
cause severe central hypothyroidism by suppress-
ing TSH secretion, an effect mediated through 
heterodimer formation between the retinoid X 

receptor and the T3 receptor in the nucleus of thy-
rotropes (87).

Metformin has also been reported to reduce 
TSH levels in patients with type 2 diabetes melli-
tus and chronic hypothyroidism on stable thyroid 
hormone replacement (89). A later meta-analysis 
found that initiation of metformin is associated 
with a reduction in TSH in patients with overt or 
subclinical hypothyroidism but no change was 
noted in euthyroid individuals receiving metfor-
min (90). Metformin activates AMP-activated pro-
tein kinase (AMPK) and sirtuin 1 (SIRT1) which 
are involved in regulation of fatty acid oxidation, 
hepatic gluconeogenesis, and insulin sensitivity 
(91). Metformin has also been reported to retard 
the progression of various cancers, including thy-
roid cancer, and may influence iodine uptake via 
the sodium iodide symporter. Metformin appears 
to affect TSH secretion in various circumstances. 
An initial case series noted that four patients on 
stable l-thyroxine developed suppressed TSH lev-
els after initiation of metformin therapy (89). A 
later meta-analysis noted a reduction in TSH in 
both individuals receiving l-thyroxine for active, 
overt hypothyroidism and also those with sub-
clinical hypothyroidism not receiving l-thyroxine 
(90). Euthyroid patients not receiving l-thyroxine 
did not exhibit a change in TSH levels. The met-
formin doses needed to achieve this effect have 
been reported to be as low as metformin XR 500 
mg daily, and the aforementioned meta-analysis 
reported dosing of 1500– 1700 mg per day. The 
change in TSH-related to metformin is hypoth-
esized to be related to cAMP-mediated inhibition 
of TRH at the level of the hypothalamus, and not 
due to a change in T4 levels, l-thyroxine absorp-
tion, bioavailability, or degradation (92).

As noted above, drugs associated with the 
development of hypophysitis, such as ipilimumab 
and tremelimumab, can also impact TSH secre-
tion and cause secondary hypothyroidism (93, 94). 
Anti-TSH antibodies have been noted in patients 
with anti-CTLA-4-induced hypophysitis (95).

INHIBITION OF T4 TO T3 
CONVERSION

Medications known to reduce T4 to T3 conversion 
include amiodarone, glucocorticoids, gallblad-
der dyes, such as ipodate and iopanoic acid and 
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propranolol and nadolol in high doses, and pro-
pylthiouracil. Amiodarone inhibits T4 5¢ -mono-
deiodination which can lead to a rise in serum T4 
and rT3, a concomitant decline in serum T3, and 
a secondary rise in serum TSH levels (96). These 
changes typically resolve within 3-6 months of 
initiation of therapy or with discontinuation of 
amiodarone. If the serum TSH remains elevated 
after more than 3– 6 months, the patient can be 
considered to have amiodarone-induced hypo-
thyroidism. If amiodarone needs to be continued, 
treatment with levothyroxine should be initiated, 
but levothyroxine doses needed to normalize 
serum TSH levels may be higher than expected 
due to inhibition of T4 to T3 conversion as pre-
viously discussed (97). The radiocontrast agents 
ipodate and iopanoic acid also inhibit T4 to T3 
conversion, but are no longer available in the 
United States (98).

DRUGS IMPACTING THYROXINE-
BINDING GLOBULIN LEVELS OR 
BINDING

In serum, T4 and T3 can be bound or free, 
with thyroxine-binding globulin (TBG) and 
thyroid-binding prealbumin (TBPA, transthyre-
tin) being the primary binding proteins for T4; 
TBPA only binds T4 and not T3. Measured total 
T4 and T3 levels represent both the bound and the 
free T4 and T3 concentrations, respectively. TBG 
levels can be impacted by various medications. 
For example, estrogens, tamoxifen, raloxifene, 5- 
fluorouracil, heroin, and methadone have all been 
found to increase TBG levels whereas niacin, cor-
ticosteroids, l-asparaginase, and androgens can 
decrease TBG (99– 108). In patients with an intact 
hypothalamic-pituitary-thyroid axis, the system 
will respond to changes in protein binding of T4 
and T3 so that free T4 and free T3 levels remain 
in their reference ranges once there is time for 
equilibration. However, in patients dependent on 
thyroid hormone replacement therapy, an adjust-
ment in thyroid hormone dosing (a decrease in 
thyroid hormone doses with lower TBG, and an 
increase in thyroid hormone doses with rising 
TBG) is necessary to avoid patients developing 
serum thyroid hormone levels outside of their ref-
erence ranges, causing iatrogenic thyrotoxicosis or 
hypothyroidism. 

There are also medications that distort in 
vitro  tests of thyroid function, with particular 
reference to estimates of serum free thyroxine 
(109). Displacement of thyroid hormone from 
serum-binding proteins has been noted with 
heparin, aspirin, carbamazepine, furosemide, 
phenytoin, and salsalate therapy (110– 114). Non-
esterified fatty acids (NEFA) in a concentration 
of > 3 mmol/l can increase the displacement of T4 
from TBG. In patients receiving heparin, lipopro-
tein lipase becomes mobilized in vivo , which dur-
ing sample storage or incubation can lead to rising 
NEFA levels which stimulate disassociation of T4 
and T3 from thyroid-binding proteins resulting 
in spuriously high results in FT4 and FT3 assays. 
Heparin does not appear to impact TSH measure-
ments nor total T4 and T3 levels (115). Furosemide 
has been found to inhibit T4 binding and appears 
to impact measurement in free T4 assays which 
involve less sample dilutions than others (109). 
Phenytoin and carbamazepine can displace T4 
and T3 from thyroid-binding proteins leading to 
an increase in free hormone concentrations and 
a concomitant decrease in total T4 and T3 levels. 
As FT4 and FT3 assays tend to yield spuriously low 
levels in these circumstances, TSH levels, which 
are not impacted, should be relied on to guide 
therapy (116). The impact of aspirin, salsalate, and 
nonsteroidal anti-inflammatory drugs (NSAIDs) 
vary by drug and length of exposure. A single-
dose or 1 week of salsalate therapy was found to 
decrease both free and total T4 and T3 levels while 
TSH remained unchanged after a lone dose and 
decreased after 1 week while remaining in the 
normal range (112). In the same study, acute TH 
changes noted with aspirin included lower TT3 
and FT3 with stable TT4 and FT4 and TSH levels; 
after 1 week TSH, TT4, TT3, and FT3 all dropped 
but FT4 remained stable. Testing with the NSAID 
meclofenamate revealed an acute rise in TT4, TT3, 
FT3 with no change in TSH and FT4 and stability 
in all these levels after 1 week. 

ENHANCED METABOLIC 
CLEARANCE OF THYROID 
HORMONE

Increased metabolic clearance of thyroid hor-
mones has been noted with several medica-
tions, including carbamazepine, phenobarbital, 
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phenytoin, rifampin, and sertraline (114, 117– (119). 
Carbamazepine, phenobarbital, phenytoin, and 
rifampin all appear to increase hepatic metabo-
lism of TH and can thereby impact TH dosing for 
hypothyroidism. There are reports of patients with 
hypothyroidism on stable TH therapy whom after 
initiation of sertraline require an increase of LT4 
dosing (120). Therefore, adjustments in thyroid hor-
mone therapy may be required in situations when 
sertraline is instituted or discontinued although 
one study did not observe this in the patient pop-
ulation they studied (121). Bexarotene, a selective 
RXRα  agonist, has also been reported to decrease 
T4, T3, and reverse T3 levels in athyrotic patients 
on stable thyroid hormone replacement with L-T4 
(122). This finding is felt to represent augmented 
non-deiodinase-mediated peripheral degradation 
of thyroid hormones. 

INHIBITION OF THYROID 
HORMONE ABSORPTION AND/OR 
ENTEROHEPATIC CIRCULATION

The absorption of thyroid hormone from the stom-
ach and small bowel, as well as reabsorption of thy-
roid hormone released in bile (a.k.a.enterohepatic 
circulation of thyroid hormone), can be impaired 
by numerous drugs (123). Bile acid sequestrants 
(e.g., cholestyramine, colestipol, and colesevelam) 
and calcium carbonate directly bind TH in the 
gut preventing its absorption but do not have 
adverse effects in euthyroid individuals not tak-
ing TH (124, 125). Raloxifene, a selective estrogen 
modulator, has been shown to impair TH absorp-
tion (mechanism unknown), as has the antibiotic 
ciprofloxacin (126, 127). Aluminum hydroxide is 
associated with a nonspecific inhibition of absorp-
tion of TH or complexes with TH , while ferrous 
sulfate and psyllium bind to TH. These along with 
sucralfate have been found to potentially interfere 
with gastrointestinal absorption of TH (128– 130). 
T4 absorption testing has revealed reduced T4 
absorption when TH is taken together with either 
sevelamer, lanthanum carbonate, or chromium 
(131, 132). Hypothyroid patients who take these 
compounds with their thyroid hormone may 
encounter reduced thyroid hormone absorption or 
enterohepatic reabsorption leading to inadequate 
hormonal levels and rise in TSH. Conversely, if the 
thyroid hormone dosing regimen was arrived at 

while taking these drugs and thyroxine together, 
and then the two drugs are subsequently dosed 
separately, iatrogenic thyrotoxicosis may occur 
due to improved thyroxine absorption. It is recom-
mended that thyroid hormones be taken at least 
3– 4 hours before or after taking any of these prod-
ucts. Proton pump inhibitors (PPIs) can be associ-
ated with a rise in TSH and a decrease in TH levels 
in hypothyroid patients taking thyroid hormone 
(133). Adequate gastric acid is required for optimal 
TH absorption. PPIs reduce gastric acid produc-
tion thereby negatively impacting TH absorption. 
PPIs may also increase clearance of TH by means 
of enhanced uridine diphosphate-glucuronosyl-
transferase (UGT) enzymes (134).

ASSAY INTERFERENCE

More recently, it has become evident that biotin 
(vitamin B7), which is commonly used by indi-
viduals for various purported health benefits, can 
interfere with the accurate measurement of many 
substances, including thyroid hormones, TSH, 
thyroglobulin, and thyroid stimulating immuno-
globulins if the assay method utilizes a streptav-
idin-biotin reporting system. This is most likely 
to occur in the presence of high levels of serum 
biotin, typically when consuming doses of biotin 
> 5 mg/day. One report which tested several assays 
found that TSH may be lower, while T4 and T3 may 
be higher in individuals taking high doses of bio-
tin for 7 days when compared with levels drawn 
at baseline or 7 days after cessation of biotin (135). 
Assays using other non-biotin-based methodolo-
gies are not affected by intake of biotin doses of up 
to 10 mg/day. All patients about to undergo thyroid 
function testing should be questioned for biotin 
use and advised to suspend it for 7 days prior to 
hormonal testing. 

THYROTOXICOSIS RELATED 
TO EXOGENOUS SOURCES OF 
THYROID HORMONE

Individuals may become thyrotoxic when inadver-
tently or purposefully exposed to excess thyroid 
hormone. Patients may unintentionally receive 
excessive thyroid hormone doses for treatment of 
hypothyroidism, or deliberately for suppression 
of TSH in the context of thyroid cancer therapy. 

http://a.k.a.enterohepatic
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Additionally, clinicians may encounter patients 
who have had thyroid hormone prescribed for 
non-thyroid conditions such as obesity, infertility, 
and depression. Thyrotoxicosis factitia typically 
refers to surreptitious consumption of thyroid 
hormone containing products, while accidental 
exposure can happen through unintentional poi-
soning in children, contamination by food such as 
hamburger or sausage in which the animal thyroid 
gland has been included, or when consuming over 
the counter (OTC) supplements containing T4 and/
or T3 that may or may not listed as an ingredient 
(136, 137). There are reports of over-the-counter 
products having been found to contain supra-
physiologic amounts of iodine or even active TH 
products. In one study on supplements marketed 
to improve thyroid health, 9 of 10 supplements 
were found to contain T3 (1.3– 25.4 mcg/tablet) 
and 5 of 10 contained T4 (5.77– 22.9 mcg/ tablet) 
and, if consumed at the recommended dose,5 sup-
plements delivered T3 quantities of > 10 mcg/day, 
and 4 delivered T4 quantities ranging between 8.57 
to 91.6 mcg/day (138).

Patients with exogenous thyrotoxicosis can be 
expected to be found to have typical symptoms of 
thyrotoxicosis with the severity varying with the 
magnitude of exposure, a small or normal sized 
thyroid on physical exam, and suppressed serum 
TSH with elevated serum T4 and T3 levels if the 
compound contains T4 ±  T3, or a lone elevation 
of serum T3 levels if only liothyronine has been 
ingested. Thyroglobulin serum levels are expected 
to be low in these instances as is radioactive iodine 
uptake (usually < 5%) (139). In a case of surrep-
titious thyroid hormone ingestion or when the 
diagnosis is uncertain, fecal analysis for thyroxine 
could be considered (140).

While acute exposure to excess T4 can be fairly 
well tolerated, the elderly are at risk for adverse 
cardiovascular events, and there are reports of 
seizures principally in the pediatric population. 
More chronic exposure to excess thyroid hormone 
increases the risk of atrial fibrillation and can be 
associated with increased bone turnover, leading 
to osteopenia or osteoporosis (141, 142).

Management includes cessation of the 
TH-containing product or reduction of the pre-
scribed thyroid hormone dose to achieve clinically 
appropriate serum TSH and thyroid hormone lev-
els. With a half-life of 24 hours, T3 will be elimi-
nated more quickly than T4, which has a half-life 

of 1 week. Beta-blockers can be prescribed to miti-
gate cardiac symptoms and agents which inhibit T4 
to T3 conversion (e.g., propranolol in doses > 160 
mg/day, glucocorticoids, and, where available, the 
radiographic contrast agents ipodate or iopanoic 
acid) can be utilized. Resin-binders, like chole-
styramine, can reduce T4 and T3 reabsorption by 
blocking the enterohepatic circulation of thyroid 
hormones (143). Induced emesis, charcoal admin-
istration, and gastric lavage are also options which 
can be utilized in the context of thyroid hormone 
overdose or poisoning, and with plasmapheresis 
and exchange transfusion being an option for 
more severe cases (144, 145).

CONCLUSION

As evidenced by the discussion within this chap-
ter, there are a large number of drugs that can 
impact thyroid hormone levels, due to the effects 
on various steps of thyroid hormone synthesis and 
metabolism, via effects on the immune system and 
direct toxicity to thyroid cells or by means of assay 
interference. One can expect this list to expand 
as newer agents enter clinical practice, especially 
with the anticipation of many more new TKIs in 
the future, a drug class already shown to be associ-
ated with major effects on thyroid gland integrity 
and thyroid hormone metabolism. When encoun-
tering patients with abnormal serum thyroid 
hormone and/or TSH levels, providers need to be 
vigilant about reviewing the patient’ s medication 
list, including OTC products, and consider poten-
tial drug effects as a cause for changes in thyroid 
hormone or thyroid antibody levels. Finally, drugs 
can cause artefactual changes in thyroid hormone 
levels due to assay interference that can mimic the 
effects of thyroid dysfunction, and, if not recog-
nized, could lead to inappropriate therapy. 
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6
Hypothyroidism

MICHAEL T. MCDERMOTT

INTRODUCTION

Hypothyroidism, at the most basic level, is a 
state of deficient thyroid hormone action in tis-
sues that are dependent on thyroid hormone for 
normal function. While hypothyroidism is most 
often caused by the failure of the thyroid gland to 
produce sufficient amounts of thyroid hormone, 
other causes of thyroid hormone deficiency or 
defective thyroid hormone action are well recog-
nized, and more will undoubtedly be identified in 
the future. Overt hypothyroidism, in which the 
serum levels of thyroid hormone are subnormal, 
is present in 0.3– 3.7% of the US population and 
in 0.2– 5.3% of Europeans (1, 2). Hypothyroidism 
increases in prevalence with age and is more com-
mon in women than men, in people with other 

autoimmune diseases, and in individuals with 
Down syndrome and Turner syndrome (1). Mild or 
subclinical hypothyroidism, defined later, is more 
common with the prevalence estimates of 3– 15% 
(3).

Physiology of the Thyroid System: A Short 
Summary. A brief hypothalamic-pituitary-thyroid-
peripheral tissue physiology that will set the stage 
for a discussion of the known and potential patho-
physiological aberrations of this axis.

Regulation of thyroid function starts in the 
hypothalamus, which produces thyrotropin releas-
ing hormone (TRH) in response to physiological 
feedback signals. TRH descends the pituitary stalk, 
binds to TRH receptors (TRH-R) on thyrotropes 
in the anterior pituitary gland, and stimulates the 
production and secretion of thyroid stimulating 
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hormone (TSH), also known as thyrotropin. TSH 
is secreted into the circulation and travels to the 
thyroid gland where it binds to TSH receptors 
(TSH-R) on thyrocytes to stimulate the synthesis 
and secretion of two main thyroid hormones, thy-
roxine (T4) and triiodothyronine (T3), the former 
being predominantly a pro-hormone and the latter 
being the active form. In humans, the thyroid gland 
secretes about 100  mcg of T4 and 6  mcg of T3 daily 
into the circulation. The majority of the circulat-
ing T3 is made in the liver, where T4 is converted 
into T3 by removal of one iodine molecule by the 
enzyme, deiodinase 1 (D1); thus, approximately 
26  mcg of T3 enters the circulation daily from the 
thyroid gland and liver (Figure  6.1). T4 and T3 
are transported through the circulation bound 
to three main serum proteins, thyroxine-binding 
globulin (TBG), thyroxine-binding pre-albumin 
(TBPA, also known as transthyretin), and albu-
min. Protein bound T4 accounts for 99.98% of cir-
culating T4 while only 0.02% is free; T3 is 99.70% 
protein bound and 0.30% free (Figure 6.2). Upon 
arrival at thyroid hormone dependent tissues, T4 
enters cells and is converted into T3 by tissue-
specific deiodinases, deiodinase 1 (discussed 
above), and deiodinase 2 (D2), present in the brain 
and pituitary gland. Other deiodinases, such as 

deiodinase 3 (D3), present in the brain and pla-
centa, deactivate thyroid hormones by converting 
T4 to reverse T3 (RT3) and T3 into diiodothyro-
nine (D2) (Figure 6.3). Deiodinase enzymes are 
subject to feedback regulation by circulating and 
tissue thyroid hormone levels through a process of 
ubiquitination and de-ubiquitination (4).

Uptake of T3 into the brain is dependent on 
organic anion transporter P1C1 (OATP1C1), 
which transports T4 across the blood brain bar-
rier, and monocarboxylate transporter 8 (MCT8), 
which transports T3 across nerve cell membranes 
into neurons. Once inside cells, T3 binds to a 
thyroid hormone receptor (TR). T3 bound to TR 
associates with a cofactor, the retinoid X receptor 
(RXR) along DNA regulatory elements to stimu-
late or suppress the expression of thyroid hormone 
responsive genes. Thyroid hormone– regulated 
messenger RNA is then translated into proteins, 
some of which then undergo post-translational 
modifications before mediating the ultimate tis-
sue effects of thyroid hormone (5). Theoretically 
genetic or epigenetic alterations at any of these 
steps could result in deficient thyroid hormone 
action at the tissue level.

CLASSIFICATION AND ETIOLOGY

Primary hypothyroidism refers to thyroid hor-
mone deficiency due to disease or disorders of 
the thyroid gland itself. The causes of primary 

Figure 6.1 Thyroidal and extra-thyroidal pro-
duction of thyroid hormones. The thyroid gland 
synthesizes and secretes two main thyroid 
hormones, thyroxine (T4) and triiodothyronine 
(T3). In humans, the thyroid gland secretes about 
101  mcg of T4 and 6  mcg of T3 daily into the 
circulation. The majority of the circulating T3 is 
made in the liver, where T4 is converted into T3 
by the removal of one iodine molecule by the 
enzyme, deiodinase 1 (D1); thus approximately 
26  mcg of T3 enters the circulation daily from the 
thyroid gland and liver.

Figure 6.2 Protein-bound and free T4 and T3 in 
the circulation. Thyroxine (T4) and triiodothyro-
nine (T3) circulate in the bloodstream bound to 
three main serum proteins, thyroxine-binding 
globulin (TBG), thyroxine-binding prealbumin 
(TBPA), and albumin. Protein-bound T4 accounts 
for 99.98% of circulating T4 while only 0.02% is 
free; T3 is 99.70% protein-bound and 0.30% free.



 Classification and etiology 131

hypothyroidism are shown in Table 6.1. The 
most common etiology of primary hypothyroid-
ism in adults is chronic lymphocytic thyroiditis 
(Hashimoto’ s thyroiditis), a genetically based 
chronic inflammatory condition that leads to the 
gradual but progressive destruction of the thy-
roid gland, rendering it unable to make sufficient 
amounts of thyroid hormone to meet the needs 
of peripheral tissues. Hashimoto’ s thyroiditis is 
considered to be the most common of all autoim-
mune diseases. A genetic predisposition clearly 
plays a dominant role in the development of this 
disease, but environmental factors may also have 

an important influence. For example, nutritional 
factors that have been linked to a higher risk for 
developing Hashimoto’ s thyroiditis include iodine 
excess, selenium deficiency, and possibly deficien-
cies of iron and vitamin D (6). Furthermore, sele-
nium supplementation has been shown to reduce 
thyroid autoantibody titers in patients with this 
condition, although there has been no indication 
that selenium can reverse or prevent progression of 
thyroid dysfunction (7).

Primary hypothyroidism also commonly 
results from iatrogenic causes such as thyroidec-
tomy and radioiodine (I-131) ablation treatment for 
hyperthyroidism or thyroid cancer. Post-surgical 
hypothyroidism virtually always occurs follow-
ing a total thyroidectomy or adequately performed 
near-total thyroidectomy, but only develops in 
56– 64% of patients after a hemi-thyroidectomy 
or thyroid lobectomy and many of these experi-
ence only mild and transient hypothyroidism (8, 
9). Factors that best predict the development of 
post-surgical hypothyroidism include the presence 
of underlying Hashimoto’ s thyroiditis and preop-
erative serum TSH levels > 2.0  mU/L; among those 
who develop mild postoperative hypothyroidism, 
progression to permanent hypothyroidism is best 
predicted by age > 46 years and preoperative serum 
TSH > 2.6  mU/L (8). Post-ablative hypothyroid-
ism following I-131 treatment occurs in ~80% of 
patients with Graves’  disease, ~55% of those with 
toxic multinodular goiter, and ~8% with a toxic 
solidary adenoma (1).

Severe iodine deficiency causes hypothyroidism 
by depriving the thyroid gland of iodine, the vital 
substrate for thyroid hormone synthesis. Iodine 
excess, especially when occurring suddenly, causes 
hypothyroidism by suppressing thyroid hormone 
secretion (Wolff-Chaikoff effect). Hypothyroidism 
can also occur transiently (usual duration of 
3– 6  months) during the recovery phases of the 
three main types of destructive thyroiditis: post-
partum thyroiditis, silent (or painless) thyroiditis, 
and subacute thyroiditis. Thyroid dysfunction, 
including a high incidence of hypothyroidism, also 
occurs more frequently in patients with congenital 
thyroid hemiagenesis (10).

Numerous medications can impair thyroid 
function, causing primary hypothyroidism; the 
most notable of these are amiodarone, lithium, 
alpha interferon, and tyrosine kinase or multiki-
nase inhibitors. Hypothyroidism, hyperthyroidism, 

Figure 6.3 Thyroid hormone metabolism by 
deiodinases. Thyroxine (T4) is the predominant 
thyroid hormone produced by the thyroid gland 
but it is a pro-hormone. Deiodinase enzymes, 
which remove iodine molecules, are present 
throughout the body to ensure that each tissue 
receives the exact amount of triiodothyronine 
(T3), the active hormone, that’ s required for its 
individual needs. Deiodinase 1 (D1) is present in 
the liver and kidneys, where it converts T4 into 
T3, generating the majority of the T3 in the cir-
culation. Deiodinase 2 (D2) is present in the brain 
and is responsible for providing T3 for the brain 
and pituitary gland. Deiodinase 3 (D3), which 
is most abundant in the brain and placenta, 
converts T4 into reverse triiodothyronine (rT3), 
which has a 100 fold lower affinity for T3 recep-
tors compared to T3. D1 also converts T4 into rT3 
and rT3 into diiodothyronine (T2), but its affinity 
for T4 is much higher. T3 and RT3 are eventually 
deiodinated to T2, considered to be an inactive 
metabolite. Therefore, in humans, the thyroid 
gland functions mainly to produce a sufficient 
supply of the circulating pro-hormone T4 and 
deiodinases then provide appropriate intracellu-
lar T3 concentrations by regulating local T4 to T3 
conversion in a highly tissue-specific manner.
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Table 6.1 Classification and etiology of hypothyroidism

 1. Primary Hypothyroidism
 a. Chronic Lymphocytic Thyroiditis (Hashimoto’ s Disease)
 b. Iatrogenic Hypothyroidism

 i. Thyroidectomy
 ii. Radiation damage

 1 Radioiodine (I-131) ablation
 2 Radiation therapy for non-thyroid cancer

 iii. Medications
 1. Lithium
 2. Amiodarone
 3. Alpha interferon
 4. Tyrosine kinase inhibitors
 5. Check point inhibitors (ipilimumab, nivolumab)
 6. Anti-tuberculosis drugs (second line)
 7. Thalidomide and pomalidomide (used to treat multiple myeloma)

 c. Transient Thyroiditis
 i. Postpartum thyroiditis
 ii. Silent (painless) thyroiditis
 iii. Subacute (dequervain’ s) thyroiditis
 iIv. Palpation thyroiditis (e.G., After parathyroidectomy)

 d. Iodine Disorders
 i. Iodine deficiency (severe)
 ii. Iodine excess (severe)

 e. Infiltrative Disease
 i. Sarcoidosis
 ii. Malignancy (lymphoma, metastatic non-thyroid cancer)

 f. Congenital Hypothyroidism
 i. Genetic disorders of thyroid development
 ii. Genetic disorders of thyroid hormone synthesis

 2. Central Hypothyroidism
 a. Hypothalamic-Pituitary Disorders

 i. Tumors
 ii. Surgical removal
 iii. Radiation therapy
 iv. Trauma (traumatic brain injury)
 v. Hemorrhage/Infarction (apoplexy, Sheehan’ s syndrome)
 vi. Infiltrative disorders (sarcoidosis, TB, hemochromatosis, histiocytosis X)
 vii. Medications (dopamine, opioids, glucocorticoids, somatostatin analogs, mitotane, 

bexarotene)
 3. Peripheral Hypothyroidism
 a. Consumptive Hypothyroidism (deiodinase 3 expressing tumors)
 b. Thyroid Hormone Resistance Syndromes (TRβ , TRα , MCT8, SecisBP2 mutations)*

Adapted from (1).
TRβ   =  Thyroid Hormone Receptor Beta
TRα   =  Thyroid Hormone Receptor Alpha
MCT8  =  Monocarboxylate Transporter 8
SecisBP2  =  Selenoprotein Synthesis Proteins
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and/or thyroiditis with transient or permanent 
hypothyroidism following an initial hyperthyroid 
phase, have all been well documented in patients 
being treated with tyrosine kinase and multikinase 
inhibitors (11), with alemtuzumab (an anti-CD52 
monoclonal antibody) (12), and with immune check-
point inhibitors such as ipilimumab, a monoclonal 
antibody directed against cytotoxic T-lymphocyte 
associated protein 4 (CTLA-4) and nivolumab, 
a monoclonal antibody inhibitor of the pro-
grammed cell death-1 (PD-1) receptor protein (13).  
Significant hypothyroidism with nivolumab has 
been reported to occur within 3– 4  weeks of start-
ing this medication (13) (see Chapter 5, “Drug-
Induced Thyroid Dysfunction”).

Central hypothyroidism (also known as sec-
ondary hypothyroidism) most often results from 
diseases or disorders of the hypothalamus or the 
pituitary gland that impair TRH production, TSH 
production, or both (1, 14). The most common 
conditions in this category are tumors, surgery, 
radiation, hemorrhage, infections, infiltrative dis-
orders, and trauma affecting the hypothalamus or 
pituitary gland. Medications that have been shown 
to suppress TRH or TSH production include opi-
oids, glucocorticoids, somatostatin analogs, mito-
tane, and bexarotene; use of these medications may 
cause central hypothyroidism. Metformin has also 
been reported to suppress TSH secretion and may 
interfere with thyroid test interpretation, but as of 
yet has not been implicated in causing de novo  cen-
tral hypothyroidism. The causes of central hypo-
thyroidism are listed in Table 6.1.

Peripheral hypothyroidism refers to disorders 
where thyroid hormone may be produced and 
secreted normally but then fails to have normal 
effects on peripheral tissues. Two examples of this 
are consumptive hypothyroidism and thyroid hor-
mone resistance syndromes. Consumptive hypo-
thyroidism has been reported to occur in certain 
tumor types, most notably hepatic hemangiomas 
that express a high level of D3 that rapidly deacti-
vates of T3 to T2, resulting in markedly deficient 
circulating T3 levels (15). Thyroid hormone resis-
tance syndromes are a group of genetic disorders 
that cause deactivating mutations of the transport 
protein MCT8 or one of the TR isoforms (TRα  or 
TRβ ) (16). See Table 6.1 for these and other rare 
causes of hypothyroidism.

Hypothyroidism is also classified accordingly 
into three degrees of severity, although thyroid 

failure clearly exists on a continuous spectrum 
of severity. Mild hypothyroidism is defined bio-
chemically as the presence of an elevated serum 
TSH level in the presence of a free T4 level that 
is still within the reference range; this condition 
is also known as subclinical hypothyroidism but 
the author prefers the term mild hypothyroidism 
because the condition may have clinical mani-
festations in some circumstances. Overt hypo-
thyroidism is characterized by an elevated serum 
TSH and a free T4 level that is below the reference 
range (Figure 6.4). Myxedema coma (decompen-
sated hypothyroidism) is a life-threatening form 
of severe hypothyroidism. The clinical manifesta-
tions, diagnosis, and management of mild hypo-
thyroidism and overt hypothyroidism will be 
covered in the next sections and decompensated 
hypothyroidism (myxedema coma) will be dis-
cussed at the end.

CLINICAL MANIFESTATIONS

Clinical manifestations of hypothyroidism result 
from deficient thyroid hormone action at the tissue 
level. The “ classic”  features are shown in Table 6.2 
(17, 18). These and other symptoms caused by 
hypothyroidism, however, are mostly nonspecific. 
Similar symptoms may also occur with numerous 
other conditions unrelated to the thyroid system. 
While symptoms tend to increase in number and 
severity with increasing severity of the thyroid 
hormone deficiency, they may be minimal or 

Figure 6.4 Facial changes with therapy of hypo-
thyroidism. Primary hypothyroidism before (a) 
and after (b) treatment with levothyroxine. (From 
Smith TJ, et al. Endocrine Reviews 1989;10:366. 
Copyright 1989, The Endocrine Society.)
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absent in some patients with biochemically signifi-
cant disease and can be numerous in patients with 
only mild disease.

A 1997 study detailed the most common cur-
rent clinical manifestations of overt hypothyroid-
ism (17). A subsequent Danish case control study 
reported somewhat different findings; evaluating 
140 subjects with overt hypothyroidism (mean TSH 
54.5  mU/L), the authors identified 13 symptoms as 
being most suggestive of hypothyroidism: fatigue 
(81% of cases), dry skin (63%), shortness of breath 
(51%), mood lability (46%), constipation (39%), glo-
bus sensation (36%), palpitations (35%), restlessness 
(33%), hair loss (30%), difficulty swallowing (29%), 
wheezing (27%), vertigo (24%), and anterior neck 
pain (16%). However, there was considerable over-
lap with symptoms experienced by euthyroid con-
trols; hypothyroid patients reported a mean of five 
symptoms and euthyroid controls reported a mean 
of two symptoms, but an equal proportion of both 
groups reported having three of these symptoms 
(18). This same group also reported that symptoms 
were a more reliable indicator of thyroid deficiency 
in men and younger patients and less reliable in 
women and the elderly (19, 20). Elderly persons with 
hypothyroidism generally experience fewer classic 
symptoms and signs; prominent features in this age 
group include fatigue and weakness (1, 20).

Some signs of thyroid disease or hypothyroidism, 
such as the presence of a goiter, a thyroidectomy 

scar, and a delayed relaxation phase of the deep ten-
don reflexes can be somewhat more informative. 
However, most of the “ classical”  signs of hypothy-
roidism are also nonspecific and subtle or often not 
present. A typical example of the facial features of 
severe hypothyroidism is shown in Figure 6.4.

General laboratory abnormalities, although cer-
tainly not diagnostic, can also give clues to the pres-
ence of hypothyroidism; these include hyponatremia, 
macrocytic anemia, and elevated creatine phospho-
kinase (CPK) levels. Hypothyroidism has also been 
well documented to cause mixed hyperlipidemia 
with elevation of all major lipids and lipoproteins 
[total cholesterol, LDL, HDL, Triglycerides, and Lp 
(a)] (21). Obstructive sleep apnea has been reported to 
occur in 30% of patients with overt hypothyroidism 
(22). Decreased volume of the hippocampus has been 
found on functional brain imaging in adults with 
hypothyroidism; no specific symptoms were reported 
in this study, but this same group previously reported 
that reduced hippocampal volume can be associ-
ated with impaired visuo-spatial memory (23). And 
notably, hypothyroid patients are more frequently 
diagnosed with psychiatric disorders and treated 
with antidepressants, anxiolytics, and antipsychotic 
medications (24). Table 6.2 lists most of the common 
clinical features of overt hypothyroidism (17, 18, 21).

Various survey instruments have been devel-
oped to provide a more objective method for the 
detection and analysis of hypothyroid symptoms 

Table 6.2 Common clinical manifestations of hypothyroidism

Symptom/Sign Frequency Symptom/Sign Frequency

Adapted from (17)

Dry skin 76% Paresthesia 52%

Cold intolerance 64% Cold skin 50%
Coarse skin 60% Constipation 48%
Puffy eyelids 60% Slow movements 36%
Decreased sweating 54% Hoarseness 34%
Weight gain 54% Impaired learning 22%
Adapted from (18)
Fatigue 81% Palpitations 35%
Dry skin 63% Restlessness 33%
Shortness of breath 51% Hair loss 30%
Mood lability 46% Dysphagia 29%
Constipation 39% Wheezing 27%
Globus sensation 36% Vertigo 24%

Laboratory: Hyponatremia, macrocytic anemia, creatine phosphokinase (CPK) elevation, prolactin eleva-
tion, hyperlipidemia (increased total cholesterol, LDL, HDL, triglycerides and lipoprotein (a)) (21).



 Diagnosis 135

by clinicians and investigators (25– 27). The pres-
ence of these same symptoms in numerous other 
clinical conditions and even in patients with no 
demonstrable disease leaves the clinical utility 
of these tools uncertain and they have not been 
widely adopted in clinical practice.

Acute severe hypothyroidism occurs when 
patients have their levothyroxine therapy withdrawn 
in preparation for radionuclide imaging or treat-
ment for thyroid cancer. This special situation has 
been shown to cause reversible depression, decreased 
fine motor performance, slowed reaction times and 
decreased processing speed (28), abnormal brain 
functional connectivity on functional MRI imaging, 
and acutely diminished quality of life (29).

Mild hypothyroidism may not cause any symp-
toms or may similarly be associated with a vari-
ety of nonspecific symptoms that are common 
in the general population. A 2013 cross-sectional 
Dutch study of 942 subjects with TSH values 
of 4.1– 9.9  mU/L, 70 subjects with TSH levels 
> 10  mU/L and 8,334 euthyroid controls, reported 
that health related quality of life (HR-QOL) scores 
were not reduced in either group of hypothyroid 
patients compared to euthyroid controls (30). The 
effects of mild thyroid failure on cognitive func-
tion remain controversial due to conflicting results 
generated from numerous studies (31– 35) but, if 
present, appear to be minimal.

Impaired left ventricular dynamics (36) and slow-
ing of VO2 kinetics at the onset and following sub-
maximal exercise (37) have both been reported in 
subjects with mild thyroid failure. However, overall 
functional capacity has been found to not be dimin-
ished in mildly hypothyroid elderly patients (38). 
Atherogenic lipoprotein profiles are evident even with 
mild hypothyroidism (39– 41) and tend to improve 
with thyroid hormone therapy (39, 40). Non-alcoholic 
fatty liver disease, cancer mortality, arthritis, kidney 
dysfunction, and diabetes have all been reported to be 
associated with hypothyroidism, but causality is not 
proven in these disease association studies (1– 3).

Patients with central hypothyroidism may also 
have symptoms and signs of the hypothalamic-pitu-
itary disorder that underlies this type of hypothy-
roidism. These may include features of mass effect, 
excess or deficiency of other hormones, infection, or 
inflammation (14). Patients with peripheral forms 
of hypothyroidism may have manifestations of an 
underlying hepatic hemangioma or syndromic fea-
tures associated with the mutations causing thyroid 

hormone resistance (15) (see Chapter 4, “Rare 
Forms of Hyperthyroidism”).

DIAGNOSIS

Measurement of the serum TSH level is the most 
sensitive and accurate test for detecting primary 
hypothyroidism. The exquisite control exerted by 
the hypothalamic-pituitary unit over the thyroid 
system results in a log-linear relationship between 
serum TSH levels and serum free T4 levels, such 
that small decreases in serum free T4 concentra-
tions result in large increments in the serum TSH 
level (Figure 6.5). High TSH levels, therefore, 
almost always signal the presence of primary hypo-
thyroidism and normal TSH levels almost always 
indicate intact thyroid gland function. When inter-
preting serum TSH levels, it should be kept in mind 
that serum TSH levels have a diurnal pattern with 

Figure 6.5 Hormone changes during primary 
hypothyroidism development. When the thyroid 
gland begins to fail, serum T4 levels decline. 
Because of the log-linear relationship between 
T4 and TSH, small decrements of T4 still within 
the reference range result in significant increases 
in TSH production by the pituitary gland. Mild 
hypothyroidism is therefore characterized by 
a serum TSH level that is mildly to moderately 
elevated while the serum total T4 and free T4 lev-
els remain within the reference range; T3 levels 
usually change little, if any, at this stage. As thy-
roid failure progresses, the T4 levels drop below 
the normal range and the TSH levels increase 
further. Overt hypothyroidism is defined by a 
frankly elevated serum TSH with T4 levels that are 
below the reference range; T3 levels decline also 
but often remain within the reference range until 
hypothyroidism is severe.
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the highest levels occurring in the late afternoon 
and evening (1). Furthermore, serum TSH levels 
increase with age in individuals with and without 
evidence of thyroid disease (Figure 6.6) (42), sug-
gesting that age-specific reference ranges for TSH 
should be used, although age-specific reference 
ranges are not usually shown on laboratory reports.

If the serum TSH level is elevated above the ref-
erence range, the serum TSH measurement should 
be repeated at least once and a serum free T4 should 
then be ordered to further assess the severity of 
the hypothyroidism. An elevated serum TSH in 
association with a free T4 that is below the refer-
ence range defines overt hypothyroidism. A more 
modest TSH elevation in association with a free T4 
value that is still within the reference range defines 

mild hypothyroidism (subclinical hypothyroid-
ism) (Figure 6.5); nearly 75% of patients with mild 
hypothyroidism have serum TSH levels less than 10 
mU/L. There is no indication, under most circum-
stances, to measure either a serum total T3 or free 
T3 in hypothyroid patients since serum T3 levels are 
relatively preserved through the activation of deio-
dinases under hypothyroid conditions and offer no 
additional information regarding the severity of the 
hypothyroidism over that given by the TSH and 
free T4 values. A recommended testing scheme for 
hypothyroidism is shown in Table 6.3.

Serum TSH levels can occasionally be falsely 
elevated or suppressed, resulting in a mistaken 
diagnosis of hypothyroidism or hyperthyroid-
ism. Biotin is used as a reagent in many hormone 

Figure 6.6 TSH frequency distribution by age. TSH frequency distribution curves for the disease 
free population (panel A) and the reference population (panel B) for people age 20– 29  years old, 
50– 59  years old, and >  80  years old, showing a progressive rightward shift with age (42). 
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assays, including those for TSH and free T4. When 
patients take biotin supplements, commonly used 
for cosmetic skin, nail, and hair conditions, thy-
roid disorders can be erroneously diagnosed, 
depending on the assay techniques used (43). This 
situation can be resolved by asking patients to 
repeat their thyroid testing after at least two days 
of abstinence from the biotin supplements. Macro-
TSH is another, though far less common, cause 
of falsely elevated serum TSH levels. Macro-TSH 
refers to large molecular complexes of TSH bound 
to anti-TSH autoantibodies, most commonly in the 
context of autoimmune disease. These complexes 
interfere with accurate TSH measurement, result-
ing in anomalous TSH elevations in the presence of 
normal free T4 levels. Macro-TSH can be detected 
by gel filtration chromatography or polyethylene 
glycol (PEG) precipitation (44). Heterophile anti-
mouse antibodies occur most often in lab workers, 
farm workers, and homeless individuals, but can 
develop in anyone; these antibodies can also falsely 
elevate serum TSH levels. Conditions in which 
elevated serum TSH levels do not reflect primary 
hypothyroidism, and may therefore cause diagnos-
tic confusion, are listed in Table 6.4.

Measurement of anti-thyroperoxidase antibod-
ies (anti-TPO) and anti-thyroglobulin antibodies 
(anti-Tg) in hypothyroid subjects is a controversial 
topic. Antibody measurement is not recommended 
by the current clinical practice guidelines of the 
American Association of Clinical Endocrinologists 
(AACE) and the American Thyroid Association 
(ATA) (45) because adults with hypothyroidism 
not due to an iatrogenic cause or medications 
(Table 6.1) almost always have chronic lympho-
cytic thyroiditis and therefore testing offers little 
additional information and does not usually affect 

treatment decisions. However, some providers find 
it beneficial to demonstrate to their patients that 
their hypothyroidism has an autoimmune etiol-
ogy; this may also facilitate a discussion about the 
increased risk of developing other autoimmune 
disorders for which increased vigilance may be 
useful. Patients with mild hypothyroidism who 
have positive anti-TPO antibodies have a two- to 
threefold higher risk of progression to overt hypo-
thyroidism than do antibody negative individuals 
(cumulative risk over 9  years, 59% vs. 23%) (3).

Thyroid sonography often shows a hypoecho-
genic pattern in the thyroid parenchyma in 
patients with chronic lymphocytic thyroiditis (1) 
but thyroid imaging is not generally indicated in 
the evaluation of hypothyroidism. Sonography is 
recommended, however, if one or more nodules 
are palpable on physical examination or have 
been identified incidentally by other imaging 
studies.

Central hypothyroidism is more difficult to 
diagnose. The diagnosis is suggested by the pres-
ence of free T4 levels that are below or at the low 
end of the reference range in association with 
serum TSH levels that are similarly low or low 
normal and the presence of symptoms consistent 
with hypothyroidism, especially in a patient with 
known hypothalamic or pituitary disease (1, 14). 
Sometimes serum TSH levels may be normal or 
slightly elevated, but in these cases, TSH has been 
shown to have reduced bioactivity due to abnormal 
glycosylation (1). If a diagnosis of central hypothy-
roidism is made in someone with no prior his-
tory of hypothalamic-pituitary disease, dedicated 
hypothalamic-pituitary imaging and testing for 
other pituitary hormone abnormalities should be 
performed.

Table 6.3 Diagnostic evaluation of hypothyroidism

Primary Hypothyroidism Suspected (symptoms and/or goiter)
Measure TSH
If TSH elevated:

Recheck TSH and measure free T4
Consider ordering anti-TPO antibodies

Central Hypothyroidism Suspected (Headaches, Visual Abnormalities, Known Pituitary Disease)
Measure TSH and free T4
If TSH low or low normal and free T4 low:

Consider pituitary imaging
Assess other pituitary functions
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Peripheral hypothyroidism is rare, and there is 
no general agreement on when and how to initi-
ate investigations for these conditions. However, 
the presence of very high serum TSH levels in 
association with normal free T4 levels may prompt 
one to measure serum total T3; a very low serum 
T3 in these circumstances should lead to imaging 
for deiodinase expressing tumors causing “ con-
sumptive hypothyroidism,”  starting with the liver. 
Tumors producing this syndrome are typically 
hemangiomas, hemangioblastomas, and gastro-
intestinal tumors (15). The identification of thy-
roid hormone resistance syndromes is beyond the 
scope of this chapter but is discussed in detail else-
where in this book (see Chapter 4, “Rare Forms of 
Hyperthyroidism”).

SCREENING AND CASE FINDING 
FOR HYPOTHYROIDISM

Current recommendations for screening for hypo-
thyroidism vary greatly across organizations 

because of insufficient evidence that identify-
ing and treating asymptomatic mild hypothy-
roidism is beneficial (1). The American Thyroid 
Association (ATA) and the American Association 
of Clinical Endocrinologists (AACE) (45), the 
Latin American Thyroid Society (LATS) (46), 
the United States Preventive Services Task Force 
(USPSTF) (47), and the UK Royal College of 
Physicians (1, 45) have all published recommenda-
tions based on their assessments of the best avail-
able evidence (Table 6.5).

Case finding, which means testing patients with 
suggestive symptoms or who are at increased risk 
for the development of hypothyroidism (presence 
of a goiter, personal history of autoimmune dis-
ease, positive family history of autoimmune thy-
roid disease) is, in contrast to screening, widely 
recommended to be done at the discretion of the 
on-site provider (45– 47). Recommendations for 
thyroid testing in pregnancy are covered elsewhere 
in this book (see Chapter 12, “Thyroid Disease and 
Pregnancy”).

Table 6.4 Causes of elevated serum TSH not due to primary hypothyroidism

 1. Assay interference
 a. Biotin use
 b. Macro-TSH
 c. Heterophile antibodies
 2. Normal aging (TSH can be above the reference range in persons >  70 years)
 3. Recovery from nonthyroidal illness
 4. TSH-producing pituitary tumor
 5. Thyroid hormone resistance syndromes
 6. Familial TSH resistance (mostly due to inactivating mutations in the TSH receptor gene)

Table 6.5 Recommendations for screening for thyroid disease (1, 45– 47)

Organization Recommendations –  Who to screen

American Thyroid Association Women and men > 35  years old, every 5  years

American Association of Clinical 
Endocrinologists

Older patients, especially women

American Academy of Family 
Physicians

Patients ≥  60  years old

American College of Physicians Women > 50  years old with an incidental finding suggestive of 
symptomatic thyroid disease

Latin American Thyroid Society Women of fertile age and over, especially > 60  years old
Royal College of Physicians, UK Screening not justified in adults
US Preventive Services Task Force Insufficient evidence for or against screening
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OUTCOMES OF UNTREATED 
HYPOTHYROIDISM

There are no known studies describing the long-
term consequences of untreated overt hypothyroid-
ism, since patients are usually symptomatic and 
require treatment for symptom control. However, 
there have been reports that even treated hypothy-
roidism might be associated with increased mor-
tality rates. A 30-year Danish observational cohort 
study analyzed data from 3,587 individuals and 682 
twins with hypothyroidism who were identified 
through a national registry based on having had 
at least 2 dispensed prescriptions for thyroid hor-
mone (with exclusion for previous hyperthyroid-
ism, thyroid cancer, central hypothyroidism, and 
congenital hypothyroidism); they were matched 
1:4 with euthyroid controls. An excess mortality 
rate of just over 50% (HR 1.52; 95% CI: 1.41– 1.65) 
was reported but with attenuation of this effect 
when co-morbidities (Charlson score) were taken 
into account. Mortality was increased among dis-
cordant dizygotic twin pairs (HR 1.61; 95% CI: 
1.00– 2.58) but not among discordant monozy-
gotic twin pairs (HR 1.06; 95% CI: 0.55– 2.55). The 
authors concluded that there is excess mortality of 
about 50% among hypothyroid patients, an effect 
that is partly explained by co-morbid conditions 
but also influenced by genetic confounding (48). 
A large prospective study of 75,076 women (age: 
20– 89) was conducted over a 28-year period to 
determine cause-specific mortality from thyroid 
disease. Women with hypothyroidism were found 
to have an increased mortality risk for diabetes 
mellitus (HR 1.58; 95% CI: 1.03– 2.41) and cerebro-
vascular disease (HR 1.45; 95% CI: 1.01– 2.08) but 
not for other causes (49).

While data on the long-term consequences 
of overt thyroid failure are lacking, there have 
been numerous longitudinal observational stud-
ies of patients with untreated mild (“ subclinical” ) 
hypothyroidism. A meta-analysis of 11 prospec-
tive cohort studies involving over 55,000 subjects 
examined the risk of fatal and non-fatal coronary 
heart disease (CHD) events associated with mild 
hypothyroidism. The authors reported an increas-
ing risk of all CHD events with increasing baseline 
serum TSH levels, although statistical significance 
was found only for those with serum TSH levels 
in the 10.0– 19.9  mU/L range (HR 1.89; 95% con-
fidence interval 1.28– 2.80) (3). A literature review 

in 2013 concluded that current evidence supports 
mild hypothyroidism being a risk factor for car-
diovascular disease in younger patients (< 60  years 
of age) but the risk is less evident after age 65, par-
ticularly in those with TSH values  < 10 mU/L (50).

A retrospective cohort analysis of the Taiwan 
National Health Insurance Research Database 
over a 10-year period compared 1,165 subjects 
with newly diagnosed Hashimoto’ s thyroiditis and 
4,660 euthyroid controls without the disorder and 
reported an increased risk for developing coronary 
heart disease (CHD) in patients with Hashimoto’ s 
thyroiditis (HR 1.44; 95% CI: 1.05– 1.99), but the 
risk was significant only in women and only in 
those less than 49  years of age. Interestingly, the 
risk was reduced in those subjects who were treated 
with LT4 replacement (HR 0.84; 95% CI: 0.47– 1.52) 
(51). The Women’ s Health Initiative study found no 
evidence that mild hypothyroidism is associated 
with incident myocardial infarctions in elderly 
postmenopausal women without known coronary 
artery disease (52). Similarly, the Cardiovascular 
Health Study of 679 mildly hypothyroid patients 
>  65  years old reported no increased risk of coro-
nary heart disease, heart failure, or cardiovascu-
lar death (53). Cardiovascular risks do not appear 
to be correlated with the presence or absence of 
anti-TPO antibodies (54). The Atherosclerosis Risk 
in Communities Study group measured thyroid 
function at baseline (1990– 1992) and evaluated the 
impact of thyroid function on cardiovascular risk 
factors and cardiovascular events over a 20-year 
period in 11,359 subjects. They reported a mild and 
progressive TSH level dependent association with 
hyperlipidemia but found no effect on cardiovas-
cular outcomes (55).

An evaluation of mortality in the Third National 
Health and Nutrition Examination Survey 
(NHANES) analyzed the effects of pre-existing 
congestive heart failure (CHF) and race using data 
from 749 hypothyroid patients, 691 of whom had 
mild hypothyroidism, and from 14,130 euthyroid 
controls. Mild hypothyroidism was associated 
with a higher mortality risk than euthyroidism in 
subjects with CHF (HR 1.44; 95% CI: 1.01– 2.06) 
but not those without CHF (HR 0.97; 95% CI: 
0.85– 1.11) and in black subjects (HR 1.44; 95% CI: 
1.03– 2.03) but not in non-black participants (HR 
0.95; 95% CI: 0.83– 1.08) (56).

Investigating the effects of age, a 2015 analysis of 
the Clalit Health Medical Organization data base 
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evaluated 1,956 subjects who were at least 65 years 
old and who had mild hypothyroidism. During a 
10 year follow-up period, these elderly patients had 
a significantly increased early mortality rate which 
was found to correlate with the degree of TSH ele-
vation (57).

Evidence for stroke risk is inconsistent with 
conflicting data from two recent studies. One 
group reported no evidence of an increased risk 
for ischemic stroke among otherwise healthy 
postmenopausal women with mild hypothyroid-
ism (58). Conversely, another group reported that 
mild hypothyroidism conferred a significantly 
increased risk of fatal strokes (59).

Overall, therefore, existing published evidence 
suggests that mild hypothyroidism is a risk factor 
for coronary heart disease, congestive heart fail-
ure, and increased mortality. The findings have 
been most apparent in younger patients (< 65  years 
of age) and in those with serum TSH levels 
> 10  mU/L. Some (1, 3), but not all (57), studies 
examining older patients (>  65  years old) have sug-
gested that these risks may be minimal or absent 
in the older population, including the “ oldest of 
the old”  (1, 3), especially when TSH levels are only 
mildly elevated (< 10  mU/L). Indeed, mild eleva-
tions in TSH may be associated with a functional 
advantage in the elderly (60).

Mild hypothyroidism progresses to overt 
hypothyroidism at a rate of approximately 2– 6% 
per year (3). The risk for progression is higher in 
patients with positive anti-TPO antibodies (2– 3 
times higher) and in those with higher serum TSH 
and lower free T4 values (3). It is noteworthy that 
up to 46% of patients with TSH values that are ele-
vated but less than 7 mU/L will show normaliza-
tion of the TSH in the subsequent two-year period 
if untreated (3). 

MANAGEMENT/TREATMENT

Treatment of hypothyroidism involves thyroid hor-
mone replacement in quantities sufficient to relieve 
symptoms and return serum TSH levels into the 
normal range. Levothyroxine (LT4) monotherapy 
is the most commonly used form of thyroid hor-
mone replacement; this is based on the premise 
that the thyroid gland makes predominantly T4 
and a small amount of T3, while most of the T3 in 
the body comes from conversion of T4 into T3 by 
deiodinase enzymes in the liver and various other 

organs throughout the body. Most hypothyroid 
patients have a satisfactory resolution of symptoms 
with adequate LT4 therapy.

Thyroid hormone preparations that are cur-
rently available are listed in Table 6.6. Thyroxine 
(T4) itself is not well absorbed from the gastroin-
testinal tract but synthetic LT4, the sodium salt 
made by replacing a hydrogen ion with sodium, is 
very well absorbed (~75%). The molecular struc-
tures of T4 and LT4 are shown in Figure 6.7; they 
are identical aside from the sodium substitution 
for enhanced absorption and are therefore con-
sidered bioidentical (61). LT4 is rapidly absorbed 
in the duodenum and has a half-life of 5– 7  days; 
upon initiation of LT4 or a change in LT4 dosage, 
a new steady state is reached in approximately 
5– 6  weeks. Oral liquid LT4 preparations have been 
shown to have enhanced and less variable absorp-
tion compared to LT4 tablets in hypothyroid 
patients, including those with issues that interfere 
with absorption such as gastrointestinal diseases 
and the concomitant use of proton-pump inhibitor 
medications (62– 64).

Synthetic LT3 preparations are similarly iden-
tical to the T3 produced by the human thyroid 
gland. Desiccated thyroid extract (DTE) prepara-
tions are made by drying and powdering animal 
thyroid glands. The most common forms of DTE 
come from porcine thyroid glands. DTE products 

Figure 6.7 Molecular Structures of Thyroxine and 
Levothyroxine Sodium. Thyroxine (T4) is not well 
absorbed from the gastrointestinal tract but syn-
thetic levothyroxine sodium (LT4), the sodium salt 
made by replacing a hydrogen ion with sodium, 
is well absorbed. The molecular structures of T4 
and LT4 are shown. The structures are identical 
aside from the sodium substitution in LT4 which 
allows for enhanced intestinal absorption.
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consist of about 80% T4 and 20% T3 (approxi-
mately a 4:1 ratio of T4 to T3). The T4 to T3 ratio 
may vary somewhat in DTE products, depending 
on the brand and manufacturing process (61).

Current clinical practice guidelines recommend 
LT4 as the initial treatment of choice because of its 
proven efficacy in symptom relief, long-term expe-
rience with its benefits, favorable side effect profile, 
good gastrointestinal absorption, ease of admin-
istration, long serum half-life, and low cost (45, 
65, 66). LT4 should be taken orally with water one 
hour before or four hours after a meal and sepa-
rated by at least four hours from supplements con-
taining iron, calcium, or soy. Alternatively, it can 
be taken at bedtime, 2– 3  hours after the last meal 
(1). If a patient misses a daily dose, two doses can 
be taken together the next day and then the usual 
daily dose resumed. If two daily doses are missed, 
we instruct the patient to take two doses together 
two days consecutively and then resume the usual 
daily dose. If three or more doses are missed, we 
instruct the patient to take two doses together on 

three consecutive days and then resume the usual 
daily dose.

Treatment of overt hypothyroidism (Table 6.7) 
can be initiated with a full LT4 replacement dose 
(1.6  mcg/kg) if the patient is young and known to 
be or likely to be free of coronary heart disease. 
LT4 doses tend to be higher in patients following 
a thyroidectomy (1). Serum TSH should then be 
checked about 6 weeks later and the dose adjusted, 
if needed, to maintain the serum TSH value within 
the reference range. Overt hypothyroidism in 
patients with known or probable coronary heart 
disease and in the elderly (> age 65– 70  years) is 
best managed with a “ start low, go slow”  approach 
by initiating an LT4 dose of 25– 50  mcg daily and 
increasing the dose by 25  mcg increments every 
4– 8  weeks while monitoring symptoms and serum 
TSH values until TSH levels are in the target range. 
Treatment of mild hypothyroidism, if recom-
mended (Table 6.8), is usually initiated with LT4 
25– 50  mcg daily and a TSH recheck in about six 
weeks with subsequent dosage adjustments made 

Table 6.6 Thyroid hormone preparations for treatment of hypothyroidism

Generic Name Content Trade Name Form

Levothyroxine LT4 Generic Pill

Levothyroxine LT4 Synthroid Pill
Levothyroxine LT4 Levothroid Pill
Levothyroxine LT4 Unithroid Pill
Levothyroxine LT4 Tirosint Gel Cap
Levothyroxine LT4 Liquid (not available in the US)
Liothyronine LT3 Generic Pill
Liothyronine LT3 Cytomel Pill
Liothyronine LT3 Extended Release
Desiccated Thyroid Extract T4/T3 Armour Pill
Desiccated Thyroid Extract T4/T3 Westhroid Pill
Desiccated Thyroid Extract T4/T3 Naturethroid Pill

Table 6.7 Treatment of overt hypothyroidism

Young Patient (< Age 60  years), No Known Cardiovascular Disease:
Levothyroxine, full replacement dose: 1.6  mcg/kg (0.8  mcg/lb) daily
Recheck TSH in 6– 8  weeks
Adjust dose as needed to relieve symptoms and keep TSH in reference range

Older Patient (>  Age 60  years), Known/Suspected Cardiovascular Disease:
Levothyroxine, low dose: 12.5– 50  mcg daily
Titrate dose up in 12.5– 25  mcg increments every 4– 8  weeks
Monitor TSH every 6– 8  weeks
Adjust dose as needed to relieve symptoms and keep TSH in reference range
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to maintain serum TSH levels within the reference 
range (Table 6.9).

While an LT4 dose requirement of 1.6  mcg/kg  
per day is commonly suggested as the initial dose 
for patients who have overt hypothyroidism and 
are under 60  years of age, there may be consid-
erable variability in actual dose requirements 
depending on the cause of hypothyroidism, body 
weight, and the age of the patient. A 2014 report 
of levothyroxine dose requirements following thy-
roidectomy for benign thyroid disease retrospec-
tively evaluated 92 adults following thyroidectomy 
and found significant variability based mainly on 
body weight and age. They evaluated a BMI- and 
age-related nomogram for initial LT4 dose estima-
tion and found that it produced a euthyroid result 
at first follow-up in 68% of patients compared to 
41% of patients who were initiated with tradi-
tional dose estimates. They proposed their BMI/
age nomogram as a tool to more accurately esti-
mate initial postoperative LT4 dose requirements 
(67). Another study specifically evaluating obese 
female patients after thyroidectomy similarly 
found significant dose requirement variability 

when the dose estimate was based on weight alone 
and suggested a starting LT4 dose in obese post-
thyroidectomy patients of either 125  mcg daily or 
2.3  mcg/kg/day of ideal body weight (IBW) with 
subsequent adjustment as needed (68).

US Pharmacopoeia (USP) standards require 
that LT4 preparations be accurate to within 5% 
of their stated content throughout their shelf-life. 
Using a name brand LT4 preparation or a generic 
preparation consistently from the same manufac-
turer is the best way to reduce dosage variability 
and variable thyroid hormone levels. When generic 
preparations are prescribed, dosage consistency 
cannot be guaranteed if the medication manufac-
turer is changed periodically. Therefore, in situa-
tions where consistency is critical (pregnancy, old 
age, thyroid cancer), it is best to recommend name 
brand preparations or use of the same generic 
manufacturer for all prescription renewals. For 
patients who have some residual thyroid function, 
such as those with mild hypothyroidism, and for 
those for whom dosage consistency is less critical, 
the use of generic preparations is reasonable and 
less expensive.

Table 6.8 Recommendations regarding which patients should be considered for treatment of mild 
hypothyroidism (3, 45, 65, 66)

American Thyroid Association (2012/2014) 
TSH ≤  10  mU/L: Consider treatment based on individual factors.
TSH > 10  mU/L: Consider treatment because of increased CVD and CHF risk.

European Thyroid Association (2013) 
Age < 65– 70  years
TSH < 10  mU/L: Consider treatment based on symptoms.
TSH ≥ 10  mU/L: Treatment is recommended.

Age > 70  years
TSH < 10  mU/L: Follow carefully without treatment.
TSH ≥  10  mU/L: Consider treatment based on symptoms.

Table 6.9 Treatment of mild hypothyroidism

Age < 70 Years Old and/or Significant Symptoms:
Levothyroxine 25– 50  mcg daily
Recheck TSH in 6– 8  weeks
Adjust dose as needed to relieve symptoms and keep TSH in reference range

Age ≥  70  Years Old:
Take into account the presence or absence of hypothyroid symptoms, the presence of a goiter, the 

degree of TSH elevation, TPO antibody status and the presence or absence of cardiovascular risk 
factors, coronary heart disease and congestive heart failure. Mild elevations in serum TSH may be 
normal for older persons.



 Treatment outcomes 143

A 2013 survey of members of the Endocrine 
Society, the American Thyroid Association, and the 
American Association of Clinical Endocrinologists 
found that the majority of members favor the use 
of LT4 alone as the initial treatment for hypothy-
roidism and most employ age-specific TSH targets 
to assess the adequacy of thyroid hormone therapy 
(69). The preference for higher TSH targets in the 
elderly was echoed in a 2015 survey study of mem-
bers of the American College of Physicians, the 
American Academy of Family Practice, and the 
Endocrine Society (70) and is consistent with cur-
rent clinical practice guidelines for the treatment 
of hypothyroidism in the elderly (65).

TREATMENT OUTCOMES

Treatment of patients with overt hypothyroidism 
results in the rapid resolution of most hypothyroid 
symptoms in the majority of patients. Since weight 
gain is often a feature of hypothyroidism, it would 
be anticipated that weight loss would ensue once 
thyroid hormone replacement has been initiated. 
It is somewhat surprising therefore that published 
research has not shown this to occur (71). Multiple 
observational studies have reported minimal or 
no weight loss after the institution of thyroid hor-
mone therapy for hypothyroidism; weight loss that 
did occur in two studies was attributed mainly 
to  the resolution of edema or to the loss of lean 
mass (71).

Randomized controlled trials evaluating long-
term outcomes have not been conducted because 
nearly all patients with overt hypothyroidism are 
symptomatic and it would be unethical to have a 
chronically placebo treated-control group. Several 
small randomized controlled trials have been 
conducted to evaluate the effects of LT4 therapy 
on symptoms in patients with mild hypothyroid-
ism. These studies did not demonstrate consistent 
effects on symptoms such as tiredness, memory, 
or quality of life; however, subjects in the studies 
mostly had very mild hypothyroidism and baseline 
serum TSH levels  < 10  mU/L (3). There was a sug-
gestion that patients with TSH values > 12  mU/L 
may have experienced some significant symptom-
atic benefit (3).

Stott et al., in the Thyroid Hormone 
Replacement for Untreated Older Adults with 
Subclinical Hypothyroidism (TRUST) Study, con-
ducted a large randomized controlled trial of LT4 

replacement in elderly patients with mild hypothy-
roidism (72). They randomized 737 subjects, age 65 
and older (mean age: 74.4  years) with TSH levels of 
4.99– 19.99  mU/L (mean TSH: 6.40 +/−  2.01  mU/L) 
to receive LT4 (N  =  368) or placebo (N  =  369) for 
one year. In the LT4 group, TSH decreased to the 
mid-normal range (mean TSH: 3.63  mU/L) while 
in the placebo group TSH remained mildly ele-
vated (mean TSH: 5.48  mU/L). They reported no 
difference in either of the two primary outcomes 
(Thyroid Symptom Score and Tiredness Score) 
and observed no differences in any of the second-
ary outcome measures (blood pressure, body mass 
index, waist circumference, grip strength, hyper-
thyroid symptoms). Of note, baseline TSH levels in 
these subjects were only mildly elevated and base-
line symptoms in the hypothyroid subjects did not 
differ significantly from euthyroid controls (72).

Overall these studies indicate that symptomatic 
improvement is unlikely to occur in patients with 
mild hypothyroidism who have minimal symp-
toms and only slight elevations in serum TSH at 
baseline but that there may be noticeable benefit 
in patients with more prominent symptoms and 
when serum TSH levels are above 10– 12  mU/L (3).

Observational studies, as noted above, have 
suggested that mild hypothyroidism is associ-
ated with a significantly increased risk of adverse 
cardiovascular events and mortality, especially in 
patients  < 65 years of age. Surrogate markers of 
cardiovascular health such as hypertension, hyper-
cholesterolemia, atherogenic lipoprotein profiles, 
and coagulation abnormalities tend to improve or 
resolve with LT4 treatment (39, 40) and it has been 
assumed that these changes should logically trans-
late into substantial cardiovascular and mortality 
benefits, but this has not been definitively demon-
strated. Interestingly, there is evidence suggesting 
that these traditional cardiovascular risk factors 
may not underlie the development of cardiovascu-
lar disease observed in subjects with mild hypo-
thyroidism (3).

Observational studies in which subjects were 
started on LT4 therapy at the discretion of their on-
site providers have suggested that LT4 therapy may 
significantly lower the risk of ischemic heart dis-
ease events and congestive heart failure, although 
the benefit has appeared to be limited to individu-
als under 70  years of age (51, 73). Notably, there 
have been no long-term randomized controlled 
trials that have evaluated the effects of LT4 therapy 
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on cardiovascular outcomes and death in mildly 
hypothyroid patients, and therefore the efficacy of 
this intervention on long-term cardiovascular out-
comes remains unproven and conjectural (3).

RECOMMENDATIONS REGARDING 
TREATMENT FOR MILD 
HYPOTHYROIDISM

This imperfect evidence base has led to some 
general guidelines for providers for making indi-
vidualized, patient-specific decisions regarding 
the treatment of mild hypothyroidism. Treatment 
should be strongly considered for patients 
<  70  years old if the serum TSH level is >  10  mU/L. 
Treatment decisions should be more individual-
ized if the patient is > 70 years old and/or has a 
serum TSH level < 10  mU/L, taking into account 
the presence or absence of hypothyroid symptoms, 
the presence of a goiter, the degree of TSH eleva-
tion, TPO antibody status, desire for pregnancy, 
and the presence or absence of cardiovascular risk 
factors, coronary heart disease, and congestive 
heart failure. If symptomatic benefit is not appar-
ent within 3– 6  months or if there are significant 
side effects, treatment should be discontinued. If a 
decision is made not to treat, monitoring of symp-
toms and the serum TSH value should be done 
every 6– 12  months, and treatment then initiated 
if suggestive symptoms develop or worsen or the 
TSH rises above 10  mU/L (3, 45, 65, 66).

Optimal TSH level on replacement 
therapy

The reference range for TSH levels in the US popu-
lation in many labs is 0.45– 4.5 mU/L. However, 
the TSH distribution for the population does not 
follow a normal distribution, resulting in a mean 
serum TSH of approximately 1.5– 1.7  mU/L. This 
has led many practitioners to target a TSH value 
in the lower end of the reference range for patients 
on LT4 therapy. Research findings in this area 
have thus far been inconsistent. Clinical symp-
toms and cognitive function have been reported 
to not differ among patients with TSH levels on 
LT4 therapy prospectively targeted at the lower, 
middle, or upper end of the TSH reference range 
(34, 35). However, following a thyroidectomy, bio-
markers of peripheral thyroid hormone action 

have been reported to be closest to preoperative 
values only when TSH levels are maintained in the 
0.03– 0.3  mU/L range (74).

Investigations in elderly patients (> age 65– 70) 
have suggested, in contrast, that TSH levels in the 
upper end or slightly above the population refer-
ence range may be associated with longevity and 
that mild hypothyroidism in elderly patients, 
including the “ oldest of the old,”  appears to have no 
adverse effects on coronary heart disease mortality 
or overall mortality and may even have a benefi-
cial effect (60). Current clinical practice guidelines 
therefore state that evidence does not support tar-
geting specific TSH values within the normal ref-
erence range in most patients and that it may be 
reasonable to raise the TSH target to 4.0– 6.0  mU/L 
in patients above age 70– 80  years old (65).

FACTORS CONTRIBUTING TO 
INCREASED LT4 REQUIREMENTS

LT4 dose requirements may change over time. In 
patients with mild hypothyroidism, this can be due 
to progressive failure of the thyroid gland result-
ing in increased dependence on exogenous thyroid 
hormone as endogenous thyroid function declines. 
The most common cause of increasing LT4 dose 
requirements in patients with overt hypothyroid-
ism is non-adherence to the prescribed LT4 regi-
men (75, 76). Documented causes of increasing 
LT4 dose requirements are listed in Table 6.10. 
Medications that can alter thyroid hormone dose 
requirements are shown in Table 6.11. Mechanisms 
by which medications may alter thyroid hormone 
dose requirements include decreased levothyrox-
ine absorption from the intestines, alterations 
of thyroid hormone binding to serum proteins, 
increased thyroid hormone metabolism, and 

Table 6.10 Causes of persistently elevated or 
rising serum TSH levels on thyroid hormone 
replacement

Non-Adherence
Pharmacy Error
Change of Brands
Malabsorption
Medications
Pregnancy
Assay Interference (Heterophile Antibodies, 

Biotin)
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reduced T4 to T3 conversion in the pituitary gland 
(amiodarone).

Non-adherence to LT4 therapy is best managed 
by education about the importance of taking medi-
cations as directed by the provider and with tips on 
how to remember to take thyroid medication at the 
same time every day. Despite these measures, some 
patients continue to present challenges regard-
ing medication adherence. One effective (albeit 
extreme) approach to this that can be appropriate 
in some situations is to have a patient take all 7 of 
their doses for the coming week on one day per 
week or take 3– 4 tablets twice a week, under direct 
observation by a health care worker, family mem-
ber, or guardian. With both regimens, TSH levels 
have been reported to remain stable throughout the 
inter-dose period and there has been no demon-
strated short-term toxicity with this approach (65).

Overtreatment with LT4 should be carefully 
avoided. LT4 doses high enough to suppress the 
serum TSH level often cause symptoms of thy-
roid hormone excess, such as anxiety, fatigue, heat 
intolerance, excess sweating, palpitations, tremors, 
and insomnia. Moreover, chronic thyroid hormone 
excess poses a significantly increased risk in elderly 
and postmenopausal patients for the development 
of atrial fibrillation and osteoporosis, respectively, 

regardless of whether the thyroid hormone excess 
is caused by endogenous hyperthyroidism or exog-
enous LT4 administration (77). Among patients 
with hypothyroidism, an excess risk of develop-
ing major osteoporotic fractures has been found to 
be related to the cumulative duration of time they 
spent with low serum TSH levels (78).

Despite the known risks, overtreatment with 
LT4 is fairly common, being reported in 6– 10% of 
patients in recent reports (79, 80). A retrospective 
cohort study using the United Kingdom Clinical 
Practice Research Datalink reported that among 
52,298 hypothyroid subjects on thyroid hormone 
replacement therapy, 5.8% had serum TSH levels 
< 0.1 mU/L (79). Among 1,450 participants in the 
Baltimore Longitudinal Study of Aging who were 
being prescribed levothyroxine replacement ther-
apy, 9.6% had suppressed serum TSH levels and for 
1/3 of these, overtreatment persisted for at least 2 
years (80).

COMBINATION LT4/LT3 THERAPY

Although thyroid hormone replacement relieves 
symptoms for most hypothyroid patients, both 
clinical experience and published literature indi-
cate that some patients have persistent symptoms 
despite apparently adequate therapy (24, 25, 34, 
35, 61, 76, 81– 83). Abnormally low resting energy 
expenditure (REE) has also been shown to persist 
with LT4 replacement in doses sufficient to main-
tain serum TSH levels within the population ref-
erence range (84, 85). Furthermore, LT4-treated 
patients typically have higher free T4 levels, lower 
free T3 levels, and lower free T3/T4 ratios com-
pared to euthyroid individuals with similar serum 
TSH levels (86, 87). In the NHANES cohort, LT4-
treated hypothyroid subjects had higher body 
weights than controls despite higher levels of exer-
cise and similar caloric intakes, and also tended to 
use anti-depressant medications more often (87). 
This has caused investigators and clinicians to 
question whether traditional LT4 therapy is truly 
physiological and is the most appropriate therapy 
for all patients (83, 87). The concept and practice 
of treating select patients with a combination of 
LT4 and LT3 have emerged as a topic of significant 
interest.

Multiple randomized controlled trials evalu-
ating the efficacy of combination LT4 and LT3 
therapy compared to LT4 therapy alone have been 

Table 6.11 Medications that may alter thyroid 
hormone dose requirements

 1. Decrease Thyroid Hormone Absorption from 
GI Tract

 a. Iron
 b. Calcium
 c. Proton Pump Inhibitors
 d. Antacids
 e. Sucralfate
 f. Bile Acid Resins
 g. Orlistat
 h. Sevelamer
 2. Alter Thyroid Hormone Binding by Serum 

Proteins
 a. Estrogens
 3. Increase Thyroid Hormone Metabolism
 a. Anti-Epileptic Medications
 b. Anti-Tuberculosis Medications
 c. Sertraline (+/− )
 4. Amiodarone (blocks T4 to T3 conversion in 

the pituitary gland)

Adapted from (1).
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published since 1999. Symptomatic benefits and a 
preference for combination LT4/LT3 therapy were 
demonstrated in some of these reports. However, 
the majority of the investigations reported no 
subjective or objective benefits from combination 
therapy (1). Most studies were small and of short 
duration, assessed nonspecific symptoms, and did 
not specifically target patients who had persistent 
symptoms on LT4 therapy, leaving investiga-
tors unconvinced of efficacy but uncertain about 
whether adequate studies had been done (1). The 
largest study to date, consisting of over 600 sub-
jects followed for one year, was similarly unable 
to demonstrate efficacy (1). However, in a follow-
up study, this group genotyped over 500 of their 
original subjects and identified a polymorphism 
of the D2 enzyme, Thr92Ala, in 16% of the cohort. 
Subjects with this D2 polymorphism were shown 
to have more symptoms at baseline and to have 
statistically significant improvement in symp-
toms on combination LT4/LT3 therapy (88); the 
authors postulated that this relatively common 
deiodinase 2 variation might be causally related 
to poorer psychological wellbeing and a better 
response to combination LT4/LT3 therapy (88). 
In contrast, a previous study reported that the 
Thr92Ala polymorphism of D2 was not associ-
ated with impaired well-being or neurocognitive 
functioning or with a preference for combined 
LT4/LT3 treatment (89).

The clinical consequences of the Thr92Ala poly-
morphism on D2 function are not entirely clear. 
Investigators have suggested that D2 activity might 
be reduced, causing decreased T4 to T3 conversion 
in the brain under hypothyroid conditions. The D2 
enzyme is normally ubiquitinated with subsequent 
proteolysis in the presence of high T4 concentra-
tions, whereas its proteolytic degradation is pre-
vented by deubiquitination when the prevailing 
T4 supply is low. However, the Thr92Ala substi-
tution is located in the D2 instability loop that is 
closely linked to ubiquitination and may somehow 
impair D2 rescue under hypothyroid conditions, 
resulting in greater dependence on circulating T3 
levels to maintain an adequate T3 supply to the 
brain. The Thr92Ala polymorphism, as well as an 
Ala92Ala polymorphism of D2, have more recently 
been shown to be associated with reduced serum 
T3 and reduced intracellular T3 concentrations 
in thyroidectomized patients replaced with LT4 
alone (90). Clinical genetic testing to determine in 

advance who may and who may not benefit from 
this therapy (pharmacogenetics) is not currently 
available.

If and when combination LT4/LT3 therapy is 
utilized, it is suggested that it be administered in an 
approximate LT4 to LT3 ratio of 14:1 to 10:1 to come 
close to the human physiological T4 to T3 secre-
tion ratio of 14:1. Because LT3 has a much shorter 
half-life than LT4, clinicians often administer it 
in 2 doses approximately 8– 12  hours apart. Many 
clinicians, but not all, recommend that patients on 
combination LT4/LT3 have their TSH levels mea-
sured in the morning before taking either LT4 or 
LT3 because of the rise in serum T3 that occurs 
in the first few hours after LT3 is ingested. Serum 
TSH levels in these patients, as with those on LT4 
monotherapy, should be maintained within the 
reference range to avoid the toxicities and compli-
cations of chronic thyroid hormone excess.

An older approach to combination T4/T3 
therapy is the use of DTE. Currently the only 
DTE preparations are made from porcine thy-
roid glands. Patients who avoid pork products for 
religious or other reasons should be made aware 
of the source of DTE products. Because the hor-
mones in DTE are not synthetic, some individuals 
consider them to be “ natural”  thyroid hormone. 
However, porcine thyroid glands and porcine thy-
roid physiology are not the same as their human 
counterparts. In contrast to the T4/T3 molar ratio 
of approximately 14:1 secreted physiologically by 
the human thyroid gland, porcine thyroid glands 
produce T4 and T3 in a T4/T3 ratio of about 4:1. 
Therefore desiccated porcine thyroid glands con-
tain a much higher concentration of T3 than do 
human thyroid glands. When administered orally, 
these preparations result in an abrupt rise in serum 
T3 levels, often transiently into the supraphysi-
ological range. This could potentially cause short-
term or even long-term complications known to 
occur with thyroid hormone excess. Compounded 
thyroid products from compounding pharmacies 
are another source available to patients who wish 
to access combination T4/T3 products. However, 
due to variability and lack of standardization, the 
use of compounded thyroid hormone products 
cannot be recommended (65).

A short-term randomized controlled trial 
evaluated 70 LT4 treated hypothyroid patients 
who were randomized to 16 weeks of treatment 
with either DTE or continued LT4. TSH levels 



 Persistent symptoms in patients on levothyroxine replacement therapy 147

were similar in the two groups although DTE-
treated patients had lower serum-free T4 levels 
and higher total T3 levels during the treatment 
period. Symptoms were not different between the 
groups, but the DTE group lost a small amount of 
weight and 48.6% of subjects expressed a prefer-
ence for DTE while 18.6% preferred LT4; there 
were no adverse events reported in either group 
(91). A 2017 mail survey study of frequent thyroid 
hormone prescribers conducted by members of 
the American Thyroid Association, the American 
Association of Clinical Endocrinologists, and 
the Endocrine Society revealed a high incidence 
of reported adverse events in patients taking 
DTE, although there was no comparator group of 
patients on LT4 alone (92). There are no published 
studies that have adequately evaluated the long-
term efficacy or safety of DTE or of compounded 
thyroid hormone products.

Treatment with LT3 alone is not recommended 
because this approach is clearly not physiologic. 
Administration of once daily LT3 is associated 
with significant excursions of serum total T3 and 
free T3 (93). Sustained release LT3 preparations, 
though not yet available as FDA approved prepara-
tions in the US, may provide a smoother serum T3 
profile and may be more suitable for future studies 
of combination T4/T3 therapy.

Current evidence from these multiple ran-
domized controlled trials, literature reviews, and 
meta-analyses, therefore, generally conclude that 
the existing data do not support the generalized 
use of combination LT4/LT3 for treating hypo-
thyroid patients. Clinical practice guidelines of 
the American Thyroid Association, American 
Association of Clinical Endocrinologists, and the 
European Thyroid Association state that there is 
no consistently strong evidence for the superiority 
of LT4/LT3 combination therapy over LT4 alone 
and recommend against routine use of combina-
tion LT4/LT3 therapy (45, 65, 66, 94). They also 
recommend against using DTE, citing potential 
safety concerns regarding the transient supra-
physiological T3 levels that occur with DTE and 
the paucity of long-term safety outcome data 
(45, 65). Nonetheless, these organizations and 
other experts in the field acknowledge that some 
patients prefer treatment with combined LT4/LT3 
or DTE, and that individualized approaches are 
reasonable to use in patients who have persistent 
symptoms on adequate doses of LT4 provided that 

these therapies are used safely with maintenance 
of serum TSH levels within the reference range 
(45, 65, 76).

PERSISTENT SYMPTOMS IN 
PATIENTS ON LEVOTHYROXINE 
REPLACEMENT THERAPY

Numerous studies have shown that, despite ade-
quate LT4 treatment maintaining TSH values 
within the reference range, a significant number of 
patients continue to experience symptoms consis-
tent with thyroid hormone deficiency (24, 25, 34, 
35, 61, 76, 81– 83). A survey was conducted by the 
American Thyroid Association of 12,000 hypo-
thyroid patients (95% female) who were currently 
being treated with thyroid hormone replacement 
therapy and responded to the survey; 60% were 
taking LT4 alone, 25% were taking combination 
LT4/LT3, and 10% were taking DTE or a com-
pounded thyroid hormone preparation. The mean 
satisfaction score for treatment effects among 
respondents was 5 on a visual analog scale of 1– 10. 
The most common reasons for dissatisfaction 
included fatigue/low energy (75%), body weight 
issues (70%), memory problems (55%), mood prob-
lems (45%), and other issues (35%). The mean score 
for satisfaction with their doctor was 5– 6 and for 
their belief that the doctor was knowledgeable was 
also 5– 6 on the 1– 10 visual analog scale. Among 
these 12,000 respondents, 10– 45% had changed 
doctors 1– 4 times and 10% had changed doctors 
5– 10 times over thyroid management issues (82).

Persistent symptoms in hypothyroid patients 
who appear to be adequately treated according to 
lab test results have posed a dilemma for count-
less clinicians who care for hypothyroid patients. 
The discerning clinician should consider multiple 
possibilities: The current thyroid hormone dose 
may not be optimal, or the thyroid regimen may 
not be physiological for that individual patient. 
The patient could possibly have a hypothalamic 
or pituitary disorder, rendering the serum TSH 
an unreliable test. There could also be a subtle, or 
possibly not yet identifiable, genetic, epigenetic, 
or other acquired disorder somewhere within the 
thyroid hormone regulatory or response system 
for which tests are not readily accessible or not yet 
available. Studies have suggested that chronic lym-
phocytic thyroiditis may possibly cause symptoms 
that are independent of thyroid hormone levels 
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(95). Furthermore, multiple other autoimmune 
conditions are known to occur more commonly in 
patients with chronic lymphocytic thyroiditis (96, 
97), further adding to the complexity of symptom 
management. Subtle or overt hypoparathyroid-
ism may also be present if the patient’ s hypothy-
roidism is post-surgical or post-ablative and this 
could be a source of symptoms if not adequately 
managed. Alternatively, the symptoms may not 
be thyroid-related or endocrine-related at all (98). 
Some potential causes of persistent symptoms 
suggestive of thyroid hormone deficiency in ade-
quately treated hypothyroid patients are listed in 
Table 6.12. Table 6.13 shows the autoimmune dis-
orders that occur more commonly in patients with 
Hashimoto’ s thyroiditis (96, 97).

Satisfactory outcomes for these patients require 
a skillful and compassionate approach. Listening 
attentively to the patient’ s residual symptoms and 
concerns without interruption will help set the 
stage for progress. It is often useful then to explain 
briefly to the patient, in understandable language, 

pertinent aspects of thyroid physiology and how 
and why we use the tests we order. An acknowledge-
ment that everything is not known about thyroid 
function and that there could be conditions, yet to 
be identified, for which we currently do not have 
diagnostic tests is often helpful. It is important for 
the patient to understand also that symptoms that 
are frequently experienced by hypothyroid patients 
are nonspecific and could be due to other condi-
tions unrelated to the thyroid system (98). In addi-
tion to a good history and physical examination, 
one could then offer additional testing for other 
endocrine related and metabolic conditions, such 
as diabetes mellitus, calcium abnormalities, adrenal 
disorders, hypogonadism, sleep apnea, celiac dis-
ease, vitamin D deficiency, vitamin B12 deficiency, 
and depression, and explain that additional general 
medical testing may be more efficiently done by 
their primary care provider.

Management advice may include lifestyle mea-
sures, starting with a well-balanced diet, regu-
lar exercise, adequate sleep, and stress reduction. 
Treatment of other endocrine-related and meta-
bolic disorders uncovered during the evaluation 
can be discussed or implemented. Contributing 
non-endocrine medical and psychiatric conditions 
can be discussed but are often more appropriately 
managed by primary care providers and other 
specialists.

Some, but not all, endocrinologists and primary 
care providers will also consider a trial of combina-
tion LT4/LT3 or DTE therapy as discussed above. 
Though current clinical practice guidelines do not 
recommend either combination LT4/LT3 or DTE 
as routine therapy, it is reasonable to consider these 
regimens in patients who have not responded well 

Table 6.12 Possible causes of persistent symptoms 
in patients treated for hypothyroidism

Inadequate LT4 Dose
Lifestyle Measures Suboptimal

Unhealthy Diet
Lack of Exercise
Inadequate Sleep
Excess Stress

Coexisting Disease
Chronic Fatigue Syndrome
Fibromyalgia
Sleep Apnea
Climacteric Syndrome
Iron Deficiency
Vitamin D Deficiency
Vitamin B12 Deficiency
Other Autoimmune Disease
Other Medical Illness

Kidney, Liver, Heart, Lung, Blood
Viral and Post-Viral Syndromes

Psychiatric Illness (especially depression)
Substance Abuse
Deiodinase 2 Polymorphism

Thr92Ala Polymorphism
Other Subtle Disorder of Thyroid Regulation or 

Action

Adapted from (97).

Table 6.13 Autoimmune diseases that occur with 
increased frequency in patients with chronic 
lymphocytic thyroiditis (495 subjects) (95)

Autoimmune condition Women Men

Rheumatoid Arthritis 4.7% 1.5%

Vitamin B12 Deficiency 4.5% 0%
Adrenal Insufficiency 1.2% 3%
Celiac Disease 1.2% 0%
Multiple Sclerosis 0.7% 1.5%
Inflammatory Bowel Disease 0.7% 1.5%
Systemic Lupus 

Erythematosus
0.7% 0%
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to LT4 monotherapy or who express a strong pref-
erence for these therapies, as long as they are given 
safely with careful attention to maintaining the 
serum TSH within the reference range to avoid the 
known toxicities of excess thyroid hormone admin-
istration (45, 65, 66, 76, 82).

ADRENAL COVERAGE

Patients with primary hypothyroidism due to 
chronic lymphocytic thyroiditis have an increased 
likelihood of having coexisting primary adre-
nal insufficiency, and patients with central hypo-
thyroidism have an increased risk of also having 
central adrenal insufficiency. The initiation of LT4 
therapy for treatment of hypothyroidism increases 
the metabolic clearance rate of cortisol, which 
results in a compensatory increase in adrenal 
cortisol production in individuals with an intact 
hypothalamic-pituitary-adrenal axis. However, 
patients with compromised hypothalamic-pitu-
itary-adrenal function may be unable to ade-
quately compensate. Consequently, precipitation 
of an adrenal crisis is a well-documented, though 
uncommon, result of initiating LT4 therapy. With 
this precaution in mind, some experts recommend 
ruling out adrenal insufficiency in the appropri-
ate clinical setting, for example, in ill hospitalized 
patients when there is any indication or suspicion 
that coexisting primary or central adrenal insuf-
ficiency may be present.

COVERAGE WHEN PATIENTS ARE 
NPO FOR SURGERY, MEDICAL 
ILLNESS, OR DIAGNOSTIC 
PROCEDURES

Hypothyroid patients on nothing by mouth (NPO) 
status for surgery, medical illness, or preparation 
for a gastrointestinal endoscopic procedure, may 
not be able to take oral LT4 for one or more days. 
Intravenous LT4 is available but is very expensive. 
Since the half-life of LT4 is 5 days, there is little 
change in serum thyroid hormone levels when a 
patient is NPO for 1– 2  days, and therefore there 
is no need for intravenous LT4 to be administered 
when patients are NPO for up to two or even 3 days. 
When a patient will be NPO for longer than this, 
intravenous LT4 can be given as a single daily bolus; 
the usual dose of intravenous LT4 is about 75% of 
the patient’ s usual oral dose (65).

CONDITIONS THAT ARE NOT 
HYPOTHYROIDISM BUT MAY 
APPEAR TO BE THYROID 
CONDITIONS

Non-thyroidal illness (euthyroid sick 
syndrome)

Non-Thyroidal Illness (NTI; also known as Euthyroid 
Sick Syndrome) refers to a cluster of abnormalities 
of circulating thyroid hormone and TSH levels that 
occur in patients who have non-thyroidal illnesses. 
This condition is covered elsewhere in this text and 
will therefore only be mentioned here for complete-
ness. Systemic illnesses initially result in inhibition 
of deiodinase 1, resulting in reduced T4 to T3 con-
version, which lowers serum T3 levels. With more 
severe illness, cytokine-induced reductions in TRH 
and TSH secretion can result in reduced serum TSH 
and free T4 levels. In the midst of a severe non-thy-
roidal illness, a patient may therefore have reduced 
serum levels of TSH and free T4 and markedly low 
levels of T3. This situation may cause diagnostic con-
fusion with central hypothyroidism. Upon recovery 
from the non-thyroidal illness, TSH levels rise and 
transiently become mildly elevated into a range con-
sistent with mild primary hypothyroidism. These 
thyroid hormone alterations are considered by many 
authorities to be compensatory changes in thyroid 
hormone economy that may be beneficial for recov-
ery from the non-thyroidal illness. Furthermore, 
thyroid hormone therapy has not been shown to be 
beneficial. A very careful evaluation is usually needed 
to distinguish the NTI changes from actual thyroid 
disease and to avoid unnecessary and potentially 
harmful treatment. Whenever possible, it is best to 
avoid starting thyroid hormone therapy and to repeat 
the thyroid testing in the outpatient setting after the 
patient has recovered from their NTI (99, 100).

Steroid responsive encephalopathy 
associated with autoimmune 
thyroid disease (SREAAT) [formerly 
Hashimoto’ s encephalopathy]

Steroid Responsive Encephalopathy Associated 
with Autoimmune Thyroid Disease (SREAAT) is an 
acute encephalopathy of unknown cause that typi-
cally presents with symptoms of impaired mental 
status, somnolence, multiple stroke-like episodes, 
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and seizures (101, 102). Because many affected 
patients have been found to have positive antithy-
roid antibodies in the serum and also in the cerebro-
spinal fluid (CSF), it was initially believed that these 
antibodies might play a pathophysiological role in 
causing the encephalopathy, possibly by promoting 
an antibody-mediated cerebritis; the condition was 
therefore termed “ Hashimoto’ s Encephalopathy.”  
However, it remains unclear if there is a patho-
genic role for these antibodies in this condition. 
Reported cases have been hypothyroid, euthyroid, 
or even hyperthyroid, and treatment of hypothyroid 
patients with thyroid hormone replacement has 
produced no beneficial effects on the encephalopa-
thy. Moreover, a substantial number of patients have 
experienced significant improvement following a 
course of intravenous or oral glucocorticoid ther-
apy. Because the encephalopathy does not appear to 
be related to thyroid antibodies or to thyroid dys-
function but does respond well to glucocorticoid 
therapy, the term “ Hashimoto’ s Encephalopathy”  
fell out of favor and the condition has become more 
accurately referred to as steroid-responsive enceph-
alopathy associated with autoimmune thyroid dis-
ease (SREAAT) (101, 102).

Wilson’ s low T3 syndrome

Wilson’ s low T3 syndrome is an untested and 
unproven notion that has been proposed and pro-
moted in books and on the internet without any 
substantiating scientific investigation. The pur-
ported pathophysiological basis of the condition is 
an unexplained but usually reversible reduction in 
the ability of a person to convert T4 into T3 with 
resultant deficiency of the active thyroid hormone. 
Underlying factors thought to precipitate or con-
tribute to the impaired T4 to T3 conversion include 
family or job-related stress and Scottish, Irish, 
Russian, or Native American heritage. A diagnosis 
of Wilson’ s low T3 syndrome is said to be made by 
the finding of a low axillary body temperature but 
not by testing TSH or thyroid hormone levels. The 
proposed treatment is a program of progressively 
increasing doses of LT3, often to very high doses, 
until the axillary temperature returns to normal 
and other symptoms begin to resolve, after which 
the LT3 therapy can often be discontinued. There is 
no scientific evidence to prove the existence of this 
condition or to demonstrate the efficacy and safety 
of the proposed treatment. The American Thyroid 

Association (ATA) leadership denounced the prac-
tice of diagnosing and treating Wilson’ s syndrome 
in a strong public document (ATA statement, May 
24, 2005): The American Thyroid Association has 
found no scientific evidence supporting the exis-
tence of Wilson’ s syndrome. The theory proposed 
to explain this condition is at odds with established 
facts about thyroid hormone. Diagnostic criteria for 
Wilson’ s syndrome are imprecise and could lead 
to misdiagnosis of many other conditions. The T3 
therapy advocated for Wilson’ s syndrome has never 
been evaluated objectively in a properly designed 
scientific study. Furthermore, administration of 
T3 can produce high concentrations of T3 in the 
blood, subjecting patients to new symptoms and 
potentially harmful effects on the heart and bones. 
At least one death has been reported in patients tak-
ing high doses of T3 for this syndrome (103). The 
ATA supports efforts to learn more about the causes 
of somatic symptoms that affect many individuals, 
to test rigorously the idea that some as yet unidenti-
fied abnormality in thyroid hormone action might 
account for even a small subset of these symptoms, 
and to pursue properly designed clinical trials to 
assess the effectiveness of lifestyle, dietary, and 
pharmacological treatments for these common ail-
ments. However, unsupported claims, such as those 
made for Wilson’ s syndrome, do nothing to further 
these aims.

Reverse T3 syndrome (reverse T3 
dominance syndrome)

The reverse T3 syndrome, also referred to as the 
reverse T3 dominance syndrome, is another 
untested and unproven notion that is a variation 
of the same theme with an additional pathophysi-
ological twist. It is proposed that, for various rea-
sons, some patients develop reduced ability to 
convert T4 into T3, with resultant increased T4 
conversion to reverse T3 (RT3). It is suggested that 
the high RT3 levels compete for occupancy of tis-
sue T3 receptors and thereby further decrease T3 
action at the tissue levels. The proposed remedy is 
to take LT3 supplements. Like Wilson’ s syndrome, 
there is no scientific evidence to prove the existence 
of this condition or to support the efficacy or safety 
of LT3 therapy in these individuals. Furthermore, 
it has been well demonstrated that T3 has over 100 
times the affinity for the T3 receptor as does RT3 
(104), making it highly unlikely that elevated RT3 
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levels have any antagonistic effect on tissue T3 
action.

MYXEDEMA COMA

Myxedema coma, also known as decompensated 
hypothyroidism, is a life-threatening condition 
characterized by an exaggeration of the mani-
festations of hypothyroidism. Myxedema coma 
originally had a mortality rate of 100%. Today 
the outlook is much improved for appropriately 
treated patients with mortality rates in recent stud-
ies varying from 0 to 45% (1, 105).

Myxedema coma usually occurs in elderly 
patients who have inadequately treated or untreated 

hypothyroidism and a superimposed precipitating 
event. Important events include prolonged cold 
exposure, infection, trauma, surgery, myocardial 
infarction, congestive heart failure, pulmonary 
embolism, stroke, respiratory failure, gastroin-
testinal bleeding, and administration of various 
drugs, particularly those that have a depressive 
effect on the central nervous system (1, 105– 107).

Hypothermia, bradycardia, and hypoventila-
tion are common. Blood pressure, although gener-
ally reduced, is more variable. Pericardial, pleural, 
and peritoneal effusions are often found. An ileus 
is frequently present and acute urinary retention 
may be seen. Central nervous system manifesta-
tions include seizures, stupor, and coma. Deep 

Table 6.14 Myxedema coma –  clinical feature scoring system 1 (105)

Feature Score Feature Score

Temperature Cardiovascular
Over 35° C 0 HR >   60 0
32– 35° C 10 HR 50– 59 10
Under 32° C 20 HR 40– 49 20
Central Nervous System Symptoms HR <  40 30
Absent 0 Other EKG Changes 10
Somnolent/Lethargic 10 Pericardial/Pleural Effusion 10
Obtunded 15 Pulmonary Edema 15
Stupor 20 Cardiomegaly 15
Coma/Seizures 30 Hypotension 20
Gastrointestinal Metabolic Disorders
Anorexia/Pain/Constipation 5 Hyponatremia 10
Decreased Motility 15 Hypoglycemia 10
Paralytic Ileus 20 Hypoxemia 10
Precipitating Event Hypercarbia 10
Present 10 Decreased GFR 10

Precipitating Events for Myxedema Coma 
Cold Exposure
Infection
Stroke
Myocardial Infarction
Pulmonary Embolism
Diabetic Ketoacidosis
Medications (CNS Suppressant)
Myxedema Coma Score Interpretation

Score Myxedema Coma 
24 or Under Unlikely
25– 59 Suggestive
60 or Over Likely
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tendon reflexes are absent or exhibit a delayed 
relaxation phase. Typical hypothyroid skin and 
hair changes are often apparent. A goiter, although 
frequently absent, is a helpful finding. A thyroidec-
tomy scar may also be an important clue.

Serum T4 (total and free T4) and T3 (total and 
free T3) are usually very low, and the TSH is sig-
nificantly elevated. Other frequent abnormalities 
include anemia, hyponatremia, hypoglycemia, and 
elevated serum levels of cholesterol and creatine 
kinase (CK). Arterial blood gases often reveal car-
bon dioxide retention and hypoxemia. The electro-
cardiogram often shows sinus bradycardia, various 
types and degrees of heart block, low voltage, and 
T-wave flattening.

The diagnosis must be made on clinical grounds 
on the basis of the findings described earlier. There 
have been two proposed Myxedema Coma Scoring 
Systems that have been published to facilitate mak-
ing an accurate diagnosis (106, 107) (Tables 6.14 
and 6.15).

The initial goal of treatment is to rapidly replace 
the depleted thyroid hormone pool. The normal 
total body pool of T4 is about 1000  mcg (500  mcg 
in the thyroid, 500  mcg in the rest of the body). 
LT4, LT3, or both may be used to treat this emer-
gency condition. Due to the rarity of the condition, 

there are no randomized trials comparing different 
thyroid hormone replacement regimens. The best 
regimen remains undetermined, but the author 
and colleagues at our institution favor a loading 
dose (bolus) of intravenous LT4, 300– 500  mcg 

Table 6.15 Myxedema coma –  clinical feature scoring system 2 (106)

Feature Score

Glasgow Coma Scale
0– 10 4
11– 13 3
14 2
15 0

TSH
Over 30 2
15– 30 1
Free T4 Low 1
Hypothermia 1
Bradycardia 1
Precipitating Event 1
Score Interpretation

Score Category Recommendation 
8– 10 Most Likely Treat
5– 7 Likely Treat if No Other Plausible Cause
Under 5 Unlikely Consider Other Diagnoses

Table 6.16 Treatment of myxedema coma 
(65, 107)

Thyroid Hormone Replacement (Rapid)(see text)
Levothyroxine 200– 300  mcg IV over 5 

minutes, then
Levothyroxine 50– 100  mcg daily PO or IV
Triiodothyronine 5– 10  mcg IV every 6– 12 

hours
Glucocorticoid Therapy (Stress Doses for 2 Days)

Hydrocortisone 200 mg daily, or
Methylprednisolone 40 mg daily, or
Prednisone 50  mg daily, or
Dexamethasone 7.5  mg daily

Support Circulation, Oxygenation, and 
Ventilation
IV Fluids
Oxygen
Mechanical Ventilation (if needed)
Passive Rewarming (if severely hypothermic)

Treat Precipitating Cause (critically important)
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on day one, followed by intravenous LT4 (75% of 
the calculated oral dose) daily. Some experts rec-
ommend administering IV LT3 in doses of 5  mcg 
every 4– 6  hours if there is no clinical response to 
IV LT4 after several days. Some experts recom-
mend combination LT4 and LT3 therapy from the 
start, using a lower dose of IV LT4 (200– 300  mcg) 
and a loading dose of 10  mcg of LT3, followed by 
IV LT4 100  mcg IV per day plus LT3 10  mcg every 
8– 12  hours (65, 108). The theoretical advantages 
of LT3 therapy are that it is the active thyroid hor-
mone, and that it crosses the blood brain barrier 
better than LT4. Other measures of immediate and 
equal importance are to administer stress doses 
of glucocorticoids, to support vital functions and 
oxygenation, to enable passive rewarming of the 
hypothermic patient, and to treat any identified pre-
cipitating conditions. A summary of the treatment 
of myxedema coma is outlined in Table 6.16.
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Thyroid nodules and 
multinodular goiter

POORANI N. GOUNDAN AND STEPHANIE L. LEE

INTRODUCTION

A nontoxic goiter is a uniform or asymmetric 
enlargement of the thyroid gland that is not asso-
ciated with hypo- or hyperthyroidism and is also 
not a result of inflammation or neoplasia. A thy-
roid nodule is a discrete lesion within the thyroid 
caused by an excess proliferation of cells compared 
to the surrounding normal thyroid parenchyma. 
Thyroid nodules are a common clinical problem 
that may be discovered due to symptoms observed 
by patients, identified on physical examination, or 
incidentally noted on imaging studies performed 
for unrelated reasons.

The widespread use of high-resolution ultra-
sound (US) and fine needle biopsy (FNB) and, more 
recently, the introduction of molecular testing used 
in conjunction with cytology has markedly improved 
the evaluation and management of thyroid nodules. 
These advances in technology, however, have not 
been without unexpected and sometimes undesir-
able consequences. Increased sensitivity of current 
imaging equipment, for example, has resulted in the 
frequent discovery of subclinical nodules and pap-
illary microcarcinomas in the thyroid gland, often 

creating difficult management decisions for both 
the clinician and the patient.

This chapter on nodular thyroid disease 
includes a discussion on the prevalence and patho-
genesis of thyroid nodules. The clinical evaluation, 
including laboratory tests, a review of the uses and 
limitations of US, thyroid scanning, and FNB with 
molecular testing will be reviewed. Finally, the 
long-term management of benign solitary nod-
ules and multinodular glands will be outlined. The 
clinical management of nodular thyroid disease 
includes recommendations from recent practice 
management guidelines by the American Thyroid 
Association (2015) (1), the American Association 
of Clinical Endocrinologists, the American 
College of Endocrinology in collaboration with the 
Associazione Medici Endocrinologi (2016) (2), the 
European Thyroid Association (2017) (3, 4) and the 
American College of Radiology (ACR) (5).

PREVALENCE

The incidence of goiter, either due to iodine 
deficiency or environmental goitrogens, varies 
with the geographic region examined. Iodine 
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deficiency is the most common worldwide eti-
ology of goiter. Denmark, a region marked by 
mild to moderate iodine-deficiency, has a goiter 
prevalence of 15 to 23% (6). In contrast, in Great 
Britain, an area with adequate iodine intake, 
nonendemic or sporadic goiter affects 5% of the 
adult population (7). Iodine deficiency had been 
a frequent cause of goiter in the United States in 
the early 20th century, but with the iodinization 
of salt, the incidence of goiter decreased. There 
has been a concern that a re-emergence of iodine 
deficiency goiter would occur with the declin-
ing American dietary iodine intake; results from 
the NHANES I (1971– 1974) and NHANES III 
(1988– 1994) studies showed a decrease in median 
urinary iodine concentration from 320  mcg/L 
to 145  mcg/L. More recently, however, the lev-
els have stabilized with a median urinary iodine 
concentration of 168  mcg/L and 164  mcg/L in 
the NHANES 2001– 2002 and 2007– 2008 evalu-
ations, respectively (8). Although from a public 
health point of view, the median iodine intake of 
adults is adequate compared to the recommended 
intake of 150  mcg/day by the WHO, a significant 
proportion of the population will have a mildly 
insufficient iodine intake, which may contribute 
to goiter and nodule formation.

Solitary palpable thyroid nodules are found in 
4 to 7% of the adult population in North America, 
6.4% in women and 1.5% in men from 30 to 59  years 
of age. The prevalence of nodules increases with age, 
especially in women and in persons exposed to ion-
izing radiation in infancy or childhood. The data 
provided by the Framingham study showed that a 
new nodule developed in 1.3% of the cohort over a 
15-year period, suggesting an incidence of palpable 
nodules of 0.1% per year with an estimated 10% life-
time expectancy of palpable nodule development (9).

The prevalence of palpable nodules, however, 
substantially underestimates the clinical problem. 
In an autopsy series, Mortensen and colleagues 
reported that in patients whose glands appeared 
clinically normal, one or more thyroid nodules were 
detected in approximately 50% (10). Furthermore, 
35% of the glands had nodules measuring greater 
than 2  cm that had not been detected on physical 
exam. More recently, US data support these early 
autopsy studies. In an unselected population, the 
prevalence of nodules on US has been demon-
strated to be nearly 20% in a Finnish cohort and 
67% in a population in California (11, 12).

Most thyroid nodules are benign. Studies to 
estimate the rate of cancer in nodules are biased 
by the selection of those cases that are sent for 
surgery. When reviewing cases sent for surgery 
without prior biopsy, 6.5% of nodules were found 
to have cancer in a community hospital in North 
Carolina (13). Similarly, in 2,300 patients with soli-
tary cold nodules who were evaluated using FNB, 
391 underwent surgery that revealed 28% of the 
surgical specimens and 5% of the total nodules 
were malignant (14). The frequency of malignancy 
in patients with single nodules and patients with 
multinodular glands are similar. In a study of 5,637 
patients, Belfiore and colleagues reported thyroid 
cancer in 4.1% of solitary nodules versus 4.7% of 
multinodular glands (15). A separate study showed 
that cancer rates were similar for patients with thy-
roid glands with one nodule and with two or more 
nodules (14.8% vs. 14.9%, respectively). In individ-
ual nodules selected for biopsy, however, the rate of 
malignancy was 14.8% when the nodule was soli-
tary and 8.1% for nodules in glands with multiple 
nodules (16). Therefore, while the overall risk for 
malignancy in glands with solitary and multiple 
nodules may be the same, the risk for malignancy 
for a solitary nodule is higher than an individual 
nodule in a multinodular goiter.

PATHOGENESIS

It was initially suggested by David Marine, and 
later by Selwyn Taylor, that nodular goiters were 
the result of TSH simulation in the setting of iodine 
deficiency resulting initially in a diffuse parenchy-
mal hyperplasia. They theorized that when periods 
of hyperplasia are intermittently interrupted by 
“ resting”  phases of reduced follicular cell growth 
with iodine repletion there is increased colloid stor-
age. Alternating between phases of growth and rest, 
therefore, results in multinodular goiter formation 
(17). Other than iodine deficiency, there are other 
goitrogens that may also cause a subclinical or clini-
cal elevation in TSH including soy beans, cassava, 
sorghum, cruciferous vegetables (such as cabbage), 
and seaweed/kelp (i.e., iodine excess). It is important 
to emphasize, however, that the exact role of TSH as 
a thyroid growth factor in the development of goiter 
remains controversial (18). Non-TSH related growth 
factors also have been identified. Insulin-like 
growth factor-1 (IGF-1) has been associated with 
thyroid stimulation and synergism with TSH to 
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cause thyroid follicular growth. The elevated IGF-1 
levels seen in patients with acromegaly are associ-
ated with a high rate of thyroid disorders, includ-
ing goiter and nodules (19). In rodents, exposure to 
glucagon-like peptide-1 (GLP-1) agonists exhibits 
calcitonin (C)-cell effects including c-cell carcino-
mas. On the other hand, cell lines originating from 
human C-cells that are exposed to high dose GLP-1 
do not demonstrate an increase in calcitonin secre-
tion. Further, in human clinical trials there has been 
no demonstrable elevation in calcitonin levels nor 
the development of a medullary thyroid carcinoma 
derived from C-cells (20).

Thyroid nodules are caused by both the mono-
clonal and polyclonal expansion of cells. This was 
demonstrated when 9 multinodular glands were 
examined, a total of 16 monoclonal and 9 poly-
clonal nodules were found. One third of the glands 
contained exclusively monoclonal or polyclonal 
nodules. One third of the glands, however, con-
tained both polyclonal and monoclonal nodules 
(21). Mutations including those of oncogenes and 
tumor suppressor genes, either sporadic or famil-
ial, are thought to play a role in the monoclonal 
expansion of cells seen in various different types of 
nodules. Activating mutations of the TSH receptor 
gene and Gs-alpha gene mutations can lead to the 
activation of adenylyl cyclase that is linked with 
cell proliferation and thyroid hormone production  
(22, 23). With the exception of a few genetic muta-
tions (BRAF V600E  with or without TERT  muta-
tion), there are no oncogenic markers exclusively 
associated with either benign or cancerous nodules. 
Rather, there is a broad overlap between the genetic 
alterations (mutations, fusions and, gene overex-
pression) between benign and malignant disease. 
The RET/PTC  rearrangement has been associated 
with thyroid cancer occurring following radiation 
exposure. RET/PTC 3  was characteristically asso-
ciated with solid and invasive thyroid cancer fol-
lowing the Chernobyl nuclear accident. With time, 
RET/PTC 3  rearrangement has declined in parallel 
with an increase in the RET/PTC 1  subtype among 
RET/PTC -positive tumors (24).

Several genetic defects have been linked to con-
genital goiters and genetic predisposition is sug-
gested by association in familial and twin studies. 
Genes associated with goiter formation include 
those that are involved in thyroid hormone synthe-
ses, such as the thyroglobulin, thyroid peroxidase 
gene, sodium-iodide symporter, pendrin (Pendred 

syndrome), TSH receptor, and iodotyrosine deio-
dinase genes. There are several loci that have been 
associated with familial goiter, including MNG1 
on chromosome 14q31, MNG2 on Xp22, and loci 
on chromosomes 2q, 3p, 7q, and 8p (25).

An increased prevalence of thyroid disease 
may be present in patients with inherited genetic 
syndromes including Cowden syndrome, Werner 
syndrome, familial adenomatous polyposis, mul-
tiple endocrine neoplasia type 2 (MEN type 2), and 
Carney complex (26). Cowden syndrome, a condi-
tion associated with PTEN  gene mutations, is asso-
ciated with a family history of cancer (including 
breast, uterine) and skin or tongue hamartomas. 
Cowden syndrome has an increased likelihood of 
benign and malignant thyroid disease. The risk of 
thyroid cancer is approximately 10% (27). Carney 
complex, associated with a mutation in the type 
1 alpha regulatory subunit gene (PRKAR1A ), 
is associated with thyroid nodules in up to 60 to 
70% of patients but with malignant disease in less 
than 10% of patients (28). Familial adenomatous 
polyposis, associated with ACP gene mutations, 
has an incidence of thyroid cancer of up to 12% of 
patients. This syndrome is often associated with 
the cribriform variant of papillary thyroid cancer 
(29, 30). There is nearly 100% penetrance for the 
development of medullary thyroid cancer (MTC) 
in patients with MEN type 2 syndromes in which 
mutations of the RET proto-oncogene occurs. 
MEN2A is also associated with pheochromocy-
toma and primary hyperparathyroidism. MEN2B, 
on the other hand, is not associated with primary 
hyperparathyroidism. Most cases of MTC are spo-
radic and only 25% are familial. (see Chapter  9, 
“Medullary Thyroid Carcinoma in Medical 
Management of Thyroid Disease”).

HISTORY AND EXAMINATION

Thyroid nodules may be asymptomatic and may 
come to attention either following careful palpa-
tion of the neck or an incidental finding on an 
imaging study. Alternatively, local compressive 
symptoms may be the reason for presentation.

History can provide clues for cancer risk 
assessment in nodules. The likelihood of har-
boring benign nodules increases with age, espe-
cially in women. The risk of cancer in a nodule is 
higher in men compared to women (8 vs 4%) (15). 
Thyroid cancer incidence is higher in younger 
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patients (22.9%) compared with older patients 
(12.6%); the relative risk of malignancy decreases 
between ages 20 and 60 by 2.2% per year (31). 
There is an increased risk of thyroid cancer in 
patients with a history of head or neck radiation 
treatment. Up to 33% of nodules in patients with 
a history of head and neck radiation therapy are 
malignant (32– 34).

Patients may present with symptoms such as a 
lump or swelling in the neck, hoarseness of voice, 
neck pressure or pain, cough, dyspnea, or dyspha-
gia. History of the rapid growth of a nodule or cer-
vical lymph node can give clues to the presence of 
a poorly differentiated or anaplastic thyroid cancer 
or a lymphoma. Very rapid growth over days, how-
ever, is usually due to cystic or hemorrhagic degen-
eration of a pre-existing thyroid nodule.

On physical examination, the characteristics of 
thyroid nodules, including location, consistency, 
dimensions, and number, need to be carefully 
recorded. Physical findings suggestive of malig-
nancy include a hard, nontender nodule, fixation 
to adjacent tissue, and the presence of suspicious 
regional lymphadenopathy. It should be empha-
sized, however, that history and physical examina-
tion are often insufficient for diagnosing thyroid 
cancer in most patients.

LABORATORY TESTING

Serum TSH should be measured in all patients 
with a thyroid nodule by using a sensitive, third-
generation assay. If TSH levels are lower than the 
reference range, this may warrant a thyroid scan 
to determine if the thyroid nodule is functional. 
A normal TSH does not, however, rule out the 
presence of an autonomous nodule (35). When 

TSH levels were reviewed in 368 patients with 
known autonomous nodules from a relatively 
iodine-deficient area, 71% of the subjects had 
normal TSH levels. In this cohort, thyroid scans 
were performed in all patients during the work 
up of thyroid nodules, a practice that is no longer 
part of the routine evaluation of nodules. Routine 
measurement of serum thyroglobulin is not rec-
ommended (1, 2).

Currently, the issue of routine measurement of 
serum calcitonin in patients with thyroid nodules 
is controversial. The prevalence of MTC in patients 
with thyroid nodules ranges from 0.5 to 1.3% (36, 
37). Measurement of calcitonin may lead to ear-
lier detection of MTC because FNB cannot always 
distinguish between a MTC and a thyroid fol-
licular lesion. Thus, calcitonin measurement may 
detect unsuspected MTC. For this reason, some 
experts recommend that serum calcitonin should 
be performed routinely in all patients with thy-
roid nodules. It is suggested that if basal calcitonin 
levels exceed 10  pg/mL, pentagastrin stimulation 
should be performed, and if peak calcitonin levels 
exceed 100  pg/mL, the risk of malignancy is suf-
ficiently high that thyroidectomy is recommended 
(38). However, in the United States, routine calci-
tonin measurement is not endorsed in American 
practice guidelines because of the reduced speci-
ficity of unstimulated calcitonin levels (1, 2). 
False elevations of basal calcitonin may be seen 
in Hashimoto’ s thyroiditis, smokers, and those 
with renal impairment. Pentagastrin stimulation 
helps distinguish the falsely elevated levels from 
true malignancy. It is important to note, however, 
that pentagastrin is currently not available in the 
United States and most clinicians do not per-
form the alternate stimulation test with calcium 

Table 7.1 US characteristics of thyroid nodules and risk for thyroid cancer (45–49)

Nodule characteristic Sensitivity Specificity PPV

Hypoechogenicity 68– 87% 43– 81% 11– 61%

Marked hypoechogenicity (similar to strap muscle) 27– 41% 92– 97% 68– 80%

Solid consistency 89– 91% 33– 58% 26– 39%

Microcalcification 36– 59% 86– 98% 39– 85%

Macrocalcification 2– 10% 96– 98% 25– 65%

Irregular/microlobulated margins 48– 84% 83– 92% 30– 81%

Taller than wide configuration on transverse view 32– 56% 91– 93% 67– 77%
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infusion, limiting the specificity of calcitonin mea-
surement. Additionally, there are concerns about 
the cost-effectiveness of calcitonin as a screening 
test, although in 2008 an investigator suggested 
that the routine use of calcitonin measurement in 
the evaluation of thyroid nodules appeared to be 
cost effective in the United States when compared 
to the measurement of TSH, colonoscopy, and 
mammography screening (39).

IMAGING

Ultrasonography

US is the primary imaging modality recommended 
to confirm the presence of a nodule, to document 
the presence of other more clinically significant 
nodules, to identify suspicious sonographic fea-
tures in nodules, and to document the presence 
of abnormal regional adenopathy. Studies show 
poor concordance between physical examination 
and US findings (11, 40, 41). When a single nod-
ule was detected by palpation, US showed that 48% 
of the glands contained more than one nodule; 
the majority (72%) of these newly detected nod-
ules were less than 1  cm in diameter (40). Another 
study demonstrated that out of 169 subjects with 
abnormal thyroid glands on physical examination, 
there were corresponding nodules in 32% of the 
subjects on high-resolution US (41).

High-resolution US uses frequencies between 10 
and 15  MHz, which enables examination of thyroid 
parenchyma and characterization of thyroid nodule 
features and volume. US enables risk stratification 
of thyroid nodules in a cost-effective way with-
out exposure to ionizing radiation. It is, however, 
operator- and instrument-dependent, as high inter-
observer variability has been reported, especially for 
certain features such as nodule margins, volume, 
and presence of microcalcifications (42– 44).

Careful documentation of the sonographic fea-
tures should be recorded for each nodule, including, 
echogenicity, vascularity, margins, presence of calci-
fications, and size. Individually, these characteristics 
have varying sensitivity and specificity (Table  7.1). 
The classic high-risk sonographic features for cancer 
include a solid composition and the presence of micro-
calcifications, hypoechogenicity, irregular (infiltrative, 
undulating, lobulated) margins, and taller-than-wide 
configuration. Intranodular macrocalcification 
when present along with microcalcifications, but not 

necessarily when present alone, is associated with an 
increased risk of cancer. The presence of an inter-
rupted peripheral calcification is also a high-risk 
feature, especially when seen with extranodular soft 
tissue growth beyond the calcification.

The features of follicular thyroid cancers dif-
fer compared to that of papillary thyroid cancers. 
Follicular thyroid cancer tends to be iso- or hyper-
echoic and is more likely to be associated with intra-
nodular vascularity. Follicular lesions are less likely 
to harbor microcalcifications and are more likely to 
have a regular halo than papillary tumors (45, 50, 51).

Thyroid lymphomas are usually significantly 
hypoechoic and may be difficult to differentiate 
from a hypoechoic gland due to chronic thyroid-
itis. Thyroid lymphomas tend to be unilateral and 
relatively avascular by Doppler flow which may help 
distinguish it from a chronic thyroiditis (Figure 7.1).

Medullary thyroid cancer is generally 
hypoechoic and may be associated with intranodu-
lar calcification. The sonographic pattern overlaps 
with that seen in PTC. These tumors have a high 
likelihood of associated suspicious adenopathy.

It is equally important to be able to identify 
features of benign nodules to avoid unnecessary 
biopsies. A nodule with a spongiform appearance 
is defined as more than 50% of the nodule occupied 
by microcytic spaces. These lesions and purely cys-
tic nodules are highly likely to be benign (1) and do 
not require biopsy unless there are clinical indica-
tions such as growth (Figure 7.2).

US of the thyroid gland is not complete with-
out a visualization of the central and lateral neck 
nodes. An abnormal lymph node with metastatic 
disease is characterized by a rounded appearance 
(AP: longitudinal dimensions  > 0.5), presence 
of microcalcification, cystic appearance, and/or 
peripheral vascularity. The use of anatomic land-
marks to identify the central and lateral compart-
ments of the neck will ensure accurate localization 
for longitudinal observation of growth or devel-
opment of abnormal sonographic characteristics 
and communication with surgeons regarding the 
location of abnormal lymph nodes if surgery is 
required. Level I compartment nodes include the 
submental and submandibular nodes. Levels II, III, 
and IV represent the area from superior to inferior 
that is bordered by the lateral edge of the carotid 
sheath medially and the lateral edge of the sterno-
cleidomastoid muscle laterally. The carotid sheath 
contains the common carotid artery and the 
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internal jugular vein. Level V is the area posterior 
to the lateral edge of the sternocleidomastoid mus-
cle, also known as the posterior triangle. Level VI, 
which contains the thyroid gland, is bordered 
superiorly by the hyoid bone, inferiorly by the bra-
chiocephalic artery, and laterally on either side by 
the medial edge of the carotid sheath. Inferior to 
the sternal notch are the level VII nodes (52).

Various organizations and investigators have 
proposed methods of risk stratification of thyroid 

nodules based on grayscale US characteristics 
through either pattern recognition or by developing 
a scoring system utilizing individual sonographic 
features (1, 2, 5, 53, 54). Most of these classification 
systems use a combination of nodule size and risk 
of cancer to determine whether a nodule should 
be considered for biopsy (Table 7.4). The American 
Thyroid Association, in their recent 2015 guidelines, 
recommends a five-tier stratification system based 
on US characteristics and patterns (Figure 7.3).  
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Figure 7.1 Large Cell Thyroid Lymphoma.  Patient presented with dyspnea with a large hypoechoic 
thyroid, multiple enlarged cervical nodes, tracheal narrowing. Open biopsy was consistent with large 
cell thyroid lymphoma with metastatic nodes. (A) US transverse right lobe. (B) US transverse right 
lobe with Doppler. (C) CT coronal neck with enlarged heterogeneous thyroid with multiple small 
abnormal nodes. (D) Enlarged right level III nodes, transverse. (E) Enlarged right level III node, sagit-
tal with Doppler. (F) CT axial neck showing more lymphoma involvement of the right lobe compared 
to the left lobe with tracheal deviation to the left and tracheal narrowing. Thyroid lymphoma (red 
arrows). Abnormal rounded lymph nodes (yellow arrows). Trachea (Tr).

Transverse Sagittal

B CA

Figure 7.2 Lymphoma (A) compared to Hashimoto’s thyroiditis (B,C). The sonographic appearance of 
chronic thyroiditis and lymphoma have varying extent of hypoechoic echogenicity and heterogeneity 
but lymphoma tends not to be vascular by Doppler.
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Figure 7.3 Risk stratification of thyroid nodules based on ultrasonography: 2015 ATA management 
guidelines for thyroid nodules and differentiated thyroid cancer (1). (a) Benign: Cystic nodule. (b) Very 
low suspicion: (i) Spongiform nodule and (ii) Partially cystic nodule with no suspicious features. (c) Low 
suspicion: Isoechoic nodule with regular margins. (d) Intermediate suspicion: Hypoechoic nodule. 
(e) High suspicion: Hypoechoic nodule with (1) Microcalcification, (2) Infiltrative/irregular margins, 
(3) Taller than wide configuration, (4) Rim calcification with small extrusion of soft tissue, (5) Evidence 
of extrathyroidal extension, and (6) Abnormal lymphadenopathy.
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Using their recommendations, a biopsy should 
be considered for a hypoechoic nodule with or 
without additional high-risk features if  > 1  cm in 
maximal diameter and for an isoechoic nodule if 
> 1.5 cm. When multiple nodules are found in a 
multinodular goiter, the nodule with the higher 
risk features should be selected for biopsy. When 
the nodular goiter contains multiple nodules 
with similar sonographic appearance, the largest 

nodule can be selected for biopsy. If a thyroid nod-
ule is associated with an abnormal lymph node, the 
lymph node should be aspirated with or without 
biopsy of the nodule.

Thyroid Imaging Reporting and Data Systems 
(TIRADS) was originally developed in 2009 by 
Horvath and colleagues, with the concept of 
providing standardized reporting of nodule fea-
tures while also directing future decisions on 

Table 7.3 A. ACR-TIRADSs thyroid grading system, B. ACR-TIRADS decision system (5)

A. Composition* Echogenicity Shape Margin Echogenic foci

Cystic 0 Anechoic 0 Wider than tall 0 Smooth 0 None 0

Spongiform 0 Hyper/isoechoic 1 Taller than wide 3 Ill-defined 0 Comet-tails 0
Mixed 1 Hypoechoic 2 Lobulated/

irregular 2
Macro 1 

Solid 1 Very hypoechoic 3 ETE 3 Peripheral/rim 2
Punctate 3

B. Points TIRADS Score Classification FNB Follow-up US interval** 

0 TR1 Benign No FNB Not required
2 TR2 Not suspicious No FNB Not required
3 TR3 Mildly suspicious ≥ 2.5  cm If   ≥ 1.5  cm, at years 1, 3, 

and 5
4– 6 TR4 Moderately 

suspicious
≥ 1.5  cm If   ≥ 1  cm, at years 1, 2, 3, 

and 5
≥ 7 TR5 Highly suspicious ≥ 1.0  cm If   ≥ 0.5  cm, annually for 5 

years

Summation of points from each column in panel A determines the TI-RADS score in panel B.
*Assign 2 points if the composition cannot be determined due to calcification. ETE is extrathyroidal extension.
**The follow-up intervals in this table are to detect uncommon cancer with a low-risk appearance (TR1, TR2) or false 
negative FNB but continued monitoring may be considered for nodule/goiter growth.

Table 7.2 Estimated malignancy risk based on ultrasound sonographic patterns and risk stratification 
system (1, 2, 53, 54, 58)

ATA 2015 AACE/ACE 2016 K-TIRADS TIRADS –  Russ 

Benign 0% TR 2: 0%

Very low suspicion  <   3% Low risk  < 1% TR 2: Cystic  < 1%
Spongiform  < 3%

TR 3: 0.25%

Low suspicion 5– 10% Intermediate risk 
5– 15%

TR 3: Low suspicion 3– 15% TR 4a: 6%

Intermediate suspicion 
10– 20% TR 4: Intermediate

suspicion 15– 50%High suspicion  > 70– 90% High risk 50– 90% TR 4b: 69%
TR 5: 100%TR 5: High suspicion  > 60%
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nodule evaluation and management, similar to the 
BIRADS classification for mammography findings 
(55). Subsequent iterations of this system have been 
proposed including by Kwak and colleagues, Russ 
and colleagues (French system), and the American 
College of Radiology (ACR) (5, 53, 56). In the ACR-
TIRADS, for example, the scoring system assigns 
a numerical value for each US characteristic 
including composition (solid, cystic, mixed), echo-
genicity, shape, margins, and presence of echo-
genic foci. The associated score then dictates the 
size threshold for FNA and determines the inter-
val for follow up if the FNA is benign (Table 7.3).  
The system developed by Russ et al. has the option 
of incorporating data on nodule stiffness from 

elastography measurements along with the gray-
scale US characteristics to stratify the cancer risk 
of individual nodules (57).

Thyroid scintigraphy

With increasing use of US and FNB in the diag-
nosis of thyroid nodules, the role of thyroid scin-
tigraphy has declined. Indications for radioisotope 
scanning are to determine the functionality of a 
single nodule or nodules in a multinodular gland, 
to differentiate between Graves’  disease and sub-
acute thyroiditis, and to identify ectopic thyroid 
tissue (sublingual thyroid, mediastinal goiter, or 
struma ovarii) (Figures 7.4 and 7.5). Specifically, 

Figure 7.4 Nuclear thyroid scintigraphy: The radionuclide scan may show several different patterns 
of function. The normal thyroid has a bi-lobed shape. Each lobe is located in a paratracheal posi-
tion connected by an isthmus that crosses the trachea anteriorly at or just below the level of the 
cricoid cartilage. In a healthy subject, the radioisotope signal appears homogeneously distributed. 
Characteristically, salivary glands quantitatively have approximately the same amount of isotope trap-
ping as the thyroid when visualized with 99m Tc. Whereas, the salivary glands are not visualized with 123 I 
because images are obtained 6 to 24 hours later after the isotope has cleared from the salivary glands. 
(a) An autonomous hyperfunctioning (hot) nodule is characterized by focal increased uptake of isotope 
with reduced uptake in the rest of the thyroid gland to varying degrees due to suppression of endog-
enous serum TSH. (b) In an MNG, a pattern of inhomogeneous, irregular, or patchy uptake of function-
ing and nonfunctioning areas may be seen. The area of low uptake corresponds to a ‘ cold’  nodule on 
ultrasound. (c) In Graves’  disease, an enlarged gland has intense, diffuse, and homogeneous uptake 
occurs. (d) In subacute thyroiditis, there is low uptake throughout the thyroid gland when imaged dur-
ing the hyperthyroid phase. Trapping can been seen in saliva/secretions in the nasopharynx.
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if a patient with a thyroid nodule has suppressed 
serum TSH levels, the next recommended step is 
a thyroid scan to determine whether the nodule is 
functional (1, 2). The AACE thyroid nodule guide-
lines also suggest that a thyroid scan may be consid-
ered in multinodular goiters, particularly in iodine 
deficient areas and independent of TSH levels, to 
detect functional autonomy (2). A nuclear thyroid 
scan may be helpful to exclude autonomous nod-
ules from consideration of biopsy in the presence of 
multiple nodules meeting criteria for FNB based on 
US characteristics.

A gamma scintillation camera with a pinhole 
collimator is generally used for thyroid scanning; it 
has replaced the rectilinear scanner. The most com-
monly used radioisotope is radioiodine (123 I); tech-
netium (99m Tc) is used less frequently. Both isotopes 
are transported into thyroid follicular cells via the 

sodium-iodide symporter, but only iodine is organ-
ified and covalently attached to thyroglobulin and 
incorporated into hormone production. Because 
99m Tc is trapped but not organified, a nodule may 
appear functional (hot) on pertechnetate imaging 
and nonfunctional (cold) on 123 I imaging. In one 
study of 140 patients with hot or warm nodules on 
pertechnetate imaging, radioiodine scintigraphy 
revealed that 5% demonstrated no uptake in these 
nodules (59). Of these nodules, five were benign, 
one was a follicular carcinoma, and one was a papil-
lary cancer with metastasis. For this reason, some 
caution against the use of 99m Tc rather than 123 I for 
thyroid scintigraphy to avoid missing malignancy, 
while others feel the clinical implications are less 
significant (60).

The likelihood of carcinoma in cold thyroid nod-
ules varies from approximately 5 to 15% (61– 63). A 

Figure 7.5 Nuclear scintigraphy and CT imaging of a mediastinal goiter: A 65-year-old male with an 
anterior mediastinal mass found on imaging. Further evaluation showed the lesion was iodine avid 
and consistent with a mediastinal goiter on (a) I123 thyroid scan and (b) fused SPECT/CT images. 
(SPECT  =  single-photon emission computed tomography.)
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“ hot nodule”  has radioactive iodine uptake that is 
visibly higher in the nodule compared to the sur-
rounding normal thyroid parenchyma. An autono-
mously functioning nodule is rarely malignant 
(62, 64); biopsy of scintigraphically “ hot”  nodules 
is usually not warranted. This is not true if there 
are concerning high-risk characteristics for cancer 
identified on US (Figure 7.6), as cases of thyroid 
cancer in functioning or hot nodules have been 
seen (65– 67). However, most nodules are cold, and 
only 5 to 10% of palpable nodules are autonomous, 
highlighting the importance of correlating thyroid 
scintigraphy with thyroid US findings while making 
a management decision. Thyroid cancer in nodules 
with Graves’  disease can be more aggressive and 
demonstrate a higher risk for multifocality, local 
invasion, and local and distant metastasis compared 
to those with autonomous thyroid nodules (68). 

The aggressive disease has also been associated with 
toxic nodules, however (69).

Other imaging modalities

Magnetic resonance imaging or computed 
tomography is used occasionally to evaluate the 
size and extent of an MNG (Figure 7.7). These 
imaging techniques can be particularly helpful 
when evaluating substernal goiters and defin-
ing the relationship of the goiter to surrounding 
structures, especially to exclude tracheal com-
pression. Neither technique separates benign 
from malignant thyroid nodules, and because of 
their relatively high cost, they are used less fre-
quently than US (1, 2).

While the 18-FDG-PET scan is not recom-
mended for the evaluation of a thyroid nodule, 

Figure 7.6 Autonomous thyroid nodule and papillary thyroid cancer: (a) Thyroid gland with a left side 
hyperfunctioning nodule on scintigraphy which on (b,c) Ultrasound showed a left side hypoechoic 
partially cystic nodule with irregular borders and increased nodular vascularity. (d) FNB cytology and 
subsequent surgical pathology confirmed the diagnosis of papillary thyroid cancer.
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focal increased uptake in a thyroid nodule can 
indicate an increased risk of thyroid cancer. A 
meta-analysis of 1,051 cases of focal uptake on 
PET scan showed a 35% risk of thyroid malignancy 
compared to a 4% risk of malignancy in cases with 
diffuse uptake (70).

FINE NEEDLE BIOPSY AND 
CYTOLOGY

Fine needle biopsy (FNB) –  now clearly considered 
the most accurate test for the evaluation of thyroid 
nodules –  has emerged as safe and cost-effective.

Biopsies may be performed with direct pal-
pation for solitary solid thyroid nodules, or as 
is now becoming standard, with US guidance. 
Ultrasound-guided FNB (US-FNB) biopsy should 
be considered for patients with small, impal-
pable, or partially cystic nodules, or those with 

previously insufficient cytology, especially when 
located inferiorly or posteriorly within the thy-
roid. There are many acceptable techniques 
for thyroid fine needle biopsy. Typically, 25- to 
27-gauge needles are preferred to obtain speci-
mens that are less bloody without compromis-
ing on cellularity (71). Excess blood in the biopsy 
specimen may obscure visualization of the fol-
licular cells. Studies comparing capillary action 
(non-aspiration) and aspiration techniques have 
provided conflicting results with some showing 
no difference in non-diagnostic rates and some 
showing advantages of particular techniques 
(72– 76). One study suggested, but did not show 
statistical significance, that the quality of the 
sample obtained when capillary action was used 
may be superior (76). It is best left up to the opera-
tor to determine the choice of biopsy technique 
based on experience and comfort level.

Figure 7.7 CT scan of goiter with mediastinal extension: (a) 70-year-old female with goiter with 
retrosternal extension causing tracheal deviation to the left without tracheal narrowing. (b) 71-year-
old male with goiter with retrosternal extension with tracheal deviation and critical narrowing.
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Results of FNB can be categorized into four 
basic diagnostic groups: benign (negative), clini-
cally suspicious (indeterminate), malignant (posi-
tive), and unsatisfactory (insufficient follicular 
cells or nondiagnostic). Classification systems have 
been devised to facilitate communication between 
cytopathologist, endocrinologist, and surgeons, 
and to help assign a risk of malignancy based on 
the diagnostic category. A commonly used classi-
fication of cytological findings, particularly in the 
United States, is the Bethesda system (77, 78).

The Bethesda classification system assigns the thy-
roid cytology into 6 categories, I– VI (Figure  7.8). 
In a meta-analysis of 25,445 thyroid FNB using 
the Bethesda system, the rate of assignment of a 
particular category varied considerably between 
investigators (Table 7.4) (79). The most common 
cytodiagnosis is that of adenomatoid (or “ colloid” ) 
or benign thyroid nodule (Bethesda II). The colloid 
nodule shows abundant colloid, normal follicular 
cells, and some foam cells. Other benign diagnoses 
include cystic lesions (usually adenomatoid nodules 
with cystic degeneration), lymphocytic thyroid-
itis, and subacute (granulomatous, DeQuervain’ s) 
thyroiditis. The indeterminate category consists of 

specimens with features that are suggestive of but 
not diagnostic for malignancy. Atypia of unde-
termined significance (AUS) or follicular lesion 
of undetermined significance (FLUS) is used to 
describe the presence of focal or mild cytological 
atypia and/or architectural atypia. It is suggested 
that this category should be limited to 7% or less 
of the total biopsies (57). Follicular neoplasm or 
suspicious for follicular neoplasm (Bethesda IV) 
includes cases with high cellularity with follicu-
lar cells grouped in microfollicular or trabecular 
arrangements and scant colloid. Lesions classified 
as suspicious for malignancy (Bethesda V) or diag-
nostic for malignancy (Bethesda VI) hold the high-
est risk for malignancy. Hypocellular smears, which 
account for 5 to 15% of specimens, are considered 
nondiagnostic or unsatisfactory (Bethesda I). Most 
cytologists consider a satisfactory smear to contain 
at least 6 clusters of well-preserved cells, and each 
group must be composed of at least 10 cells from 
separate aspirates. Unsatisfactory smears usually 
result from poor biopsy technique, cystic lesions 
yielding fluid and foam cells, vascular lesions yield-
ing too much blood, excessive air-drying, or poor 
smear preparation.

Figure 7.8 Bethesda categorization of thyroid cytology. (a) Bethesda 1: Nondiagnostic smear with 
scant follicular cells and histiocytes. (b ) Bethesda II: Benign macrofollicles forming a flat sheet of 
cells. (c ) Bethesda III: Atypia of undetermined significance/follicular lesion of undetermined signifi-
cance–lesions with mild nuclear atypia or oncocytic changes; lesions with mixed microfollicles and 
macrofollicles. (d ) Bethesda IV–predominantly microfollicular lesions. (e ) Bethesda V: Suspicious for 
maglignancy - with some features suggestive of cancer. (f ) Bethesda VI: Malignancy–definitive fea-
tures of papillary thyroid cancer including nuclear atypia with a ground glass appearance, intranuclear 
cytoplasmic inclusions, nuclear clefts and grooves, and psammoma bodies.
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The risk of malignancy in each cytologic cat-
egory will vary between institutions. When out-
lined by the State of the Science conference, it 
was estimated that the malignancy risk associated 
with the indeterminate categories of Bethesda III, 
IV, and V lesions would be 5 to 15%, 15 to 30%, 
and 60 to 75%, respectively (78). However, pub-
lished data from various institutions shows the 
risk can range from 6 to 48% in Bethesda III, 14 
to 49% in Bethesda IV, and 42 to 90% in Bethesda 
V nodules (80, 81). A wide range of malignancy 
risk in each Bethesda category is partly due to 
inter-observer variability in cytology diagnosis 
among cytopathologists, particularly for indeter-
minate cytologic categories (82, 83). More precise 
malignancy risk estimates than what is provided 
solely by these cytologic categories are needed for 
counseling patients and determining the optimal 
management plan. Awareness of an institution’ s 
malignancy rates for each category can help clar-
ify the risk for indeterminate nodules and better 
guide the decision-making process.

FNB without molecular testing has a sensitiv-
ity of 65 to 98% (mean, 83%), a specificity of 72 
to 100% (mean, 92%), and a diagnostic accuracy 
of 85 to 100% (mean, 95%). The predictive value 
of a cytological result that is positive or suspicious 
for malignancy is 75% (range, 50– 96%). The false-
negative rate may be as low as 1% and as high as 
11% (mean, 5%), and false-positive rates range 
from 0% to 7% (mean, 5%) (84, 85). Recently, an 
expert panel proposed the reclassification of cer-
tain tumors as premalignant lesions, in other 
words, noninvasive follicular thyroid neoplasm 
with papillary-like nuclear features (NIFTP) (86). 
This change, as reflected in the newest version of 
the Bethesda classification system, would modify 
the expected risk of malignancy in each cytologic 

category, particularly for Bethesda III, IV, and V 
(87– 89) (Table 7.4).

Currently, there is a move toward incorpo-
rating the use of adjunctive genetic testing for 
indeterminate cytology results –  Bethesda III 
and IV nodules (Table 7.4). Given the already 
high pre-test probability for cancer in lesions 
in the Bethesda V (suspicious for malignancy) 
category, molecular testing is generally not 
indicated. The Cancer Genome Atlas provided 
a comprehensive characterization of genetic 
alterations in papillary thyroid cancer (90). It 
classified papillary cancers based on the genetic 
mutation, associated downstream signaling 
pathways, and histopathologic characteristics 
into two categories—“ BRAF V600E -like”  and 
“ RAS -like”  tumors. Similarly, the genetic land-
scape of other thyroid cancers —  medullary 
and poorly differentiated cancer —  has been 
studied. Follicular adenomas and carcinomas, 
which are clonal expansions, have been associ-
ated with mutations in the RAS  proto-oncogenes 
and PAX8-PPAR gamma 1  fusion. Other muta-
tions including PTEN , RET  proto-oncogene 
(can be seen with radiation), and THADA  are 
seen. Mutations and gene rearrangements lead-
ing to activation of the MAPK  pathway can be 
seen in papillary thyroid cancers. These include 
NTRK1  and RET  proto-oncogene rearrange-
ments, activating the mutation of BRAF  and 
RAS  and RAS -like genes. TERT  mutations, when 
associated with other mutations such as BRAF 
V600E,  are associated with more aggressive thy-
roid malignancy (91).

Molecular testing utilizes different techniques 
to risk stratify thyroid nodules with indetermi-
nate cytology –  detection of gene mutation/gene 
fusion products, analysis of gene expression 

Table 7.4 Bethesda classification of thyroid nodule cytology (78, 79, 87– 89)

Cytologic 
category

Percentage of cases 
–  overall (range)

Risk of 
malignancy 

Risk of malignancy (if NIFTP not 
considered malignancy)

Bethesda I 12.9 (1.8– 23.6) 5– 10% 5– 10%

Bethesda II 59.3 (39– 73.8) 0– 3% 0– 3%
Bethesda III 9.6 (3– 27.2) 10– 30% 6– 18%
Bethesda IV 10.1 (1.2– 25.3) 25– 40% 10– 40%
Bethesda V 2.7 (1.4– 6.3) 50– 75% 45– 60%
Bethesda VI 5.4 (2– 16.2) 97– 99% 94– 96%
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profiles, or detection microRNA markers. In the 
United States, the commercially available tests 
generally have better negative predictive values 
(NPV) of more than 90%, but variable positive 
predictive values (PPV) ranging from 38 to 83% 
(92– 96) (Table 7.5).

ThyroSeq v.2 utilizes gene expression analysis 
and in a single-institution study showed a NPV 
of 96% and PPV of nearly 80% for the identifica-
tion of thyroid cancer (93). It was initially con-
sidered a “ rule in”  test to detect thyroid cancer. 
However, a subsequent single-institution analysis 
demonstrated a lower PPV of 42% but with a NPV 
of 91%. Though, it is important to note that not 
all patients went to surgery, limiting the analysis 
of NPV and PPV (97). A new iteration of the test 
(ThyroSeq v.3) has incorporated additional gene 
mutations, deletions, and insertions, as well as 
gene copy number analysis to improve the sen-
sitivity for the detection of malignancy. The test 
also sought to improve the categorization of 
Hürthle cell lesions, a notoriously challenging 
class of nodules. Initial analysis of the perfor-
mance of Thyroseq v.3 at a single center reported 
a NPV of 97% and 98% for nodules with Bethesda 
III and IV cytology, respectively (98). The results 
of a multicenter, blinded, prospective study are 
pending.

Another commonly used test, initially called 
Afirma GEC (gene expression classifier), utilized a 
machine-trained algorithm to analyze patterns of 
gene expression and categorize nodules as either 
“ benign”  or “ suspicious.”  A multicenter valida-
tion study found that this test is associated with a 
low PPV of 38% but an NPV of 95%, making it a 
good test to “ rule out”  malignancy (94). There were 

concerns regarding the low benign-call rate with 
this test; some centers found a high percentage of 
nodules were assigned a “ suspicious”  expression 
pattern but ultimately had a low malignancy rate 
on surgical pathology. To improve the specificity 
of the test, the Gene Sequencing Classifier (GSC) 
was created; it employed a new computer-trained 
classifier utilizing RNA next generation sequenc-
ing and machine learning. In unpublished reports, 
the GSC assay increased the PPV while maintain-
ing a high NPV.

The most commonly used commercially avail-
able molecular tests, ThyroSeq v.3 and Afirma 
GSC, are recommended only for Bethesda III and 
IV nodules. Their high NPV allows them to serve 
as “ rule out”  tests, avoiding unnecessary surgery 
in those nodules with a low likelihood of malig-
nancy. Both ThyroSeq v3 and GSC will show 
whether a nodule contains the high-risk muta-
tion, BRAF V600E , indicating a papillary thyroid 
carcinoma, but will also detect calcitonin and 
parathyroid hormone expression to preopera-
tively identify medullary thyroid carcinoma or a 
parathyroid adenoma, respectively. There are no 
direct comparisons of the performance of these 
tests yet. Side-by-side evaluation of these tests uti-
lizing the existing studies are limited by differing 
malignancy rates at various institutions and small 
sample sizes (Table 7.5).

MANAGEMENT AND FOLLOW-UP

The management of thyroid nodules in a gland 
with a single nodule or a multinodular goiter 
depends on the etiology. There are three main 
reasons for which intervention is indicated: (a) 

Table 7.5 Performance characteristics of commercially available molecular testing for thyroid nodules 
with indeterminate cytology (92–95)

Molecular test Cytology Sensitivity Specificity

Negative 
predictive 

value

Positive 
predictive 

value

Afirma  Bethesda III 90% 53% 95% 38%

Afirma Bethesda IV 90% 49% 94% 37%
ThyroSeq Bethesda III 91% 92% 97% 77%
ThyroSeq Bethesda IV 90% 93% 96% 83%
ThyGenX  +  ThyraMIR Bethesda III 94% 80% 97% 68%
ThyGenX  +  ThyraMIR Bethesda IV 82% 91% 91% 82%
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Either a suspicion for or definite diagnosis of 
cancer based on US characteristics, FNB, and 
molecular testing, (b) a nodule or nodular goiter 
causing local compressive symptoms or a nod-
ule that is increasing in size over time, or (c) a 
toxic nodule or toxic multinodular goiter with 
thyroid hormone levels that warrant treatment. 
Any management decision must take into con-
sideration the age of the patient and coexisting 
co-morbidities.

Thyroid nodules that are highly suspicious for 
thyroid cancer require a lobectomy or total thyroid-
ectomy for diagnostic purposes. The management 
of nodules with a definitive diagnosis of cancer 
ranges from observation for small apparent low 
risk cancers, lobectomy for small tumors without 
evidence of invasion or nodal metastases, to total 
thyroidectomy with adjunctive treatment such as 
radioactive iodine therapy for higher risk cancers. 
Autonomously functioning nodules associated 
with hyperthyroidism may be treated with surgery, 
radioactive iodine therapy, or antithyroid drugs.

Surgical intervention may be considered for 
growing nodules or large nodules causing compres-
sive symptoms, that is, hoarseness of voice, dyspha-
gia, or dyspnea. The presence of tracheal narrowing, 
more importantly than deviation, should be sought 
in patients with large retrosternal goiters and dys-
pnea (1, 99).

Benign thyroid nodules can be observed conser-
vatively. A retrospective study of 854 nodules fol-
lowed over a mean of 4 years after an initial benign 
biopsy, demonstrated that only 30% of the nodules 
grew (more than 50% change in volume). Among 
the 172 nodules with initially benign cytology 
that did demonstrate an increase in size, only one 
nodule (0.6%) was found to be malignant. Overall, 
10 malignant nodules were detected in the entire 
cohort and 8 of them had suspicious US features. 
Rosario and colleagues also demonstrated that ini-
tial or acquired suspicious US features rather than 
growth in nodule size following a benign biopsy 
was a higher risk for cancer (17.4% vs. 1.3%) (100).

For a nodule with a benign FNA cytology, the 
American Thyroid Association recommends repeat-
ing the US for nodules with high suspicion pattern 
in 1 year (1). In practice, many providers consider 
earlier repeat US and, potentially, repeat FNB for 
such high-risk nodules. Those nodules with low- to 
intermediate-suspicion US patterns and previous 
benign cytology should undergo repeat imaging in 

1– 2 years (1). Nodules with very low suspicion pat-
terns (cystic and spongiform nodules) and nodules 
with two benign biopsies may not require additional 
surveillance US. The AACE guidelines recommend 
a follow up US at a 1-year interval, then, if stable, 
at a 2-year interval (2). The ACR TIRADS recom-
mends repeating US at 1, 3, and 5 years for lower 
risk TR3 nodules and annual US for higher risk TR5 
nodules for up to 5 years when the nodules do not 
meet the criteria for biopsy (5). Further monitoring 
can be stopped if there is no significant change in 
the size of the nodule. Significant growth is defined 
by the ATA (1) as a greater than 50% increase in 
nodule volume or more than 20% change in nodule 
diameter with a minimum of 2  mm growth in two 
or more dimensions. Since benign nodules may also 
grow, continued monitoring may be considered to 
assess for enlargement and the development of local 
compressive symptoms.

If an initial biopsy yields a nondiagnostic 
result, a repeat biopsy is recommended. A repeat 
biopsy with US guidance, especially for nodules 
without a predominantly cystic component, will 
be diagnostic in 60 to 80% of the cases (101– 103). 
Overall, the frequency of malignancy in nodules 
with nondiagnostic biopsies is 2– 4% (79, 104– 106). 
However, if these nodules have high-risk US fea-
tures (microcalcification, irregular margins, taller 
than wide configuration, or hypoechogenicity), the 
risk of malignancy may be as high as 25% (106). 
Previously, it was recommended to wait at least 3 
months before repeating an US to avoid false posi-
tive results due to biopsy-induced reactive changes 
(107). Subsequent studies have not demonstrated a 
need to wait for repeat FNB; a shorter wait period 
before repeat aspiration attempts may be appropri-
ate particularly for nodules with suspicious US fea-
tures (108, 109).

Cystic nodules that are large and symptom-
atic may be aspirated for symptom control. 
In 60 to 90% of patients, there will be a recur-
rence of cystic fluid accumulation (110, 111). In 
such cases, a lobectomy or percutaneous ethanol 
injection (PEI) may be considered. The success 
rate of treating cystic nodules with PEI is 75 to 
85% (112, 113). Radioactive iodine (RAI) therapy 
for obstructive goiter is an alternative to surgi-
cal therapy. The use of low-dose recombinant 
human TSH in preparation for RAI therapy can 
overcome issues of low isotope uptake in inac-
tive areas of the gland (114,  115). Potential side 
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effects, however, include a transient thyrotoxi-
cosis, painful thyroiditis, thyroid swelling, and 
compression of the trachea.

TSH suppression therapy for benign nodules is 
no longer recommended. Only 30% will respond 
to this therapy with, at best, a modest reduction 
in gland size. Achieving the volume reduction 
requires suppressive dosing of thyroid hormone; 
the unwanted cardiovascular effects of suppressive 
therapy outweigh the potential benefit of volume 
reduction (99).
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INTRODUCTION

Thyroid carcinoma comprises a spectrum of malig-
nancies ranging from rarely lethal, slow-growing 
neoplasms to among the most aggressive cancers 
to afflict humanity. Differentiated thyroid can-
cers (those which are derived from follicular cells, 
including papillary, follicular, and Hü rthle cell 
types) are typically associated with excellent sur-
vival rates. The goals of patient management are 
to minimize morbidity and mortality from cancer 
(tumor recurrence, metastases, and death) as well as 
from therapy [surgery, hypothyroidism, iodine-131 
(131 I) therapy, thyroid-stimulating hormone (TSH) 
suppression] while still achieving a favorable out-
come. And although staging systems predict out-
come reasonably well, they remain inexact. Thus, 
while the majority of patients can be reassured that 
they are likely to do well, this outcome cannot be 
absolutely guaranteed. It is increasingly recognized 
that additional features not captured by traditional 
staging play an important role in predicting out-
comes for individual patients. Consequently, the 
treatment paradigms for patients with differenti-
ated thyroid cancer are rapidly shifting. This chap-
ter will outline how to utilize prognostic features to 
determine the individual management strategy in 
patients with differentiated thyroid carcinoma.

EPIDEMIOLOGY

Thyroid cancer is the fifth most common malignancy 
in women and the eleventh most common can-
cer overall (1). Papillary thyroid carcinoma (PTC)  

accounts for approximately 80% of all thyroid 
carcinomas in the United States (1) (Table 8.1). 
Approximately 56,870 new cases of thyroid cancer 
and 2,010 disease-specific deaths occur each year in 
the United States (1). Thyroid cancer is nearly three 
times more common in women than in men. It may 
occur at any age but is most commonly diagnosed 
in adults aged 45– 54 years old (1). Thyroid cancer 
death rates overall are < 2% but vary significantly 
among the various types of thyroid cancer (2) 
(Table 8.1).

Data from the National Cancer Institute’ s 
Surveillance, Epidemiology, and End Results 
(SEER) program, demonstrate that the incidence of 
thyroid cancer steadily increased over the past three 
decades, increasing from a rate of 4.8 per 100,000 
in 1975 to 15.0 per 100,000 in 2014, although more 
recently this rate has levelled off, with a rate ranging 
from 13.9 to 15.0 per 100,000 from 2009– 2017 (3). 
The increasing incidence is attributable to papillary 
cancers; rates of diagnosis of other histologic types 
of thyroid cancer are stable (4). It is widely believed 
that much of the increased incidence is attribut-
able to overdiagnosis, likely due to the widespread 
availability of radiology procedures unrelated to the 
thyroid, including CT scans, MRI, carotid Doppler, 
and FDG-PET scans. Such imaging leads to the 
discovery of “ incidental”  tumors that otherwise 
may have remained undetected. This theory is sup-
ported by data from autopsy studies which reveal 
papillary microcarcinomas in as many as 5– 15% 
of cases, a prevalence that is 1000-fold higher than 
what is clinically diagnosed (5). Further evidence 
in support of the overdiagnosis theory is that the 

Table 8.1 Incidence and survival rates of thyroid cancer

Cancer type Frequency (%)

10-Year relative survival (%)

Females Males

Papillary 81 99 99

Follicular 10 93 90
Hü rthle 3.6 76 76
Medullary 3.2 87 68
Anaplastic 1.7 12 14

From Gilliland et al. 1997 (297) and Hundahl 1998 (142).
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increased incidence of thyroid cancer is largely due 
to small tumors, 49% measuring < 1  cm, and 87% 
measuring 2  cm or less (6), and that mortality has 
remained stable or improved slightly during this 
timeframe (7). More recent analysis of SEER data 
between 1974– 2013, however, finds that alongside 
the rising incidence of small tumors, there has also 
been an increase in incidence rates of tumors of all 
sizes, including advanced stage papillary thyroid 
cancers larger than 5  cm. This suggests that the 
increased incidence over the past three decades is 
not solely attributable to an overdiagnosis bias (8).

Oncogenesis

The MAPK (mitogen-activated protein kinase) 
pathway is an intracellular signaling cascade that is 
initiated on the cell surface by binding of a signal-
ing molecule to a transmembrane receptor, leading 
to phosphorylation of various downstream proteins 
and ultimately resulting in changes in cellular activ-
ity such as growth, proliferation, and apoptosis (see 
Figure 8.1). Oncogenic mutations in one of these 
signaling components alter the normal feedback 
control of these activities, resulting in constitutive 
activation of growth and proliferation or inhibition 
of apoptosis. The MAPK pathway is activated in the 
majority of thyroid cancers, either through a muta-
tion in RAS  or BRAF  or a gene rearrangement in 
RET/PTC  or NTRK  (see Table 8.2). These mutations 
are almost always mutually exclusive, suggesting 

that activation of one component of the pathway 
is sufficient to drive malignant transformation (9). 
Detection of these mutations may be used for pre-
operative identification of malignancy on FNA (see 
Chapter 7, “Thyroid Nodules and Multinodular 
Goiter”). Additionally, the identification of particu-
lar mutations is being increasingly used to prognos-
ticate patients with thyroid cancer (see the section 
on Factors Influencing Prognosis). Drugs that target 
kinases in the MAP kinase pathway are important 
components of treatment in patients with progres-
sive radioiodine-refractory disease.

BRAF

BRAF  is a serine/threonine kinase in the MAPK-
signaling pathway. When activated, it regulates 
cell differentiation, proliferation, and survival. The 
BRAF V600E  pathogenic variant is the most com-
mon oncogene in sporadic PTC in adults (10); 
the incidence varies with the geographical loca-
tion of the population, with reports ranging from 
36 to 69% (11). BRAF V600E  has been associated 
with tumors with more aggressive features such 
as lymph node metastases, extrathyroidal exten-
sion, and higher rates of recurrence (12), and in 
one study was a strong predictor of age-associated 
mortality in patients with PTC (13). Such findings 
have produced significant interest in the prognos-
tic utility of a BRAF  mutation; however, studies 
attempting to establish whether BRAF  serves as 
an independent predictor of recurrence risk have 

Figure 8.1 The MAPK cell signaling pathway.
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produced mixed results (12, 14– 17). Because BRAF  
is often associated with higher-risk clinico-patho-
logic features, it is yet to be determined what por-
tion of poorer outcomes seen with BRAF  mutation 
is attributable to the mutation itself apart from the 
pathological features (18). Further, the majority of 
new thyroid cancer diagnoses are considered to be 
low-risk tumors with an excellent prognosis (19), 
yet a large proportion of these tumors will harbor 
a BRAF  mutation (11). Indeed, the majority of 
patients with a BRAF  mutation will have an excel-
lent outcome. Therefore, the high prevalence of 
BRAF  limits its specificity as a prognostic variable 
(18), though it remains an active area of clinical 
interest and research.

TERT

Telomerase reverse transcriptase (TERT ) promoter 
mutations are newly described in thyroid cancers 
(20, 21). The normal function of these enzymes and 
associated proteins is to add tandem repeats of the 
TTAGGG sequence to the end of chromosomes 
and maintain chromosomal integrity and genome 
stability (22). Highly expressed in germ line and 
stem cells, telomerase is considerably less expressed 
or even repressed in somatic cells (23). Loss of telo-
meres in somatic cells during cell division results 
in cells entering senescence (23). Reactivation of 
telomerase in somatic cells leads to immortaliza-
tion by way of proliferation without restriction and 
inactivation of replicative senescence (24).

A 2014 study suggested that the presence of a 
TERT  mutation was associated with a more aggres-
sive clinical course (25), but subsequent stud-
ies were unable to confirm these results (26– 28). 
However, a recent meta-analysis of 11 studies found 
that TERT  promoter mutations rarely occur alone; 
they are most often found accompanying a BRAF  
mutation  (29). The presence of both BRAF  and 
TERT  mutations is associated with a more aggres-
sive clinical course (29) and higher mortality rates 
(30). Further study is needed to determine if a 
TERT  mutation can be targeted with pharmaco-
logic therapy.

RAS

The RAS  oncogenes regulate two signaling path-
ways in the development of thyroid cancer, the 
MAP kinase cascade and the PI3K/Akt pathway 
(11). Activating mutations in its three proto-onco-
genes— HRAS , NRAS , and KRAS — may be seen in 
benign follicular adenomas or malignant thyroid 
lesions. Mutations in RAS  genes are most commonly 
seen in follicular tumors, with up to 45% of follicu-
lar thyroid carcinoma (FTC) and follicular variant 
of papillary thyroid carcinoma (FVPTC) harbor-
ing such pathogenic variants. Up to 20% of poorly 
differentiated and anaplastic carcinomas may also 
reveal one of these oncogenes (31). Recent data 
have helped define the clinical significance of RAS  
mutations, showing that differentiated cancers har-
boring RAS  mutations have an excellent prognosis 

Table 8.2 Common oncogenic mutations and their relative frequency

Cancer type Mutations Relative frequency (%)

PTC BRAF 30– 70

RET/PTC 20
RAS 10
NTRK3 1– 2

FTC RAS  (K, N , and H  subtypes) 45
PAX8/PPARγ  25
PIK3CA 10– 30

HCC TP53 40
PTEN 25
RAS 20
TERT 13
MEN1 4

Derived from data in the following references: Chindris 2012 (277); Wei 2016 (301); Kasaian 
2015 (299); Ganly 2013 (300).
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(31, 32) and that cytologically benign, RAS -positive 
thyroid nodules have long-term stability when seri-
ally examined sonographically (33).

Risk factors for the development of 
thyroid carcinoma

A small group of nonmedullary thyroid cancers 
appear to be inherited, most of which are PTC. 
So-called “ familial nonmedullary thyroid cancer 
(FNMTC)”  is inherited as an autosomal domi-
nant trait with incomplete penetrance and variable 
expressivity. It does not appear to be inherited at a 
single locus for the majority of families, but rather 
is due to multiple low penetrance alleles and envi-
ronmental factors (34). The definition of FNMTC 
is inconsistent across studies; consequently, the fre-
quency of this condition is unclear, but likely repre-
sents less than 5% of DTC cases. The identification 
of two first-degree relatives with thyroid cancer is 
estimated to have a 40– 60% risk of representing 
sporadic disease, whereas the presence of three 
affected first-degree relatives imparts a 96% proba-
bility of an inherited condition (35). The phenotype 
of FNMTC and whether it is characterized by an 
earlier age of onset with a more aggressive disease 
course is controversial (36– 39). The studies are lim-
ited by small sample sizes and variable definitions 
of inherited disease.

Given the rising incidence of thyroid cancer, 
there is great interest in potential environmental 
etiologic factors. Exposure to ionizing radiation 
during childhood is the best understood cause of 
papillary, and less commonly, follicular thyroid 
carcinoma. Treatment of benign conditions of the 
head and neck, such as acne, tonsillitis, and sinus-
itis, with radiation therapy was commonplace in the 
1940s and 1950s. Fortunately, such treatments are 
no longer used, but their carcinogenic effects are 
still seen more than 60  years later (40). Other iden-
tified sources of radiation exposure include targeted 
irradiation of childhood head and neck cancers and 
exposure to fallout from nuclear testing and nuclear 
accidents (41).

While radiation exposure increases the risk 
of developing thyroid cancer, outcomes for these 
patients do not appear to differ significantly from 
thyroid cancer patients without radiation expo-
sure (42). A study of 116 patients with a history 
of thyroid cancer and head and neck radiotherapy 

found no difference in disease specific survival or 
recurrence free survival when compared to 3,509 
patients with differentiated thyroid cancer and no 
radiation history (43).

Although radiation exposure is a well-defined 
risk factor for the development of thyroid cancer, 
it is not sufficient to explain the rising incidence 
of thyroid cancers. The identification of somatic 
mutations associated with radiation exposure, 
namely RET/PTC  rearrangements, have been 
declining over time. In contrast, there is a larger 
proportion of nonradiation-induced point muta-
tions in BRAF  and RAS  identified in tumor tis-
sues, suggesting another etiology as a potential 
driver of the increased incidence of thyroid cancer 
(44– 46).

Thyroid cancer incidence began to rise in the 
mid-1970s; there was a similar inflection point in 
the rate of obesity in the US just a few years prior. 
The rising slopes of these two incidence curves 
are now nearly parallel (47). Several studies have 
revealed a higher risk of thyroid cancer in obese 
patients compared to their normal-weight peers 
(48, 49). The mechanism responsible for this poten-
tial association is unclear but is likely multifacto-
rial. Leptin, an adipokine secreted by adipose tissue, 
interacts with several key factors involved in carci-
nogenesis including stimulation of angiogenesis, cell 
proliferation, and suppression of anti-inflammatory 
cytokines (50). Additionally, serum TSH levels are 
directly proportional to BMI (51). Higher-serum 
TSH is associated with a higher risk of malignancy 
in thyroid nodules (52) and more advanced disease 
stage at presentation (53). Other potential etiologies 
that have been investigated include insulin resis-
tance (54), iodine deficiency (55), and IGF-I (56). 
Cigarette smoking has been linked to a reduced risk 
of developing thyroid cancer (57). In industrialized 
countries, the prevalence of smoking has declined 
(58), leading some to posit that the removal of 
this ‘ protective effect’  could be contributing to the 
rise in thyroid cancer incidence (48). Additionally, 
endocrine-disrupting chemicals, namely polybro-
mylated diphenyl ethers (PBDEs), which are highly 
prevalent in our environment as flame retardants, 
have a very long biological half-life and a chemical 
structure bearing a striking similarity to thyroxine, 
present an enticing culprit, but a direct role in the 
development of thyroid nodules or malignancy has 
not yet been proven (59).
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TUMOR HISTOLOGY

Tumor histology is a major determinant of out-
come, generally being best with PTC, intermedi-
ate with FTC, and worst with Hü rthle cell thyroid 
carcinoma (HCC). There are numerous histologic 
subtypes of differentiated thyroid cancer.

Papillary thyroid carcinoma

Papillary thyroid carcinoma (PTC) is typically an 
unencapsulated invasive tumor with ill-defined 
margins. In approximately 10% of cases, the thyroid 
capsule is penetrated by a tumor that may invade 
surrounding tissues, while another 10% are fully 
encapsulated (60, 61). Most PTCs have a typical 
microscopic appearance with complex, branch-
ing papillae, and a fibrovascular core covered by a 
single layer of tumor cells (Figure 8.2a). The cellular 
features of PTC distinguish it from other tumors, 
permitting an accurate diagnosis by fine needle 
aspiration (FNA) cytology. The large cells contain 
pink to amphophilic finely granular cytoplasm and 
large pale nuclei with pseudoinclusions, sometimes 
called “ orphan Annie eye”  nuclei (Figure 8.2b), and 
nuclear grooves that identify it as PTC. Psammoma 
bodies— the “ ghosts”  of infarcted papillae that are 
virtually pathognomonic of PTC— are calcified, 
concentric lamellated spheres.

Multiple tumor foci are found in 32– 39% of thy-
roidectomy specimens (62, 63). A recent large mul-
ticenter study and analysis of the SEER database 
found that tumor multifocality was not an indepen-
dent predictor of poor prognosis in patients with 
PTC (64). Most tumors demonstrating multifocal-
ity have microscopic disease in the additional loci. 
An analysis of the impact of macroscopic multifo-
cal disease revealed these tumors are still associated 
with a low risk of recurrence in the absence of bulky 
nodal involvement or gross extrathyroidal exten-
sion (ETE) (65).

Papillary tumors have a high likelihood of meta-
static nodal disease, the frequency of which varies 
with the extent of surgical resection and degree of 
pathologic interrogation of surgical specimens (see 
Figure 8.2e). Lymph node metastases are found in 
almost half the cases at the time of diagnosis (66), 
while even more— up to 85% in some studies— have 
microscopic nodal metastases found on more care-
ful histological study (67). The number and size 
of lymph node metastases increase as the primary 

tumor size enlarges beyond 5  mm (68). When the 
isthmus or both lobes are involved with tumor, 
nodal metastases are often bilateral or extend into 
the mediastinum, with the most common site being 
the lower paratracheal area (level VI) (69, 70). The 
prognostic importance of lymph node metastases 
is highly dependent upon the number of nodes 
involved, with one paper citing a 4% recurrence 
rate with < 5 metastatic nodes as compared to 19% 
in patients with > 5 metastatic nodes. The size of 
metastatic focus within the node also impacts the 
prognostic significance; all nodal foci measuring 
< 2  mm imparts a risk of recurrence of 5% or less 
(71). Extranodal extension, wherein a tumor pen-
etrates the lymph node capsule and invades the 
soft tissues, is associated with up to 15– 30% recur-
rence rates (72, 73). The presence of clinically evi-
dent nodal involvement (sonographically abnormal 
or intraoperatively identified), as opposed to only 
pathological detection, is associated with a 14– 42% 
risk of recurrent disease (74– 77).

Less than 5% of patients with PTC have distant 
metastases at the time of diagnosis and another 5% 
develop them over the next two or three decades 
(66). Patients with more aggressive histologic sub-
types (discussed below) may have a higher likelihood 
of distant spread. Although rare, distant metastases 
may be seen even in cases of papillary microcar-
cinoma (78). The lung is the most common site of 
distant metastasis and is the most common disease-
specific cause of death from PTC. The presence of 
distant metastases worsens the prognosis, but patient 
age at diagnosis, primary tumor histology, location 
of the metastatic disease, tumor burden, and iodine 
avidity of the metastatic deposits have independent 
effects on predicting outcomes (79– 83).

PAPILLARY MICROCARCINOMA

Papillary thyroid microcarcinoma (PTMC) is 
defined as a tumor ≤ 1.0 cm in diameter that is usu-
ally not palpable. PTMC may be found incidentally 
during surgery for benign thyroid disease or may be 
identified sonographically. A number of long-term 
observational studies of PTMC report low rates of 
growth and lymph node metastases (84, 85). Based 
on these data, there have been calls to reconsider 
surgery as the standard initial management of 
PTMC in select cases (18, 86). Still, not all PTMCs 
are innocuous; as many as 69% of cases have lymph 
node metastases with prophylactic neck dissections, 
and up to 2.8% have distant metastases and up to 
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0.5% may die of their disease (78, 87). Male gender, 
age < 45 years, tumor size > 5  mm, and tumor mul-
tifocality have all been identified as risk factors for 
lymph node metastases in PTMC (78, 88, 89).

PAPILLARY CANCER WITHIN A 
THYROGLOSSAL DUCT

PTC within a thyroglossal duct is a rare occurrence 
but is usually small (1  cm) and follows a benign 

course (90). Surgical resection of the thyroglossal 
duct via the Sistrunk procedure is the mainstay of 
treatment (91, 92). Some studies have found up to a 
60% prevalence of intrathyroidal cancer in patients 
with thyroglossal duct cancer, so it is important 
to pursue careful sonographic examination of the 
thyroid when thyroglossal duct PTC is found (93). 
Thyroidectomy may be indicated if primary thyroid 
cancer is found or cannot be ruled out. Still, PTC 

(a)

(c)

(e)

(d)

(b)

Figure 8.2 (a) Normal follicular thyroid histology (top right) adjacent to PTC (bottom left). (b) Arrow 
denotes a nuclear inclusion in high power view of PTC. (c) HCC with capsular invasion. (d) High-power 
view of HCC with fused follicles. (e) Metastatic lymph node with thyroid follicles, arrow denotes papil-
lary structures.
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within a thyroglossal duct is almost always small 
and associated with low recurrence rates, and mor-
tality rates are quite low (94).

FOLLICULAR VARIANT PAPILLARY 
CARCINOMA (FVPTC)

“ Classic”  histology comprises 55 to 65% of all PTC 
cases and FVPTC approximately 20 to 40% (95). 
Opinions differ concerning the exact diagnostic 
criteria for FVPTC, resulting in the wide range of 
prevalence rates among studies. The diagnosis of 
FVPTC depends upon the presence of a micro-
follicular, rather than a papillary structure, as well 
as the nuclear features of PTC. A major diagnos-
tic feature of FVPTC, according to the original 
description, is that the microfollicular structure 
must involve the entire tumor (96); however, some 
find this too restrictive and make the diagnosis of 
FVPTC when 80% of the tumor contains micro-
follicles (95). This variability in reported incidence 
rates of FVPTC is likely due to the fact that 40 (97) 
to 80% (95) of classic PTCs show areas of follicle 
formation. The importance of this distinction is 
purely academic, however, as the clinical outcomes 
and behaviors of FVPTC and classic PTC are the 
same (95, 97, 98).

NONINVASIVE FOLLICULAR NEOPLASM 
WITH PAPILLARY-LIKE NUCLEAR FEATURES 
(NIFTP)

Encapsulated follicular variant papillary cancers 
(eFVPTC) have a very indolent clinical course. Those 
tumors that show no evidence of invasion have a 
behavior that is consistent with a non-cancerous 
lesion, similar to a follicular adenoma (99). In con-
trast, invasive FVPTC has a clinical course similar 
to that seen in the classic variant of PTC. Molecular 
profiles also confirm a distinction between the 
invasive and noninvasive tumors. The noninvasive 
FVPTC tumors have a molecular signature akin to 
follicular adenomas, whereas invasive FVPTCs har-
bor mutations similar to that seen in PTC (11). To 
prevent over-treatment of the indolent, noninvasive 
tumors, an international, multidisciplinary group 
was convened to perform a clinicopathologic sur-
vey of 268 cases of FVPTC and examine the long-
term outcomes (100). The authors compared the 
clinical course of 138 noninvasive lesions with that 
of 130 invasive tumors. After a median follow-up of 
13  years, all of the patients with noninvasive tumors 
were alive without evidence of residual or recurrent 

disease. In contrast, the invasive eFVPTC group had 
two deaths due to disease, five patients developed 
distant metastases, seven cases were identified with 
persistent/recurrent disease, and five patients had 
biochemical evidence of persistent disease during 
3.5  years of follow up. The conclusion of this analy-
sis was that a change in nomenclature for the non-
invasive tumors from carcinoma was warranted; the 
group defined these tumors instead as “ noninvasive 
follicular neoplasms with papillary-like nuclear 
features”  or NIFTP (100). The diagnostic criteria 
include a well-demarcated tumor that is distinct 
from the normal thyroid parenchyma. There should 
be no evidence of tumor invasion into the surround-
ing normal thyroid tissue or tumor capsule (when 
present). Likewise, there should be no perineural or 
angiolymphatic invasion or extrathyroidal exten-
sion. The tumor must show a follicular architecture, 
with no well-formed papillary structures within the 
tumor (101). The presence of a psammoma body, or 
infarcted papilla, is an exclusion for the diagnosis of 
NIFTP. The nuclear features are those seen in papil-
lary carcinoma, but typically are subtler and may be 
diffuse or patchy in distribution (100).

A task force from the American Thyroid 
Association (ATA) created a position paper in 
light of this proposed change in nomenclature. The 
group, consisting mainly of authors of the 2015 ATA 
Guidelines on the Management of Thyroid Nodules 
and Cancer (18), re-examined the literature and the 
outcomes of patients with noninvasive eFVPTC 
(102). The task force concluded that it was reason-
able to drop the carcinoma designation and reclas-
sify these lesions as a noncancer, as these tumors 
have a very low potential for recurrence after surgi-
cal removal. The task force recommended no fur-
ther treatment beyond surgical removal; lobectomy 
is sufficient therapy. Because of a lack of follow up 
data on these patients, the optimal strategy for fol-
low-up is unclear; the task force recommends that 
“ occasional monitoring with serum thyroglobulin 
and neck ultrasound can be considered,”  though it 
is not mandatory (102).

TALL CELL VARIANT OF PTC

Tall cell variant (TCV) of PTC is a more aggressive 
histologic variant that is defined by cells that are 
three times as tall as they are wide, constituting at 
least 30– 50% of the tumor. It accounts for approxi-
mately 1– 10% of all PTCs (103, 104). Compared 
with classic variant PTC, tall cell variant PTCs tend 
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to be diagnosed in older patients, are larger, and 
are more often associated with invasion into local 
soft tissues and with distant metastases (105). TCV 
often expresses the p53 oncogene, BRAF muta-
tion, RET /PTC  gene rearrangement, or NTRK1  
mutation (9, 106). Tall cell variant PTC metasta-
ses often lack or lose 131 I uptake, and mortality is 
higher compared to the classic variant of PTC, with 
81.9% versus 97.8% 5-year disease specific survival, 
respectively (103, 104, 107).

COLUMNAR CELL VARIANT OF PTC

Columnar variant tumors are a rare subtype of pap-
illary cancer that contain a predominance of rectan-
gular cells with clear cytoplasm and frequently lack 
nuclear grooves or intranuclear inclusions (108). 
Histologically, these tumors vary from encapsulated 
to infiltrative (109). In unencapsulated tumors, dis-
tant metastases are very common and are typically 
unresponsive to 131 I therapy, resulting in a high 
mortality rate (110). Those tumors that are encap-
sulated may follow a more indolent clinical course, 
however (109). BRAF  mutations may be seen in 
approximately one-third of columnar cell variant 
tumors, a rate similar to that seen in the classic vari-
ant (110).

DIFFUSE SCLEROSING VARIANT OF PTC

Diffuse sclerosing variants of PTC are character-
ized by diffuse involvement of the thyroid gland 
with extensive squamous metaplasia, fibrosis, calci-
fication and abundant lymphocytic infiltration. The 
background thyroid shows chronic lymphocytic 
thyroiditis (111). These tumors are more likely to 
be seen in children and young adults, with a preva-
lence of 0.7– 6.6% (109). In a recent meta-analysis, 
these tumors were associated with a higher rate of 
vascular invasion, extrathyroidal extension, lymph 
node metastasis, and distant metastasis, and were 
more likely to recur compared to classic PTCs 
(111). These tumors have been described in chil-
dren exposed to radiation after the Chernobyl acci-
dent (112). The molecular profile of these tumors 
is varied; however, RET/PTC rearrangements and 
BRAF  mutations are the most commonly seen 
alterations (104).

HOBNAIL VARIANT OF PTC

Hobnail variant tumors are moderately differenti-
ated but characterized by a more aggressive clinical 

course (113, 114). These tumors are identified on 
cytology by their predominance of comet-like or 
bulging cells that have an apically placed nucleus 
and a high nuclear/cytoplasmic ratio. Distant 
metastases from these tumors are more likely to 
be iodine-refractory with high rates of disease-
specific mortality (115). These tumors are reported 
to be more common in women and have a higher 
likelihood of transformation to a poorly differenti-
ated carcinoma (113). There have been numerous 
molecular alterations described in these tumors 
including BRAF , TERT , and TP53  (116– 118).

Solid variant of PTC
Commonly seen in children, the solid variant of 
PTC requires a growth pattern in > 50% of the 
tumor with solid nests of cells separated by collag-
enous bands (119). The areas of solid growth may 
be confused with features of insular carcinoma 
(109). However, the distinguishing factor is that 
insular tumors do not demonstrate nuclear features 
of PTC, whereas solid variant does. Initially, this 
tumor was identified in patients with a prior expo-
sure to nuclear fallout from the Chernobyl accident. 
Vascular invasion and extrathyroidal extension are 
commonly seen in these tumors (120). The RET/
PTC  rearrangement frequently has been associated 
with this variant (121).

Follicular thyroid carcinoma

The second most common thyroid cancer his-
totype, follicular thyroid carcinomas, are solid, 
invasive tumors which tend to be solitary and 
encapsulated. On surgical pathology, these tumors 
are highly cellular, composed of microfollicles, tra-
beculae, and solid masses of cells. These tumors are 
indistinguishable from adenomas on FNA due to 
the inability to identify capsular or vascular inva-
sion on cytology.

Most FTC tumors harbor either RAS  mutations 
or PAX8/PPARγ   gene rearrangements (11). RAS  
mutations can be seen in all stages of differentia-
tion of thyroid tumors, from follicular adenomas, 
to well-differentiated tumors such as FTC and 
FVPTC, as well as poorly differentiated tumors 
and anaplastic carcinoma (122, 123). This finding 
across the spectrum of neoplasms points to the 
possible role of RAS  mutations as an early event in 
tumorigenesis. Others have opined that the pres-
ence of a RAS  mutation in a follicular adenoma 
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represents a precursor lesion to the development of 
FTC (123, 124). There are three main isoforms in 
the RAS  family, H- , N- , and K-RAS ; all are encoded 
by different genes. PAX8/PPARγ   rearrangements 
may also be seen in both adenomas and carcino-
mas (125). The mechanisms triggering the onco-
genic activity of this rearrangement are poorly 
delineated.

Follicular carcinomas are divided into three 
major categories: minimally invasive, moderately 
invasive, and widely invasive. Those tumors exhib-
iting only capsular invasion are termed minimally 
invasive and are associated with a favorable long-
term prognosis (126). Tumors with extensive vas-
cular invasion (≥ 4 foci), those larger than 4  cm, 
and those with a widely invasive pattern, are asso-
ciated with worse 10-year disease-free survival and 
higher likelihood of distant metastases (126). Those 
tumors with 1– 4 foci of vascular invasion are some-
times also termed “ minimally invasive.”  However, 
their clinical behavior is distinct from those tumors 
with only capsular invasion. The tumors with angio-
invasion are associated with an increased probabil-
ity of recurrence and metastases compared to those 
with only capsular involvement (126). The extent of 
vascular invasion (< 4 or ≥ 4 vessels) is predictive of 
disease-specific survival and disease-free survival 
(127– 129). Some authors have accordingly dubbed 
those tumors with 1– 4 foci of vascular invasion 
“ moderately invasive”  (127).

Compared to PTC, FTC metastasizes about 
half as often to regional lymph nodes, occurring in 
approximately 20% of cases and is usually seen with 
the more aggressive tumors that often have distant 
metastases as well (68). Because it spreads hema-
togenously, FTC tends to metastasize to lung, bone, 
CNS, and other soft tissues with greater frequency 
than does PTC. Distant metastases at the time of 
diagnosis may be seen in approximately 20% of 
patients and in up to 46% of those with extensive 
vascular invasion (> 4 foci) on surgical pathology 
(130). However, distant metastases are rarely seen 
with primary tumors measuring < 2  cm in diameter 
(68).

FTC tends to occur in older patients than in 
PTC; peak incidence is between 40– 60  years with 
FTC, compared to 30– 50  years for PTC (131). 
Iodine deficiency has been identified as a possible 
risk factor for the development of FTC (132). With 
the introduction of iodine supplementation pro-
grams, some studies have demonstrated a reduction 

in the incidence of follicular thyroid cancer relative 
to the frequency of PTC (133, 134).

Hü rthle cell carcinoma (HCC)

Hü rthle cells are large, polygonal cells with a marked 
eosinophilic, granular cytoplasm that is character-
ized by abundant mitochondria (135). Also called 
oncocytic follicular cells, Hü rthle cells are present 
in both benign and malignant thyroid conditions. 
Oncocytic metaplasia is frequently seen in chronic 
lymphocytic thyroiditis and multinodular goiters 
(136). Oncocytic follicular cells may also be seen 
in the oncocytic variant of papillary thyroid car-
cinoma; these tumors are distinguished from their 
follicular counterparts by the presence of classic 
nuclear features of PTC. Hü rthle cell tumors may 
be either benign (adenomas) or malignant (carci-
nomas); the distinction is made based on the pres-
ence of capsular and/or vascular invasion, similar to 
the situation with FTC. Similar to FTC, HCC may 
be classified as minimally invasive or widely inva-
sive. Those tumors with extensive vascular invasion 
(≥ 4 foci) and extrathyroidal extension are classified 
as widely invasive, whereas those tumors that are 
fully encapsulated and only demonstrate micro-
scopic foci of capsular (see Figure 8.2c) or vascular 
invasion are termed minimally invasive (137).

HCCs are considered by many to represent a sep-
arate entity rather than a subtype of FTC because 
of their distinct molecular profile (see Table 8.2), 
clinical behavior, and prognosis (see Table 8.1). The 
majority of FTCs harbor either a RAS  mutation or 
a PAX8/PPARγ   rearrangement, whereas HCC dem-
onstrates a more heterogeneous molecular profile, 
including TP53 , RAS , TERT , and PTEN  mutations 
(135, 136, 138). In a single institution study, com-
pared to patients with FTC, those with HCC were 
older at presentation, had more advanced disease 
including distant metastases, and were more likely 
to have persistent/recurrent disease (139). Further, 
several studies demonstrate worse survival with 
HCC compared to FTC (138, 140). A more recent 
analysis, however, demonstrated that survival for 
HCC has improved over time (141). Survival was 
worse from 1974– 1979 in those patients with HCC 
compared to FTC. In contrast, there was no signifi-
cant difference in survival between the two histo-
logic subtypes for those patients diagnosed from 
2000– 2004. HCC survival improved over the time 
span studied, while FTC mortality rates remained 
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stable (141). The authors were unable to explain the 
improvement in outcomes for HCC cases. Factors 
associated with a higher risk of recurrence or death 
are male gender and higher disease stage (see 
below) (142).

TUMOR STAGING SYSTEMS AND 
PROGNOSTIC SCORING SYSTEMS

A number of tumor staging systems have been used 
to predict mortality with DTC; most commonly 
utilized is the TNM (tumor, node, metastasis) clas-
sification of the American Joint Commission on 
Cancer (AJCC). Recently modified to better per-
sonalize risk of mortality, the 8th edition of the 
AJCC-TNM staging distinguishes the degree of 
nodal involvement and extent of extrathyroidal 
extension (143) (see Table 8.3). The greatest utility 
of staging systems is in epidemiological studies and 
as tools to stratify patients for prospective therapy 
trials. However, all staging systems are of limited 
utility in forecasting outcome in thyroid cancer 
patients because they do not predict the risk of 
recurrence. Since most patients with thyroid cancer 
will have excellent survival rates, the greater con-
cern in most cases is whether the disease will recur. 
For this reason, a dynamic risk stratification system 
was developed to better predict individual progno-
sis, guiding surveillance decisions, and potentially, 
informing the need for additional therapeutic 
interventions (144). (See sections on initial risk 
assessment and response to therapy.) 

As a point of clarification, the terms “ recurrent”  
and “ persistent”  technically have separate mean-
ings. Recurrence is conceptualized as occurring 
after a seemingly complete eradication of disease 
and may be detected up to many years after the 
initial therapy. Persistent disease is the result of 

incomplete removal of the tumor and is detected 
shortly after initial treatment. In reality, however, 
the two entities may be thought of as one in the 
same, as “ recurrent”  disease, even when detected 
far from the initial therapy, arises from disease 
which was likely present at the time of the origi-
nal surgery and has, until this point, remained 
undetected. For this reason, the terms recurrent 
and persistent are used interchangeably in this  
chapter.

FACTORS INFLUENCING 
PROGNOSIS AND AFFECTING 
OUTCOME

The prognosis of DTC is determined by an inter-
action of clinical variables including tumor stage, 
patient age, and response to therapy. With modern 
methods for detection of residual disease having 
such a high sensitivity, the likelihood of identify-
ing recurrent disease after a patient has achieved an 
excellent response to therapy is very low (144). Age 
is an important factor in the prognosis of patients 
with thyroid cancer. Multivariate analysis models 
from the SEER database confirm a trend of wors-
ening cause-specific survival for each successive 
decade starting at age 60 (hazard ratio  =  7.5, 95% 
confidence interval 1.0– 54.1, p  =  0.047) compared 
to younger patients (< 20  years old) (145). The pres-
ence of distant metastases, advanced stage disease 
at diagnosis, and decreased cause-specific survival 
were more likely among older patients (145). A 
recent analysis of patients from 11 different medi-
cal centers in 6 countries found that age-associated 
mortality risk is dependent upon BRAF  mutational 
status; age is a strong, independent mortality risk 
factor in patients with BRAF V600E  mutations but 
not in those with wild-type BRAF  (13).

Differentiated thyroid cancer in the pediatric 
age group is typically more advanced at the time 
of diagnosis, with a higher likelihood of local and 
distant metastases than found in adults (79, 146). 
Up to 80% of children develop cervical lymph 
node metastases and 15% to 20% develop pulmo-
nary metastases (147), rates that are almost twofold 
higher than those seen in adults. Yet the prognosis 
for survival in children is excellent, with or without 
a history of irradiation (148). Even in the presence 
of pulmonary metastases, pediatric patients have 
favorable outcomes; a complete response to radio-
active iodine (RAI) therapy may be seen in nearly 

Table 8.3 AJCC-TNM Cancer Staging Manual, 
8th Edition

< 55 years old
55 years and 

older

Stage I Any T, Any N, M0 T1-2, N0, M0

Stage II Any T, Any N, M1 T3, N0, M0
T1-3, N1, M0

Stage III T4a, Any N, M0
Stage IVa T4b, Any N, M0
Stage IVb Any T, Any N, M1
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50% and disease-specific mortality was 2.8% in one 
systematic review of the literature (149).

Gender is an important prognostic factor for 
thyroid cancer; recurrence and mortality rates 
are higher in men than in women (150). Ten-year 
cancer-specific mortality rates for PTC among men 
and women older than 40  years are 13% and 7%, 
respectively. Compared with women at the time 
of diagnosis, men have higher rates of extrathyroi-
dal tumor (51% vs. 39%), including more regional 
metastases (40% vs. 32%), and twice the rate of dis-
tant metastases (9% vs. 4%) (3). The reason for this 
gender disparity is unclear.

TREATMENT OF PAPILLARY 
AND FOLLICULAR THYROID 
CARCINOMAS

Preoperative imaging

Surgery is the initial treatment for essentially all thy-
roid cancers, and preoperative imaging is essential 
in determining the extent of disease and therefore 
guiding the most effective surgical approach. A com-
prehensive neck ultrasound should be performed in 
all patients prior to surgery, as the presence of cervi-
cal lymph nodes suspicious for metastatic disease 
will likely dictate the need for more extensive sur-
gery (18). Indeed, the preoperative US may change 
the surgery in nearly 40% of cases (151, 152). 
Suspicious-appearing nodes usually feature one or 
more of the following sonographic characteristics: 

round shape, irregular borders, calcification, cen-
tral cystic necrosis, peripheral vascularity, and loss 
of the hyperechoic central hilum (153) (see Table 
8.4 and Figure 8.3). Fine needle aspiration of such 
lymph nodes is performed preoperatively to con-
firm malignancy, via both cytologic analysis as well 
as measurement of thyroglobulin in the aspirate. 
Thyroglobulin is produced only by thyroid follicular 
cells, therefore its presence in a lymph node aspirate 
signals metastatic thyroid cancer. If advanced cervi-
cal disease is suspected based on ultrasound find-
ings, a CT or MRI of the neck should be considered 
in order to evaluate for neck metastases which may 
not be visible on ultrasound, most commonly pos-
terior cervical disease and in the mediastinum (18).

Surgery

Surgery is the initial treatment for essentially all thy-
roid cancers, and in low-risk disease, is often cura-
tive. Previously, a bilateral procedure, either total 
or near-total thyroidectomy, was recommended 
for nearly all tumors (154). This recommenda-
tion was based on retrospective studies suggesting 
decreased recurrence rates in patients treated with 
total thyroidectomy as compared to lobectomy or 
hemi-thyroidectomy (155, 156). Newer evidence, 
however, has emerged, suggesting that when con-
trolled for tumor size and comorbid conditions, 
outcomes are comparable in patients with small 
tumor burden or low-risk disease treated with 
lobectomy vs. total thyroidectomy (157– 159). One 

Table 8.4 Sonographic characterization of lymph nodes

Suspicious node features 
(one or more of 
following)

Indeterminate node 
features Benign node features

Calcifications Absent hilum AND 
one of following:

Hilar stripe

Cystic Rounded shape Fusiform (ovoid) shape
Peripheral Doppler flow Increased central 

vascularization
Absent or hilar 

vascularity
Hyperechoic No other suspicious 

features

From Leenhardt et al. (298).
T1-Tumor is < 2  cm; T2 tumor is 2– 4 cm and confined to the thyroid; T3 tumor is larger 
than 4  cm but confined to the thyroid (T3a) or it has grown into the strap muscles around 
the thyroid (T3b); T4 tumor is any size and has grown extensively beyond the thyroid 
gland into nearby tissues of the neck (T4a) or toward the spine or into nearby large blood 
vessels (T4b).
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study of 23,605 patients with differentiated thyroid 
cancer found no significant difference in 10-year 
overall (90.8% vs. 90.4%) or cause-specific (98.6% 
vs. 96.8%) survival in patients who had undergone 
lobectomy vs. thyroidectomy (157). This evidence, 
in combination with an overall movement to uti-
lize less radioiodine therapy, which requires a total 
thyroidectomy, has obviated the need to remove the 
entire gland for subsequent treatment and monitor-
ing purposes.

Tumors < 1  cm, without evidence of extrathy-
roidal extension or metastatic lymph nodes, may be 
safely managed with lobectomy alone (18). In cer-
tain cases, total thyroidectomy may be appropriate 
in patients with a suspicion for intrathyroidal carci-
noma in the contralateral lobe, a strong family his-
tory of thyroid cancer, or a history of head and neck 
radiation exposure (18).

Those tumors measuring > 1  cm and < 4  cm, 
without evidence of extrathyroidal extension or 
metastatic lymph nodes, may be considered for 
lobectomy or total thyroidectomy (18). The deci-
sion to pursue a total or near-total thyroidectomy 
is based on a number of factors, including plan for 
postoperative radioiodine remnant ablation, older 
age, more aggressive histological subtype of carci-
noma, history of head and neck radiation expo-
sure, and nonspecific findings in the contralateral 
lobe or the presence of abnormal cervical nodes. 
Patient preference is also taken into consideration, 
as some patients fear the certain need for thyroid 
hormone replacement following a total thyroidec-
tomy, while others feel more comfortable knowing 
their entire gland has been removed, thus reduc-
ing the potential for subsequent surgeries in the 
future.

(a)

(c) (d)

(b)

C

C - Carotid

Figure 8.3 Sonographic images of recurrent or metastatic thyroid cancer. (a) Metastatic cervical 
lymph node featuring internal microcalcifications and irregular border. (b) Metastatic cervical lymph 
node featuring cystic necrosis and a solitary microcalcification. (c) Metastatic cervical lymph node 
featuring intense vascularity. (d) Arrow denotes recurrence of thyroid cancer with microcalcifications 
within the left thyroid bed, adjacent to the left carotid artery.
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Tumors > 4  cm, or any size with preoperative 
evidence of extrathyroidal extension or metastatic 
lymph nodes, warrant a total thyroidectomy, as 
postoperative radioiodine therapy is indicated for 
these patients (18).

LYMPH NODE DISSECTION

Papillary thyroid cancer has a high likelihood of 
lymph node involvement. Genetic evaluation of 
lymph nodes in thyroid cancer has determined 
that up to 90% of patients may have some degree 
of nodal disease (160). Less stringent criteria, how-
ever, still indicate that the majority of thyroid can-
cer patients have lymph node involvement (151, 
161), as evidenced from data from patients under-
going prophylactic central neck nodal dissection 
(162). Such high rates of nodal involvement have 
led to ongoing debate over the role of prophylactic 
neck dissections (71). The ATA Guidelines recently 
addressed this contentious issue by recommending 
a “ therapeutic”  central compartment and/or lateral 
neck dissection for biopsy-proven or highly clini-
cally suspicious lymph nodes (18). On the other 
hand, a prophylactic central compartment dissec-
tion may be considered in patients with larger intra-
thyroidal tumors (T3 or T4), or if there are known 
lateral neck metastases for which a lateral neck dis-
section will be performed (18).

COMPLETION THYROIDECTOMY

Completion thyroidectomy is performed if patho-
logic findings from an initial lobectomy create a 
scenario whereby a total or near total thyroidec-
tomy would have been performed if the diagnosis 
had been known prior to the initial surgery. This 
situation occurs most commonly in the setting 
of a thyroid nodule with indeterminate cytology 
prior to surgery, which is found to be malignant 
on final surgical pathology. With the more recent 
consensus that a lobectomy is sufficient in patients 
with smaller tumors (18), completion thyroidec-
tomy may be performed less often than in the past. 
Surgical risks have been reported to be similar in 
the two-stage thyroidectomy as in a single surgery 
(163, 164).

SURGICAL COMPLICATIONS

The main complications of thyroidectomy are 
hypoparathyroidism and recurrent laryngeal nerve 
damage, which are most common after total thy-
roidectomy rather than lobectomy. The rates of 

hypoparathyroidism immediately after surgery are 
reported to range between 5– 52%, depending on 
the extent of surgery and the experience of the sur-
geon. However, the rates of persistent hypocalcemia, 
lasting beyond 6  months, are lower, ranging from 
1– 16% (165, 166). A retrospective study of 1087 
patients who had undergone total thyroidectomy 
+/−  central compartment dissection found signifi-
cantly higher rates of transient hypoparathyroidism 
in the patients for whom central compartment dis-
section was performed (27.7% total thyroidectomy 
only, 36.1% thyroidectomy plus ipsilateral central 
compartment dissection, 51.9% thyroidectomy plus 
bilateral central compartment dissection). When 
rates of permanent hypoparathyroidism were 
compared, only the bilateral central compartment 
group had significantly higher rates (6.3, 7, 16.2%, 
respectively) (165).

Recurrent laryngeal nerve injury occurs tran-
siently in 2– 5% of patients undergoing thyroid 
surgery, and permanently in 0.5– 2% (165, 166). 
In a review of seven published surgical series, the 
average rates of permanent recurrent laryngeal 
nerve injury and hypoparathyroidism, respectively, 
were 3% and 2.6% after total thyroidectomy and 
1.9% and 0.2% after subtotal thyroidectomy (167). 
A nationwide study of all patients undergoing total 
thyroidectomy between 2000 and 2009 found that 
surgeon volume significantly predicts patient out-
comes (168). Low volume surgeons (those perform-
ing less than 10 cases per year) had postoperative 
complications in 24% of cases, compared with 
14.5% for high-volume surgeons (> 100 cases per 
year). Complication rates were half those of total 
thyroidectomy when lobectomy was performed 
for surgeons of all experience levels. This data is 
of particular importance because over 80% of thy-
roidectomies in the US are performed by low- or 
intermediate-volume surgeons (169).

THYROIDECTOMY DURING PREGNANCY

Thyroid carcinoma may occasionally progress rap-
idly during pregnancy, perhaps due to high mater-
nal serum hCG levels, which have a TSH-like effect. 
Nonetheless, most DTCs are slow growing and have 
an excellent prognosis during pregnancy; therefore, 
surgery can usually be delayed until after delivery 
(170). If DTC is diagnosed in early pregnancy, the 
American Thyroid Association recommends that 
it be re-evaluated via ultrasonography at 24  weeks, 
and second trimester thyroidectomy be considered 
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only if there is substantial growth or the develop-
ment of lymph node metastases (171).

Initial risk assessment

RISK STRATIFICATION BASED UPON THE 
PATIENT’ S CLINICAL STATUS AFTER INITIAL 
THERAPY

The AJCC TNM patient risk stratification and most 
tumor staging classifications depend heavily upon 
patient age and tumor stage at the time of diagnosis. 
While this provides a uniform means of comparing 
patient mortality, it fails to take into account other 
important tumor features that predict recurrences 
in thyroid cancer. For example, the AJCC-TNM 
system does not account for tumor histology (e.g., 
tall cell papillary thyroid cancer), tumor molecular 
features such as BRAF  mutation, or extent of nodal 
disease, all of which have an impact on outcomes 
(see above sections on prognostic features) (143). 
The ATA thyroid cancer guidelines (18) stratify risk 

on the basis of these more nuanced factors, as illus-
trated in Table 8.5. Decision making for subsequent 
treatment (chiefly, whether radioiodine therapy will 
be of benefit), and for the appropriate frequency 
of sonographic and biochemical monitoring for 
recurrence, are, in large part, dictated by the ini-
tial risk assignation. In addition, the target TSH to 
be achieved with levothyroxine therapy initially is 
determined by the preliminary risk stratification. 
It is important to note, however, that the risk esti-
mates outlined in Table 8.5 are based on studies 
examining the likelihood of recurrence in patients 
who have had total thyroidectomy, and in many 
cases, RAI therapy. The risk of recurrent disease in 
patients who have received less than total thyroid-
ectomy and/or no RAI therapy remains to be deter-
mined in many of these categories.

The initial risk for recurrence exists on a spec-
trum, ranging from 1– 55% (18). It is useful to 
divide the risk into three categories: low, intermedi-
ate, and high risk. Tumors considered to be at low 

Table 8.5 Risk of structural disease recurrence in those with no evidence of structurally identifiable 
disease after initial therapy

Tumor features Risk of recurrence (%)

Unifocal PTMC 1– 2

Intrathyroidal, unifocal PTMC, BRAF mutated 1– 2
Intrathyroidal, < 4  cm, BRAF wild type 1– 2
Minimally invasive FTC 2– 3
pN1 without ENE, ≤  3 LN involved 2
Multifocal PTMC 4– 6
Intrathyroidal PTC, 2– 4  cm 5
pN1, ≤ 5 LN involved 5
pN1, all LN < 0.2 cm 5
pT3 minor ETE 3– 8
Intrathyroidal PTC, < 4  cm, BRAF mutated 10
pN1, > 5 LN involved 20
Clinical N1 20
PTC, vascular invasion 15– 30
PTC, ETE, BRAF mutated 10– 40
pN1, any LN > 3  cm 30
PTC, >1  cm, TERT  mutated  ±   BRAF mutated > 40
pN1 with ENE, > 3 LN involved 40
pT4a gross ETE 30– 40
FTC, extensive vascular invasion 30– 55

Extent of surgery and RAI treatment as a component of therapy is variable across the studies in determining these risks 
of recurrence.
Source: Adapted from Haugen et al. 2015 (18).
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risk for recurrence comprise those that are smaller 
(< 4  cm), do not extend beyond the thyroid capsule, 
and have no or very small lymph node involvement 
(< 0.2  cm foci in < 3– 5 nodes). Tumors in the high 
risk for recurrence category exhibit such features as 
gross extrathyroidal extension, incomplete resec-
tion, large nodal burden (> 3  cm, extranodal exten-
sion), and more aggressive oncogenic mutations 
(TERT , BRAF ). Those tumors that fall between 
these two extremes are considered to be at interme-
diate risk for recurrence, and it is here where medi-
cal decision making is challenging, due to a lack of 
high quality evidence.

SERUM THYROGLOBULIN IN INITIAL RISK 
ASSESSMENT

Thyroglobulin (Tg), a thyroid-specific protein, 
is a product of normal thyroid follicular cells as 
well as differentiated thyroid cancers. In a post-
thyroidectomy patient, the presence of serum thy-
roglobulin is indicative of either residual normal 
thyroid remnant or persistent carcinoma. Thus, 
the postoperative serum thyroglobulin (Tg) level 
is commonly employed as a predictive tool for the 
achievement of remission (172), and may contrib-
ute to subsequent management decisions such 
as whether to administer radioiodine (173, 174). 
Serum Tg antibodies, present in up to 25% of 
patients, particularly in the setting of Hashimoto’ s 
disease, must be assessed concomitantly with Tg 
as their presence almost always invalidates Tg 
measurement (175). In radioimmunometric Tg 
assays, anti-Tg antibodies can cause falsely low 
values for Tg, while Tg levels are falsely elevated 
in Tg radioimunoassays (176). Recently, thyro-
globulin LC-MS/MS assays have been introduced 
that purport to circumvent the problem of anti-
Tg antibody interference (177). However, these 
assays may still yield falsely low serum Tg levels 
in patients with known residual disease (178). 
There is more detailed information about Tg 
assays in Chapter 1, “The Laboratory and Imaging 
Approaches to Thyroid Disorders.”

Anti-Tg antibodies must be quantitated because 
they can serve as a (less specific) surrogate marker 
for Tg, rising when there is a tumor recurrence and 
falling when the tumor burden declines (175, 179). 
Postoperative Tg is typically measured 4– 6  weeks 
following surgery in order to facilitate treatment 
decision making, although it should be noted 
that serum Tg may continue to decline over years 

following surgery without additional intervention 
(180).

Thyroid-stimulating hormone (TSH) stimulates 
the production of thyroglobulin from thyroid fol-
licular cells and follicular cell– derived cancers, 
therefore one expects that thyroglobulin will rise 
when the TSH is elevated, whether by the admin-
istration of recombinant human TSH (rhTSH), or 
physiologically via thyroid hormone withdrawal 
(181). By the same mechanism, serum Tg may 
be low or undetectable when serum TSH is sup-
pressed. It is therefore useful to describe a serum 
Tg level as stimulated  or suppressed , as the residual 
tumor may not produce a detectable serum Tg level 
in the TSH-suppressed state, but the Tg will rise to 
detection with TSH stimulation. Postoperative Tg 
was previously routinely measured in the setting 
of TSH stimulation. However, recent studies sug-
gest that in patients with small disease burden, an 
unstimulated undetectable serum Tg with a high 
sensitivity Tg assay is a strong predictor of excellent 
outcome (173). One study found that stimulated Tg 
values were not helpful in identifying those with 
residual disease beyond what was identified with an 
unstimulated Tg and cervical US in patients with 
initially low-risk tumors (182). Thus, one may elect 
to reserve measurement of stimulated  Tg only in 
patients with larger tumors or if there is greater sus-
picion for incomplete tumor removal.

The 2015 ATA guidelines suggest that an 
unstimulated Tg of < 0.2 ng/mL or a stimulated 
Tg of < 1  ng/mL can be considered an excellent 
response to therapy, while suppressed Tg > 1 ng/
mL or stimulated Tg > 10 ng/mL should prompt 
an imaging evaluation out of concern for persistent 
disease. Serum Tg values that fall somewhere in 
between these levels (i.e., unstimulated Tg > 0.2  ng/
mL but < 1.0  ng/mL and stimulated Tg > 1.0  ng/mL 
but < 10  ng/mL), are classified as an indeterminate 
response to therapy and subsequent management, 
(e.g., observation vs. pursuit of imaging) is depen-
dent upon the patient’ s individual risk factors (18). 
(See the section on Surveillance.)

It is important to recognize that Tg is pro-
duced by normal thyroid tissue as well as dif-
ferentiated thyroid carcinoma. Thus, in patients 
with a known or suspected normal thyroid rem-
nant, particularly when RAI therapy has not been 
employed, a detectable Tg does not necessarily 
reflect persistent thyroid cancer. In patients who 
have undergone hemithyroidectomy, persistent 
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thyroglobulinemia is to be expected, with serum 
levels about 50% of normal circulating values. In 
these cases, there are limited data regarding the 
role of serial measurement of thyroglobulin and 
the optimal cutoff value for indicating a disease-
free state (183).

IMAGING IN INITIAL RISK ASSESSMENT

Along with serum Tg measurement, neck ultra-
sonography is a cornerstone of postoperative risk 
assessment. Utilized as a complement to the bio-
chemical detection of persistent disease with Tg, 
cervical ultrasound detects persistent anterior neck 
structural disease. (184, 185).

Postoperative radioiodine diagnostic whole 
body scanning (DxWBS), using 123 I or a low dose of 
131 I, can provide additional prognostic information 
as it may reveal iodine avid local and distal thyroid 
cancer metastases, in addition to thyroid remnant. 
Given the excellent negative predictive value of 
serum Tg and neck ultrasound in low risk patients 
(186), DxWBS is not essential to determine the 
existence of persistent disease for all patients post 
thyroid cancer surgery. The DxWBS is a valuable 
tool, however, when the extent of residual dis-
ease cannot be sufficiently determined by surgical 
pathology, serum Tg or neck ultrasonography, and 
the information obtained will enhance subsequent 
treatment decision making. It is frequently utilized 
prior to RAI therapy to calculate percent uptake 
and aid in the determination of administered 
activity (18).

After the administration of RAI, it is critical 
to perform a post-treatment whole body scan 
(RxWBS) to identify areas of treated disease. 
Disease identified prior to therapy on ultrasound 
or cross-sectional imaging that is not visualized 
on the RxWBS is highly concerning for the pos-
sibility of non-iodine avidity. As such, the RxWBS 
both provides prognostic information and points 
to the need for alternative therapies if the disease 
progresses. The optimal timing of the RxWBS 
after RAI therapy is unclear, but it is generally 
performed 5– 10  days after therapy, to minimize 
background uptake in the urinary bladder, naso-
pharynx, and salivary glands, as discussed below. 
The addition of SPECT/CT imaging to the RxWBS 
is being used increasingly as a tool to discrimi-
nate between areas of disease and physiologic 
uptake (see Figure 8.4). The SPECT/CT portion 
may alter risk stratification and potentially future 

treatment decisions, particularly when it identi-
fies disease not seen on the planar RxWBS (187, 
188).

Thyroid hormone therapy

LEVOTHYROXINE (T4) SUPPRESSION OF TSH

The typical starting dose of levothyroxine follow-
ing total thyroidectomy is 1.6– 2.0  mcg/kg/day, 
depending on whether the goal is a low-normal 
or suppressed serum TSH. DTC cells contain TSH 
receptors that stimulate cell growth and the expres-
sion of specific proteins including thyroglobulin and 
the sodium-iodide symporter. Suppression of TSH 
with levothyroxine historically has been an impor-
tant component of the treatment of DTC because 
of its theoretical inhibition of tumor growth (66). 
A number of studies support this theory; a meta-
analysis of thyroid hormone suppression therapy 
in thyroid cancer patients showed an association 
with reduced risk of major adverse clinical events, 
defined as disease progression and/or recurrence 
and death (189). Other more recent studies, how-
ever, have failed to find a benefit of TSH suppres-
sion in patients with low-risk disease (190– 192).

TSH suppressive therapy (i.e., serum TSH < 0.1 
mU/L) must be balanced against the potential 
for harm. Observational studies have reported 
increased cardiovascular and all-cause mortality 
in older patients treated for differentiated thy-
roid cancer (193). Potential complications of sub-
clinical thyrotoxicosis include an increased risk 
of atrial fibrillation in older patients (194, 195), 
a higher 24-hour heart rate, more atrial prema-
ture contractions per day, ventricular hypertro-
phy, diastolic dysfunction, and impaired cardiac 
reserve (196). Additionally, patients with thyroid 
carcinoma treated with suppressive doses of levo-
thyroxine have a high rate of bone turnover that 
decreases acutely after withdrawing treatment 
(197). A study of patients with low- and interme-
diate-risk thyroid cancer found that TSH suppres-
sion to < 0.4  mIU/L was associated with higher 
rates of osteoporosis, but not decreased cancer 
recurrence rates (198). Studies of fracture risk in 
women treated with thyroid hormone indicate an 
increased risk when suppressive doses are used 
(195, 199, 200).

Therefore, the target TSH range should be deter-
mined on an individual basis, taking into consider-
ation both the initial risk for recurrence as well as 
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response to therapy, while weighing the risk for thy-
rotoxicosis-related morbidities, namely atrial fibril-
lation and osteoporosis in older patients (18). The 
target TSH for an individual may also evolve over 
time. If, for example, an initially high-risk patient 
has an excellent response to therapy, their degree of 
TSH suppression may be lessened over time.

Radioiodine (131 I) therapy

GOALS OF THERAPY

Radioiodine therapy is intended to meet one of 
three similar but distinct goals.

Adjuvant therapy  is intended to destroy sus-
pected, but unproven microscopic residual disease.

(a) (b)

(c)

Figure 8.4 Metastatic disease on posttreatment imaging. (a) Multiple bony metastases on posttreat-
ment WBS. (b) Spinal metastases seen on SPECT/CT. (c) Pelvic metastasis seen on SPECT/CT.
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Radioactive iodine (RAI) therapy  is also given 
to target known persistent or recurrent disease. The 
patient’ s individual risk dictates the specific goal of 
therapy, which then, in combination with patient 
factors, determines the appropriate administered 
dose or activity.

Remnant ablation  is used when complete surgical 
removal of the tumor is likely, but the destruction of 
the small remaining thyroid tissue in the thyroid bed, 
including normal tissue of thyroglossal duct rem-
nants, is desired. This therapy will augment the ability 
to detect recurrent or persistent disease via measure-
ment of serum Tg and/or diagnostic iodine scans.

DECISION TO USE 131 I THERAPY

In the past, nearly all patients with DTC received 
RAI therapy following surgery as adjuvant therapy. 
Strong evidence, albeit not from randomized tri-
als, has emerged showing a minimal impact of RAI 
therapy on disease-free survival for patients at low 
risk for recurrence (189, 201– 203). Based on these 
findings, current ATA guidelines do not recommend 
the routine use of 131 I in such patients (18). At the 
other end of the spectrum, patients with advanced 
disease, specifically those with gross extrathyroidal 
extension or distant metastases, clearly do benefit 
from RAI therapy, with significant improvement 
in overall and disease specific mortality (189, 204). 

RAI is therefore routinely used in this patient popu-
lation (Table 8.6).

It is the patients who fall between these two ends 
of the spectrum, classified as either intermediate 
risk for recurrence, or low risk for recurrence with 
more aggressive features (e.g., < 4 cm tumor with 
a few nodal micrometastases), for whom data are 
scant or conflicting, and the best course of action 
may not be immediately clear. In this setting, it is 
helpful to place a patient’ s individual tumor features 
on the spectrum, outlined in Table 8.5, in order to 
determine their individual risk for recurrence. In so 
doing, the potential risk lowering benefit of RAI can 
be conceptualized. In a patient for whom the risk of 
recurrence is already less than 5%, for example, the 
practitioner may feel assured in taking an obser-
vational approach following surgery. Individual 
patient preference and inclusion in decision mak-
ing also plays an important role in decreasing deci-
sional conflict (205). Subsequent tracking of serum 
Tg, as discussed later, also contributes to decision 
making; for example, a persistently elevated serum 
Tg in a postoperative patient may prompt the deci-
sion to administer adjuvant I31 I therapy, whereas 
undetectable Tg levels provide reassurance in con-
tinuing to observe without therapy. Indeed, RAI can 
be administered any time, not just in the immediate 
postoperative period.

Table 8.6 Indications for radioiodine therapy

ATA staging risk Features 131 I recommended? Dose activity

Low (1– 10%) Papillary microcarcinoma No
1– 4  cm confined to thyroid No Remnant Ablation, 

30– 50  mCi
Tumor size > 4  cm, no ETE Consider
Central compartment microscopic 

nodal metastases (< 0.2  cm)
Not routine, may 

consider
Intermediate 

(15– 30%)
Aggressive histology
Minimal ETE

Consider Adjuvant therapy, 
50– 150  mCi

0.2– 3  cm central or lateral nodal 
metastases, > 5 nodes involved

Generally 
recommended

High (40– 70%) > 3  cm nodal metastases
Extranodal extension
FTC, extensive vascular invasion
Gross ETE
Distant Metastases

Yes RAI therapy, 
100– 200  mCi 
empirically, or 
dosimetry

Modified from Haugen et al. 2015 (18). Decision to administer 131 I and dose activity may be further modified by several 
factors, including patient age and preference, response to initial therapy (postoperative serum Tg/Tg Ab, pre and 
postoperative sonographic findings), and surgeon experience.
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There are no explicit recommendations regard-
ing the use of radioiodine in patients with Hü rthle 
cell carcinoma. It is unclear what percentage of 
HCC metastases actually are iodine-avid; there 
are conflicting results in the literature. All of the 
studies are limited by small sample sizes and ret-
rospective design. A single institution study of 127 
patients found that only 38% of HCC metastases 
are iodine-avid (206). A smaller cohort was found 
to have uptake in 69% (11 of 16 cases) (207). A 
more recent analysis of 30 patients found that 53% 
of the cohort had uptake on iodine scanning in the 
metastatic areas (208). It appears, however, that 
the use of RAI in patients with HCC has a ben-
eficial effect on outcomes. Analysis of the National 
Cancer Data Base found that patients treated with 
RAI had improved overall survival rates compared 
to HCC patients who did not. The administration 
of RAI was associated with a 30% reduction in 
mortality (209).

PREPARATION FOR 131 I THERAPY

Females with childbearing potential must have 
a negative pregnancy test documented shortly 
before receiving diagnostic imaging or therapeu-
tic amounts of 131 I. The patient must be queried for 
recent exposure to iodine: iodinated intravenous 
CT contrast routinely impairs the uptake of 131 I 
for a month, and iodine-containing drugs should 
be held for 4-6 weeks prior to treatment (210). 
Amiodarone-treated patients may take significantly 
longer (months to years) to achieve a normal urine 
iodine level (211) If in doubt, a urinary iodine level 
may be measured, with levels < 100  mcg/24 hours 
being satisfactory for treatment (18). A low-iodine 
diet should be followed for 1– 2  weeks prior to ther-
apy (18), though there are no randomized studies 
demonstrating this intervention results in improved 
long-term outcomes. However, retrospective studies 
have shown an increase in 131 I uptake by the rem-
nant tissue in those adhering to a low-iodine diet, 
compared to those not observing such a diet (212).

The serum TSH levels must be high enough 
(≥ 30 mU/L) to stimulate neoplastic and normal 
thyroid tissues to concentrate an adequate amount 
of 131 I (181). For decades, the only way to prepare 
for RAI therapy was via thyroid hormone with-
drawal (213), in which levothyroxine is withdrawn, 
and liothyronine (T3) is given for 4 weeks, then 
stopped for 2 more weeks, and then 131 I is admin-
istered. THW causes profound hypothyroidism 

with TSH levels often well above 100  mU/L. After 
THW, serum TSH levels must be measured before 
diagnostic or therapeutic 131 I dosing because the 
TSH response to THW is unpredictable and may 
fail to rise above 30  mU/L. A TSH level of 30  mI/L 
or greater is generally regarded as the acceptable 
threshold for successful 131 I therapy; however, the 
optimal magnitude of TSH elevation is unknown 
and differs among patients (181). THW can cause 
severe clinical hypothyroidism, however, and in 
select populations, the clinical ramifications can 
be significant. In patients with severe or unstable 
depression or heart failure, THW may not be toler-
ated or advisable. Additionally, in patients with cen-
tral hypothyroidism, an elevation of serum TSH is 
not feasible (18).

The other method to increase serum TSH lev-
els is by the administration of recombinant human 
TSH (rhTSH, Thyrogen® ) while the patient con-
tinues thyroid hormone therapy, and thus avoids 
symptomatic hypothyroidism (214). The usual 
protocol is for rhTSH to be administered intra-
muscularly at a dosage of 0.9  mg for 2 consecutive 
days, with 131 I administration 24  hours after the last 
injection (215). Mean peak TSH concentrations 
are reached between 3 and 24  hours after the sec-
ond injection (median of 10  hours) and the mean 
half-life is 25  ±   10  hours (216). Measurement of 
serum TSH levels after rhTSH stimulation is not 
necessary and there is no optimal value prior to 
treatment. When given to euthyroid patients taking 
levothyroxine, rhTSH injection is as effective as thy-
roid hormone withdrawal in preparing patients for 
remnant ablation and produces an equally favor-
able therapeutic response (215, 217, 218). The use 
of rhTSH reduces total body radiation from 131 I by 
33% compared with withdrawal-induced hypothy-
roidism, since hypothyroidism reduces glomerular 
filtration, thereby delaying the renal excretion of 
131 I (215). Despite its cost, the multiple advantages 
offered by rhTSH make it the more commonly 
elected method of TSH elevation prior to 131 I ther-
apy for patients at a low and intermediate risk for 
recurrence. A lack of good quality evidence of non-
inferiority of this method as compared to THW in 
patients with high-risk features, however, prevents 
the universal endorsement for the use of rhTSH in 
this setting. There are, however, several retrospec-
tive studies examining the outcomes in patients 
with higher risk disease when prepared with rhTSH 
or withdrawal (219– 221). Though limited by the 
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retrospective study design and small sample sizes, 
each study demonstrated equal or greater efficacy 
with rhTSH as measured by a nonsignificant differ-
ence in the rates of achieving a stimulated Tg < 2 
after therapy (219); slightly improved rates of free-
dom from disease (220); and no significant differ-
ence in overall survival (221). Until higher quality 
evidence is available, however, it is recommended 
that patients with advanced disease receive RAI 
after THW (18).

DIAGNOSTIC WHOLE-BODY 131 I SCAN AND 
THE STUNNING EFFECT

Prior to 131 I therapy, some physicians perform 
a diagnostic (“ pretreatment” ) whole-body scan 
(DxWBS) in order to establish the size and iodine 
avidity of the thyroid remnant, and to search for 
the presence of cervical nodal, or distant metastatic 
disease. Pretreatment scans may provide valuable 
information with regard to disease status, which 
could inform the decision of whether to treat with 
radioiodine or not, and/or the activity to be used. 
Studies of pretreatment scans have shown that they 
provide potential treatment altering information in 
25– 53% of patients (222, 223). If a diagnostic scan 
is ordered, it is usually obtained 24 to 72  hours 
after giving 2 to 4  mCi of 131 I. Larger amounts of 
131 I should not be given because 131 I doses as small 
as 3  mCi diminish the subsequent uptake of thera-
peutic 131 I, which is termed the “ stunning effect”  
(224, 225). To avoid stunning, doses of 1 to 3  mCi 
of 131 I have been recommended; however, these 
doses are slightly less sensitive than larger scanning 
doses of 131 I in identifying thyroid remnants (226). 
Administration of the therapeutic dose as soon as 
possible after the diagnostic dose of 131 I helps to 
minimize stunning (226, 227). Alternatively, using 
the lower energy isotope 123 I in doses of ≥ 1.5  mCi 
has been reported to yield excellent images without 
stunning (228).

DETERMINING THE APPROPRIATE 131 I 
ADMINISTERED ACTIVITY

THYROID REMNANT ABLATION

Usually, remnant ablation can be achieved with 
30 to 50  mCi of 131 I, which is as effective as larger 
activities in ablating the thyroid remnant (217, 218, 
229). A lower dose activity of 30  mCi is also asso-
ciated with fewer short-term adverse effects when 
compared to higher activities, typically 100  mCi or 
greater.

131 I ADJUVANT THERAPY

Patients with suspected, but unproven microscopic 
residual disease, most often falling into the inter-
mediate risk category, are candidates for adjuvant 
RAI therapy. Previously recommended activities 
in this setting ranged from 100– 200  mCi (154). 
However, recent studies have raised doubt that 
higher administered activities are associated with 
improved patient outcomes (230– 232). For exam-
ple, a retrospective review of 181 patients with Nlb 
disease found no difference in clinical outcomes in 
younger patients who received a median activity of 
102  mCi vs. 150  mci vs. 202  mci (232). As with the 
data for remnant ablation, there was a trend toward 
improved outcomes with higher activities in older 
patients. However, concern for toxicity with activi-
ties > 150  mCi must be weighed carefully against 
any potential benefit of therapy. Current guidelines 
recommend activities of up to  150  mCi for adjuvant 
131 I therapy (18). One specific patient population in 
whom to consider higher administered activities 
are patients over the age of 45 years. A retrospective 
review showed lower disease specific survival in low 
and intermediate risk patients > 45 years of age who 
received lower activities (30  mCi as compared to 
100  mCi), although overall survival was not signifi-
cantly different (233).

TREATMENT OF RESIDUAL, RECURRENT, OR 
METASTATIC CARCINOMA WITH 131 I

Known residual thyroid carcinoma (especially 
macroscopic disease) should be treated surgi-
cally whenever possible. Only 50 to 75% of DTCs 
and their metastases concentrate 131 I (234– 236). 
Moreover, the larger the tumor mass, the less likely 
that 131 I therapy will successfully ablate the tumor. 
There are three approaches to radioiodine therapy: 
empiric fixed doses, upper-bound limits set by 
blood dosimetry, and quantitative dosimetry (237, 
238). Dosimetric methods have not been shown to 
be more effective on overall survival than empiric 
dosing (239), and are generally reserved for 
unusual cases, or where dose limitation is desired 
from a safety standpoint, such as in renal failure.

Empirical fixed doses
With empirical doses, a fixed amount of 131 I is given 
based on tumor stage; this is the method most 
commonly employed. While it is established that 
the efficacy of RAI therapy increases with higher 
administered activities, the optimal effective and 
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safe activity remains uncertain. In the past, dose 
activities of 150  mCi routinely were administered 
for residual carcinoma in cervical nodes or the 
thyroid bed, and 200  mCi for distant metastases. 
However, concern has been raised for the potential 
for doses of 150  mCi or more to exceed the blood 
exposure limit, particularly in patients 70 years of 
age or older (240) or in those with reduced renal 
function (241). Activities which exceed 80  mCi 
whole body retention at 48  hours increase the risk 
of pulmonary fibrosis. Consequently, dosimetry-
guided 131 I therapy may be preferable to fixed-dose 
131 I treatment in older patients and in patients with 
131 I-avid diffuse bilateral pulmonary metastases, 
even when renal function is normal (240, 242).

Upper-bound limits set by blood 
dosimetry
This approach establishes an upper limit on the 
amount of 131 I in a single dose that can be given 
safely, which is generally considered to be 200  rad to 
the whole blood (243). In patients with diffuse pul-
monary metastases, the dose is also limited, so that 
no more than 80  mCi of 131 I remains in the whole 
body after 48  hours to avoid pulmonary fibrosis.

Quantitative tumor dosimetry
This approach calculates the amount of 131 I that 
is required to deliver 30,000  rad to ablate the thy-
roid remnant or 8,000 to 12,000  rad to treat nodal 
or discrete soft tissue metastases. For pulmonary 
metastases, an amount of 131 I is administered that 
will deliver 200  rad to whole blood with no more 
than 80  mCi of whole blood retention at 48  hours 
(243). The mass of residual tissue and the effec-
tive half time of 131 I in that tissue are the two most 
important factors in determining success (243).

POSTTREATMENT SCANS

A posttreatment scan (RxWBS) is performed 5 
to 10  days after 131 I therapy, in order to identify 
iodine-avid tissue. In most patients, an area in the 
midline corresponding to the thyroid remnant 
is all that is seen. However, cervical nodal disease 
may be visualized in the lateral neck or mediasti-
num in papillary thyroid cancer, and more rarely 
diffuse lung uptake is seen, especially in children 
and adolescents. In a study of 60 patients with dif-
ferentiated thyroid carcinoma, a post-ablation scan 
provided new information that changed therapeu-
tic approach in 15%, and altered the disease stage 

in 8.3% of patients (244). A number of situations 
can cause false-positive 131 I scans, including body 
secretions, transudates, inflammation, nonspecific 
mediastinal uptake (e.g., blood pool or the thymus), 
and neoplasms of nonthyroidal origin, which may 
uncommonly concentrate 131 I (245). This includes 
physiological secretion of 131 I from the nasophar-
ynx, salivary and sweat glands, stomach, and genito-
urinary tract and from skin and hair contamination 
with sputum or tears (246).

The use of 131 I SPECT/CT is helpful to distin-
guish iodine-avid disease from physiologic uptake 
which may be more challenging with traditional 
planar 131 I scanning. In a study of 109 post-ablation 
patients, the use of 131 I SPECT/CT scanning altered 
the initial risk of recurrence stratification in 6.4% 
of patients and reduced the need for additional 
cross-sectional imaging in 20% of patients (187). 
It may be of most benefit in cases where disease is 
advanced and/or there are inconclusive findings on 
the traditional scanning alone.

Complications of 131 I

IMMEDIATE COMPLICATIONS

There are few immediate serious risks of 131 I ther-
apy except when metastases are in critical loca-
tions such as long bones, brain, or the paratracheal 
area that may not tolerate post-therapeutic swell-
ing. For example, brain or spinal cord metastases 
can undergo potentially catastrophic edema and 
hemorrhage 12  hours to 2  weeks after 131 I treat-
ment. In patients with disease in critical areas such 
as the CNS, pretreatment with high doses of glu-
cocorticoids has been recommended (247). Severe 
radiation thyroiditis may occur within a week of 
administering a large dose of 131 I to a patient who 
has undergone only lobectomy, causing pain, swell-
ing, and rarely airway compromise that may require 
glucocorticoid therapy (248). Leukopenia, and a 
slight drop in the number of platelets, often occurs 
approximately six weeks after therapy, but ordinar-
ily, these effects are mild and transient unless very 
large activities of 131 I are administered (249). Nasal 
pain, nasal sores, nasal dryness, and epistaxis have 
also been described in the acute period after RAI, 
occurring in up to 10.5% of patients within 11  days 
of therapy (250). The likelihood of this complica-
tion is correlated with the administered activity of 
radioiodine and is less common in those prepared 
with rhTSH stimulation versus THW (250).
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LONG-TERM COMPLICATIONS

Salivary gland dysfunction occurs commonly after 
131 I therapy, manifesting as sialadenitis, xerostomia, 
and altered taste or smell. Duration of symptoms 
ranges from less than three months to being per-
manent. The use of sialagogues to stimulate sali-
vary flow is controversial, since increased radiation 
absorption in the salivary glands following 131 I ther-
apy may occur (251). As dental caries are an impor-
tant complication of xerostomia, patients should 
be educated about oral hygiene and routine dental 
care. Complete bilateral nasolacrimal duct obstruc-
tion, resulting in epiphora (excessive tearing), has 
been rarely reported (252). Reported reproductive 
effects of 131 I therapy include transient oligomenor-
rhea in 10– 25% of women (253), delayed time to 
child bearing (254), and earlier onset of menopause 
(255). In men, testicular germinal cell function 
may be transiently impaired, with persistent eleva-
tion of follicle stimulating hormone and transient 
oligospermia with cumulative dose activities of 
greater than 500  mCi (256), although male infer-
tility related to cumulative radioiodine doses has 
not been reported (257). As mentioned earlier, pul-
monary fibrosis is a potential complication of 131 I 
therapy for diffuse pulmonary metastases when the 
whole-body retention of 131 I is > 80  mCi 48  hours 
after treatment. Neither the cumulative dose nor 
the number of therapies are predictive of pulmo-
nary fibrosis (258).

LEUKEMIA AND SECOND PRIMARY 
MALIGNANCY

The development of second primary malignan-
cies, including leukemia, and malignancy of bone, 
breast, salivary gland, kidney, and colorectum fol-
lowing exposure to 131 I has been established in a 
number of studies (259– 261) (262). A meta-anal-
ysis of two large studies reported a relative risk of 
second malignancies of 1.19 (95% CI 1.04– 1.36) 
in long-term thyroid cancer survivors that were 
treated with RAI compared to those who had not. 
However, it must be noted that the absolute  risk of 
malignancy as compared to the general population 
remains quite low (263). The risk is dose-related, 
with one study reporting an excess absolute risk 
of 14.4 solid cancers and of 0.8 leukemias per GBq 
(27  mCi) of 131 I per 100,000 person-years of follow-
up. Cumulative administered activities greater than 
500  mCi are associated with a clearly increased risk 
(262). A SEER database analysis of patients with low 

risk disease (TlN0) found increased standardized 
incident ratio (SIR) of salivary gland malignan-
cies (SIR  =  11.13; 95% CI, 1.35– 40.2) and leukemia 
(SIR  =  5.68; 95% CI, 2.09– 12.37) in patients treated 
with RAI, and that there was significantly higher 
risk of leukemia after RAI treatment in younger 
patients (< 45  years) as compared to those over the 
age of 45 (264).

It is reasonable to give high cumulative doses 
of 131 I to patients with extensive metastatic dis-
ease responsive to therapy, as the risk posed by 
the known thyroid cancer outweighs the risk of a 
potential second cancer from radiation. However, 
for patients with low- and intermediate-risk dis-
ease, given the potential for development of second 
primary malignancy, and lack of consensual data 
strongly supporting the benefit of RAI treatment, 
it is wise to consider using the minimal effective 
dose of 131 I for each patient, which in some cases 
may be zero. Strategies to reduce radiation exposure 
include the use of laxatives and vigorous hydration 
following RAI administration. Additionally, radia-
tion exposure to the uninvolved tissue and the gen-
eral public is reduced when rhTSH therapy is used 
in place of thyroid hormone withdrawal (265). 
Radiation safety recommendations for reducing 
exposure to household members and the gen-
eral public are available in an American Thyroid 
Association guideline (266).

Therapies for advanced thyroid 
cancer

EXTERNAL BEAM RADIATION THERAPY (EBRT)

External beam radiation therapy has a limited role 
in the management of localized DTC after surgical 
resection and 131 I therapy. Typical candidate sites 
of disease for EBRT include the neck, upper medi-
astinum, or bone lesions that are symptomatic, or 
in critical skeletal locations to prevent fracture. In 
the neck, external beam radiation therapy is mainly 
reserved for macroscopic, inoperable, non-iodine-
avid disease, or in tumors which are iodine-avid 
but with low iodine uptake insufficient to ablate the 
tumor. Improvement in locoregional progression 
has been shown with the use of intensity-modu-
lated radiation therapy in patients with gross resid-
ual/unresectable neck metastases (267, 268). The 
use of adjuvant EBRT following surgery and radio-
iodine therapy in patients with completely resected 
disease but with high suspicion for microscopic 
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residual disease, such as T4 disease with extrathy-
roidal extension, or in aggressive histologic sub-
types, is controversial, but there is some evidence 
of benefit, particularly in patients over the age of 60 
(269, 270). Risks of EBRT acutely range from local 
skin erythema, hyperpigmentation, and esophageal 
mucositis, to chronic risks for tracheal or esopha-
geal stricture, in some cases requiring a feeding 
tube, must be taken into consideration. Exposure of 
neck tissue to EBRT may make subsequent surger-
ies more challenging, but in some cases, the overall 
risks of EBRT may be more favorable than those of 
multiple reoperations.

EBRT may be employed in the palliation of pain-
ful bone metastases, or for bony lesions located at 
weight-bearing sites. Stereotactic radiotherapy, 
which provides more precise delivery of radiation 
than EBRT, is the preferred approach for brain 
metastases (18). Either approach may be appropri-
ate for lung metastases, depending on their size and 
location.

THERMOABLATION

Thermoablation is a localized, directed therapy 
of tumor cell destruction by heating (radiofre-
quency ablation) or cooling (cryoablation). It is a 
well-established and effective local treatment for 
lung, liver, and bone metastases from a number 
of primary carcinomas, and there are some pub-
lished data on its use specifically for differenti-
ated thyroid cancer metastatic to lung and bone 
(271). Given the relatively low adverse effects of 
this procedure when performed by an experi-
enced operator, it may be considered in the treat-
ment of a symptomatic single metastatic lesion in 
favor of systemic therapy and its inherent systemic 
toxicities.

Systemic therapies
In progressive disease which is refractory or not 
amenable to surgery, radioiodine, EBRT, or more 
localized therapy such as stereotactic radiation or 
thermoablation, systemic therapies are the next 
line of treatment. In the past decade, however, the 
emergence of kinase inhibitors has provided a new 
means of targeted therapy against persistent disease.

Kinase inhibitors
Kinase inhibitors are agents which target signal-
ing kinases involved in multiple steps in tumor 
progression, including those related to oncogenic 

mutations of BRAF, RET and RAS kinases, as well 
as downstream signaling of the vascular endothelial 
growth factor receptor (VEGFR). Selection of the 
appropriate patient to receive these agents is key, as 
these drugs have multiple side effects which impair 
quality of life. While several agents have shown 
promise in the improvement of progression-free 
survival, an overall survival benefit has yet to be 
established.

Use of multikinase inhibitors (MKI) is reserved 
for patients in whom disease is progressive and 
symptomatic, or likely to cause significant morbid-
ity or mortality in the next six months. If metasta-
ses are localized and amenable to targeted therapy 
such as resection, radiation, or thermoablation, 
these treatments should be considered prior to 
administering systemic therapy. When disease is 
diffuse with a low overall tumor burden, continued 
observation with TSH suppression as appropriate 
is recommended for small tumors < 1– 2  cm with 
< 20% growth per year. Tumors larger than this 
threshold or with more rapid growth are candidates 
for kinase inhibitor therapy. The American Thyroid 
Association recommends that such patients be 
referred for clinical trials whenever possible (18). 
When clinical trial participation is not possible 
or desired, lenvatinib and sorafenib are the two 
FDA-approved tyrosine kinase inhibitors. In clini-
cal trials, lenvatinib therapy was associated with 
improved progression free survival by 14.7 months 
as compared to placebo (272), with a more mod-
est prolongation of progression-free survival of 
5 months for sorafenib (273). Other MKIs have 
shown some benefit for DTC or are currently under 
investigation, including pazopanib, vandetinib, 
sunitinib, and the selective inhibitor of the V600E 
mutant BRAF kinase venmurafenib. In this fast-
moving area, the best way to get current informa-
tion on clinical trials for thyroid cancer is to use 
the website of the National Cancer Institute (http://
www.cancer.gov/clinicaltrials), or that of the ATA 
(http://www.thyroid.org).

Toxicities of the kinase inhibitors are specific to 
each agent, but in general, the most common are 
hypertension, diarrhea, taste alteration, weight loss, 
bleeding and thrombosis, increased levothyroxine 
requirement, and hand and foot cutaneous mani-
festations. The phase III trial of lenvatinib reported 
a therapy-attributed mortality rate of 2.3% (272). 
Therefore, a discussion in which both the physi-
cian and patient agree that the potential for benefit 

http://www.cancer.gov/clinicaltrials
http://www.cancer.gov/clinicaltrials
http://www.thyroid.org
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outweighs the potential for detriment with these 
agents is of the utmost importance.

Cytotoxic agents
The previously minor role cytotoxic agents played 
in the treatment of advanced DTC has been fur-
ther eclipsed by the introduction of tyrosine kinase 
inhibitors. Doxorubicin may occasionally be used 
in a patient with refractory, progressive DTC which 
is not responsive to tyrosine kinase inhibitors, or in 
a patient for whom these agents are contraindicated. 
There is some evidence that concurrent doxorubi-
cin administration with EBRT improves outcomes 
(274). A recent study comparing patients with 
gross residual thyroid cancer treated with EBRT vs. 
EBRT with concurrent chemotherapy (the major-
ity of which was doxorubicin) reports improved 
locoregional progression-free survival 73% vs. 90%, 
although this difference did not reach statistical sig-
nificance (267).

“ Redifferentiation”  therapy
A promising area of active research is the targeted 
blockade of the MAP kinase pathway to restore 
iodine avidity in radioiodine-refractory disease. The 
MEK inhibitor selumetinib and the BRAF inhibi-
tor dabrafenib have both been shown to improve 
RAI uptake in RAI refractory patients (275, 276). 
A benefit of this approach is the limited timeframe 
of taking a systemic agent (typically one month), 
minimizing the risk and side effect profile of these 
potent agents. This approach remains experimental, 
and further studies are needed to determine if it will 
become an effective therapy.

Long-term follow-up and monitoring

THYROGLOBULIN MONITORING

Serum Tg, along with Tg antibodies are measured 
at routine intervals in order to detect recurrence of 
carcinoma. The frequency at which Tg should be 
measured depends on the patient’ s initial risk for 
recurrence and response to therapy (see Table 8.7). 
In patients who have undergone radioiodine rem-
nant ablation, an unstimulated serum Tg < 0.2  ng/
mL or stimulated Tg < 1.0  ng/mL, is consistent with 
biochemical disease-free status. Measurement of 
Tg following stimulation with rhTSH may increase 
the sensitivity of detecting dormant residual 
malignancy and is often done in conjunction with 
administration of rhTSH for radioiodine diagnostic 

scanning. However, routine use of stimulation in 
the follow-up of patients with low- or intermediate-
risk disease with excellent response to therapy is 
probably not necessary (277). Other factors to be 
considered when interpreting thyroglobulin levels 
are the sensitivity of the assay, which can be quite 
variable, the presence of thyroglobulin antibodies, 
and the trend and rate of increase (doubling time) 
of the Tg level (278). The use of high sensitivity Tg 
assays with functional sensitivities of 0.1– 0.2  ng/ml 
is recommended.

The interpretation of serum Tg levels in patients 
who have undergone less than a total thyroidectomy 
(e,g., lobectomy) or a total thyroidectomy without 
radioiodine remnant ablation can be challenging, as 
the optimal cutoff value to designate freedom from 
disease has not been clearly defined. This problem 
is amplified by the fact that this patient population 
is expected to grow with the current trend of more 
restrained use of 131 I and less than total thyroidec-
tomy. There is evidence to support the definition 
of biochemical excellent response to therapy as an 
unstimulated Tg < 0.2  ng/mL and stimulated < 2  ng/
mL in patients who have undergone a total thy-
roidectomy without ablation, or unstimulated Tg 
< 30  ng/mL in a patient who has undergone a lobec-
tomy (183, 279). Following the trend of Tg over time 
is of particular importance in this patient population.

Poorly differentiated follicular cell derived can-
cers may not produce thyroglobulin or lose this 
capacity as they dedifferentiate. For this reason, in 
addition to biochemical surveillance, imaging is a 
central component in long-term monitoring for all 
such patients.

IMAGING

Ultrasound
A postoperative central and lateral neck ultrasound 
is highly sensitive for the detection of cancer in the 
thyroid bed and cervical lymph nodes. It is typically 
performed at 3– 6  months postoperatively, and then 
at regular intervals in the first several years following 
initial therapy. The recommended frequency varies 
with the initial risk of recurrence and the biochemi-
cal response to therapy. Suspicious sonographic 
features indicative of malignant lymph nodes were 
reviewed earlier (see preoperative imaging, Figure 
8.3). If the information will change management, 
aspiration of such nodes, with cytologic analysis 
and measurement of Tg in the aspirate, is recom-
mended when the smallest diameter is > 8  mm for 
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central neck nodes and > 10  mm for lateral neck 
nodes (18); otherwise they may be serially followed 
with ultrasound. Sonographic findings may be less 
specific, for example, a rounded lymph node which 
lacks a central hilum but without any other suspi-
cious features, or a hypoechoic structure within the 
thyroid bed which may represent normal thyroid 
remnant vs. recurrent disease. These findings gen-
erally categorize the patient as having an indeter-
minate structural response to therapy. Continued 
observation of such findings will typically reveal 
their true nature, with stability or disappearance 
suggesting benignity, and growth prompting fur-
ther investigation (280).

Diagnostic radioiodine WBS
While an initial posttreatment scan is performed in 
all patients receiving 131 I treatment, subsequent rou-
tine diagnostic scanning has not shown to be use-
ful in patients with low risk disease, as well as many 
with intermediate risk disease that had no iodine 
uptake outside of the thyroid bed on initial post 
treatment scanning, and who are shown to have had 

an excellent response to therapy (281). If done, a fol-
low-up scan is best performed at 6– 12 months after 
initial RAI therapy in patients with an initial high 
risk for recurrence (or intermediate risk with higher 
risk features), if there is suspicion for recurrent or 
metastatic disease as evidenced by rising Tg or Tg 
Ab, or previous iodine uptake outside the thyroid 
bed. Use of SPECT/CT radioiodine imaging has 
been shown to improve diagnostic accuracy com-
pared to planar imaging alone (282) (see Figure 8.4).

Whole-body positron emission 
tomography
Positron emission tomography (PET) scanning is 
of most value in the setting of high serum Tg lev-
els and negative neck ultrasonography and cross-
sectional imaging (CT and MRI). Scanning with 
18 F-deoxyglucose (FDG-PET) provides two impor-
tant pieces of information. First, it may identify 
DTC metastasis that cannot be identified by 131 I 
scintigraphy. Second, 18 F-FDG uptake in thyroid 
cancer is an indicator of poor functional differen-
tiation and poor prognosis (283). A retrospective 

Table 8.7 Long-term thyroid cancer monitoring

Response category Tg monitoring Imaging TSH goal*

Excellent ( low and 
intermediate risk 
for recurrence  ) 

Every 12– 24  months Ultrasound at 6– 12 
months  following surgery, 
routine WBS not 
recommended unless higher 
risk features are present

0.5– 2  mU/L

Excellent ( high risk 
for recurrence  ) 

Every 6– 12  months, 
consider 
stimulation 
testing

Yearly ultrasound, consider 
periodic cross-sectional 
imaging

0.1– 0.5  mU/L

Indeterminate Every 6– 12  months, 
consider 
stimulation

Ultrasound every 6– 12  months, 
more comprehensive imaging 
may be appropriate based on 
individual patient factors 

0.5– 2.0  mU/L if low 
risk 0.1– 0.5  mU/L 
if high risk

Biochemical 
Incomplete 

Every 6– 12  months, 
consider 
stimulation

WBS or PET, other cross 
sectional imaging to evaluate 
for source of Tg

0.1– 0.5  mU/L

Structural 
Incomplete 

Every 6– 12  months, 
consider 
stimulation

Individualized per patient 
factors; if observation 
selected, short surveillance 
intervals recommended

< 0.1  mU/L

*Appropriate TSH suppression may need to be modified in the setting of increased risk for thyrotoxic complications 
(e.g., atrial fibrillation, osteoporosis, age > 60 years). Length of TSH suppression in the biochemical incomplete group 
varies depending on the degree of Tg elevation and trend in Tg.
Source: Modified from Haugen et al. 2015 (18).
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study of 400 patients with thyroid cancer studied 
at one institution (81) found an inverse relation-
ship between patient survival and the glycolytic rate 
(standard uptake value or SUV) of the most active 
lesion. FDG avidity has been identified as an inde-
pendent negative predictor of survival (81, 284). 
The likelihood of observing an FDG-avid lesion 
increases with the serum Tg level, especially when 
the serum Tg is > 10  ng/mL (285). False-positive 18  
F-DG uptake may occur with benign lung disease, 
inflammatory conditions, and other malignancies 
(286). A clinical benefit of TSH stimulation prior to 
PET scanning has not been shown (287).

Response to therapy

While TNM staging is designed to predict the risk 
of mortality, and the initial ATA risk categoriza-
tion predicts recurrence, both are static and based 
only on data that exist at the time of resection. The 
ATA has developed a third classification system, 
Response to Therapy, which recognizes that out-
comes and risk are dynamic and thus allows for an 
individualized approach to monitoring intensity 
and intervals based on real-time outcomes (18, 144) 
(Table 8.7, also see Figure 8.5).

Markers of response to therapy are twofold: bio-
chemical, with measurement of serum thyroglobu-
lin (Tg), and radiographic (see below). Response to 
therapy categories consist of:

 ● Excellent: No biochemical (serum Tg < 0.2  ng/
mL unstimulated or stimulated < 1.0  mg/mL) 
and no radiographic evidence of disease

 ● Biochemical incomplete: Rising or elevated 
serum Tg, or rising Tg Antibodies without an 
imaging correlate

 ● Structural incomplete: Known structural persis-
tent tumor or recurrent metastatic disease

 ● Indeterminate: Nonspecific findings, either 
biochemical, structural, or both, which could 
represent recurrent disease, including the pres-
ence of anti-Tg antibodies

EXCELLENT RESPONSE TO THERAPY

Those patients who have had an excellent response 
to therapy, have no biochemical (serum Tg < 0.2  ng/
mL unstimulated or stimulated < 1.0  mg/mL) and 
no radiographic evidence of disease. Patients in 
this category with initial low or intermediate risk 
for recurrence are recommended to have serum Tg 

monitored every 12– 24  months, although it should 
be noted that the utility and ideal timing of Tg mon-
itoring for these patients is not well established (18).

BIOCHEMICAL INCOMPLETE RESPONSE TO 
THERAPY— ELEVATED TG AND NEGATIVE 
IMAGING

When serum Tg is elevated or rising, the clini-
cian should endeavor to identify the source with 
sonography of the neck and cross-sectional imag-
ing (18). In some cases, however, a structural cor-
relate cannot be identified, and empiric radioiodine 
administration may be considered. Prior to empiric 
radioiodine administration, a PET/CT is recom-
mended, as tumors that are FDG-avid are much less 
likely to concentrate iodine (288), and identification 
of such disease eliminates radioiodine as an effec-
tive option (285). In a patient with a negative PET 
scan and other cross-sectional imaging, and serum 
Tg > 5– 10  ng/mL, or rising Tg antibodies, empiric 
doses of 100– 200  mCi, or otherwise as determined 
by dosimetry, may be given, with a posttreatment 
scan obtained in order to identify possible uptake 
(18). The posttreatment scan is successful in iden-
tifying the recurrent or persistent disease in about 
50% of patients, and even among patients for whom 
uptake is not seen, serum Tg decreases following 
empiric radioiodine in about half of patients (289).

STRUCTURAL INCOMPLETE RESPONSE TO 
THERAPY— RECURRENT OR METASTATIC 
DISEASE

Cervical node disease
When persistent or recurrent disease is found in 
cervical lymph nodes, resection is generally rec-
ommended, as this offers the best chance for cure. 
Risks of revision surgery, however, must be weighed 
against potential benefit. Smaller suspicious appear-
ing lymph nodes, such as those < 8– 10  mm, may 
be elected to be observed closely (18, 290). Larger 
nodes should be biopsied, with both cytologic 
analysis and Tg measurement of the aspirate to 
confirm malignancy. Once confirmed, nodes of this 
size should be considered for resection, although 
size is not the sole determinant of observation vs. 
surgery. The number of suspicious nodes, initial 
risk of the tumor, presence of distant disease, risk 
of revision surgery, patient anxiety, and proximity 
of nodes to vital structures should all be taken into 
consideration. The extent of surgery will vary by 
individual patient and surgeon factors, but overall, 
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comprehensive compartmental surgery is supe-
rior to “ berry-picking,”  in which only the known 
macroscopic foci are removed, since macroscopic 
nodal disease is usually associated with clinically or 
radiographically unapparent disease with potential 
to grow over time (291) (see Chapter 11, “Surgical 
Approach to Thyroid Disorders”). Radioiodine 
therapy, for iodine-avid lesions, is an additional 
therapeutic option, whether as an adjuvant 

treatment following resection or as primary ther-
apy for neck recurrence in patients who are poor 
surgical candidates. The decision to use radioiodine 
in this setting, and dose activity administered, is 
highly variable across providers (292). There are a 
paucity of prospective studies guiding clinicians on 
the appropriate indications for RAI in patients with 
persistent disease. Other therapies, including percu-
taneous ethanol injection of neck metastases (293), 

Figure 8.5 Surveillance algorithm for differentiated thyroid cancer.
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radiofrequency ablation (294), and EBRT are sec-
ond or third-line options in the treatment of neck 
metastases, but may be considered in patients who 
are poor surgical candidates or for those who desire 
to avoid additional surgeries (18).

Pulmonary metastases
Pulmonary metastases, which are often multiple 
(see Figure 8.6), are not typically resectable, and 
radioiodine is generally the most effective treatment. 
Administered activities from 100– 200  mCi are com-
monly given, or dosimetry may be used. Repeat treat-
ment every 6– 12 months  is recommended, as long 
as a clinical response and continued concentration 
of iodine is demonstrated (18). Single empiric doses 
of > 200  mCi, or dosimetrically-calculated admin-
istered activities that render > 80 mCi whole body 
retention at 48 hours and 200  cGy to the bone mar-
row are not recommended (18). Pulmonary fibro-
sis, a risk of exposure to high radioiodine activities, 

may limit continued use of 131 I. Pulmonary function 
testing, as well as monitoring for bone marrow sup-
pression should be performed in patients for whom 
high administered activities or repeated treatments 
are being considered (18).

Bone metastases
Radioiodine avid bone metastases may be treated 
with 131 I therapy (295). Bone-directed therapies, 
specifically the anti-resorptive agents, bisphos-
phonates and denosumab, are also utilized, spe-
cifically in diffuse, radioiodine refractory bone 
disease. Both agents have been shown to improve 
symptoms and time to occurrence of fracture in 
patients with bone metastases from solid tumors, 
and zoledronic acid has shown a benefit in bone 
metastases arising from differentiated thyroid can-
cer (296). Focal bone lesions causing acute symp-
toms may be treated with focal therapies such as 
external radiation, thermoablation, or surgery.
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INTRODUCTION

Medullary thyroid cancer (MTC), a neuroendo-
crine malignancy of thyroid C cells, accounts for 
approximately 1– 2% of all thyroid malignancies 
(1). Since it is estimated that 53,990 new cases of 
thyroid cancer will be diagnosed in 2018 in the 
United States, we can anticipate that approxi-
mately 540– 1080 incident cases will be MTC (2). 
Despite the rarity of MTC, it is one of the most 
well-characterized solid tumors with respect to its 
pathologic, biochemical, molecular, and genetic 
properties and clinical correlations.

MTC was first described histologically in 1959 
by Hazard et al. as a distinct pleomorphic neoplasm 
with amyloid stroma (3). In 1966, Williams showed 
that MTC originates from the neural crest-derived 
parafollicular C cells of the thyroid gland (4). 
These C cells secrete calcitonin (Ctn), the primary 

biochemical tumor marker used in the evaluation 
of MTC. Twenty-five years ago, the hereditary form 
of MTC, which represents 25% of all MTC cases 
and which is associated with the multiple endocrine 
neoplasia (MEN) types 2A and 2B syndromes, was 
causally linked to activating germline point muta-
tions in the RET  (RE arranged during Transfection) 
proto-oncogene (5– 7). Recommendations for pro-
phylactic thyroidectomy in patients with MEN2A 
and 2B have evolved over time with greater under-
standing of genotype– phenotype correlations, most 
recently updated in the 2015 American Thyroid 
Association (ATA) guidelines (1). Of patients with 
sporadic MTC (75% of MTC cases), mutually 
exclusive somatic mutations occur in RET  or RAS  
along with overexpression of various other recep-
tor tyrosine kinases which mediate cell cycle pro-
gression, inhibition of apoptosis, angiogenesis, and 
cell proliferation and migration (8, 9). Improved 
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understanding of the pathogenesis of MTC has 
led to a rapid expansion in the number of clinical 
trials investigating various multikinase inhibitors 
(MKIs) and ultimately the approval of two agents 
(cabozantinib and vandetanib) by the United States 
Food and Drug Administration and the European 
Medicines Agency for advanced, progressive, or 
symptomatic MTC.

This chapter provides a comprehensive review 
of MTC, including its clinical presentation and the 
different behaviors of hereditary versus sporadic 
disease, initial surgical management, prognostic 
indicators, surveillance and treatment strategies 
for persistent or recurrent disease, and the systemic 
treatments now available as a standard of care for 
patients with advanced and progressive MTC.

GERMLINE RET  MUTATION 
ASSOCIATED WITH HEREDITARY 
MTC

The RET  proto-oncogene, located on chromo-
some 10q11.2 and comprised of 21 exons spanning 
almost 55,000 base pairs, encodes for a single trans-
membrane receptor with an intracellular domain 
that contains two tyrosine kinase regions. When the 
tyrosine kinase regions are auto-phosphorylated, 
the activated RET receptor drives intracellular sig-
nal transduction through the mitogen-activated 
protein kinase (MAPK) and phosphoinositide 
3-kinases/AKT (PI3K/AKT) pathways (5– 7). 
Hereditary MTC and its associated MEN2A and 2B 
syndromes are caused by an activating point muta-
tion of RET , which is transmitted in an autosomal 
dominant fashion from one affected parent to an 
offspring. De novo  mutations of RET  can occur 
in 5– 9% of MEN2A and 75% of MEN2B patients, 
predominantly arising from the paternal allele (10, 
11). In addition, 1– 7% of patients with apparently 
sporadic MTC (i.e., no personal or family history of 
other MEN-related endocrine neoplasias) will have 
a germline RET  mutation when tested, indicating 
hereditary disease (12– 14). There is a significant 
correlation of genotype with phenotypic expres-
sion regarding the likelihood of developing other 
endocrine neoplasias, manifesting other MEN2A 
variants, and predicting the aggressive potential of 
MTC (see the later sections on MEN2A and 2B) 
(15). In the end, all patients with MTC should be 
tested for germline RET  mutations to allow for 
proper counseling of other family members if there 

is a mutation identified and to inform proper rec-
ommendations around surveillance of affected 
individuals.

In contrast to sporadic (non-hereditary) MTC, 
hereditary MTC is often multifocal (> 90% of 
cases) and bilateral in the thyroid gland, with a 
background of nodular C cell hyperplasia, the 
precursor of hereditary MTC. The C cells, which 
are concentrated in the upper two-thirds of the 
lateral thyroid lobes, initially undergo hyperpla-
sia in the hereditary syndromes before developing 
into MTC. These patients may present with MTC 
across a spectrum of age groups but commonly 
present at a younger age compared with sporadic 
MTC patients. Similar to sporadic cases, hereditary 
MTC tends to metastasize to lymph nodes in the 
neck and mediastinum, lungs, liver, and bones. In 
addition to having MTC, these patients may have a 
personal or family history of other endocrine neo-
plasias or a distinctive MEN2-related phenotype.

MEN2A and associated features and 
variants

MEN2A is the most common type of MEN2 syn-
drome, accounting for approximately 90– 95% of 
MEN2 cases. It is characterized by MTC in > 90% 
of RET -mutated carriers, unilateral or, more often, 
bilateral pheochromocytomas in 50% of carriers, 
and primary hyperparathyroidism (PHPT) due 
to single or multigland parathyroid hyperplasia 
in 10– 20% of carriers (16). MTC is most often the 
first endocrine neoplasia that is clinically mani-
fested; however, pheochromocytoma may be the 
incident neoplasia in 10% of MEN2A patients. In 
patients with MEN2A, the RET  634 codon muta-
tion is the one most commonly associated with 
the development of MEN2A syndrome, character-
ized by MTC, pheochromocytomas, and PHPT. 
In RET -634-mutated patients, the presence of a 
pheochromocytoma is not associated with the 
more aggressive, advanced stage of MTC or with 
worse overall survival (17). Pheochromocytomas 
in MEN2A are rarely malignant. RET  mutations of 
codons 609, 611, 618, and 620 are also associated 
with pheochromocytomas and PHPT but with 
lower penetrance of these associated tumors than 
that seen with the 634 mutation.

There are three additional variants of MEN2A: 
MEN2A with cutaneous lichen amyloidosis, 
MEN2A with Hirschsprung disease, and familial 
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MTC (FMTC). MEN2A with cutaneous lichen 
amyloidosis, a highly pruritic pigmented patch of 
skin typically across the upper back between the 
shoulder blades due to amyloid deposition, has 
been reported predominantly with the RET  634 
mutation, and in one case with a V804M mutation 
(18, 19). MEN2A with Hirschsprung disease devel-
ops in childhood in MEN2A patients who have 
exon 10 mutations (codons 609, 611, 618, or 620) 
due to the congenital absence of enteric innerva-
tion, causing chronic bowel obstruction in infancy; 
these patients may require colon surgery and can 
have chronic problems with intestinal motility 
issues and malabsorption. FMTC consists of the 
presence of a RET  germline mutation without the 
development of pheochromocytomas or hyper-
parathyroidism in (1) families with MTC or (2) a 
single individual with MTC and no family history 
of MTC. FMTC was historically a freestanding 
hereditary syndrome, but the 2015 ATA guidelines 
reclassified it as a variant of MEN2A (1). FMTC 
represents only 5– 15% of all hereditary forms of 
MTC, and it tends to be the least aggressive form 
of MTC, with an older age of onset, on average.

MEN2B and associated features

MEN2B is associated with a distinctive pheno-
type, and it is associated with the most aggres-
sive-behaving MTC. Fortunately, it is also the 
least common of the MEN2 syndromes (5%). 
It demonstrates 100% penetrance of MTC and 
50% penetrance of pheochromocytomas, with-
out PHPT. The prominent and classic phenotype 
is due to the development of mucosal neuromas 
and gastrointestinal ganglioneuromas affecting 
the tongue, lips, eyelids, salivary glands, pancreas, 
intestine, gallbladder, upper respiratory tract, and 
urinary bladder (Figure 9.1). Alimentary ganglio-
neuromas lead to chronic problems with constipa-
tion, diarrhea, feeding problems, and megacolon 
(Figure  9.2). Opioid therapies for pain control 
should be avoided to prevent intestinal obstruc-
tion. MEN2B patients have a marfanoid habitus, 
with a decreased upper/lower body segment ratio, 
long limbs, hyperextending joints, scoliosis, nar-
row and long faces, and anterior chest deformities; 
however, they do not have the lens subluxation or 
cardiovascular abnormalities that are characteris-
tic of Marfan syndrome. In addition, these patients 
are unable to make tears. As 75% of MEN2B cases 

are due to de novo RET  mutations, neither parent 
typically will have the classic phenotype nor a RET  
mutation. The cause of MEN2B in the majority of 
patients is due to one of two RET  codon muta-
tions, most commonly M918T (> 95%) and rarely 
A883F (5%). In comparison with MEN2A patients, 
M918T-mutated MEN2B patients are associated 

Figure 9.1 Mucosal neuromas of tongue and 
lips in an MEN2B Patient. Mucosal neuromas 
on tongue (within yellow circle) and on the lips 
(yellow arrow) in an MEN2B patient. (Courtesy of 
Steven G. Waguespack, MD.)

Figure 9.2 Megacolon in an MEN2B Patient. 
Dilated colon (yellow arrows) elevating bilateral 
diaphragms.
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with the following aggressive MTC features: earlier 
average age of diagnosis in the second decade of 
life (about 10 years earlier than MEN2A patients), 
younger onset of lymph node and distant metas-
tases, and higher morbidity and mortality rates, 
typically due to the advanced stage at presentation 
rather than it being a more aggressive cancer (20, 
21). MTC with an A833F mutation is less aggres-
sive compared with germline M918T-mutated 
MTC (22).

2015 ATA risk stratification of RET 
codon mutations

Since 1993, strong correlations observed between 
RET  mutations and their respective clinical expres-
sion drove consensus recommendations for evalu-
ation and treatment to prevent morbidity and 
mortality associated with hereditary MTC. The 
aggressive potential of MTC associated with a spe-
cific RET  mutation is estimated by identifying the 
earliest age of MTC diagnosis and the earliest age 
at which metastases have been demonstrated (23). 
Originally designated as levels A through D in 
the 2009 ATA guidelines, RET  mutations are now 
stratified to a specific risk of aggressive MTC, using 
the terms “ highest risk,”  “ high risk,”  and “ moder-
ate risk”  (1, 24). The “ highest risk”  category is com-
prised of only the codon M918T mutation seen 
with MEN2B; it is associated with the earliest age 
of MTC diagnosis (2 months of age), lymph node 
metastasis (3 months of age), and distant metasta-
sis (5 years of age) (23). The “ high risk”  category 
includes 2 codons, C634 and A883F, associated with 
MEN2A and MEN2B, respectively. All other codon 
mutations are considered to be “ moderate risk,”  as 
the MTC associated with risk level tends to present 
later in life, have less extensive disease at diagnosis, 
and a more indolent pace of progression. Based on 
these risk categories, there are guideline recommen-
dations regarding timing of prophylactic thyroidec-
tomy, which will be described later in this chapter.

CLINICAL PRESENTATION AND 
DIAGNOSTIC WORKUP OF MTC

Sporadic MTC most often occurs between the 
fourth and sixth decades of life, with slightly under 
half of patients presenting with stage III or IV 
disease (25, 26). There has been no trend toward 
detection at earlier stages and no improvement 

in patient survival. An analysis of the population-
based Surveillance, Epidemiology, and End Results 
Registry from 1973 to 2002 showed the mean over-
all survival rate for MTC was 8.6 years. Patients 
with localized or regional disease at the time of 
diagnosis experienced a superior 10-year survival 
rate of 95.6% and 75.5%, respectively, compared 
with patients with distant metastases, who had a 
10-year survival rate of 40% (26).

Most cases are identified during the evaluation 
of a palpable nodule or a nodule identified inci-
dentally on imaging for unrelated reasons (27). 
Individuals who present with a thyroid nodule 
harboring suspicious sonographic findings should 
undergo a fine needle aspiration (FNA). When his-
tological analysis shows features suggestive of, but 
not diagnostic of, MTC, diagnostic accuracy can 
be markedly improved by measuring Ctn levels 
in the FNA washout fluid, as well as by perform-
ing immunohistochemical staining to look for 
the presence of markers including Ctn, chromo-
granin, and carcinoembryonic antigen (CEA), 
as well as the absence of thyroglobulin (28). In 
studies of small numbers of patients, Thyroseq v3 
genomic classifier demonstrated accurate detection 
of medullary thyroid cancer in a training set of 15 
samples, all of which were identified correctly, and 
Veracyte Afirma’ s MTC classifier (part of its Gene 
Expression Classifier) demonstrated a sensitivity of 
96%, with 26 of 27 specimens appropriately diag-
nosed (29, 30).

When a diagnosis of MTC has been confirmed 
or is highly suspicious, serum Ctn and CEA lev-
els (both secretory products of the C cells) should 
be measured. Ctn can be elevated in non-MTC 
conditions, such as chronic renal failure, autoim-
mune thyroiditis, primary hyperparathyroidism, 
presence of heterophilic antibodies, other malig-
nancies (e.g., lung, prostate, neuroendocrine 
tumors). Additionally, children under 3 years of 
age can have markedly elevated Ctn levels, which 
should be carefully interpreted when consider-
ing thyroid surgery in this population. The issue 
of whether a serum Ctn should be evaluated in 
patients with thyroid nodules is controversial; 
there is no consensus recommendation for check-
ing it routinely as a screening test in nodular 
disease (1). In a study of 10,864 patients with thy-
roid nodules in whom Ctn was measured, 0.4% 
of patients were found to have MTC with Ctn 
screening (31).



 Surgical management as initial treatment 229

With regard to imaging, comprehensive neck 
ultrasound including nodal mapping of the central 
and lateral neck compartments is essential in all 
patients diagnosed with MTC. When there is a clin-
ical or radiographic concern for locally advanced 
tumor extension into surrounding structures or 
suspicion for disease extending posteriorly or into 
the mediastinum, additional cross-sectional imag-
ing, such as computed tomography (CT) of the neck 
with intravenous contrast or magnetic resonance 
imaging (MRI), should be considered. Elevated 
levels of Ctn greater than 500 picograms (pg)/mil-
liliter (ml) suggest a higher likelihood that there is 
disease outside of the neck and should prompt the 
performance of CT of the chest and abdomen or 
MRI of the liver (1). Evidence of distant metastatic 
disease does not necessarily preclude treatment of 
the primary tumor. Such findings should prompt 
the multidisciplinary clinical team to jointly 
determine the most appropriate course of action, 
which should balance the removal of the primary 
tumor to avoid potential morbidity from contin-
ued locoregional growth and any urgency to treat 
distant disease burden with systemic therapy. In 
addition, the information provided by preopera-
tive biochemical evaluation and imaging allows an 
informed discussion between clinicians and the 
patient about whether surgery is intended for cure 
or palliation.

Patients diagnosed with MTC should be evalu-
ated for symptoms of dysphagia, dyspnea, and 
hoarseness, which may indicate the presence of 
locally advanced disease. Symptoms of flush-
ing, diarrhea, or bone pain may be suggestive 
of distant metastatic disease. The physical exam 
should include palpation of the thyroid to deter-
mine the size of the mass and possible fixation 
to surrounding structures suggestive of locally 
advanced disease, as well as evaluation for associ-
ated lymphadenopathy in the anterior and lateral 
neck.

Because 1– 7% of patients with presumed spo-
radic MTC have the hereditary form of the disease, 
all patients diagnosed with MTC should undergo 
genetic testing and direct DNA analysis to detect 
activating mutations in the RET  proto-oncogene. 
Initial screening testing should include single- or 
multi-tiered analysis to detect known pathogenic 
RET  mutations in, at least, exons 8, 10, 11, and 
13– 16. Ideally, testing would be performed prior 
to surgical intervention, and if no mutations are 

identified, treatment for MTC may proceed. If a 
MEN2A-associated RET  mutation is identified, 
further biochemical workup for the associated 
diseases of primary hyperparathyroidism and 
pheochromocytoma should be performed prior to 
surgery; for MEN2B, pheochromocytoma should 
be ruled out. If genetic testing is not available prior 
to surgery, evaluation for the associated diseases 
should be performed prior to surgery, specifi-
cally albumin-corrected serum calcium and intact 
parathyroid hormone for primary hyperparathy-
roidism and urine or plasma metanephrines for 
pheochromocytoma.

SURGICAL MANAGEMENT AS 
INITIAL TREATMENT

Initial thyroid surgery in patients with known MTC 
is total thyroidectomy and central neck dissection. 
In a patient found to have MTC diagnosed after an 
initial diagnostic lobectomy, completion thyroid-
ectomy is recommended if the patient harbors a 
RET  proto-oncogene mutation, has an elevated Ctn 
3– 6 months postoperatively, or if there is imaging 
concerning for residual cancer. With regards to the 
extent of lymph node dissection, a bilateral central 
neck Level VI lymph node dissection is appropriate 
in all cases of operable MTC, regardless of the size 
of the primary tumor. As with all thyroid surgery, 
the extent of operation within the central neck must 
be weighed carefully against the potential risks of 
hypoparathyroidism and recurrent laryngeal nerve 
compromise; it must also factor in the therapeutic 
versus the palliative goal of the operation. While the 
recommendation in favor of a central neck dissec-
tion is well established and endorsed by the 2015 
ATA guidelines, the threshold for performance of 
a lateral neck dissection is more controversial. The 
ATA guidelines recommend using radiographic 
and biopsy-proven evidence of disease to deter-
mine performance of a therapeutic compartment-
oriented lateral neck dissection (Level II–V) (1). 
However, the guidelines “ recommended neither 
for nor against”  lateral compartment dissection in 
individuals with no radiographically concerning 
lateral neck disease based on basal Ctn levels. Risks 
associated with surgery in the lateral neck include 
injury to the vagus, phrenic, spinal accessory, and 
hypoglossal nerves and the brachial plexus, as well 
as bleeding and lymphatic and thoracic duct leaks. 
If a surgeon is not experienced at performing a 
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central or lateral neck dissection, consideration 
should be made for referral to a high-volume sur-
geon; complication rates are decreased when sur-
geries are performed by high-volume surgeons and 
in high-volume centers (32).

It is sometimes appropriate to perform a thy-
roidectomy with/without neck dissection even 
in the setting of distant metastatic disease. Some 
patients will experience morbidity from compres-
sion or invasion of the aerodigestive tract from 
uncontrolled locoregional disease before they are 
affected by indolent distant metastases. The deci-
sion for surgery in these cases should be discussed 
in a multidisciplinary context and informed by 
measurement of the pace of growth of distant 
disease. 

In the setting of hereditary MTC, patients often 
are encountered before they demonstrate clini-
cal evidence of the disease. Early fastidious thy-
roidectomy can prevent the development of MTC 
altogether or be curative for early stage disease. 
Debate exists around the optimal timing of sur-
gery for MEN2 patients with mutations in codons 
other than 918 and 634, especially as rarer and less 
virulent RET  mutations are becoming more prev-
alent in the genetic testing era (23). The primary 
oncologic goal of early intervention is to render the 
patient free of MTC and the implied risk of death 
from metastatic disease. A truly prophylactic thy-
roidectomy is performed with the goal of prevent-
ing malignancy from occurring in the first place, 
but it may be argued that the most important goal 
is to remove the thyroid before metastasis occurs. 
Surgery performed in this setting may be called 
an early thyroidectomy. The 2015 ATA guidelines 
suggest performing a total thyroidectomy in the 
first year of life in asymptomatic carriers with the 
highest risk RET  918 mutation and at or before 5 
years of age for those with a high-risk mutation 
(1). With all other RET  mutations, the timing of 
surgery can be determined by the detection of 
an elevated Ctn level and/or concerning features 
on ultrasonography; the final decision should be 
made by the multidisciplinary team in consulta-
tion with the child’ s parents, who may opt for ear-
lier intervention. 

ACTIVE SURVEILLANCE OF MTC

Given the propensity for recurrent disease, espe-
cially when cervical lymph nodes are already 

involved at the time of diagnosis, and the indo-
lent disease course observed in most patients with 
MTC, long-term surveillance with laboratory test-
ing and imaging at appropriate intervals is war-
ranted. Serum Ctn is the primary biomarker used 
for postoperative surveillance and prediction of 
persistent, recurrent, and/or progressive disease; 
generally speaking, it correlates well with tumor 
burden. CEA, a less specific biomarker for MTC, 
should be measured concurrently with Ctn to 
understand tumor differentiation status, as a tumor 
that expresses relatively high amounts of CEA to 
Ctn tends to be poorly differentiated and can have 
a more aggressive course over time. Tumor mark-
ers should be assessed 3 months after initial surgery 
to identify nadir levels, given the long half-lives of 
each, and repeated every 6 months for the first 2 
years after surgery.

Ctn and CEA doubling times generally corre-
late with the rate of progression, recurrence, and 
survival (33). Doubling times > 1 year are associ-
ated with superior disease-specific survival and 
recurrence-free survival rates; the CEA doubling 
time appears to have a higher predictive value than 
Ctn doubling time. Although there are no formal 
published guidelines on how often to follow MTC 
patients for progression, it is generally accepted 
that measurement of doubling times can help 
guide surveillance intervals. Patients with long 
doubling times (> 1 year) may have clinical evalu-
ations with imaging studies performed every 6– 12 
months. However, if a patient has a short doubling 
time of less than 6– 9 months, closer follow-up at 
intervals of 3– 6 months are indicated with a vari-
ety of imaging studies to identify sites of progres-
sive metastases, as per the practice patterns of the 
authors.

Radiologic surveillance for metastatic disease 
includes a variety of studies. Ultrasound of the 
neck is the most sensitive imaging modality for 
detecting thyroid bed or nodal recurrences (most 
frequent sites of recurrences after initial surgery) 
with minimal risk to the patient; thus, it is rou-
tinely performed in MTC patients even if tumor 
markers remain undetectable or stable. If the post-
operative Ctn level is > 150 pg/mL and/or CEA 
levels are persistently elevated or rising without 
any evidence of progression in the neck on ultra-
sound, then additional imaging studies are needed 
(1). Contrast-enhanced computed tomography 
of the neck can identify metastatic disease in the 
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retropharyngeal region or superior mediastinum, 
which are areas not visualized well by ultrasound 
(34). Fine-section contrast-enhanced CT or MRI 
of the chest and abdomen with a 3-phase liver 
protocol are valuable studies to detect pulmonary, 
intrathoracic lymph nodes and hepatic metas-
tases. There is a 19% prevalence of bone metas-
tases in MTC; these are often multifocal (77%), 
predominantly involving the spine and pelvis, 
and typically occur in the setting of other distant 
metastases (89%) (35). A bone scan or MRI of the 
spine should be done to screen for bone metasta-
ses and to follow lesions over time for progression. 
Fluorodeoxyglucose positron emission tomog-
raphy/CT (FDG PET/CT) and L-6-[18 F]-fluoro-
3,4-dihydroxyphenylalanine (F-DOPA) PET/CT 
are less sensitive for MTC metastases compared 
with the aforementioned studies; however, they 
may correlate with progressive disease, compro-
mised survival, or greater disease burden (36, 
37). Scintigraphy with radiolabeled octreotide, a 
somatostatin analog (111 In-Octreoscan), has low 
sensitivity for metastatic MTC and is not recom-
mended for routine surveillance (1). A somatosta-
tin analog-labeled PET/CT with 68 Gallium (68 Ga) 
(68 Ga-DOTATATE PET/CT) has a predominant 
affinity for somatostatin-receptor subtype 2, which 
is frequently found on MTC cell membranes. It was 
demonstrated to be superior to 111 In-Octreoscan 
in detecting recurrent MTC in one small study 
(38, 39).

Response Evaluation Criteria In Solid Tumors 
(RECIST) version 1.1 is a standardized and broadly 
accepted set of criteria used in oncology and radi-
ology for determining radiologic response or pro-
gression of soft tissue metastases in solid tumors, 
including thyroid cancer (40). Notably, osteoblastic 
bone lesions are not considered measurable, but 
osteolytic bone lesions with an identifiable soft 
tissue component evaluable by CT or MRI can be 
considered as a measurable lesion. Progressive dis-
ease is defined as a ≥ 20% increase in target lesion 
measurements. A partial response is defined as 
a ≥ 30% decrease in the sum of all target lesions. 
Stable disease is any response between ‒ 29 and 
+ 19% change in the sum of target lesions. A real-
life clinical dilemma is that radiologists often do not 
report findings based on RECIST criteria outside of 
a clinical trial, making it necessary for the clinician 
to personally determine overall stability, response, 
or progression of MTC.

Prognostic indicators beyond 
doubling times

With the development of targeted drug therapies, 
it is unclear if the conventional use of Ctn and 
CEA is effective in the measurement of response 
to therapy. This is a general concern that is shared 
across many different cancer types and has led 
to the development of a new generation of tumor 
biomarkers that include circulating cell-free DNA 
(cfDNA), which contain DNA derived from dying 
tumors (41, 42). It is now widely accepted for sev-
eral types of cancer that tumor cfDNA levels pro-
vide prognostic information in untreated patients 
and also may be predictive of response to treat-
ment. Liquid biopsy has been shown to detect RET  
M918T mutations in patient plasma with high 
specificity but low sensitivity (43). In individuals 
with known somatic RET  M918T mutations, the 
allelic fraction of circulating tumor DNA is prog-
nostic for overall survival and may play a role in 
monitoring response to treatment. 

The presence of a somatic RET  mutation has 
been found to be associated with a lower survival 
rate (44). The role of somatic copy number altera-
tion as a mechanism for MTC tumorigenesis has 
been recently studied; the loss of somatic cyclin-
dependent kinase inhibitor 2C (CDKN2C), an 
inhibitor of the retinoblastoma pathway neces-
sary for tumor cell cycle activation, is associated 
with the presence of distant metastasis at presen-
tation as well as decreased overall survival, a rela-
tionship enhanced by concomitant RET  M918T 
mutation (45).

REGIONAL SITE-SPECIFIC OR 
SYMPTOM-SPECIFIC THERAPIES

Locoregional persistence and recurrence of MTC 
is not uncommon, and the decision regarding the 
appropriateness of remedial surgery should bal-
ance the anatomic threat of local invasion into vital 
structures with the elevated risks of hypoparathy-
roidism and nerve injury associated with reopera-
tion (Figure 9.3) (46).

Adjunctive external beam radiation therapy 
(EBRT) to the neck is controversial and poorly 
studied, largely in a retrospective and non-ran-
domized setting. It is not recommended when 
further surgery can successfully extirpate resid-
ual or recurrent disease. Although it may reduce 
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locoregional recurrences, there is no evidence 
demonstrating improved overall survival, and it 
certainly can lead to significant morbidity, such 
as esophageal stricture (47). With the availability 
of anti-angiogenic MKIs for progressive MTC, 
we recommend deferring EBRT in the absence 
of tracheal or esophageal wall disease, due to the 
risk for tracheoesophageal or tracheo-tumor fis-
tula development (48).

Brain metastases should be irradiated using 
EBRT or stereotactic radiosurgery to prevent 
potentially catastrophic neurologic events. 
Additionally, if systemic therapy with an MKI is 
being considered, brain imaging should be per-
formed before initiation and irradiation completed 
for occult brain metastases, as there is concern for 
potential increased bleeding risk into these lesions 
due to the MKI targeting the vascular endothelial 
growth factor receptor (VEGFR), although some 
clinical trials indicated that antiangiogenic thera-
pies were not associated with an increased risk of 
intracranial bleeding in patients with known brain 
metastases (49). 

Distant metastases to the lung and liver 
that are indolent and asymptomatic can be fol-
lowed with serial imaging. Progressive pulmo-
nary metastases can cause symptoms of dyspnea, 
hemoptysis, or cause post-obstructive pneumo-
nia. In selected cases where localized pulmonary 
metastases compromise pulmonary function, 
palliative surgical resection or radiotherapy may 
be considered. For patients with progressive or 
symptomatic liver metastases, transarterial che-
moembolization (TACE) or radioembolization can 
be considered (50). 

Bone metastases in MTC are often clinically 
silent. In a retrospective study of over 1000 patients 
with MTC from a single center, 25% of patients 
with bone metastases were identified within 3 
months of MTC diagnosis (35). Skeletal-related 
events (SREs) (defined as spinal cord compression, 
pathological fracture, radiation or surgery to bone, 
and hypercalcemia of malignancy) occurred in 
48% of the patients; radiotherapy was most com-
mon, followed by a pathologic fracture. Spinal 
cord compression was extremely rare (1.6%). 
Overall, patients with SREs did not experience 
compromised survival compared to patients with-
out SREs. EBRT, stereotactic radiotherapy, verte-
broplasty, radiofrequency ablation, cryosurgery, 
arterial embolization, or surgical resection can be 
considered to palliate painful bone metastases or 
to prevent fracture or neurological compromise. 
Anti-resorptive therapies that inhibit osteoclast 
activity, such as bisphosphonates or denosumab, 
are employed in patients with osteolytic bone 
metastases from several different types of neo-
plasms (lung, breast, prostate, kidney, and multi-
ple myeloma); anecdotal experience supports their 
use in MTC, as these treatments can reduce pain 

(a)

(b)

Figure 9.3 (a) Growing persistent disease 
(denoted by arrow) requiring reoperation given 
location adjacent to esophagus and course of 
right recurrent laryngeal nerve and risk of future 
invasiveness into the esophagus and/or nerve.
(b) Intraoperative findings of tumor posterior 
to recurrent laryngeal nerve, nerve able to be 
preserved. E: Esophagus, T: Tumor, N: Recurrent 
laryngeal nerve, Tr: Trachea.
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associated with bone metastases. There are no pro-
spective controlled trials available studying these 
agents in metastatic bone disease in thyroid cancer.

Diarrhea, a common (30% of MTC patients) 
paraneoplastic syndrome seen in MTC, can 
cause weight loss, dehydration, and poor qual-
ity of life. Tumoral co-secretion of peptides (e.g., 
prostaglandins, 5-hydroxytryptamin, vasoactive 
intestinal peptide, and calcitonin gene-related 
peptide) is associated with hypersecretory diar-
rhea and increased gastrointestinal motility. It 
is frequently present in patients with advanced, 
metastatic disease, typically involving the liver. 
Anti-motility drugs (loperamide, diphenoxylate/
atropine or tincture of opium) are effective first-
line agents. Somatostatin analogs may provide 
some benefit based on small, nonrandomized 
studies (51, 52). Surgical debulking or hepatic 
TACE is helpful in some patients (50). Diarrhea 
can decrease with MKI therapy, a clinical indica-
tor of response.

Ectopic Cushing’ s syndrome is a rare paraneo-
plastic syndrome that can be associated with MTC 
(less than 1%); it is caused by tumoral production 
of adrenocorticotropic hormone or corticotropin-
releasing hormone. It is associated with dramatic 
clinical findings, such as hypertension, hypoka-
lemia, proximal muscle wasting, hyperglycemia, 
opportunistic infections, and hypercoagulabil-
ity; it conveys a poor prognosis if not aggressively 
treated. When associated with a localized tumor, 
resection or ablation can cause clinical remission 
of this paraneoplastic syndrome. In the presence of 
widely metastatic disease, medical therapy (keto-
conazole or metyrapone) or bilateral adrenalec-
tomy may be necessary.

SYSTEMIC THERAPIES FOR 
ADVANCED, PROGRESSIVE DISEASE

Patients with rapidly progressive, widely meta-
static, or symptomatic disease that is not amenable 
to focal or targeted palliative treatments should 
be considered for systemic chemotherapy. Prior 
to 2000, studies with chemotherapeutic regimens 
typically combining dacarbazine with other agents 
(e.g., cyclophosphamide, vincristine, 5-fluorouracil) 
demonstrated a reduction in tumor size in approxi-
mately 25% of patients (53). However, significant 
toxicity profiles and lack of complete responses 
made these treatments unfavorable for use.

Subsequent studies revealed promising antitu-
moral responses to small molecule tyrosine kinase 
inhibitors (TKIs), which compete with the ATP-
binding site of the catalytic domain of a tyrosine 
kinase, which in turn inhibit autophosphorylation 
and activation of the tyrosine kinase domain of 
various transmembrane receptors (e.g., VEGFR, 
RET, c-Kit, epidermal growth factor receptor 
[EGFR], c-Met). These receptors are critical for 
activating intracellular signaling pathways that 
drive cell activation, division, migration, and sur-
vival. The TKIs target more than one type of tyro-
sine protein kinase with varying potencies, thus 
designating them as multikinase inhibitors; how-
ever, all target VEGFR-2, the primary mediator of 
angiogenesis. Although numerous MKIs have been 
investigated in MTC in various phases of clinical 
trials, both vandetanib and cabozantinib were 
studied robustly in phase III placebo-controlled 
trials, and subsequently were approved for com-
mercial use in the United States in April 2011 and 
November 2012, respectively, for the treatment 
of advanced, progressive, or symptomatic MTC. 
These are notable achievements for a rare cancer 
that historically had no viable therapeutic options 
other than surgery. 

Approved multikinase inhibitors 
(MKI) for MTC

Vandetanib  targets RET (IC50  100nM), VEGFR-2 
(IC50  40nM) and EGFR (IC50  500nM) (54). Given 
the activity against RET, the drug was first studied 
in hereditary MTC patients. Two phase II clini-
cal trials evaluated hereditary MTC patients using 
two different doses: 100-mg and 300 mg daily (55, 
56). Encouraging findings from these trials led to 
the ZETA study, a large, multicenter, randomized 
controlled phase III trial for patients with advanced 
MTC (hereditary and non-hereditary), measurable 
by RECIST and a Ctn of at least 500 pg/mL (n=331) 
(57). Radiologic progression prior to enrollment 
was not required, a distinguishing feature of this 
trial. Patients were randomized in a 2:1 ratio to van-
detanib or placebo between 12/2006 and 11/2007 
with the ability to crossover to the active drug if 
placebo-treated patients demonstrated progression 
while on the study. Vandetanib led to a significantly 
prolonged progression-free survival of 30.5 months 
(predicted) compared with placebo (19.3 months) 
(HR 0.46; 95% CI, 0.31– 0.69, P < 0.001). The overall 
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response rate observed in the trial was 45% in the 
vandetanib group compared with 13% in the pla-
cebo group. Although it was not designed to eval-
uate overall survival, there was no difference in 
overall survival between the treatment groups. 

Cabozantinib  inhibits RET (IC50  4.5nM), 
VEGFR-2 (IC50  0.035nM) and c-MET (IC50  1.8) 
(54). A phase I clinical trial evaluating cabozan-
tinib in patients with solid tumors became enriched 
for MTC patients once favorable responses were 
observed (58). Of the 37 MTC patients enrolled, 
all of whom had progressive disease prior to study 
entry, 29% had a partial response with a combined 
benefit (partial response plus stable disease) seen 
in 68% of patients. The subsequent multicenter, 
randomized controlled phase III EXAM trial ran-
domized MTC (hereditary and non-hereditary) 
patients, who had progressive disease within 14 
months of study enrollment, to cabozantinib or 
placebo in a 2:1 allocation (n=330) (59). The median 
progression-free survival was significantly longer 
in the cabozantinib-treated patients (11.2 months) 
compared with the placebo group (4.0 months) 
(HR 0.28; 95% CI 0.19– 0.40, P < 0.001), with a par-
tial response of 28% for cabozantinib and 0% in 
placebo-treated patients. Responses were observed 
regardless of RET  mutation status. Overall sur-
vival, a secondary endpoint in this study as cross-
over from placebo to active drug was not permitted, 
was not different between the treatment groups 
(HR 0.85; 95% CI, 0.64– 1.12; P =0.24) 60. 

Due to the differences in enrollment criteria 
and protocol designs, it is not possible to compare 
the outcomes from these two trials or to determine 
whether one agent is more effective than the other 
(Table 9.1). The patients in the EXAM trial had 
more aggressive disease, as progression prior to 
enrollment was required, whereas ZETA included 
patients with stable disease at baseline. The EXAM 
trial did not allow crossover to active drug if a 
placebo-treated patient demonstrated progression, 
which the ZETA study permitted.

When should an MKI be initiated?

Patients who have rising tumor markers alone, 
without documented structural disease, or have 
stable or indolent metastatic disease with pro-
longed Ctn and CEA doubling times greater than 
2 years, do not require systemic therapy; they 
require routine active surveillance for progres-
sion as described in an earlier section (1). The 2015 
ATA guidelines recommend that patients with 
symptomatic or progressive metastatic disease 
with a high tumor burden are candidates for either 
vandetanib or cabozantinib as first-line systemic 
therapy. The following are indications for initiat-
ing systemic chemotherapy (61):

 1. Radiologically progressive (based on RECIST) 
and clinically significant disease within 12 to 
14 months 

Table 9.1 Comparison of the phase III cabozantinib and vandetanib trials

EXAM trial ZETA trial

Cabozantinib 
(n=219)

Placebo 
(n=111)

Vandetanib 
(n=231) Placebo (n=100)

Inclusion Criteria Documented RECIST 
progression within 14 
months of enrollment

Locally advanced or metastatic disease and 
calcitonin ≥ 500 pg/mL (no requirement 
for RECIST progression)

Crossover at 
Progression

Not Allowed Allowed

Median PFS (months) 11.2 4.0 Not reached;  
estimated 30.5

19.3

1-year PFS 47% 7% 83% 63%
HR (95% CI) 0.28 (0.19, 0.40) 0.35 (0.24, 0.53)
ORR 28% 0% 45% 13%

EXAM: E fficacy of X L184 in A dvanced M edullary Thyroid Carcinoma; ZETA: Z actima E fficacy in T hyroid C ancer A ssess-
ment; RECIST: R esponse E valuation C riteria I n S olid T umors; PFS: progression-free survival; HR: hazard ratio; 
CI: confidence interval; ORR: objective response rate.
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 2. Symptomatic metastatic disease not amenable 
to, or that has failed, local or symptom-specific 
therapies (e.g., surgery, radiotherapy, emboliza-
tion, cryoablation, or antidiarrheals)

 3. Bulky disease compromising or threatening 
organ function not manageable with localized 
therapies.

In selected cases, additional reasons to embark 
on systemic therapy include (61):

 1. Ctn doubling time of less than 6 months and 
structural evidence of clinically significant 
disease not treatable with local therapies 

 2. Severe, intractable MTC-related diarrhea 
or ectopic Cushing’ s syndrome and lack of 
efficacy with other medical treatments and 
presence of structural and clinically significant 
disease.

Adverse effects of MKI

Compared with cytotoxic chemotherapeu-
tic agents, the adverse events (AEs) associated 
with MKIs are generally better tolerated and 

manageable. Some AEs are serious or can worsen 
quality of life. While patients with progressive 
metastatic disease may benefit from an MKI and 
the potential AEs are considered acceptable risks, 
potential serious AEs of these drugs outweigh the 
marginal benefits in patients with indolent or sta-
ble disease. 

Common toxicities with MKIs include the fol-
lowing: dermatologic (palmar-plantar eryth-
rodysesthesia, photosensitivity), mucocutaneous 
(stomatitis, taste changes), cardiovascular (hyper-
tension), gastrointestinal (diarrhea, nausea, 
anorexia), systemic (fatigue), and uncontrolled 
hypothyroidism (Table 9.2; Figure 9.4). With vande-
tanib, the most common side effects (≥ 20%) noted 
in the phase III trial included (in order of descend-
ing frequency): diarrhea, rash, nausea, hyperten-
sion, fatigue, headache, diminished appetite, and 
acne (57). QTc prolongation was observed in 14% 
of patients treated with vandetanib, although there 
were no reports of torsades de pointes. There is a 
black box warning on the package insert for van-
detanib specifying the necessity to: (1) monitor 
electrocardiograms (ECGs) routinely when treat-
ing with this agent; (2) avoid medications known 

Table 9.2 Adverse events (all grades) with cabozantinib and vandetanib (57, 59)

Adverse event
Cabozantinib 
(n=214), %

Placebo 
(n=109), 

% Adverse event
Vandetanib 
(n=231), %

Placebo 
(n=99), 

%

Diarrhea 63.1 33.0 Diarrhea 56 26

Palmar-plantar 
erythrodysesthesia

50.0 1.8 Rash 45 11

Decreased weight 47.7 10.1 Nausea 33 16
Decreased appetite 45.8 15.6 Hypertension 32 5
Nausea 43.0 21.1 Fatigue 24 23
Fatigue 40.7 28.4 Headache 26 9
Dysgeusia 34.1 5.5 Decreased 

appetite
21 12

Hair color changes 33.6 0.9 Acne 20 5
Hypertension 32.7 4.6 Asthenia 14 11
Stomatitis 29.0 2.8 Vomiting 14 7 
Constipation 26.6 5.5 Back pain 9 20
Hemorrhage 25.2 15.6 Dry skin 15 5
Vomiting 24.3 1.8 Insomnia 13 10
Mucosal inflammation 23.4 3.7 Abdominal pain 14 5
Asthesia 21.0 14.7 Dermatitis 

acneiform
15 2

Dysphonia 20.1 9.2 Cough 10 10
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to prolong the QT interval; (3) correct electro-
lyte abnormalities (hypocalcemia, hypokalemia, 
hypomagnesemia); and (4) correct hypothyroid-
ism. Cabozantinib was associated with the fol-
lowing common side effects in the phase III trial 
(≥  20%, in order of descending frequency): diar-
rhea, palmar-plantar erythrodysesthesia, weight 
loss, diminished appetite, nausea, fatigue, taste 
change, hair color changes, hypertension, sto-
matitis, constipation, hemorrhage, vomiting, 
mucosal inflammation, asthenia, and dysphonia 
(59). Cabozantinib is a more potent inhibitor of 
VEGFR-2, which is likely why it is associated with 
hemorrhage, venous thrombosis, gastrointestinal 
(GI) perforation, and fistula formation (Figure 9.5). 
There is a black box warning on the package insert 
for cabozantinib for the risks of GI perforation, fis-
tula, and hemorrhage. Given the side effect profiles 
of each of these drugs and the variable propensity 
for specific side effects, recommendations regard-
ing starting systemic chemotherapy for a patient 
must be patient-centered and account for multiple 
factors, including patient’ s medical history, physi-
cal examination findings, baseline laboratory data, 
ECG, concomitant medications, radiation history, 
and extension of tumor into surrounding tis-
sues, especially vascular structures (61). From this 
evaluation, it is possible to select a drug with the 
least risk for side effects while providing oncologic 
benefit.

As neither agent is curative, chronic use is 
required for control of disease. Patient quality of 
life, compliance, and optimal response to drug 
therapy can all be limited without implementation 
of regular preventative strategies and aggressive 
management of AEs. The management of AEs asso-
ciated with MKIs used for metastatic thyroid cancer 
is well described by Cabanillas et al. (62).

Monitoring for response to targeted 
therapy

While on systemic treatment, routine monitoring 
for response with high-resolution imaging stud-
ies (CT, MRI) should be performed every 2 to 3 
months. The response should be determined based 
on radiologic findings, not on biomarker changes 
alone, as Ctn and CEA levels can be discordant and 
may not correlate with radiologic responses in some 
cases. The challenge is that some lesions will dem-
onstrate response while other sites may progress in 
an individual patient, termed a “ mixed response.”  

Figure 9.4 Skin adverse effect with vandetanib. Photosensitivity skin adverse event arising 55 days 
after starting vandetanib therapy. There are erythematous plaques and bullae on the face, scalp, 
neck, dorsal hands, and palms, sparing the upper back/chest with well-demarcated borders.

Figure 9.5 Tracheoesophageal fistula with 
cabozantinib. Patient taking cabozantinib with a 
tracheoesophageal fistula (yellow arrow identifies 
the tract between the trachea and the esopha-
gus, which has an hyper-enhancing nasogastric 
tube within it).
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It is generally accepted that soft tissue metastases 
respond more effectively to MKIs than bone metas-
tases. These mixed responses may be due to variable 
tissue distribution of drug or tumor heterogeneity, 
a problem identified in other solid tumors, papil-
lary thyroid cancer, and MTC (63– 66). There is 
also the possibility of tumor resistance, such as that 
seen with a gatekeeper mutation like V804 RET  
mutations (67). In patients with mixed responses, 
targeted treatment of focal areas of progression 
(e.g., radiation or resection) can be considered. 
Eventually, most patients will become refractory to 
treatment, and the clinician should be prepared to 
recommend the next treatment, either by switching 
to the other approved agent or referring the patient 
for consideration for a clinical trial.

Other agents in clinical trials

In MTC, various somatic mutations are potential 
therapeutic targets (Table 9.3). Although target-
ing multiple kinases leads to a multi-faceted attack 
on oncogenic pathways, this can also lead to off-
target effects on normal cells, manifesting as AEs, 
as described earlier. There is growing interest in 
developing highly specific RET inhibitors, espe-
cially since RET fusion proteins are found in more 
prevalent malignancies such as papillary thyroid 
cancer and non-small cell lung adenocarcinomas. 
Highly specific RET inhibitors may demonstrate 
greater antitumoral efficacy with more tolerable 
side effect profiles, especially if there is less anti-
angiogenic effect (68). Two separate phase I trials 
studying RET-specific inhibitors (BLU-667 and 
LOXO-292) in solid tumors, including MTC, are 
currently actively enrolling (www.clinicaltri-
als.gov). The results of these two trials are highly 
anticipated.

In various solid tumors, including MTC, activa-
tion of tyrosine kinase receptors leads to downstream  

upregulation of RAS  and activation of the MAPK 
and PI3K/Akt/mTOR pathways. The mammalian 
target of rapamycin (mTOR) plays a role in cell 
proliferation and inhibiting apoptosis. Additionally, 
MTC can be associated with RAS  mutations (most 
commonly HRAS  type), mutually exclusive from 
RET  mutations, in approximately 14% of patients 
(8). In a single-arm, multicenter, phase II trial with 
everolimus (an mTOR inhibitor), metastatic thyroid 
cancer patients of all histologies, with evidence of 
progression by RECIST criteria within the prior 6 
months, were enrolled (69). Ten of 33 patients had 
MTC. Nine had a RET  mutation, and four had prior 
treatment with an MKI. One patient had a partial 
response, while eight others had stable disease, with 
a median progression-free survival of 13.1 months 
(range: 1.8– 49.2 months). Another phase II trial of 
everolimus in patients with thyroid cancers of any 
histology reported that the eight patients with MTC 
all had stable disease as the best response (70). A 
Dutch phase II study of everolimus in thyroid can-
cer included seven MTC patients with progression 
within 12 months prior to enrollment (71). Five 
patients had stable disease, and the other two had 
continued progressive disease. There is an ongoing 
study of the combination of everolimus with van-
detanib, which may have a synergistic effect. Larger 
studies with everolimus are needed to understand 
the benefit of this agent for MTC.

Immunotherapy agents targeting cytotoxic 
T-lymphocyte-associated antigen 4 (CTLA-4; ipili-
mumab), programmed cell death protein 1 (PD-1; 
pembrolizumab and nivolumab), or programmed 
cell death ligand 1 (PD-L1; atezolizumab, ave-
lumab, and durvalumab) have led to remarkable 
responses in melanoma, non-small cell lung, renal 
cell, bladder, and head and neck cancers. There are 
currently ongoing trials using either single agent 
or combination immunotherapies for thyroid 
(medullary and non-medullary) cancers.

Table 9.3 Somatic mutations identified in medullary thyroid carcinoma (8)

Gene Mutated samples Tested samples Mutation frequency

RET  1007 2304 44%

HRAS  111 1033 11%
KRAS  36 1039 3%
NRAS  4 824 0.5%
BRAF  31 508 6%
CDKN2C  5 83 6%

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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CONCLUSION AND FUTURE 
DIRECTIONS

The era of targeted therapy for thyroid cancer began 
at the turn of the century with the recognition that 
neoplastic growth depended on the upregulation 
of angiogenesis and pathogenic “ driver”  mutations 
encoding kinases that activate critical intracellular 
pathways. With this new understanding, there was 
an exponential development of targeted systemic 
therapies studied in successfully completed clinical 
trials led by an international community of inves-
tigators. Since 2011, four drugs were approved for 
use in advanced, progressive MTC (cabozantinib 
and vandetanib) and radioiodine-refractory differ-
entiated thyroid cancer (lenvatinib and sorafenib) 
not amenable to surgery or other treatments. 
However, the holy grail of a curative treatment has 
yet to be identified. 

These achievements attained over a relatively 
short time promise a hopeful future for patients 
with MTC. Further research is much needed in 
the following areas: evaluating patient-reported 
outcomes to develop individualized care models, 
identifying more effective early prognostic indica-
tors of tumoral behavior, establishing other targe-
table mechanisms of oncogenesis, understanding 
how intratumoral heterogeneity may influence 
responses to therapy, clarifying mechanisms of 
drug resistance, and (most important) finding a 
treatment regimen that leads to a cure for what has 
long been considered a chronic cancer. 
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10
Anaplastic thyroid carcinoma 
and thyroid lymphoma

ASHISH V. CHINTAKUNTLAWAR AND KEITH C. BIBLE

Thyroid cancer incidence is increasing world-
wide, likely due to more frequent incidentally 
detected papillary microcarcinoma (1). Within 
this “ epidemic”  a small apparent increase in dif-
ferentiated thyroid cancer (DTC) incidence is pos-
sible (2). Fortunately, the incidence of aggressive 
thyroid malignancies (anaplastic thyroid cancer 

[ATC] and thyroid lymphomas) has remained low, 
comprising < 2% of all thyroid cancers. However, 
mortality from aggressive thyroid carcinomas, 
especially ATC, continues to be high (3). In this 
chapter, we discuss our approach to the diagnosis 
and management of ATCs and primary thyroid 
lymphomas (PTL). Aggressive tumors such as ATC 
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and PTL tend to present similarly, most often with 
a symptomatic rapidly growing neck mass requir-
ing expeditious evaluation, diagnosis, and therapy.

CASE EXAMPLE

A 59-year-old gentleman presented with a rap-
idly enlarging neck mass associated with hoarse-
ness, reddening of the overlying skin, and neck 
swelling, without prior history of thyroid disor-
ders. Examination showed a large right anterior 
neck mass (Figure 10.1); the right vocal cord was 
paralyzed.

DIAGNOSTIC APPROACH TO A 
RAPIDLY ENLARGING THYROID 
MASS

Almost all patients with aggressive thyroid malig-
nancies present with a rapidly growing neck mass; 
incidental detection is uncommon. Other symp-
toms can include hoarseness, ear pain, erythema, 
dyspnea and/or swallowing difficulties, and neck 
pain. Emergent multidisciplinary evaluation and 
care are most often needed.

In addition to vocal cord assessment, imaging 
of the brain, neck, chest, and abdomen is required 
to rule out disseminated disease (4). Pathologic 
confirmation of the diagnosis has to be obtained 
concurrently and expeditiously, accomplished by 
directed biopsy of the neck mass— or biopsy of 
distant disease if present. A core biopsy reviewed 
by an expert thyroid pathologist is best to dis-
tinguish between aggressive thyroid carcinoma, 
sarcoma, lymphoma, or metastasis to the thyroid 
from another site. The following sections discuss 

evaluation and management of ATC and thyroid 
lymphomas, separately and in detail.

ANAPLASTIC THYROID 
CARCINOMA

Incidence and demographics

The frequency of ATC relative to other thyroid 
cancers was higher in the past, but more recently 
it has been 1– 2% in the United States (5). Part of 
this apparent reduction in incidence may be due 
to improvements in discrimination of this tumor 
from other poorly differentiated tumors of the 
thyroid and because of earlier diagnosis of smaller 
DTCs. The median age at ATC diagnosis from 
a Surveillance, Epidemiology, and End Results 
(SEER) program was 62 years (6). However, ana-
plastic thyroid cancers can also present in people 
in their mid-forties and, extremely rarely, in their 
thirties. There might be a slight female preponder-
ance (7). 

ATC incidence appears influenced by dietary 
iodine. In one study (8), the frequency of ATC was 
three times higher in an iodine-deficient area com-
pared with an iodine-rich area; however, a more 
recent study demonstrated no such differences (9).

Natural history and mortality rates

ATC has a dismal prognosis. In a population-based 
study from British Columbia, almost all patients 
not referred for treatment died within 1 month; the 
1-year overall survival rate was 19% (10). In 1961, 
Woolner et al. reported from the Mayo Clinic that 
61% were dead within 6 months and 77% within 

Figure 10.1 Computed tomographic (CT) scan with axial (A ) and coronal (B ) views demonstrating 
anaplastic thyroid cancer characterized by a large invasive mass (white arrows) associated with central 
necrosis (darker) and leftward tracheal deviation.
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1 year from diagnosis (11). Almost 50 years later, 
a study from MD Anderson reported a mean sur-
vival of 7 months (12). Only 8% (20 of 240 patients) 
from both series survived longer than 1 year. The 
median survival in a later Mayo Clinic studies 
was only 3 months (13). The overall cause-specific 
mortality of 516 patients from the SEER database 
was 69.3% at 6 months and 80.7% at 12 months (7). 
Although improvements have been shown in spe-
cific publications (14, 15), population-based stud-
ies continue to show poor prognosis even today. In 
a National Cancer Database (NCDB) study from 
2017, 1-year survival was still dismal at 11% (5). 

If left untreated, death occurs most commonly 
from the effects of local tumor invasion, particu-
larly asphyxiation, with over half of patients dying 
from suffocation from invasive neck tumor (16, 17). 
However, in most recent studies wherein patients 
were treated with chemoradiation therapy with or 
without surgery, patients instead died from distant 
metastases, suggesting progress in affecting locore-
gional tumor control (14, 15, 18).

Prognostic factors

In single institutional studies, the presence of DTC 
component (11), younger patient age (19), and ear-
lier tumor stage at the time of diagnosis (14) have 
been associated with better prognosis. In a study of 
516 patients from the SEER database, multivariate 
analysis showed that only: age < 60, lesser disease 
extent, and combined modality therapy with surgi-
cal resection and external beam radiotherapy were 
independent prognostic factors (7). In the recent 
NCDB study, age, presence of distant metastasis, 
administration of chemotherapy, surgical resec-
tion, and radiation dose were similarly shown to be 
independently associated with survival per mul-
tivariable analysis (5). In summary, younger age, 
limited stage disease (AJCC stage IVA and IVB), 
and multimodality treatment seem to be associ-
ated with better survival.

DIAGNOSIS 

History
Patients most often present with a rapidly enlarg-
ing neck mass; symptoms of tracheal compression 
or invasion are most common. A study from the 
Mayo Clinic also found that about two-thirds had 
a rapidly enlarging neck mass, either with (37%) or 
without (32%) pre-existing goiter; about half had 

dyspnea at the time of diagnosis (20), with symp-
toms present < 3 months in almost half. Rapid 
tumor enlargement often causes neck and/or ear 
pain, erythema, and local tissue edema, probably 
due to venous congestion and/or jugular venous 
thrombosis, tumor necrosis, and invasion of neck 
tissues. Hoarseness due to vocal cord paralysis, 
stridor due to laryngeal edema, or airway compro-
mise are also often present. Some patients undergo 
initial surgical resection of a presumed DTC, later 
to experience rapidly recurrent neck tumor later 
confirmed to be ATC. Any patient with rapidly 
growing thyroid  mass should be considered opera-
tionally to have ATC or thyroid lymphoma until 
proven otherwise. 

Physical examination
ATC primary tumors are typically hard, poorly 
circumscribed, and fixed to surrounding struc-
tures. In the Mayo Clinic series, 60% presented 
as a multinodular goiter and 38% presented as 
an apparently unifocal thyroid mass; only 2% 
caused diffuse thyroid enlargement (20). ATCs 
are characteristically quite large and may be 
associated with palpable cervical lymph nodes. 
In the Mayo Clinic series, approximately 80% of 
ATCs were > 5 cm; half had palpably enlarged 
cervical lymph nodes; one-third had vocal cord 
paralysis upon initial presentation (20). Stridor 
portends serious airway compromise and raises 
the question of elective tracheostomy to protect 
the airway (4).

Only about one-third of ATC patients have evi-
dent distant metastases at diagnosis, mostly to the 
lung, but about half eventually developed them (12, 
20). In an MD Anderson cohort, nearly 8% of ATC 
patients demonstrated brain metastases, almost 
uniformly symptomatic at detection (21). The diag-
nosis of malignancy is usually obvious because of 
ominous symptoms, physical findings, and aggres-
sive behavior. The main diagnostic challenge is 
in differentiating ATC from less aggressive— but 
still poorly differentiated— thyroid cancers and 
from extremely rare primary thyroid lymphoma, 
squamous cell carcinoma, sarcoma, or sometimes 
aggressive thyroid metastasis. 

Fine needle aspiration

Fine needle aspiration (FNA) can be helpful in 
identifying ATC, but when ATC is suspected, a 
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core (or occasionally open) biopsy with immuno-
histochemical staining (IHC, including TTF-1, 
thyroglobulin, p53, PAX8) is required to confirm 
the diagnosis (22). ATC may sometimes be difficult 
to distinguish from thyroid lymphoma, medul-
lary thyroid carcinoma (MTC), and other forms of 
poorly differentiated thyroid carcinoma or cancers 
metastatic to the thyroid. Giant- and spindle-cell 
patterns of ATC predominate, sometimes with 
multinucleated giant cells, suggesting the correct 
diagnosis. MTC can be distinguished by calcitonin 
IHC staining and elevated serum calcitonin. Non-
Hodgkin’ s thyroid lymphoma can be identified by 
FNA, but a core biopsy and IHC are often neces-
sary to differentiate it from ATC, especially for 
large cell lymphoma. Critically, ATC is expected to 
show no or minimal immunohistochemical stain-
ing for thyroglobulin and TTF-1, positive staining 
for PAX8 and cytokeratin, and to be histologically 
indistinguishable from poorly differentiated carci-
noma of any site of origin.

RADIONUCLIDE STUDIES

Diagnostic scanning with radioiodine is not indi-
cated in ATC and can delay diagnosis, but it is some-
times helpful later in the disease course in the event 
of recurrent coexistent DTC. Positron emission 
tomography (PET) with 18F-fluorodeoxyglucose 
(18F-FDG) has emerged as the most overall useful 
modality to stage and follow ATC (23, 24). 

THYROID ULTRASONOGRAPHY

Ultrasound plays a lesser role in ATC evaluation 
than do CT and FDG-PET imaging. The majority 
of differentiated carcinomas and ATCs present as 
hypoechoic masses by ultrasonography. Invasive 
or infiltrating tumors strongly suggest a malignant 
process and should prompt biopsy.

OTHER RADIOLOGIC STUDIES

CT may be needed preoperatively for surgical 
planning, especially when the tumor extends into 
the thorax, is invasive, involves adjacent lymph 
nodes, or is associated with vocal cord paralysis. 
ATC generally appears as a large low attenuation 
mass, accompanied by dense calcification in over 
half the patients, most also showing central tumor 
necrosis (48). Neck MRI can alternatively be used 
but is not routinely needed. However, brain MRI is 
recommended proactively, especially if symptoms 
are suggestive of intracranial metastasis (4, 21).

Fiberoptic examination of airway 
and/or esophagus

Assessment of vocal cord function should 
always be performed upon ATC diagnosis (4). 
Esophagoscopy is helpful in defining the extent of 
esophageal invasion, while fiberoptic visualization 
of trachea permits the detection of the extent of 
tracheal invasion— especially important if surgery 
is of consideration.

Pathology

GROSS FEATURES

ATCs often involve both thyroid lobes and are 
typically invasive and poorly delineated. Extensive 
local invasion into the soft tissues, trachea, and 
esophagus is common. On gross examination, the 
tumors are gray-white, fibrous, calcified, or even 
ossified, and they frequently show areas of necrosis. 

HISTOLOGY

About half of ATCs arise from pre-existing 
DTCs, while some appear to arise de novo . ATCs 
are composed wholly or in part of undifferenti-
ated cells and tend to behave according to their 
most aggressive tumor element. The three major 
types of ATC are spindle cells, giant cells, and 
squamoid— but other histologic variants such as 
paucicellular, lymphoepithelioma-like, and carci-
nosarcoma exist. Subdivision, however, carries no 
prognostic value. ATCs are pleomorphic and may 
resemble fibrosarcoma or rhabdomyosarcoma, or 
may contain multinucleated giant cells resembling 
osteoclasts. Cytoplasm can be varied and nuclei 
are usually large, with frequent mitoses. Necrosis 
within a biopsy or necrotic material in a cytopa-
thology specimen is quite common, favoring imag-
ing-guided core biopsy. 

The IHC proof of the follicular origin of ATC 
is its staining with epithelial markers, the most 
useful of which is low-molecular-weight keratin 
(cytokeratin), expressed in up to 80% of ATC cases 
(25, 26). TTF-1 and thyroglobulin IHC is expected 
negative, more often staining for p53 and/or paired 
box gene 8 (PAX8). ATC is also heavily infiltrated 
with inflammatory cells, including macrophages, 
and demonstrates high expression of programmed 
death-ligand 1 (PD-L1) (Figure 10.2) (27). It is criti-
cal to differentiate ATC from lymphoma and MTC 
due to differential therapy and prognosis.
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GENETICS

Poorly differentiated thyroid cancers and ATCs 
harbor characteristic somatic mutations, including 
p53 and telomerase reverse transcriptase (TERT ), 
present in 70– 80%, which lead to dedifferentiation, 
tumorigenesis, and rapid growth. BRAF  mutations 
are also seen in 40– 50%, thought to arise from pre-
existing papillary thyroid carcinoma (PTC). RAS  
mutations are seen exclusive of BRAF  mutations; 
other mutations, including neurofibromatosis type 
1 (NF1 ),  Phosphatase and tensin homolog (PTEN ),  
Eukaryotic translation initiation factor 1A, 
X-chromosomal (EIF1AX ), DNA mismatch repair 
pathway genes (MSH2, MSH6, MLH1 ), and trans-
locations involving anaplastic lymphoma kinase 
(ALK ) genes are also sometimes seen (28– 30). 
There is preliminary evidence that these mutations 
could also be assessed by circulating tumor-free 
DNA, especially in the case of BRAF  (30).

Treatment
ATCs are therapy-resistant, rarely cured, and remain 
almost universally fatal. Surgery, chemotherapy, or 
radiotherapy used separately have generally not 
been effective; however, early multimodal therapy 
combining surgery when feasible, external beam 
irradiation (usually intensity-modulated radiation 
therapy [IMRT]), and cytotoxic chemotherapy are 
associated with improved outcomes; see Scheme 
10.1 for our suggested initial approach. Mutation-
specified salvage therapy for metastatic disease is 
emerging as promising, but limited.

Surgical therapy
Thyroid surgery
In principle, we feel that near-total thyroidectomy, 
with resection of the involved adjacent neck tissues 

and cervical lymph nodes, should be done if pos-
sible; however, radical surgery (laryngectomy, tra-
cheal resection or reconstruction) is inadvisable in 
ATC.  There is emerging evidence that chemoradia-
tion therapy is effective in controlling locoregional 
disease and that rapid initiation after surgery is 
important. More extensive surgery may delay ini-
tiation of chemoradiation. Moreover, we generally 
do not recommend surgery in metastatic ATCs. 

In an earlier Mayo Clinic series, 41% of the 
patients underwent surgical resection— mostly 
partial or total thyroidectomy (11); in a later Mayo 
series, 62% underwent surgical resection (13). In 
one MD Anderson series, approximately 59% of 
patients underwent surgery (12). In population-
based studies, however, surgical resection has been 
reported less frequently. For example, a Canadian 
study reported surgery in only 22% (10), and a 
SEER study reported primary surgery in only 10%, 
suggesting differential care at community versus 
academic centers (7). 

The role of surgical resection in ATC is poorly 
defined because of inherent biases in published 
studies; moreover, with increasing evidence of the 
efficacy of chemoradiation, the role of surgery may 
be evolving. Previous single institution studies did 
not show benefit for surgery (11, 12). Similar results 
were also demonstrated in population-based stud-
ies (7). However, newer studies suggest that surgery 
may provide benefit when part of multimodal-
ity treatment (5, 31). We are unlikely to have a 
definitive answer without a randomized study; it is 
reasonable to plan total thyroidectomy and selec-
tive neck dissection with an intention of removal 
of gross disease and rapid initiation of adjuvant 
chemoradiotherapy thereafter. When a more radi-
cal surgery or complications are expected, or in the 

Figure 10.2 Hematoxylin and eosin stained section of ATC (A ) with IHC demonstrating high expres-
sion of programmed death-ligand 1 (PD-L1) on ATC cells (B ). (Photomicrograph courtesy of Dr. 
Michael Rivera, Mayo Clinic.)
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setting of metastatic ATC, chemoradiation may be 
the best initial approach, foregoing surgery. 

AIRWAY MANAGEMENT

Per the American Thyroid Association (ATA) 
guidelines, prophylactic tracheostomy is not indi-
cated when airway compromise is not an immedi-
ate issue (4). The tumor may, however, compromise 
the airway by compression, displacement, infiltra-
tion, and, less often, via bilateral vocal cord paraly-
sis. Management involves thyroid gland resection 
with decompression of the airway. The minority of 
patients require a tracheostomy. 

Radiotherapy may cause tumor edema that 
acutely exacerbates airway obstruction; pallia-
tive corticosteroids can be tried in such instances. 
More than half of ATC patients in the Mayo Clinic 
series required tracheostomy during the course of 
their disease (20). In patients who are not surgical 
candidates or who do not wish to have invasive 
procedures, tracheal stenting may be an alterna-
tive to provide symptomatic relief while maintain-
ing quality of life (32).

Chemoradiation therapy

Radiotherapy
Radiotherapy, in particular IMRT, has become a 
cornerstone of treatment in ATC. Effective local 

control can be achieved by combined modality 
treatment partnering radiation and chemotherapy 
with or without surgery. Based on the population- 
and single-institutional-based studies, about 20% 
of patients with ATC survive 2 years or beyond 
after multimodality therapy (5, 14, 15, 33– 35). 
Alternative fractionation of radiotherapy has also 
been investigated, but toxicity is high, with ben-
efits uncertain (15, 19, 36– 38). With IMRT now 
widely available in the United States and Europe, 
it is feasible to include combination chemotherapy 
with radiation therapy as demonstrated by Mayo 
Clinic protocol (3, 14, 39). The utility of IMRT per-
haps points to the fact that total dose, rather than 
fractionation approach, may be of greater impor-
tance; total radiation dosage > 40– 60 Gy has been 
associated with improved survival (5, 19, 35, 37). 
At the Mayo Clinic, stage IVA and IVB patients 
are routinely given a radiation dose of > 60 Gy (14). 
Similar dosage is also reasonable in selected IVC 
patients, to attain locoregional control, but it does 
not seem to improve survival (14, 15, 35).

CONCURRENT 
CHEMORADIOTHERAPY

There is no consensus regarding the selection of 
chemotherapeutic(s) to be given concurrently with 
radiotherapy. The selection of drugs is often based 

Scheme 10.1 Suggested initial approach to ATC management.
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upon side effects, the fitness of the patients, and 
institutional preferences. Doxorubicin, platins, and 
taxanes remain the most commonly used agents, 
administered either alone or in combination. Our 
practice, in general, is to offer docetaxel and doxo-
rubicin (20 mg/m2  each, weekly) or paclitaxel and 
carboplatin (50 mg/m2  and AUC 2 respectively, 
weekly) concurrently with radiotherapy.

Studies from multiple institutions describe 
apparent benefit from multimodality therapy in 
ATC, but most are retrospective and subject to 
potential biases. In 1983, a regimen consisting of 
combining weekly doxorubicin (10 mg/m2 ) and 
hyperfractionated radiation (160 cGy twice daily 3 
days/week) was reported for ATC (40, 41), deliver-
ing 5760 cGy over 40 days. The protocol was well 
tolerated with little morbidity. Median survival 
was 1 year, but most patients ultimately developed 
distant metastases and died. 

Multiple studies by Swedish groups (38, 42, 43) 
have used hyperfractionated radiotherapy, che-
motherapy (Bleomycin, cyclophosphamide and 
5-fluorouracil [BCF]), or, most recently, with 20 
mg/week doxorubicin, and debulking surgery. 
Radiotherapy was administered preoperatively 
to 30 Gy in 3 weeks, and postoperatively with an 
additional 16 Gy, else the same cumulative radia-
tion dose preoperatively. Death was attributed to 
local failure in eight patients (24%), but the median 
survival was only 2– 3 months.

In 1991, a French group (18) reported results 
in 20 ATC patients treated; depending on the 
patient’ s age, two types of chemotherapy were used 
every 4 weeks: those < 65 years received doxoru-
bicin (60 mg/m2 ) and cisplatin (90 mg/m2 ); those 
>  65 received mitoxantrone (14 mg/m2 ) alone. 
Radiotherapy (17.5 Gy) was given in seven fractions 
to the neck and superior mediastinum intercur-
rently. Three patients (15%) survived longer than 
20 months. All developed pharyngoesophagitis and 
tracheitis after the first or second cycle of radiother-
apy. The same group published another prospective 
study in 2004 involving 30 ATC patients. Two cycles 
of doxorubicin (60 mg/m2 ) and cisplatin (120 mg/
m2 ) were delivered before radiotherapy, four cycles 
following radiotherapy. Radiotherapy consisted of 
two daily fractions of 1.25 Gy, 5 days per week to a 
total dose of 40 Gy. Surgical resection was possible 
in 24 (80%). Median survival with this protocol was 
10 months and only 5% succumbed to locoregional 
disease (15). 

In the newer studies from the Mayo Clinic, 
chemoradiotherapy (doxorubicin and docetaxel 
at 20 mg/m2 /week each or at 60 mg/m2  every 3 
weeks each, and combined with IMRT to 60– 66 
Gy) has been combined with surgery as feasible. 
A pilot study published in 2011 demonstrated 
promise (39), prompting an expanded cohort 
of 48 patients confirming these results; median 
overall survival was 21 months in the patients 
with multimodal therapy compared to 4 months 
in patients treated with palliative therapy or best 
supportive care. Locoregional relapse was seen in 
only 2 of 27 evaluable patients treated with multi-
modal therapy (14). Similar results were seen from 
a Memorial Sloan Kettering study, where patients 
(n=7) treated with doxorubicin (20 mg/m2 /week) 
and radiotherapy of > 60 Gy had a median sur-
vival of 17 months (19). 

Palliative systemic therapies
Cytotoxics have had low efficacy in metastatic 
ATC, with no FDA-approved systemic agents other 
than doxorubicin. Doxorubicin, however, has low 
efficacy and a response rate of 16% in a phase 2 trial 
(44). In the same study, the combination of cispla-
tin and doxorubicin demonstrated the numerically 
higher response rate of 26%. Paclitaxel has been 
shown to have a 50% response rate in ATC (45); 
however, in another multi-institution study, pacli-
taxel demonstrated a lower response rate of 21% 
and median overall survival of 6.7 months (46). 
Based on these studies, taxanes and anthracyclines 
could be considered for palliative ATC treatment, 
but modest benefit is anticipated. 

Personalized therapies are emerging in meta-
static ATC. Recently, targeted therapy was inves-
tigated in BRAF-mutated ATC, showing a 69% 
response rate with the combination of the MEK 
inhibitor trametinib and the BRAF inhibitor dab-
rafenib in a basket study (47). This combination 
needs confirmation in a dedicated study for ATC. 
There are also reports of BRAF inhibitors used as 
single agent in ATC, but most responses are brief 
(48– 50). Multikinase inhibitors (MKIs) also have 
emerged as effective in DTC (51– 53), but MKI  
treatment of ATC has been disappointing (48, 
54– 57). 

Future ATC treatment strategies
With better understanding of the outcomes 
achieved from initial chemoradiation (15, 39), 
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the ATC genetic landscape (28), the pathogen-
esis and molecular drivers of ATC (58), and the 
outcomes from molecularly targeted personal-
ized therapies (47), further innovative treatment 
strategies are being planned and studied (59, 60). 
The first fully accrued randomized study involv-
ing ATC patients, RTOG 0912, examining the 
potential benefit from adding the MKI pazo-
panib (or not) to initial chemoradiation therapy 
in ATC, completed accrual in 2016, with results 
awaited. Another trial involving upfront treat-
ment of ATC with chemoradiation plus immu-
notherapy (the anti-PD-1 agent pembrolizumab) 
is now accruing, in the hopes that heightened 
antigen presentation from surgery and/or radio-
therapy will prime for more effective immuno-
therapy and thereby further improve survival 
(NCT03211117). Another study is building on the 
phase 1 study examining PPAR-gamma agonist 
efatutazone combined with paclitaxel as salvage 
therapy in ATC (NCT02152137). Lessons learned 
from these and other studies have fostered new 
interest in systemic therapies in ATC for the 
first time in several decades, hopefully leading 
to an emerging renaissance in ATC therapeutic 
innovation. 

PRIMARY THYROID LYMPHOMA

Primary thyroid lymphoma (PTL)— along with 
ATC— should be considered prominently in the dif-
ferential diagnosis of any rapidly expanding thyroid 
mass. PTL is a rare, but potentially life-threatening, 
malignancy that often poses diagnostic challenges 
based on paucicellular FNA samples alone, mak-
ing a core biopsy critical (68). PTL typically arises 
in the setting of chronic thyroiditis, sometimes in 
patients with long-standing hypothyroidism (61). 
Treatments and prognoses differ vastly between 
ATC and PTL, but expeditious diagnosis and ther-
apy of PTL are generally associated with an excellent 
prognosis, unlike ATC (62– 64), making it impera-
tive that PTL is considered and correctly identified.

Case example

An 81-year-old woman noted a rapidly expanding 
neck mass, first detected upon showering; imaging 
including CT and FDG-PET demonstrated a thy-
roid mass with involvement of L4 (Figure 10.3) but 
no bone marrow involvement. Suspicion was raised 
over anaplastic thyroid cancer versus lymphoma; 
FNA was initially nondiagnostic, but a biopsy later 

Figure 10.3 Thyroid (diffuse large B-cell non-Hodgkin’ s) lymphoma; (A)  CT at diagnosis, showing 
large left thyroid mass (white arrows) and right thyroid multinodular goiter; (B)  FDG-PET at diag-
nosis, showing primary PTL and involved lumbar vertebra (white arrows), absent upon reimaging; 
(C)  2.5 years after diagnosis in response to R-CHOP.
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showed clear evidence of diffuse large B-cell lym-
phoma. The patient was since treated with R-CHOP, 
attaining a complete response after two cycles; four 
more cycles were administered with complete 
response ongoing over 2.5 years later.

Incidence

The annual incidence of PTL in the United States 
is less than one in two million, accounting for 
only 1– 2% of all extranodal lymphomas (62). The 
thyroid gland is sometimes secondarily involved 
by widespread lymphoma; in such cases, origin 
is difficult to determine. Therefore, we limit dis-
cussion to stage IE and IIE, and not IIIE or IVE, 
PTL. Although many PTLs were incorrectly diag-
nosed in the past as anaplastic small-cell thyroid 
carcinoma, adequate pathological materials and 
appropriate IHC interrogation allow differentia-
tion. Pathologists have also become more adept 
at distinguishing lymphoma from advanced 
Hashimoto’ s thyroiditis, which is absolutely criti-
cal since PTL typically develops in the setting of 
coexisting lymphocytic thyroiditis. 

Age and sex distribution

Contrary to other lymphomas, females predomi-
nate in PTL (62), probably because it originates 
from active lymphoid cells in chronic lymphocytic 
thyroiditis, which occurs more often in women. 
The median age is 60– 70, but a wide age range has 
been reported (62, 63).

Hashimoto’ s/chronic lymphocytic 
thyroiditis and PTL

In one study, the relative risk of PTL among people 
in Sweden with Hashimoto’ s thyroiditis was 67-fold 
greater than expected (mean follow-up 8.5 years) 
(61). Another study from Japan found an 80-fold 
increased frequency of PTL among 5592 women 
aged 25 years or older with chronic thyroiditis 
(65). The average interval between the diagnosis of 
chronic thyroiditis and PTL was 9.2 years.

Pathology

LYMPHOMA CELL TYPES AND HISTOLOGIC 
FEATURES

Virtually all PTLs are B-cell non-Hodgkin’ s lym-
phomas, which can be identified and characterized 

using monoclonal antibodies (63, 66). Most PTLs 
are diffuse large B-cell lymphomas (DLBCL), with 
MALT lymphoma less common— pointing to the 
embryonal origin of the thyroid from the endoder-
mal epithelium in the primitive pharynx. Rarely, 
DLBCL and MALT lymphoma coexist, likely 
resulting from transformation; this is associated 
with a poor prognosis (63, 67). Less common PTLs 
include indolent B-cell lymphomas and others 
such as T-cell and Hodgkin’ s lymphomas. 

The histologic features of Hashimoto’ s disease 
and PTL are often difficult to differentiate. PTL 
demonstrates normal thyroid tissue that is exten-
sively infiltrated with abnormal and invasive lym-
phoid cells that often penetrate the thyroid capsule, 
extending into adjacent soft tissues. PTL is usually 
composed of monotonous small cells, distinct 
from autoimmune thyroiditis.

The interface between lymphocytic thyroid-
itis and PTL may be sharply defined, or there 
may be a transitional zone in which elements of 
both are intermixed. Lymphoma cells tend to dis-
place, distort, and replace the thyroid epithelium. 
Classification can be performed using IHC for 
CD5, CD10, CD20, CD23, CD43, CD30, BCL-2, 
c-myc, and cyclin-D1 (68).

Clinical features

SYMPTOMS AND SIGNS

Much like ATC, most PTLs present with com-
pressive symptoms caused by a rapidly expanding 
goiter over the course of days or a few weeks (67). 
Common symptoms include dysphagia, dyspnea, 
stridor, neck pressure, and neck pain— potential 
indicators of extrathyroidal tumor extension that 
should alert clinicians to possible malignant goi-
ter. Stridor and hoarseness often occur together, 
and when they do, laryngeal nerve paralysis is of 
concern. The disease may present focally, with only 
one thyroid lobe or a discrete nodule involved, or 
there may be diffuse thyromegaly. By palpation, 
the gland is nearly always firm or hard, usually 
nontender, and often fixed— a sign of local inva-
sion. Other signs of extrathyroidal spread include 
ill-defined thyroid borders with extension laterally 
or retrosternally on imaging. Nodal involvement is 
often present but B-symptoms are uncommon (66). 
Almost all patients with PTL have clinical or his-
tologic evidence of lymphocytic thyroiditis at the 
time of diagnosis (62). 
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Thyroid dysfunction

Although laboratory evidence of autoimmune 
thyroiditis is common, most are euthyroid or only 
mildly hypothyroid, showing minimal elevation 
in serum thyroid-stimulating hormone (TSH) and 
otherwise normal thyroid function tests (62, 64). 
Thyrotoxicosis is extremely uncommon, but can 
occur in PTL (63).

DIAGNOSIS

Differential diagnosis
The diagnostic possibilities of a rapidly enlarging 
thyroid mass are PTL, ATC, MTC, multinodular 
goiter, or colloid nodule with acute hemorrhage, 
and also inflammatory disorders including acute, 
subacute, and Hashimoto’ s thyroiditis. 

SERUM CHEMISTRIES AND 
IMMUNOGLOBULINS

Routine serum chemistries and hematologic stud-
ies are usually normal. Lactate dehydrogenase may 
be elevated. Thyroid function testing may disclose 
subclinical or overt hypothyroidism, and serum 
antimicrosomal and antithyroglobulin antibodies 
are often positive.

FNA/core biopsy
In general, when ATC or PTL are of consideration, 
it is best to obtain a core biopsy rather than FNA 
(69). Immunophenotyping with IHC markers is 
crucial in classifying lymphoma for accurate diag-
nosis and treatment. Occasionaly an open (surgical) 
biopsy is necessary to obtain sufficient architectural 
detail to allow for accurate histologic subtype (70).

Imaging studies

TIMING OF STUDIES

Once PTL is diagnosed, imaging is required to define 
disease extent. CT scan, MRI, and ultrasonography 
could be used, but (18)F-fluorodeoxyglucose (FDG) 
positron emission tomography/computed tomog-
raphy (PET/CT) is best used to determine disease 
extent (71). Radioactive iodine diagnostic thyroid 
imaging is typically not appropriate or helpful.

ULTRASONOGRAPHY

PTL may appear as a markedly hypoechoic solid 
mass with significant posterior acoustic enhance-
ment intermingled with coexisting Hashimoto’ s 

thyroiditis in the remainder of the gland. Most 
PTLs are discrete solid nodules/masses occurring 
in a diffuse goiter. The findings of PTL are similar 
to those seen with Hashimoto’ s thyroiditis but to a 
much more dramatic extent— typically, the gland 
is markedly hypoechoic, with dense fibrotic bands, 
and prominent adenopathy (72). Ultrasonography 
may disclose contiguous tumor spread into both 
thyroid lobes, is sensitive in detecting abnormal 
cervical lymph nodes, and represents an important 
adjunct to physical examination.

COMPUTED TOMOGRAPHY

PTL is usually manifest as one or more areas of 
low thyroid density, either as areas of iso- or low-
attenuation on contrast-enhanced CT scan of the 
neck (Figure 10.4) (73). CT scan appearances are 
of three types: solitary nodules, multiple nodules, 
and diffuse goiter. Both lobes are usually involved 
with advanced disease and often have extrathyroi-
dal extension. The tumors have a strong tendency 
to compress or infiltrate surrounding structures 
and infrequently show calcification.

MAGNETIC RESONANCE IMAGING

Lymphomas appear as homogeneous iso- or high-
intensity areas on T1-weighted images compared 
with uninvolved thyroid tissue, which appears 
homogeneously high-intensity on T2-weighted 
images. The distinction between tumor and unin-
volved thyroid gland is sometimes more apparent 

Figure 10.4 Contrast CT, axial section, of patient 
with primary thyroid lymphoma (PTL). Note that: 
PTL mass is hypodense relative to normal thyroid 
and moreover contains heterogeneous areas of 
even lower CT density.
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by MRI than CT scan, but the two are comparable 
in identifying extrathyroidal extension, cervical 
lymphadenopathy, and in staging of lymphoma (73). 
Hashimoto’ s thyroiditis often shows homogeneous 
signal intensities on MRI that are indistinguishable 
from those of lymphoma.

RADIONUCLIDE SCANNING

FDG-PET is perhaps the most useful approach 
to staging in both ATC and PTL and in assess-
ing treatment response (23, 24, 71, 74). Various 
radionuclides, including compounds labeled with 
radioactive iodine, 201 Tl, 67 Ga, 111 In-octreotide, 
FDG-PET, MIBG, and 99m Tc, may be used to study 
patients with PTL, but none is specific for the diag-
nosis. Lymphoma appears as a hypofunctional 
lesion with 123 I or 99m Tc-pertechnetate thyroid 
scanning. Like 99m Tc-labeled compounds, 201 Tl 
may demonstrate uptake in PTL. 

Staging

INITIAL DISEASE STAGE

Staging for PTL is according to the Ann Arbor 
classification system (Table 10.1) (75, 76). PTL is 
macroscopically confined to the thyroid gland 
(stage IE) in almost 60%, with spread to regional 
lymph nodes (stage IIE) in the other 40% (63). 

THERAPY

Large, randomized, multicenter trials for PTL have 
not yet been done; thus, therapy in PTL is gener-
ally based upon that performed for similar histo-
logical lymphoma types otherwise occurring at 
other locations. As in other lymphomas, chemo-
therapy— and sometimes external beam radiation 
therapy— have emerged as preferred therapies, 
especially for high-grade PTLs (63). Overall sur-
vival for stage I disease approaches 90%, for stage 
II 60– 80%, depending on the lymphoma subtype 
and the therapeutic modality (66, 77).

SURGERY

Surgery is now less commonly undertaken in PTL 
due to improved efficacies of systemic therapies. 
Earlier reports (78), however, suggested that patients 
undergoing total macroscopic tumor removal fared 
considerably better than those with persistent 
tumor after surgery; 5-year survival rates in the two 
groups, respectively, were approximately 65% and 
22%. Similar results were reported from the Mayo 

Clinic (79), where 5-year survival rates were lower 
(49% vs. 75%) when patients had obvious residual 
disease postoperatively. Perhaps the least controver-
sial reasons for surgery are for diagnosis and tumor 
staging and to relieve airway obstruction. In the 
largest population-based analysis, 68% underwent 
resection with statistically better disease-specific 
survival reported (66). However, surgery as mono-
therapy is of consideration only in stage I disease. 

AIRWAY PROTECTION

Patients commonly present with a rapidly enlarg-
ing thyroid mass. Occasionally, tracheal com-
pression with respiratory distress may necessitate 
emergency surgery or tracheostomy. Almost 25% 
of the patients in a large series from the Mayo 
Clinic required an elective tracheostomy (80). 

RADIOTHERAPY

Radiation therapy is employed in the setting of 
lymphoma subtypes with a lesser risk of systemic 
dissemination, especially for patients with stage IE 
or IIE PTL. Control of disease in the neck is related 
both to radiation dosage and selection of radiation 
fields and may also be dependent upon the degree 
of surgical debulking (if performed) prior to radio-
therapy. The thyroid, bilateral neck, and medias-
tinum are treated with at least 40 Gy (4000 rad) 
given in divided doses over 4 to 5 weeks in earlier 
studies. An earlier Mayo Clinic study achieved a 
59% disease-free survival with about 40 (24– 60) 
Gy in 38 patients, most of whom had intermediate-
grade histology and stage IE or IIE disease (79). 
None experienced substantial side effects. Results 
are best for patients with stage IE and IIE disease. 
Another study reported 5-year survival rates of 
91% in patients with stage IE disease who were 
treated with 40 Gy (81).

CHEMOTHERAPY

Historically, based upon recent reviews (63, 82) che-
motherapy was administered to almost half of the 
patients with PTL. The most commonly used regi-
mens were CHOP or R-CHOP (rituximab, cyclophos-
phamide, doxorubicin, vincristine, and prednisone). 
These regimens are well tolerated even in elderly 
patients with PTL and can be curative even in dis-
seminated PTL (64). A review of the published litera-
ture suggested that the addition of chemotherapy to 
radiation therapy significantly lowered distant and 
overall recurrence (83). More recent studies indicate 
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5-year overall survival rates of 74– 87% (63, 64, 77). 
Older age, advanced stage, aggressive histologic sub-
type, and lack of combined modality treatment were 
associated with worse survival (66). 

FAILURE PATTERNS

Recurrence rates vary dramatically; most recur-
rences (75%) are detected within the first 2 years 
following therapy, and recurrences were detected 
by both physical exam and imaging studies (79, 84, 
85). However, routine use of PET-CT for surveil-
lance is being increasingly discouraged, especially 
in low-grade lymphomas (86). 

Local disease failure usually occurs in 25 to 
35% of patients after 40 Gy of external radiation 
(78, 81, 83). The rate of local failure appears related 
to the amount of residual disease after initial thy-
roidectomy, to the tailoring of radiation fields, and 
to the use of chemotherapy. A Mayo Clinic study 
reported no failures within the treatment fields 
in patients without residual disease when radia-
tion therapy was started, but otherwise, there were 
twice as many failures following radiotherapy to 
the neck alone compared with radiotherapy to 
both the neck and mediastinum (60% vs. 36%) (79). 

Distant recurrences can occur in the lungs, 
gastrointestinal tract, liver, central nervous sys-
tem, and kidneys. One study (84) of 245 patients 
found that the gastrointestinal tract was infre-
quently involved. An autopsy study, however (87), 

found the most common sites of involvement to be 
the gastrointestinal tract (100%), lung and kidney 
(each 63%), and liver and pancreas (each 50%).
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11
Surgical approach to thyroid disorders

VANINDER K. DHILLON AND RALPH P. TUFANO

INTRODUCTION

Surgery for the thyroid gland began pre-Renais-
sance and was advanced with modern techniques 
by renowned surgeons, including Kocher, Billroth, 
and Halstead (1). Indeed, the 1909 Nobel Prize in 
Medicine was awarded to Theodor Kocher for his 
work on thyroid physiology and surgery. The role of 
surgery as a definitive treatment for certain thyroid 
diseases is well documented. Thyroid surgery is tech-
nically challenging, but a systematic approach to the 
anatomy enables accurate resection with low morbid-
ity. The surgical indications and approaches to differ-
ent diseases of the thyroid will be discussed in this 
chapter. The pre- and postoperative considerations, 
risks, and complications will be reviewed. Lastly, new 
advancements in the surgical approach to thyroid dis-
eases, including transoral surgery, will be highlighted. 

SURGICAL TECHNIQUE

Surgical technique may vary to some extent, 
although the goals are the same— to remove the 
thyroid, and all diseased lymph node tissue in the 
case of thyroid carcinoma, without compromis-
ing the structure and function of adjacent struc-
tures (2). In thyroid cancer surgery, it is important 
to begin on the side of the presumed malignancy 
to ensure resection of the pathology in question 
in the event of damage to the recurrent laryngeal 
nerve (RLN). In the case of RLN damage, the sur-
gery may need to be modified to a hemithyroidec-
tomy, with resection of the remaining thyroid only 
after RLN function has fully recovered. Failure 
to take this approach risks injury to bilateral 
RLNs and increases the likelihood of requiring a 
tracheostomy.
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Identifying the superior and 
recurrent laryngeal nerves and 
parathyroid glands

During dissection of the superior pole of the thy-
roid, it is important to identify and stimulate the 
superior laryngeal nerve. As an adjunct during 
thyroid surgery, intraoperative nerve monitor-
ing (IONM) may be used to track and identify 
the neurophysiologic integrity of the superior and 
recurrent laryngeal nerves. Although the impact of 
nerve monitoring on reducing permanent recur-
rent laryngeal nerve palsy rates is highly debated, 
its use can identify impending nerve injury as it 
transpires, allowing for surgical maneuvers to 
avoid further damage (3, 4). An additional tech-
nique to identify the RLN is to locate the inferior 
thyroid artery, which courses perpendicular to 
the nerve; blunt dissection deep to the artery will 
lead to the RLN. Identification of the parathyroid 
glands also allows mapping of the RLN, as the 
superior parathyroid lies deep to the nerve, and the 
inferior parathyroid superficial to it. During dis-
section, it is critical to identify intracapsular para-
thyroid glands that may be adherent to the thyroid 
capsule and/or whose vascular supply arises from 
the thyroid gland itself, as these glands will require 
intracapsular dissection off of the thyroid capsule. 
The parathyroid gland will need to be placed in 
normal saline on ice for later auto-transplantation 
into adjacent neck musculature at the end of the 
surgery. Intracapsular parathyroid glands ulti-
mately share the same vascular supply as the thy-
roid and without which the parathyroid gland is 
not viable. The tissue, if diced and minced, can be 
reimplanted into the rich vascular supply of the 
adjacent neck musculature. Typically, the secretory 
function of the gland is preserved and parathyroid 
hormone function is maintained.

Closure of the wound

The strap muscles are reapproximated with a run-
ning 3– 0 vicryl stitch, making sure to re-oppose 
the fascia over the musculature appropriately and 
leave a space inferiorly. It is then important to 
verify the absence of any further bleeding within 
the subplatysmal space before closing the skin with 
3– 0 vicryl subdermal sutures. Surgeon preference 
guides the decision for stitches or glue alone in skin 
closure. Stitches can be placed in a subcuticular 

fashion underneath the skin for closure of the 
wound and/or tissue adhesive glue may be placed 
over the skin after meticulously everting the edges 
for final wound closure. The goal is to have a water-
tight seal with an aesthetically pleasing closure.

Preoperative considerations for 
thyroid surgery

Successful postoperative management of patients 
undergoing thyroid surgery relies on an informed 
consent and an outline of expectations during 
the preoperative period. The main risks of thy-
roid surgery include hypoparathyroidism and 
recurrent laryngeal nerve injury, which are low 
in experienced high-volume surgical hands (5). 
The likelihood of hypoparathyroidism is highly 
variable in the literature, with a range from 1.5% 
to 15% (6). However, the majority of these cases 
will have a resolution of symptoms within a few 
months. Permanent hypoparathyroidism is typi-
cally reported as occurring in less than 2% of cases 
but is highly operator-dependent (6). Recurrent 
laryngeal nerve injury is described in relation to 
the incidence of postoperative vocal fold weakness, 
with a reported range between 3 and 5% for tempo-
rary injury and < 1% permanent damage (3). Other 
risks associated with thyroid surgery include a 
scar, pain, bleeding, hematoma formation, and 
infection, with rates of less than 1% for each (2). 

Prior to performing thyroidectomy, it is impor-
tant to obtain a serum TSH. If low, a free T4 and 
total T3 will further clarify the degree of under-
lying thyroid dysfunction and determine whether 
medical therapy is indicated prior to the surgery. 
Treatment of overt hypothyroidism is optimally 
executed prior to an operation, except in urgent 
situations. Concomitant parathyroid disease is 
seen in 3– 5% of patients with nodular thyroid 
disease (6, 7); due to costs and morbidity associ-
ated with reoperation in the central compartment, 
many experts recommend preoperative measure-
ment of serum calcium. If hyperparathyroidism is 
identified, the surgical management can be altered 
accordingly. 

Postoperative considerations for 
thyroid surgery

Restrictions on strenuous activity and diet 
as well as bathing instructions are important 
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for good wound healing in the first few weeks 
after surgery. It is generally recommended that 
the patient not participate in contact sports or 
weightlifting, with avoidance of extreme bend-
ing or twisting in order to prevent increased 
pressure within the neck, which can increase the 
risk for the development of a hematoma. The use 
of dermal glue on the incision allows for normal 
bathing with water and soap in direct contact 
with the incision. The role of certain ointments 
and creams for scar care is debated, but a non-
oil-based moisturizer may help to keep the scar 
hydrated and sunscreen may prevent hyperpig-
mentation of the scar. A recent systematic review 
of six prospective studies evaluating the role of 
vitamin E has found that there is not yet suffi-
cient evidence that monotherapy with topical 
vitamin E has a significant beneficial effect on 
scar cosmesis to justify its widespread use (8). 
All postoperative details should be discussed 
with the patient before and after surgery in order 
to ensure patient expectations and compliance.

Postoperative levothyroxine therapy

The need for postoperative levothyroxine therapy 
is dependent upon the underlying thyroid abnor-
mality requiring surgery and the extent of surgery. 
For patients undergoing total thyroidectomy, levo-
thyroxine therapy is necessary at a daily replace-
ment dose of approximately 1.6 mcg/kg (0.8 mcg/
lb) body weight. When a diagnosis of cancer is 
certain and radioiodine therapy is desired, some 
providers may delay the initiation of thyroid 
hormone replacement until after the adjunctive 
therapy is administered. However, this approach 
is becoming far less common with the introduc-
tion of recombinant human TSH to stimulate 
uptake of iodine in follicular cells, obviating the 
need for thyroid hormone withdrawal (9) (see 
Chapter  8, “ Differentiated Thyroid Carcinoma” ). 
After hemithyroidectomy, the need for levothyrox-
ine therapy is uncertain and immediate institution 
of LT4 is not necessary. It is estimated that 15% of 
patients ultimately will become hypothyroid; those 
with a higher preoperative TSH (> 2.6 mU/L) and 
underlying Hashimoto’ s thyroiditis are more likely 
to require supplementation (10). It is important, 
therefore, to measure the TSH preoperatively and 
six weeks after surgery to ascertain the need for 
hormone therapy.

APPROACH TO HYPERTHYROIDISM

Indications for surgical management of hyperthy-
roidism may include: (a) pregnant patients requir-
ing high doses of an antithyroid drug or who are 
intolerant to antithyroid drugs, (b) patients with 
a concomitant thyroid nodule that is malignant 
or suspicious for malignancy, (c) failure of radio-
iodine therapy, (d) massive thyroid enlargement 
with compressive symptoms, (e) severe ophthal-
mopathy, (f) large toxic multinodular goiter, and 
(g) patient preference (1). The risks, benefits, and 
alternatives for total thyroidectomy should be dis-
cussed frankly with patients considering surgery 
for Graves’  disease. Surgery may be slightly more 
difficult in Graves’  as the gland may be inflamed 
and highly vascular (11– 13). With some studies 
suggesting a higher risk profile in Graves’  patients 
undergoing surgery (13), it is crucial that patients 
are evaluated by an experienced, high-volume thy-
roid surgeon (> 100 cases per year) who can discuss 
the risk– benefit profile in detail (12). 

In the preoperative evaluation of patients with 
Graves’ , it is important to acknowledge the poten-
tial for thyroid storm. Thyroid storm is a life-
threatening condition which leads to an excess 
release of thyroid hormone, often occurring in 
a suboptimally controlled hyperthyroid patient. 
Characterized by severe clinical manifestations of 
hyperthyroidism, symptoms include fever, gastro-
intestinal disturbances, tachyarrhythmias, con-
gestive heart failure, agitation, and altered mental 
status (11; see Thyrotoxicosis chapter). The risk of 
thyroid storm is reduced by adequate preoperative 
preparation, initially with antithyroid medications 
followed by potassium iodide treatment for up to 
10 days prior to surgery. An acute iodine load after 
pretreatment with thionamides reduces the thy-
roid vascularity and intraoperative blood loss (13). 
It is known that patients who are thyrotoxic prior 
to surgery have a higher mortality, but there is no 
compelling evidence to delay surgery for the sole 
purpose of adding iodine to decrease vascularity 
in patients otherwise adequately treated for their 
thyrotoxicosis (12, 13).

Approach to thyroid nodules

The majority of patients with thyroid nodules are 
managed conservatively with serial sonographic 
examinations. However, some patients may seek 
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surgical removal, even in the setting of a benign 
lesion. Enlarging nodules that are benign after 
repeat fine needle aspiration (FNA) may prompt 
removal, particularly for those that are large (> 4 
cm) or causing compressive symptoms (9). On the 
other hand, patients with asymptomatic benign 
nodules that demonstrate growth may safely opt 
for surveillance (14). Patients with nodules harbor-
ing atypical or indeterminate cytology (Bethesda 
III or IV) (see Table 11.1) (15), may opt for surgi-
cal intervention to obtain a definitive histologic 
diagnosis. In the absence of suspicious lymphade-
nopathy in the neck, it is reasonable to proceed 
with a diagnostic lobectomy (9). In the presence 
of bilateral nodules, a total thyroidectomy may 
be considered (9). Alternatively, molecular testing 
can provide patients with guidance on the need 
for or the extent of surgery (16– 20) (see Chapter 7, 
“ Thyroid Nodules and Multinodular Goiter” ). 
The determination of the extent of surgery should 
begin with a careful discussion with the patient, 
including the operative complications as well as 
the postoperative surveillance and management 
associated with each type of procedure. Final path-
ological findings after a diagnostic lobectomy may 
indicate a need for completion thyroidectomy, usu-
ally after discussion between the surgeon, patient, 
and endocrinologist. 

Approach to multinodular goiter 
(substernal component)

Benign multinodular goiter affects 5– 7% of the 
world’ s population and may be seen in up to 4% 
of the US population (21). Surgical management 
generally is recommended for goiters causing com-
pressive symptoms (22). Symptoms of dyspnea, 
orthopnea, and dysphagia may be associated with 

thyromegaly. In a substernal goiter, tracheal com-
pression or impingement on thoracic vasculature 
causing superior vena cava syndrome are also indi-
cations for surgery (22). This may be detected at 
the bedside by directing the patient to hold their 
arms above their head. With this maneuver, the 
goiter extends further into the substernal com-
partment, causing compression and obstruction 
of venous outflow at the level of the thoracic inlet. 
When present, the venous outflow obstruction will 
manifest with facial plethora, a finding known as 
Pemberton’ s sign (23) (Figure 11.1).

The approach to a goiter should include a pre-
operative assessment of breathing, swallowing, 
and phonation. Preoperative voice assessment, 
which should include both the patient’ s and the 
physician’ s assessment of voice, should be per-
formed in all patients undergoing thyroidectomy. 
Laryngoscopy may be indicated in certain high-
risk patients, including those with preoperative 
voice changes, a history of prior cervical surgery, 
or known thyroid cancer with potential posterior 
extrathyroidal extension or extensive nodal metas-
tases (24). A bronchoscopy can be performed by 
the surgeon in the clinic using topical anesthesia 
in order to assess for any narrowing of the sub-cri-
coid airway (24). Bronchoscopy is a critical portion 
of the preoperative or intraoperative evaluation 
for patients with concern for airway complaints, 
or extrathyroidal extension with the potential for 
aerodigestive or laryngotracheal involvement in 
cases of malignancy (25). This procedure will also 
help the surgeon inform the anesthesia team of a 
potentially difficult airway. A preoperative modi-
fied barium swallow and esophogram are useful to 
determine the etiology of swallowing complaints. 
A substernal component of multinodular goiter 
often is not detectable on physical examination or 

Table 11.1 Bethesda classification system for thyroid nodule cytology

Bethesda classification Description Risk of malignancy (%) 

I Nondiagnostic
II Benign 1– 3
III Atypia of undetermined significance

Follicular lesion of undetermined significance
5– 10

IV Follicular neoplasm
Suspicious for follicular neoplasm

20– 30

V Suspicious for malignancy 50– 75
VI Malignant 98– 100

Adapted from Baloch et al. (15).
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ultrasound. White et al. reported that 20– 30% of 
substernal goiters were not palpable in the neck 
or were barely palpable, especially if the extension 
was posterior (26). For this reason, a preoperative 
CT of the neck and chest with contrast is beneficial 
to quantify the caudal extent, reveal the 3D shape, 
define tracheal compression, and pinpoint the 
mediastinal compartment(s) that are occupied by 
the goiter, all of which can aid in surgical planning 
(22, 26– 28). It is important to note that the use of 
iodinated contrast can induce thyrotoxicosis in 
patients with untreated Graves’  disease or autono-
mous nodules (29, 30); in patients at risk for car-
diovascular complications, careful consideration 
should be given to whether contrast is essential for 
the preoperative evaluation. 

The majority of goiters, including those with 
substernal extension, can be removed through a 
cervical incision. Indications for a sternotomy or 
cases in which a thoracic surgeon may be con-
sulted are listed in Table 11.2 (22). It is reasonable 
to counsel patients about performing lobectomy 

for a bilaterally enlarged gland if there is concern 
for the integrity of the recurrent laryngeal nerve 
intraoperatively (22). Patients with asymmetri-
cally enlarged goiters with compressive symptoms 
biased toward the larger side may opt for a lobec-
tomy in order to preserve an otherwise functional 
contralateral lobe, to reduce the risk for hypopara-
thyroidism and hypothyroidism postoperatively. 

Approach to well-differentiated 
thyroid carcinomas

The incidence of differentiated thyroid cancer 
(DTC) is increasing faster than any other malig-
nancy; however, overall survival remains stable 
(31). This pattern of change has thus been attributed 
to over-diagnosis due to increased use of imaging 
modalities worldwide (32). Indeed, there is a large 
reservoir of undiagnosed thyroid cancers when 
autopsy series examine the incidence of thyroid 
cancer (33). Therefore, the overall focus of new thy-
roid cancer treatment guidelines is to “ minimize 
potential harm from overtreatment in a majority 
of patients at low risk for disease-specific mortal-
ity and morbidity, while appropriately treating and 
monitoring those patients at higher risk”  (9). This 
recommendation for a de-escalation in treatment 
reflects incremental retrospective data indicating 
similar clinical outcomes following lobectomy 
versus total thyroidectomy in properly selected 
patients (34– 37). Consequently, it is now consid-
ered to be reasonable offer patients either a total 
thyroidectomy or a hemithyroidectomy for most 
differentiated thyroid cancers measuring 1– 4  cm 
in the absence of metastatic involvement  (9). 

Figure 11.1 Pemberton’ s sign. (From Pemberton, H.S. (23). Used with permission.)

Table 11.2 Indications for sternotomy

Potential fibrosis of scarring from prior radiation 
or surgery involving neck or chest

Suspected malignancy with extrathyroidal 
extension or invasion

Inferior extension below the arotic arch abutting 
the carina

Involvement of the posterior mediastinum
Ectopic mediastinal goiter not connected to the 

cervical component 

Adapted from Chen et al. (22).
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Furthermore, less aggressive use of radioactive 
iodine has allowed for consideration of more con-
servative surgical management, that is, lobectomy. 
This trend toward less invasive management of 
thyroid cancer is further illustrated by the role of 
active surveillance for certain lesions such as pap-
illary thyroid microcarcinoma (PTMC). A clinical 
trial in the United States, as well as two large case 
series in Japan, have been examining the long-term 
outcomes for patients with tumors measuring less 
than 1– 1.5cm who choose not to undergo surgery 
(38– 41). Initial results are promising, with only 
a minority of tumors demonstrating evidence of 
clinically significant progression (38– 41).

During the discussion with a patient regard-
ing the risks, benefits, and alternatives of a more 
conservative approach to thyroid surgery for well-
differentiated thyroid cancer, it is important to 
take into account other clinically relevant factors. 
For example, patients with a multinodular goiter, 
hyperthyroidism, and/or Hashimoto’ s with a con-
comitant fine needle aspiration of a unifocal lesion 
for papillary thyroid carcinoma may benefit from 
a total thyroidectomy. Patients with a first-degree 
relative with DTC and a unifocal lesion may con-
sider total thyroidectomy, given the risk for mul-
tifocality and the potentially increased risk due to 
the family history (9). In a patient who has a history 
of head and neck irradiation and multiple thyroid 
nodules, consideration may be given to proceed 
with total thyroidectomy (9). 

The optimal initial surgical management of 
Hü rthle cell neoplasms on cytology is not clear. 
Based upon retrospective studies with small num-
bers of patients, the risk for cancer with an FNA 
diagnosis of Hü rthle cell neoplasm is 20– 30% (15, 
42). The use of molecular testing to better stratify 
the malignancy risk of indeterminate nodules with 
a Hü rthle cell cytology remains controversial (43). 
With a low risk of malignancy, many prefer a less 
aggressive initial surgery, that is, a hemithyroid-
ectomy. However, this approach carries a risk of 
requiring a second surgery for completion thyroid-
ectomy if the neoplasm is ultimately malignant. 
The risk profile associated with a two-step proce-
dure should not be different from an initial total 
thyroidectomy in an experienced surgeon’ s hands 
(44). However, with a malignancy rate of only 30%, 
committing all patients with a Hü rthle cell neo-
plasm on cytology to a total thyroidectomy would 
result in a significant rate of over-treatment. 

Medullary thyroid carcinoma

The diagnosis of medullary thyroid carcinoma 
(MTC) can be challenging on FNA as cytology 
is often indeterminate (45). When the diagnosis 
is made preoperatively, all patients should have a 
neck ultrasound to identify suspicious adenopathy 
as well as RET  testing prior to surgery; the defini-
tive treatment is total thyroidectomy and central 
neck dissection (46). In those family members who 
have been identified as having inherited the RET  
proto-oncogene, there is a role for prophylactic 
thyroidectomy (46). It is important that patients 
with medullary thyroid carcinoma or concern 
for its inheritance be evaluated by a multidisci-
plinary group of specialists with expertise on med-
ullary thyroid carcinoma. Please see Chapter  9, 
“ Medullary Thyroid Carcinoma in Medical 
Management of Thyroid Disease”  for more details.

Neck dissection

A compartmentalized neck dissection is indicated 
when there is clinical and/or radiological evidence 
of lymph node disease in patients with DTC. In spite 
of the high rates of nodal involvement in patients 
with papillary thyroid cancer, there is no strong 
evidence supporting the routine use of prophylactic 
neck dissection in the operative approach (9). 

For patients with FNA-proven medullary thy-
roid carcinoma, there is a role for prophylactic 
bilateral central neck dissections with total thy-
roidectomy, given the high likelihood of central 
neck disease at the time of initial presentation (46). 
In contrast, the role of prophylactic lateral neck 
dissection in MTC is controversial for patients 
with sonographically normal-appearing lymph 
nodes or those without biopsy-proven lymph node 
metastases (46). Instead, a lateral neck dissection 
should be reserved for cases of biopsy-proven dis-
ease. In those circumstances where the likelihood 
of metastatic disease in the lateral neck is high 
enough to outweigh the risks of surgery, prophy-
lactic lateral neck dissection may considered (46). 

Central and lateral neck dissections are cat-
egorized by anatomical level (Figure 11.1) (2, 5). 
Preoperative or intraoperative identification of 
locoregional disease justifies a comprehensive neck 
dissection of the involved compartment. There is 
no role for attempting to remove only the involved 
nodes, also referred to as “ berry picking” ; this 
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approach leads to increased rates of recurrence 
(9). Any suspicious lymph nodes identified pre- 
operatively should undergo FNA with thyroglob-
ulin (or calcitonin in cases of suspected MTC) 
 measurement in the needle washout. In selected 
cases with proven nodal involvement or a high 
suspicion of nodal involvement, cross-sectional 
imaging in the form of a neck CT with contrast 
should be obtained preoperatively (47– 49). This 
enables visualization of any retropharyngeal or 
upper mediastinal nodes not visualized with 
ultrasound. It is important that all disease be 
removed at the time of the initial thyroidectomy 
since a comprehensive dissection of the involved 
compartments decreases the risk for recurrence 
(2, 47). Surgeon experience in performing the neck 
dissection is also related to improved recurrence-
free survival (9, 47, 48). 

A comprehensive central neck dissection should 
be performed when central neck (level VI) lymph 
nodes are involved on preoperative physical exam 
or imaging (9). An intraoperative finding of patho-
logic central lymph nodes is also an indication for 
central neck dissection. The main risks of cen-
tral neck dissection are similar to thyroidectomy, 
although with a higher risk for vocal cord weak-
ness secondary to an intimate dissection of the 
recurrent laryngeal nerve from the cricothyroid 
joint down to the sternum, and a higher likelihood 
of hypoparathyroidism due to the variable location 
of the inferior parathyroid glands (3, 9, 50, 51). 

Lateral neck levels IIA through VB should be 
resected during a compartmental neck dissection if 
disease is discovered in those levels (5). Evidence of 
level IIB disease requires resection of levels IIA/B; 
resection of level VA is included only if there is biopsy-
proven disease in that level (5) (see Figure 11.2).

The main risks of lateral neck dissection include 
shoulder weakness or palsy secondary to accessory 
nerve injury or stretching, facial droop, weakness 
of tongue movement, thoracic duct injury and 
subsequent chyle leak, Horner’ s syndrome from 
sympathetic chain injury along the carotid sheath, 
seroma, hematoma, and infection (2). The risk of 
these complications is typically less than 5% (52); 
however, one prospective study described the rate 
of chyle leak to be 13.5% (53). A  postoperative 
referral to a physical therapist for range of motion 
exercises, with continued outpatient therapy for 
most patients, also may be beneficial. Placement 
of patients on a regular diet within the first 

postoperative day is very helpful to rule out a 
chyle leak. Chyle leaks are diagnosed based upon 
the caliber and volume of output in neck drains 
placed at the time of surgery. Chylous output may 
be serous or milky with variability in output. To 
confirm the presence of chylous material, the fluid 
can be sent from drains in sterile containers and 
tested for amylase and lipase. If chylous output 
does not decrease with conservative management 
in the form of diet changes and octreotide, then 
surgical intervention may be necessary to ligate 
the thoracic duct or tributaries in order to prevent 
a chylothorax or infection (53, 54). A suction drain 
may be placed in each dissected lateral neck com-
partment to ameliorate the leak; they are typically 
removed within 5– 7 days depending on output.

Approach to thyroid carcinomas with 
aerodigestive invasion 

The incidence of well-differentiated thyroid car-
cinomas with invasion of the neck viscera and/
or the upper aerodigestive tract is approximately 
5– 15% (55, 56). Tumors with extrathyroidal exten-
sion invading the neck and aerodigestive tract 
are known to have high rates of recurrence, with 
low responsiveness to radioactive iodine (9, 55). 
Furthermore, the surgical morbidity associated 
with its management is associated with a decreased 
quality of life.

Suspicion for aerodigestive tract invasion 
should prompt an evaluation of symptoms, physi-
cal examination, and imaging. Patients with evi-
dence of visceral invasion of the trachea, larynx, 
or esophagus may variably report symptoms of 

Figure 11.2 Anatomic compartments of the neck. 
(From Haugen et al. (9). Used with permission.)
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voice, swallowing, or breathing complaints, as well 
as pain (57). A thorough physical examination is 
important, with attention to palpation of deep cer-
vical structures. While laryngoscopy is indicated 
when there are associated voice complaints, an 
in-office tracheobronchoscopy using topical anes-
thesia for airway assessment is a useful adjunct if 
there is a concern for tracheal invasion. The goal 
is to visualize structures distal to the vocal cords 
in order to identify any submucosal and/or trans-
mural involvement. Shin et al. developed a staging 
system for papillary thyroid carcinoma based upon 
the extent of tracheal invasion, where increased 
stage is correlated to greater extent of transmural 
invasion (58) (Figure 11.3). A CT with contrast of 
the neck and chest is important for visualization of 
the neck viscera as well as the anatomy and prox-
imity of major vessels in the neck and chest (55, 56). 
Lastly, a swallowing study is important to evaluate 
esophageal function. Furthermore, every patient 
with aerodigestive involvement should undergo 
direct laryngoscopy, bronchoscopy, and esopha-
goscopy at the onset of surgery in order to assess 
the degree of visceral involvement prior to begin-
ning resection. Patients should be advised during 
the consenting process that the surgical plan may 
change depending on intraoperative findings.

The aim of surgery for locally advanced DTC is 
to achieve an optimal oncological outcome, mini-
mize surgical morbidity, and maximize quality of 

life. It is widely accepted that incomplete resection 
of gross disease compromises oncological outcome; 
however, the prognostic significance of resid-
ual microscopic disease is not well defined (56).  
If there is distant metastatic disease present at 
the time of surgical resection, the patient should 
be counseled preoperatively that the locoregional 
control is not curative, but surgical management 
is necessary in order to prevent future airway or 
esophageal compromise.

A recommendation for surgical resection of the 
larynx and/or upper airway depends on the extent 
of aerodigestive tract involvement by the tumor 
(58). It is important that a multidisciplinary team 
be involved in the management of these complex 
patients (9). Indications for total laryngectomy 
include: bilateral vocal cord paralysis, submuco-
sal involvement of the cricoid (with 180-degree 
involvement [especially posteriorly]), and involve-
ment of the inferior surface of the vocal cords (55, 
56). Tracheal resection is indicated when there is 
transmural involvement of one or more tracheal 
rings, or if the integrity or margins of the inner 
perichondrium of the trachea is questionable after a 
shave resection (56). Transmural involvement of the 
esophagus or pharynx also requires pharyngectomy 
and/or esophagectomy with reconstruction. When 
there is possible need of visceral resection because of 
extensive tumor involvement, a multi-surgical team 
approach is optimal, with preoperative consultation 

Figure 11.3 Shin classification for aerodigestive invasion of thyroid carcinoma. (From Shin et al. (58). 
Used with permission.)
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and intraoperative availability of reconstructive, 
head and neck, thoracic, and endocrine surgery. 
The role of such extensive surgery may be changing 
in the modern era of systemic multikinase inhibitor 
therapy, however (59, 60).

Approach to anaplastic thyroid 
carcinoma (ATC)

Surgical management of anaplastic thyroid car-
cinoma is contingent on the stage of the primary 
disease and the assessment of the airway. Once the 
diagnosis is established, patients should be staged 
rapidly and the airway quickly assessed by fiberop-
tic laryngoscopy (61). The surgeon needs to balance 
the possibility of local control with the likelihood 
of advanced distant metastatic disease. If the pri-
mary tumor is thought to be resectable, then this 
should take precedence, with combined postopera-
tive radiotherapy and chemotherapy. If the primary 
tumor is unresectable, dependent on rapid growth, 
extension, and involvement of the tumor with other 
structures, it is important to stabilize the airway with 
a tracheostomy prior to beginning systemic treat-
ment (61). As with many aggressive malignancies, 
patients and family members need to understand the 
poor prognosis, and advanced directives and wishes 
of the patient should be discussed thoroughly (61).

Reoperative thyroid surgery in 
patients with DTC

Development of metastatic disease in the cervical 
lymph nodes represents the most common loca-
tion for recurrent/persistent DTC (62). The rate of 
locoregional metastasis at time of presentation for 
DTC may be as high as 30% and the rate of recur-
rence within cervical lymph nodes can be 5– 15% 
(9, 62, 63). The thyroid bed and previously dis-
sected neck compartments are the most likely sites 
of recurrence (62, 64). Consequently, the American 
Thyroid Association (ATA) and the National Cancer 
Comprehensive Network (NCCN) have stressed the 
importance of a comprehensive compartmental-
ized neck dissection (9, 65). The decision for reop-
erative surgery must take into account the clinical 
significance of the local disease progression and 
distant metastatic disease, when present, and the 
morbidity of reoperative surgery. The ATA Surgical 
Affairs Committee recommends that the surgeon 
only dissect compartments with identifiable disease 

in a reoperative setting and that the entirety of that 
compartment be resected if possible (62). Exposure 
and identification of the recurrent laryngeal nerve 
in a central neck reoperation, as well as preserva-
tion of the superior parathyroid glands to prevent 
hypoparathyroidism, are critically important (64). 
Furthermore, each surgeon is responsible for for-
mulating a risk– benefit analysis when considering 
observation versus reoperation. With a reopera-
tion, the rate of hypoparathyroidism is 0– 9.5%, the 
average rate of transient vocal cord paralysis is 
3.6% and the rate of permanent vocal cord paraly-
sis is 1.2% (62). The risk of disease progression with 
observation is typically low: only 9% demonstrated 
a median growth of 3mm with a mean follow up 
of 5 years at one high-volume center (66, 67). The 
provider should have a careful discussion with the 
patient, outlining these risks and benefits to deter-
mine the optimal management strategy.

Thyroid surgery in pediatric patients

The ATA has developed guidelines specific to the 
management of pediatric patients with thyroid dis-
ease (68). A good understanding of the age-specific 
differences in thyroid cancer is critical, as children 
and adolescents with this malignancy are more 
likely to present with disseminated disease, espe-
cially to the lung (68– 70). In spite of this seemingly 
more aggressive initial presentation, long-term 
survival, even in the presence of distant metastatic 
involvement, is excellent (71). Optimal initial sur-
gical management of the thyroid bed and thorough 
dissection of all involved neck compartments is 
crucial for both high survival rates and successful 
postoperative radioactive iodine therapy. The ATA 
guidelines highlight the importance of a multidis-
ciplinary team for the workup of a pediatric thyroid 
cancer patient, the need for a high-volume surgeon 
to minimize complications, and the centralization 
of care for pediatric thyroid disease within a center 
of excellence (68, 72). With the appropriate team 
and surgical expertise, pediatric thyroid surgery 
has the same outcomes as adults, with low morbid-
ity and excellent survival.

Advances in thyroid 
surgery— Scarless thyroid surgery

Remote access and minimally invasive thyroid 
surgery are a recent phenomenon, challenging and 
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reinventing the traditional cervical incision for thy-
roid surgery. The advantage of any minimally inva-
sive or remote-access approach is the diminution 
or absence of a cutaneous incision in the anterior 
neck. Minimally invasive incisions are typically 
smaller (66), and remote access approaches will use 
more distant incisions (axillary, breast, retroauric-
ular, oral, or any combination of these) to place the 
final scar in a less conspicuous location. The ATA 
has published a statement on remote-access thyroid 
surgery (73). The risks of remote-access surgery are 
specific to each approach and should be discussed 
thoroughly with the patient. Additionally, surgeon 
experience with each approach, or the lack thereof, 
should be clearly defined. The experience with a 
transoral endoscopic approach for thyroid and 
parathyroid surgery was recently published in a 
case series, with the results showing excellent out-
comes and minimal complications (74). The risks 
associated with this specific procedure include 
injury to lips or teeth. There is also a risk for men-
tal nerve injury resulting in regional hypoesthesia, 
which has been temporary in all cases to date (74). 
There should always be a discussion of the possible 
need for conversion to open surgery if difficulties 
arise intraoperatively. The value of experience and 
the presence of a learning curve are clear, and the 
informed consent process should detail the risks 
of any new procedure, including the potential for 
novel or unanticipated risks (75). The functional 
outcome must be at least as good as one could 
achieve with a traditional transcervical approach. 
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12
Thyroid disease and pregnancy

ALISHA N. WADE AND SUSAN J. MANDEL

When pregnancy is associated with alterations 
in maternal thyroid function, the fetus can be 
affected in two ways: either directly by transpla-
cental passage of maternal thyroid hormone, anti-
thyroid antibodies, or medications, or indirectly 
by adverse influences on maternal physiology. 
It is important to recognize the expected altera-
tions in thyroid hormone levels during gestation. 
The clinician must be able to differentiate normal 
physiological changes from true thyroid disease; 
however, hyperthyroidism and hypothyroidism 
may first be detected during pregnancy. Pregnant 
patients with pre-existing thyroid dysfunction 
require close monitoring and frequently need 
adjustment of therapy.

THYROID HORMONE PHYSIOLOGY 
DURING GESTATION

During normal gestation, there are changes in thy-
roid hormone physiology that are reversible after 
delivery. Serum thyroxine-binding globulin (TBG) 
levels begin to increase within the first weeks 
after conception, usually more than doubling 

in concentration, with peak levels reached at the 
middle of gestation (1). Levels remain elevated 
until delivery and then normalize in the postpar-
tum period. The rise in serum TBG concentra-
tion results from an estrogen-induced increase in 
the sialylation of the protein, which subsequently 
decreases its hepatic clearance and prolongs its 
serum half-life (2).

Associated with the rise in TBG are increases 
in both serum total T4 and T3 levels, which also 
plateau at the mid-trimester or slightly earlier (1, 
3). Because of these TBG changes, normal serum 
T4 and T3 levels throughout pregnancy are pre-
dictably about 1.5 times the normal nonpregnant 
reference range (Figure 12.1) (4, 5). Interestingly, 
it has been observed that the serum T4 and T3 
concentrations do not increase as much during 
pregnancy as would be expected given the rise in 
TBG, and this may be due to decreased TBG satu-
ration (6). The increase in maternal T4 production 
that occurs in normal gestation is most evident 
from observations of levothyroxine-replaced 
hypothyroid women who require a 25– 45% dos-
age increase to maintain normal serum TSH 
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levels during pregnancy (7, 8). Furthermore, 
the findings of relative hypothyroxinemia and 
slightly increased serum TSH levels during preg-
nancy in women from areas of borderline iodine 
sufficiency (< 100mcg/day) support the view that 
pregnancy constitutes a stress for the maternal 
thyroid by stimulating thyroidal production (9). 
There are several possible explanations for this 
increased T4 requirement. Early in pregnancy, 
the rise in serum TBG results in the expansion 
of the extrathyroidal T4 pool. In addition, trans-
placental passage of T4 and placental T4 degra-
dation may contribute to the increased demand 
on maternal thyroidal production to maintain 
euthyroid status. Lastly, the renal clearance of 
iodide increases because of the higher glomerular 
filtration rate in pregnancy (10).

Determination of free T4 (FT4) levels may reflect 
both methodological differences as well as altera-
tions due to gravid physiology. With their sensitiv-
ity to binding proteins, however, automated assays 
appear to show a decrease in serum FT4 levels as 
pregnancy progresses compared to their own non-
pregnant reference range. By the third trimester, 

serum FT4 levels are often lower than the nor-
mal nonpregnant reference range (Figure 12.1) (5, 
11, 12).

Serum thyroid stimulating hormone (TSH) lev-
els also fluctuate during pregnancy. The human 
chorionic gonadotropin (hCG)-mediated increased 
thyroid hormone synthesis coinciding with the 
first trimester peak in hCG is reflected by a recip-
rocal fall in serum TSH levels. It has been hypoth-
esized that hCG has thyrotropic activity because of 
its structural similarity to TSH, and that the high 
serum hCG levels stimulate the TSH receptor via 
a hormone specificity “ spillover”  syndrome (13). 
In fact, a positive correlation between individual 
free T4 and hCG levels in early gestation has been 
reported, consistent with the TSH-like activity of 
hCG (6).

Both the upper and lower reference limits of TSH 
decrease in pregnancy, with the upper limit being 
approximately 4.0  mIU/l at the end of the 1st trimes-
ter (14). TSH reference ranges in pregnancy likely 
differ by ethnicity (15), and the use of ethnic-specific 
reference ranges, where available, is preferred to pre-
vent the misclassification of thyroid status.

Figure 12.1 Serum thyroxine (TT4) and free thyroxine (FT4) levels by trimester. Interquartile ranges 
are shown by the shaded boxes, with the median value indicated by the line. Serum TT4 levels rise 
to approximately 1.5 times the normal nonpregnant reference range. Although serum FT4 ranges 
were method-dependent, as shown by the differences in measurement by the Elecsys (Roche, Basel, 
Switzerland) and Tosoh (Fisher Scientific International, Hampton, NH) methods, both methods show 
a consistent decrease in FT4 as pregnancy progresses. NP  =  nonpregnant (n  =  62), 1st  =  first trimester 
(n  =  105), 2nd  =  second trimester (n  =  39), 3rd  =  third trimester (n  =  64). (With permission from Chan 
GW, Mandel SJ. Therapy insight: Management of Graves’  disease during pregnancy. Nat. Clin. Pract. 
Endocrinol. Metab . 2007;3(6):470– 8.)
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Renal iodine clearance increases as a result of an 
increase in the glomerular filtration rate and there 
is transplacental passage of iodine and iodothyro-
nines as the fetal-placental unit grows (10). In areas 
of borderline iodine sufficiency, such as in many 
European countries, this loss of iodine, combined 
with the increase in thyroid hormone pools from 
the marked increase in serum TBG levels, may 
result in goiter formation. In areas where iodine 
intake is more than sufficient, such as the United 
States, a palpable goiter should not occur during 
normal gestation and, if present, this should direct 
the clinician to investigate possible thyroid hor-
mone abnormalities (16).

THYROID AUTOIMMUNITY AND 
EUTHYROIDISM

The prevalence of thyroid autoantibodies in preg-
nant women ranges between 5 and 17% (17– 21). 
These asymptomatic euthyroid women with thy-
roid autoimmunity have been reported to be at risk 
for four complications during or after pregnancy: 
increased rates of spontaneous miscarriage and 
very preterm delivery (< 32  weeks gestation), pos-
sible development of subclinical hypothyroidism 
during gestation, and development of postpartum 
thyroiditis (see Chapter 3, “Thyroiditis”).

Several meta-analyses have reported a two- to 
threefold increase in the spontaneous miscarriage 
rate early in pregnancy among those euthyroid 
women who have serum antithyroid antibodies 
(either antithyroid peroxidase or anti-thyroglob-
ulin) detected in the first trimester (22– 24) and 
approximately double the risk of preterm deliv-
ery (23, 25). Risk of miscarriage is also increased 
in euthyroid women with thyroid autoantibod-
ies who undergo assisted reproduction (26). The 
mechanism linking thyroid autoimmunity and 
miscarriage is not known. The presence of anti-
thyroid antibodies either prior to pregnancy or in 
the first trimester is not correlated with anticardio-
lipin antibody positivity, which is also known to 
be associated with pregnancy loss (27, 28). Thyroid 
autoimmunity may be a marker either for a more 
generalized activation of the immune system or for 
subtle changes in maternal/fetal thyroid metabo-
lism. In a small randomized controlled trial, levo-
thyroxine therapy decreased miscarriage rates in 
euthyroid women with positive serum antithyroid 
peroxidase antibodies, but the benefit appears to 

be limited to those women with a serum TSH level 
in the upper normal reference range (>2.5  mIU/L 
to  <   the upper limit of normal) (20, 29).

Euthyroid women with detectable antithyroid 
antibodies may have slightly higher first trimester 
serum TSH values, still remaining within the nor-
mal range, compared to normal pregnant controls. 
Despite the decrease in antithyroid antibody titers 
with pregnancy progression in these antibody 
positive women, thyroid function parameters have 
been reported to show a progressive deterioration 
toward hypothyroidism (18). At term, up to 16% 
of previously euthyroid women developed mild 
subclinical hypothyroidism as indicated by an 
elevated serum TSH level  >4mIU/L (30). However, 
this study was conducted in an area of borderline 
iodine sufficiency, which may have further com-
promised maternal thyroid gland reserve. There 
are no data on the possible development of subclin-
ical hypothyroidism in an iodine-replete antibody 
positive pregnant population.

HYPOTHYROIDISM

Overt hypothyroidism (elevated TSH and low FT4) 
is reported to occur in between 0.06% and 0.3% 
of pregnancies (31, 32). However, the prevalence 
of subclinical hypothyroidism (elevated TSH and 
normal FT4) is reported to be significantly higher, 
affecting 2.2– 2.4% of American women screened 
at 16– 18  weeks gestation (32, 33).

Hypothyroxinemia and increased serum TSH 
levels may occur if true hypothyroidism is present, 
or if the mother has been overtreated with anti-
thyroid drugs for hyperthyroidism. The obstet-
ric complications that have been associated with 
hypothyroidism are linked to the decreased mater-
nal thyroid hormone levels that provide a less than 
optimal environment for both fetal and maternal 
health. The majority of cases of hypothyroidism 
are caused by Hashimoto’ s thyroiditis and prior 
radioiodine or surgical treatment of Graves’  dis-
ease. Transient hypothyroidism may occur as part 
of autoimmune or postpartum thyroiditis, espe-
cially if a woman has had a recent miscarriage.

Diagnosis

It is important to diagnose hypothyroidism 
because of its potential adverse impact on preg-
nancy (see below Pregnancy Outcome), and yet 
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most patients are relatively asymptomatic. Only 
20– 30% of women with overt biochemical hypo-
thyroidism have symptoms (34), and complaints of 
fatigue and weight gain are often attributed to the 
pregnancy itself. The majority of patients with sub-
clinical hypothyroidism are asymptomatic as well. 
The diagnosis of hypothyroidism is confirmed by 
finding an elevated serum TSH concentration, 
except in the rare instance when hypothyroidism 
is secondary to pituitary or hypothalamic disease.

There is considerable debate about the merits of 
universal screening in pregnancy for hypothyroid-
ism. In one prospective randomized trial, women 
were assigned to either a universal screening group 
or a case finding group with immediate thyroid 
function testing being performed in the univer-
sal screening group and those in the case finding 
group thought to be high-risk. Levothyroxine was 
initiated in those with TSH  > 2.5 mIU/l who had 
antithyroid peroxidase antibodies. There was no 
reduction in primary adverse fetal or obstetric out-
comes in those in the universal screening group (19).  
In a second study, women at less than 16 weeks ges-
tation were randomized to either screening with 
immediate thyroid tests or postpartum analysis 
of stored blood for thyroid function. Women with 
elevated TSH, low T4, or both were treated with 
levothyroxine. There was no difference in cognitive 
function of offspring at 3  years (35).

The recently published American Thyroid 
Association guidelines for the management of thy-
roid disorders during pregnancy acknowledged 
that universal screening based upon the current 
published evidence could not be justified but did 
recommend targeted case finding in asymptomatic 
women at high-risk for thyroid disease (36). These 
include those with symptoms of hypothyroid-
ism, evidence of thyroid autoimmunity because 
of either a past history of postpartum thyroiditis, 
prior detection of antithyroid antibodies, or previ-
ous treatment for hyperthyroidism, even if they are 
euthyroid without levothyroxine therapy. In such 
women, autoimmune damage may not affect basal 
thyroid hormone output in the nonpregnant state 
but may impair the thyroid’ s ability to compen-
sate for the increased production needed during 
pregnancy. In addition, case finding is also recom-
mended in women over 30  years of age and those 
with the following: a goiter, potentially decreased 
thyroid gland synthetic function because of a prior 
lobectomy or head and neck irradiation, multiple 

prior pregnancies, body mass index  > 40 kg/m2 , 
use of drugs affecting the thyroid such as amio-
darone or lithium, and recent iodinated contrast 
exposure as well as those living in areas of iodine 
insufficiency. Fifteen percent of women with type 1  
diabetes may develop clinical hypothyroidism dur-
ing pregnancy (37) and should therefore also have 
thyroid function testing. Testing is also recom-
mended for women with other autoimmune dis-
orders, a family history of thyroid or autoimmune 
disease, prior miscarriage, preterm delivery, or 
infertility (see the section, Thyroid Autoimmunity 
and Euthyroidism). In addition, all levothyroxine-
replaced hypothyroid women must be monitored 
during pregnancy (see the section, Treatment) (38). 
Unfortunately, such targeted case-finding will still 
miss up to 30% of women with hypothyroidism in 
the first trimester (39, 40).

Pregnancy outcome

Overt hypothyroidism can be associated with 
anovulatory cycles and subsequent infertility. 
However, hypothyroid women may become preg-
nant and several retrospective case series have 
investigated maternal gestational outcomes in 
these women (Table 12.1). The likelihood of com-
plications is correlated with the severity of the 
hypothyroidism (overt versus subclinical) and the 
adequacy of maternal treatment (21, 34, 41– 47). 
The majority of women reported in these stud-
ies had less than optimal prenatal care as the 
average initial antenatal visit occurred between 
16– 20  weeks gestation. In women with subclinical 
hypothyroidism, the presence of antithyroid anti-
bodies may also influence pregnancy outcomes, 
with a reported fivefold increase in miscarriage in 
women with both of these conditions when com-
pared to euthyroid women and a nearly tenfold 
increase in women at the higher end of the TSH 
spectrum (5.22  ≤   TSH< 10), when compared to 
euthyroid women (48).

Thyroid hormone is also necessary for normal 
fetal neurologic development and the fetal thyroid 
does not begin to function until 12  weeks of life. 
It is now evident that maternal T4 crosses the pla-
centa (49). As early as seven  weeks gestation, T3 is 
present in the fetal neurologic tissues, which origi-
nates from the transplacental passage of maternal 
T4 that undergoes intracellular deiodination in 
the fetal brain (50). The relative contribution of 
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maternal thyroid hormone versus fetal thyroid hor-
mone to fetal neurologic development is unknown. 
In areas of iodine deficiency where both maternal 
and fetal thyroid status are compromised, neuro-
logic cretinism occurs. In contrast, infants born 
with congenital hypothyroidism in areas of iodine 
adequacy have normal neurologic function at birth 
and postnatal levothyroxine therapy is required to 
continue normal neuronal maturation. Therefore, 
it is presumed that the transplacental passage of 
maternal T4 is sufficient to maintain normal fetal 
neurologic development in utero.

The contribution of maternal thyroid hormone 
to the brain maturation of a fetus with intact thyroid 
function is inadequately understood. Cognitive 
function is impaired and brain DNA and protein 
content are decreased in rats born to thyroidec-
tomized mothers and thereby deprived of mater-
nal thyroid hormone (51). These deficits are not 
as severe if maternal hypothyroidism occurs only 
during the second half of gestation, when the rat 
fetal thyroid gland activity is adequate (52). Data 
in humans are less direct. Although early studies 
of children born to women who were hypothy-
roxinemic during pregnancy reported impaired 
mental development (53), they have been criticized 
for their lack of accurate biochemical assessment 
of hypothyroidism. Haddow and colleagues per-
formed neuropsychological testing of 62 children 
(average age of 8 years) born to women who had 
elevated serum TSH levels at 17 weeks gestation 
and compared these to results for 124 control chil-
dren matched for maternal educational level and 
age. Children born to hypothyroid women (par-
tially treated or untreated) scored on average four 

points lower than control children (p  =  0.06) on 
the full-scale IQ score of the Wechlser Intelligence 
Scale for Children. This difference was even more 
marked, a decrease of seven IQ points (p  =  0.005), 
when the subset of 48 children born to untreated 
hypothyroid mothers was compared to control 
children (54). Furthermore, the decrease in the IQ 
score was inversely proportional to the degree of 
maternal serum TSH elevation (55). Although dif-
ferences in the post-natal environment cannot be 
excluded as etiologic factors, these studies strongly 
suggest that untreated or inadequately treated 
maternal hypothyroidism during pregnancy 
adversely affects fetal brain development.

It is less clear whether subclinical hypothyroid-
ism has a significant effect on the fetal brain. In 
a recent multicenter prospective study, there was 
no difference in IQ score at 5 years in children 
whose mothers received levothyroxine therapy 
for subclinical hypothyroidism and those who did 
not (56). It should be noted however that therapy 
began at a median gestation of 16– 17  weeks, after 
the critical window for brain development, which 
may have contributed to the lack of effect. 

Lastly, a very small percentage of women with 
atrophic Hashimoto’ s thyroiditis may have anti-
bodies that block thyroidal stimulation by TSH. 
These antibodies may be detected by assays for 
TSH receptor-binding inhibitory immunoglobu-
lins (TBII), which assess the ability of maternal 
immunoglobulin to block TSH binding to the 
TSH receptor in vitro. Transient congenital hypo-
thyroidism may be caused by the transplacental 
passage of these antibodies that then block TSH 
stimulation of the neonatal thyroid, analogous to 

Table 12.1 Pregnancy complications reported in hypothyroid women

Subclinical 
hypothyroidism Overt hypothyroidism

Spontaneous abortion (21, 46) 10– 70% 60%

Pregnancy-induced hypertension/ 0– 17% 0– 44%
 preeclampsia (34, 42, 44, 45)
Abruption (21, 42– 45) 0% 0– 19%
Stillbirth (34, 42– 44) 0– 3% 0– 12%
Anemia (43, 44) 0– 2% 0– 31%
Postpartum hemorrhage (43– 45) 0– 17% 0– 19%
Preterm birth (low birth weight) (21, 41, 43, 44)

majority from premature delivery due to 
preeclampsia

0– 9% 20– 31%
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but opposite of the situation of neonatal Graves’  
disease. The estimated prevalence of this disorder 
is 1 in 180,000 births, or 2% of infants with con-
genital hypothyroidism (57). The antibodies can 
be measured in both the mother and the neonate, 
and if present, may indicate that lifelong levo-
thyroxine therapy may not be necessary for the 
infant.

Treatment

Several studies have documented that levothyrox-
ine requirements increase in many hypothyroid 
women during pregnancy (7, 21).  There are various 
possible explanations for this increased require-
ment and each may have relative importance at 
different times in gestation. In early pregnancy, 
the concentration of TBG rapidly increases and 
more thyroid hormone may be needed to saturate 
binding sites. Glomerular filtration rate increases, 
resulting in increased iodide clearance. Later, with 
placental growth, there is increased metabolism 
of T4 to its inactive metabolite reverse T3 by the 
high levels of placental Type III deiodinase (10). In 
addition, there is transplacental passage of T4 (49). 
Lastly, there may be alterations in the volume of 
distribution of thyroid hormone because of both 
gravid physiology and the fetal/placental unit.

For patients initially diagnosed with overt 
hypothyroidism during pregnancy, a daily dose of 
2mcg/kg per day should be started, which is higher 
than the full replacement dose in the nonpregnant 
patient and accounts for the higher requirement 
in pregnancy (31). If the serum TSH is first found 
to be only minimally elevated (< 10mU/L) in preg-
nancy, a levothyroxine dose of 0.1  mg per day may 
be adequate. In those with known hypothyroid-
ism taking levothyroxine replacement, the need 
for dosage adjustment may depend upon the etiol-
ogy of hypothyroidism, with an increase needed 
in 76% of women who have undergone prior radio-
iodine ablation or surgery, but only in 47% who 
have Hashimoto’ s thyroiditis (58). Levothyroxine 
requirements generally increase in the first tri-
mester and persist through gestation. A recent 
prospective study documented the median time 
for levothyroxine dosage increase was 8  weeks 
gestation. However, this was using the upper limit 
of a nonpregnant TSH reference range (5.0mIU/L) 
for dosage adjustment (7). If a trimester-specific 
reference TSH range was used, then it is possible 

that the increased requirement would be mani-
fested earlier. In addition, levothyroxine dosage 
requirements may increase in women who have 
undergone pharmacologic ovulation stimulation 
to facilitate pregnancy, likely due to the more 
precipitous increase in TBG (7). It is also impor-
tant to remember that 25% of those with initial 
normal serum TSH levels in the first trimester 
and 37% of those with initial normal serum TSH 
concentrations in the second trimester will later 
require dosage increases (58). The increased dos-
age requirement appears to plateau after 20  weeks 
gestation (7).  Women with subclinical hypothy-
roidism who are taking less than the replacement 
dosages of levothyroxine may not require a dosage 
increase during gestation because the residual thy-
roid gland is able to increase synthesis of thyroid 
hormone. These women may be at increased risk 
for postpartum thyroiditis, however, see Chapter 
3, “Thyroiditis.”

Levothyroxine replaced hypothyroid women 
should have thyroid function monitored as soon as 
they become pregnant and again every 4– 6  weeks 
in the first half of pregnancy (Table 12.2) (38, 59). 
There are two schools of recommendations for 
the adjustment of levothyroxine dosage require-
ments during pregnancy. The first is to increase the 
dose only once the serum TSH is abnormal com-
pared to trimester-specific values; pragmatically, 
the upper limit of 2.5mIU/L may be used during 
gestation. Kaplan has proposed that the incre-
ment in levothyroxine dosage can be based upon 
the initial degree of TSH elevation. For those with 
serum TSH levels  < 10mU/L, the average increase 
was ~50mcg/day; for those with serum TSH values 
between 10– 20mU/L, ~75mcg/day; and for those 
with serum TSH values  > 20mU/L, ~100mcg/day 
(58). The second is to recommend that women with 
hypothyroidism be instructed to increase their 
usual levothyroxine intake by two additional doses 
each week immediately on confirmation of preg-
nancy and to contact their health care provider so 
that a program of TSH-guided dose adjustments 
can be instituted (7). Patients should be instructed 
to separate levothyroxine ingestion from that of 
prenatal vitamins containing iron and especially 
iron supplements, calcium supplements, and soy 
products which may interfere with levothyroxine 
absorption (59, 60). Thyroid function should be 
rechecked 4– 6  weeks after any dose change. The 
dose may be lowered to pre-pregnancy levels at 



 Hyperthyroidism 281

delivery and thyroid function should be measured 
at the 6-week postpartum visit.

HYPERTHYROIDISM

HCG-associated thyrotoxicosis and 
hyperemesis gravidarum

A spectrum of hCG-induced hyperthyroidism 
occurs during pregnancy and this entity has been 
referred to as “ gestational thyrotoxicosis”  (61, 62). 
As previously noted, it is postulated that hCG acti-
vates the TSH receptor by a spill-over mechanism 
because of the molecular similarity between these 
two glycoproteins (13). Findings range from an 
isolated subnormal serum TSH concentration (up 
to 18% of pregnancies) to elevations of free thyroid 
hormone levels in the clinical setting of hyper-
emesis gravidarum. In women without symp-
toms of thyrotoxicosis, the serum TSH level may 
be subnormal but detectable in approximately 9% 
and undetectable (< 0.05 mU/L) in an additional 
9% (63). Systematic screening of 1900 consecu-
tive pregnant women at their initial antenatal visit 
demonstrated low serum TSH and elevated free T4 
levels in 2.4%, half of whom had weight loss, lack of 
weight gain, or unexplained tachycardia (62). In all 
these women, normalization of the free T4 paral-
leled the decrease in hCG.

It has been observed that hyperemesis gravi-
darum, defined as severe nausea and vomiting in 
pregnancy resulting in weight loss and fluid and 

electrolyte disturbances, has been associated with 
abnormal thyroid function tests. Suppressed serum 
TSH levels may occur in 60% of these patients, 
with elevated FT4 levels in almost 50% (64). Serum 
hCG concentrations correlate positively with the 
serum FT4 levels and inversely with serum TSH 
determinations. The magnitude of the deviation 
from normal values increases with the severity of 
nausea and vomiting (65). Furthermore, thyroid-
stimulating activity, as measured by adenylate 
cyclase activity per IU of hCG, is reported to be 
greatest in women with hyperemesis gravidarum 
when compared to those with occasional or no 
vomiting (61). The vomiting may be related to the 
elevated hCG-mediated estradiol production since 
estradiol levels are higher in hyperemesis subjects 
than controls, rather than to the thyroid stimula-
tion itself (66).

Similar thyroid hormone changes and emetic 
symptoms may be present with multiple gesta-
tions, which are associated with higher peak and 
more sustained hCG levels (7, 61). In addition, case 
reports of mutations in the extracellular domain 
of the TSH receptor, which result in a two- to 
threefold increase in activation when exposed to 
hCG, lead to recurrent or severe gestational thyro-
toxicosis and further support the concept of hCG-
induced thyrotoxicosis (67, 68).

Gestational thyrotoxicosis is transient and usu-
ally resolves within ten weeks of the diagnosis (64). 
In one study of 44 women with hyperemesis gravi-
darum, serum FT4 levels normalized by 15  weeks 

Table 12.2 Guidelines for clinical management of maternal hypothyroidism during pregnancy 
(36, 38, 59)

1. Optimize levothyroxine dosage prior to pregnancy (TSH 0.5– 2.5 mIU/L) 

2. Check serum TSH level as soon as pregnancy is confirmed OR ask patient to increase dose by 
two tablets a week (assuming once daily dosing) on confirmation of pregnancy

3. Adjust levothyroxine dosage to maintain a serum TSH level  <   2.5mIU/L. Increment in dosage may 
depend upon etiology of hypothyroidism

Athyreosis (Graves’  after I-131 therapy, thyroid cancer) ~45% increment
Hashimoto’ s thyroiditis ~25% increment
Subclinical hypothyroidism may not require increment

4. TSH should be monitored every 4– 6  weeks in the first half of pregnancy; subsequently, it can be 
checked every 8  weeks, unless a dose adjustment is made

5. Patients should be instructed to separate levothyroxine ingestion and prenatal vitamins 
containing iron, iron or calcium supplements, or soy products by at least 4  hours

6. After delivery, the levothyroxine dose should be reduced to the pre-pregnancy dosage and the 
serum TSH level should be rechecked at 6  weeks postpartum
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gestation while serum TSH remained suppressed 
until 19  weeks gestation (69). Clinically, this dis-
order differs from Graves’  disease in several ways: 
(1) nonautoimmune origin, with negative antithy-
roid and anti-TSH receptor antibodies (2) absence 
of goiter and (3) resolution in almost all patients 
after 20  weeks gestation (70). Hyperthyroid symp-
toms such as weight loss or lack of normal preg-
nancy weight gain and tachycardia are present in 
50% of women with gestational thyrotoxicosis (62). 
However, ophthalmopathy, which is autoimmune 
in origin, is not seen with this disorder. Treatment 
with antithyroid drugs is not recommended unless 
coincident Graves’  disease is present (38). Patients 
with hyperemesis who remain symptomatic after 
20  weeks gestation with elevated thyroid hormone 
concentrations and suppressed TSH levels may be 
considered for antithyroid drug therapy. More than 
likely, such patients probably have mild Graves’  
disease.

Graves’  disease

Hyperthyroidism is reported to affect 0.17– 1% of 
pregnancies, with Graves’  disease accounting for 
the vast majority of cases (85%), with less common 
causes being toxic nodular disease in 10% and thy-
roiditis in 1– 2% (71, 72). Autoimmune thyroid-
itis should also be considered as a possible cause, 
especially if a woman has had a recent miscarriage, 
which has been reported to trigger “ postpartum”  
thyroiditis (see Chapter 3, “Thyroiditis”) (73).

The activity of Graves’  disease fluctuates 
through pregnancy with TSH receptor antibody 
(TRAb) patterns generally reflecting the clinical 
course of the disease (74). TRAb may be elevated 
in the first trimester, but values often decrease over 
the second and third trimesters and may become 
undetectable before increasing again postpartum 
(75, 76). Clinically, patients may experience relapse 
or exacerbation of Graves’  disease by 10– 15  weeks 
of gestation. However, Graves’  disease may remit 
in the late second and third trimesters, a time of 
known immune tolerance (77). This disease pat-
tern is thought to be due to decreases in TRAb, as 
described above, rather than increases in inhibi-
tory anti-TSH receptor antibodies (75). Often, 
antithyroid drug dosage can be reduced or even 
discontinued late in gestation, only to be followed 
by a worsening of the disease in the postpartum 
period (77).

Graves’  disease may affect a pregnancy in three 
scenarios. First, women may have active Graves’  
disease (either treated or untreated) that can be 
exacerbated in the first trimester. Second, women 
in remission may experience a relapse during preg-
nancy. Third, Graves’  disease may occur for the 
first time during gestation (5). In women who have 
been euthyroid throughout pregnancy, but have 
been treated with antithyroid drugs for Graves’  
disease previously, hyperthyroidism may recur in 
the postpartum period. However, this may repre-
sent either the thyrotoxic phase of postpartum thy-
roiditis in up to 25% or relapse of Graves’  disease. 
Even in those with postpartum thyroiditis, Graves’  
disease may recur after the resolution of postpar-
tum thyroiditis (78).

DIAGNOSIS

The clinical diagnosis of hyperthyroidism may be 
difficult because pregnancy is itself a hypermeta-
bolic state with symptoms of palpitations and heat 
intolerance. In addition, patients will usually have 
increased irritability, decreased exercise tolerance, 
and fatigue. Patients may describe an inability to 
control their emotions, with otherwise small irritants 
culminating in what may be perceived as exagger-
ated emotional responses. They are aware of increas-
ing shortness of breath climbing stairs. The astute 
clinician must be cognizant of this constellation of 
symptoms so that the patient can be appropriately 
screened for hyperthyroidism. The exam usually 
reveals the presence of a diffuse goiter, sometimes 
with a bruit or thrill. Other clinical signs may be 
present, as described in Chapter 2, “The Diagnostic 
Evaluation and Management of Hyperthyroidism...”

Laboratory studies reveal a serum TSH level 
below the trimester-specific 95% lower confidence 
limit, usually with elevated serum thyroid hor-
mone concentrations above the trimester-specific 
reference range. However, it must be remembered 
that up to 50% of women with hyperemesis gravi-
darum may have a suppressed serum TSH level 
and/or elevated FT4 (66). An elevated free T3 
index or free T3 level may be the most clinically 
useful test to distinguish hyperthyroid patients 
from those with hyperemesis gravidarum as less 
than 15% of hyperemetic women have elevations 
in these measures (66). TRAb are usually detect-
able and may also be of diagnostic utility (79). 
Radioactive iodine uptake scans are contraindi-
cated in pregnancy.
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PREGNANCY OUTCOME

Throughout the discussion of the risks and treat-
ment of Graves’  disease during pregnancy, it is 
important to remember that in reality, there are 
two patients, the mother and the fetus, both of 
whom are at risk for increased morbidity. Prior 
to the development of antithyroid drugs (ATD), it 
was reported that only about 50% of hyperthyroid 
women were even able to conceive. Of those who 
conceived, spontaneous miscarriage and prema-
ture delivery occurred in half (80). Other maternal 
complications include increased risk of pregnancy-
induced hypertension, preterm labor, congestive 
heart failure, placental abruption and thyroid 
storm (81), and other fetal complications including 
low birth weight, intrauterine growth restriction, 
stillbirth, fetal/neonatal hyperthyroidism, and 
central congenital hypothyroidism (82).

The frequency of poor outcomes for both 
mother and fetus is correlated with the degree 
and duration of hyperthyroidism, with the high-
est rates in those women with uncontrolled disease 
and a decreased risk in those appropriately treated 
with ATD (Table 12.3) (72, 82, 83). These results 
highlight the importance of control of maternal 
hyperthyroidism to ensure optimal pregnancy 
outcome. Significantly, subclinical hyperthyroid-
ism, defined as a serum TSH level below the 2.5th 
percentile for gestational age and a normal serum 
FT4 level, has not been found to be associated with 
adverse pregnancy outcomes (84).

TREATMENT

Antithyroid Drugs . Antithyroid drugs are the 
main treatment for Graves’  disease during preg-
nancy. Propylthiouracil (PTU) and methima-
zole (or carbimazole, available in countries 
outside the United States) (MMI, Tapazole 
[Pfizer]/or CMZ) have both been used during 
gestation. They inhibit thyroid hormone syn-
thesis via a reduction in iodine organification 
and iodotyrosine coupling (see Chapter 2, “The 
Diagnostic Evaluation and Management of 
Hyperthyroidism...”). Pregnancy itself does not 
appear to alter the maternal pharmacokinet-
ics of MMI, although serum PTU levels may be 
lower in the latter part of gestation compared to 
the first and second trimesters (85). PTU is more 
extensively bound to albumin at physiologic pH, 
whereas MMI is less bound, which hypothetically 
might result in increased transplacental passage 

of MMI relative to PTU. Historically, PTU was 
preferred over MMI, partly due to early experi-
mental data suggesting that PTU, which is more 
highly protein bound than MMI, had more lim-
ited transplacental passage than MMI (86). Since 
then, however, other studies have found that both 
drugs readily cross the placenta (87, 88). No such 
data evaluating simultaneous maternal and cord 
levels are available for MMI.

The goals of treatment of Graves’  disease during 
pregnancy are to control maternal hyperthyroid-
ism with vigilant monitoring of maternal thyroid 
function and to optimize fetal outcome with care-
ful surveillance of fetal development. Throughout 
gestation, it is critical that the endocrinologist 
and obstetrician communicate frequently so that 
biochemical and clinical parameters may be cor-
related. Signs of clinical improvement include 
maternal weight gain and decrease in pulse rate, 
as well as appropriate fetal growth. For example, if 
there is a concern because of the lack of maternal 
weight gain in conjunction with mild elevations in 
thyroid hormone levels, the initiation of a low dose 
of ATD should be discussed.

Antithyroid Drugs: Effect on the Fetus . The clini-
cian must assume that both PTU and MMI cross 
the placenta and may decrease fetal thyroid hor-
mone production. For women with Graves’  disease, 
fetal thyroid status reflects the influence of two 
maternal factors, both of which cross the placenta: 
maternal ATD dosage and maternal TRAb activ-
ity. Different assays for maternal TRAb exist. The 
more commonly used radioreceptor assay is the 
TSH-binding inhibitory immunoglobulin (TBII). 
This assay does not distinguish between those 
antibodies that bind to and block the TSH recep-
tor versus those that stimulate the receptor, result-
ing in increased thyroid hormone production (89). 
However, in the majority of women with Graves’  
disease, TBII levels are reported to represent stim-
ulating antibodies and correlate with maternal dis-
ease activity (90). The currently available bioassay 
is the thyroid stimulating immunoglobulin (TSI), 
which measures the generation of cyclic adenosine 
monophosphate by cells that express TSH receptor 
when incubated with the patient’ s serum (90).

The transplacental passage of maternal TRAb 
can result in excessive fetal thyroid stimulation. 
Clinically, this becomes relevant at 24– 26  weeks, 
and maternal levels reflect the degree of fetal expo-
sure (91). There is a strong correlation between 
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maternal and cord TRAb levels at term with the 
development of neonatal hyperthyroidism (see the 
section below Fetal/Neonatal Hyperthyroidism). 
In contrast, the continued use of maternal ATD 
therapy at term, in conjunction with low mater-
nal TRAb levels may result in elevated serum TSH 
levels in ~50– 60% of infants (90). In this scenario, 
fetal thyroid function may reflect the relative 
importance of maternal ATD dosage when mater-
nal immune thyroid stimulation is low. It is pos-
sible that in pregnant women with toxic nodules, 
a dose relationship may be more likely to be seen 
since there is no contribution of fetal thyroid stim-
ulation by the maternal immune system.

Based on the literature, current maternal thy-
roid status, rather than ATD dose, is the most 
reliable marker for titration of ATD therapy to 
avoid fetal hypothyroidism (92, 93). An analysis 
of fetal cord FT4 and TSH levels at birth in rela-
tion to maternal serum FT4 levels in 249 women 
with Graves’  disease who continued ATD through 
delivery reported that low fetal cord blood FT4 
levels were avoided only when the maternal serum 
FT4 concentration was  >   1.9  ng/dL, although 
one infant whose mother’ s serum FT4 level was 
2.1  ng/dL developed central congenital hypo-
thyroidism (94). The normal nonpregnant refer-
ence range for FT4 in this study was 0.8– 1.9  ng/
dL (10.3– 24.5  pmol/L). However, if the maternal 
serum free T4 is in the lower two-thirds of the non-
pregnant normal reference range, 36% of neonates 
have a decreased FT4, and a decreased FT4 is found 
in all neonates if the maternal FT4 is below normal 
(92).

In addition, overdosage with ATD alone may 
result in fetal or neonatal goiter, which may cause 
respiratory distress at birth if markedly enlarged. 

Goiter is more frequently described in older reports 
where concomitant iodide therapy was used. 
Because of either transplacental ATD or iodide-
induced inhibition of fetal thyroid hormone pro-
duction, fetal serum TSH levels increase, resulting 
in the stimulation of thyroid growth. A fetal ultra-
sound should be obtained for all women who are 
still receiving ATD therapy at 24– 26  weeks (74). If 
a fetal goiter is detected on a late pregnancy ultra-
sound, the clinician must consider whether this 
represents fetal hyperthyroidism (see below) or fetal 
“ hypothyroidism”  because of transplacental pas-
sage of maternal ATD therapy. Intra-uterine growth 
retardation may occur with either condition, but 
fetal tachycardia (> 160– 180 beats per minute) and 
advanced fetal bone age are highly suggestive of 
hyperthyroidism (74, 95– 97). In cases where neo-
natal goiter has occurred because of maternal ATD 
use, resolution usually occurs within the first two 
weeks of life with the dissipation of the drug (98). 
Therefore, one approach is to stop maternal ATD 
therapy and monitor the fetal goiter by ultrasound.

There are several case reports of intra-amniotic 
levothyroxine injections for treatment of the fetal 
goiter due to maternal ATD exposure. However, in 
two reports (99, 100), the injections occurred while 
the maternal PTU dose was lowered. Therefore, it 
is difficult to distinguish the relative importance 
of each factor on the resolution of the fetal goiter. 
A third case report demonstrated that cessation of 
maternal ATD therapy alone resulted in a decrease 
in the fetal goiter documented ultrasonographi-
cally (101). In cases of fetal goiter where hypo-
thyroidism is suspected because of transplacental 
ATD, it may be prudent to discontinue or substan-
tially decrease maternal ATD and follow the goiter 
with sequential ultrasounds. If reduction in size 

Table 12.3 Pregnancy complications reported in hyperthyroid women

Controlled hyperthyroidism 
on ATD therapy

Untreated 
hyperthyroidism

Miscarriage (133, 134) 8– 10% 21%

Preterm delivery (72, 81, 83) 3– 14% 21– 88%
Preeclampsia (72) 2% 11%
Heart failure (81) 3% 63%
Stillbirth (81, 133) 0% 7– 50%
Small for gestational age (83, 118, 134) less more
Thyroid storm less more

ATD: Antithyroid drug.
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does not occur within 2– 3  weeks, periumbilical 
blood sampling should be performed to determine 
fetal thyroid function. If still low, intra-amniotic 
levothyroxine therapy should be given.

Antithyroid Drugs: Risk of Congenital 
Malformations . Congenital malformations have 
been described in the offspring of mothers treated 
with antithyroid drugs. In a Danish nation-wide 
cohort study, the odds of birth defects were 66% 
higher in those exposed to MMI and 41% higher in 
those exposed to PTU. Aplasia cutis and methima-
zole embryopathy, characterized by choanal atre-
sia, trachea-esophageal fistula, omphalocele, hypo/
athelia, and distinctive facial features were 21 times 
more common in those exposed to MMI (102). 
Therefore, despite the potential fulminant mater-
nal hepatotoxicity that can occur with PTU, the 
FDA in 2010 recommended using it in preference 
to MMI in the first trimester when ATD therapy 
is necessary (103). If there is a continued need for 
ATD therapy beyond the first trimester, MMI may 
be used at a conversion ratio of 1:20 (MMI:PTU 
dose) (36).

Antithyroid Drugs: Treatment Guidelines . 
(Table  12.4) Antithyroid drug dosage should be 
titrated to maintain maternal serum FT4 levels at 

or just above the normal limit of the trimester-spe-
cific reference range reported by that laboratory, 
and if not available, the nonpregnant reference 
range should be used. Alternatively, maternal total 
T4 can be maintained at the upper limit of the preg-
nancy-appropriate reference range (1.5 times the 
nonpregnant reference range) (36, 38). Maternal 
serum T3 levels may not be as helpful because there 
is no correlation with fetal thyroid function (92). If 
the serum TSH does become detectable, it should 
be kept at or just below the 95% confidence inter-
val trimester-specific lower limit. (38). Therefore, 
the therapeutic treatment goal for Graves’  disease 
during pregnancy is actually subclinical hyper-
thyroidism compared to normal pregnant physiol-
ogy. There are, as mentioned before, no reported 
gestational adverse effects of maternal subclinical 
hyperthyroidism (84, 104) and this slight degree 
of undertreatment of the mother optimizes fetal 
outcome.

ATD therapy may be stopped preconception 
or during early pregnancy in women with active 
Graves’  disease who are euthyroid while taking 
low doses of antithyroid drugs. The decision to 
stop should take into consideration the duration 
of disease, goiter size, duration of ATD treatment, 

Table 12.4 Guidelines for clinical management of maternal hyperthyroidism during pregnancy (36, 38)

Treatment goal: Subclinical hyperthyroidism

Free T4: Use trimester-specific reference range if available, if not use nonpregnant reference range
Titrate to or just above upper normal limit

Total T4: Use pregnant reference range (1.5 times nonpregnant reference range)
Titrate to upper normal limit

TSH: May consider measuring TSH after 2– 3  months
Titrate at or just below lower trimester-specific limit

1. Use the lowest dose of ATD to maintain maternal thyroid hormone levels at above targets. 
PTU is preferred in the 1st trimester because of the MMI-associated embryopathy, with 
consideration to change back to MMI after 14– 16  weeks gestation (1:20 dose ratio 
MMI:PTU)

2. Check maternal function tests monthly
3. ATD dose can usually be lowered or discontinued (30%) by 32– 36  weeks gestation
4. If either high-maintenance ATD doses are required (PTU  >   450  mg/day, MMI  >   40 mg/day 

or if a patient is nonadherent or allergic to ATD therapy, surgery (subtotal thyroidectomy) 
should be considered

5. Low doses of iodides may be used transiently, especially preoperatively
6. Frequent communication between the endocrinologist and obstetrician is essential so that 

ATD dose titration is done with monitoring of fetal growth
7. TRAb measurement and fetal ultrasound should be considered as discussed in Table 12.6

ATD: Antithyroid drug; PTU: propylthiouracil; MMI: methimazole; TRAb: TSH receptor antibodies.
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recent TFTs, and TRAb measurement as these  
factors all predict the likelihood of recurrence 
(Table 12.5). If ATDs are stopped, TFTs must be 
frequently assessed every week for the first trimes-
ter and every two  weeks in the second and third 
trimesters (36).

The initial ATD dosage may vary depending 
upon the degree of hyperthyroidism. The median 
time to normalization of the maternal free T4 
index is 7– 8  weeks for both PTU and MMI (105), 
although improvement in parameters may be seen 
earlier at 3– 4  weeks. One should reassess mater-
nal free T4 or total T4 3– 4  weeks later and adjust 
ATD dosage based upon the decrement in thyroid 
hormone levels. As in nonpregnant women with 
Graves’  disease, maternal serum TSH levels may 
remain suppressed for several weeks after normal-
ization of thyroid hormone levels, and it is not help-
ful to monitor the serum TSH early in treatment. 
Graves’  disease may improve in the third trimes-
ter and with progressive decreases in ATD dosage 
throughout pregnancy, therapy may be stopped 
by 32– 34  weeks gestation in 30% of women (106). 
Of course, the same spectrum of adverse effects 
related to ATD therapy in the nonpregnant state 
applies to use during gestation (see Chapter 2, 
“The Diagnostic Evaluation and Management of 
Hyperthyroidism…”).

Beta-Adrenergic Blockers . Beta-adrenergic 
blocking agents may be used transiently to control 
adrenergic symptoms until ATD therapy decreases 
thyroid hormone levels. There is a report of a higher 
rate of spontaneous first trimester miscarriages 
in women who were treated with combined ATD 
and propranolol therapy compared to ATD alone, 
although both groups had similar levels of thyroid 
hormone (107). However, this was a small series 
and propranolol was prescribed for 6– 12  weeks, 
which may be longer than would be typically nec-
essary for most patients.

Iodides . Chronic use of iodides during preg-
nancy has been associated with hypothyroidism 
and goiter in neonates, sometimes resulting in 
asphyxiation because of tracheal obstruction (85). 
However, in a recent report, women with Graves’  
disease were switched from MMI to low dose 
potassium iodide (10– 30  mg/day) during the first 
trimester of pregnancy at a median gestation of six 
weeks with maintenance of maternal FT4 levels in 
the upper half of the nonpregnant reference range 
and substitution or addition of ATD in the second 
trimester when necessary. In this study, the off-
spring showed significantly fewer anomalies when 
compared to those who remained on MMI and had 
no thyroid dysfunction or goiter (108). Since the 
experience with iodides is more limited, iodides 
should not be used as a first line therapy for women 
with Graves’  disease but could be used transiently 
if needed in preparation for thyroidectomy.

Surgery.  Subtotal thyroidectomy is usually only 
considered during pregnancy as a therapy for 
maternal Graves’  disease if consistently high levels 
of ATD (PTU  >   450  mg/day, MMI  >   40  mg/day) 
are required to control maternal hyperthyroid-
ism, if a patient is nonadherent or allergic to ATD 
therapy, or if compressive symptoms exist because 
of goiter size. Thyroid surgery during pregnancy, 
regardless of indication, appears to be associated 
with poorer clinical outcomes than in nonpregnant 
women (109). If a woman has experienced severe 
ATD-related side-effects such as agranulocytosis, 
she should receive transient therapy with super-
saturated potassium iodide solution (50– 100  mg 
per day) for 10– 14  days prior to surgery. The tim-
ing of surgery is usually in the latter half of the 
second trimester. The rationale for not perform-
ing surgery in the first trimester is that this is the 
time of the highest spontaneous abortion rate and 
surgery could possibly further increase the risk. 
However, there are no definitive data supporting 

Table 12.5 Scenarios associated with the likelihood of Graves’  recurrence after ATD cessation

Factor
Lower likelihood of 

recurrence
Higher likelihood of 

recurrence

Duration of maternal ATD therapy 
prior to conception

More than 6 months Less than 6  months

MMI dose < 5– 10  mg/day > 10  mg/day
Serum TSH on MMI Normal Low
TRAb Normal or slightly elevated High levels

TRAb: TSH receptor antibody; ATD: antithyroid drug; MMI: methimazole.
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an increased miscarriage rate related to the surgi-
cal procedure and anesthesia if performed in the 
first trimester (110), and subtotal thyroidectomy 
may be done if clinically indicated.

I-131 Therapy . Because of its adverse effects on 
the fetus, the use of I-131 therapy is completely 
contraindicated in pregnancy, especially after 
12-weeks gestation when the fetal thyroid begins 
to concentrate radioiodine with an even greater 
avidity than the maternal thyroid. In addition, 
other fetal tissues are generally more radiosensi-
tive (111). A pregnancy test should be performed in 
all women prior to radioiodine therapy. However, 
inadvertent administration of I-131 in early preg-
nancy may occur and a survey was sent to endo-
crinologists regarding their experience with this 
situation. Of 237 cases, therapeutic abortion was 
advised and performed for 55 patients. In the 
remaining 182 pregnancies, the risk of stillbirths, 
spontaneous abortions, and fetal abnormali-
ties was not higher than the general population 
(112), perhaps because the fetal whole-body irra-
diation from a therapeutic I-131 dose for Graves’  
disease at this stage is below the threshold asso-
ciated with increased congenital defects (111). 
However, six infants were hypothyroid at birth, 
four of whom had intellectual disabilities. I-131 
therapy had been given after 12  weeks in three of 
the mothers of the hypothyroid infants, at a time 
when the fetal thyroid had already begun to con-
centrate iodine (112). Therefore, fetal hypothy-
roidism is more likely to occur if I-131 treatment 
is given after 12  weeks and congenital defects 
would be the major concern after I-131 therapy 
in the early first trimester. Dosimetry studies 
could quantitate the actual fetal exposure, but 
experts have suggested that the “ relatively low 
fetal whole-body irradiation is probably not suf-
ficient to justify termination of pregnancy.”  (111). 
If inadvertent I-131 therapy has been adminis-
tered to a pregnant woman, PTU therapy may be 
initiated within 7  days of I-131, which may reduce 
I-131 recycling by the fetal thyroid, thereby lower-
ing radiation exposure (111). All infants exposed 
to maternal I-131 therapy need to be evaluated 
immediately at birth with the institution of levo-
thyroxine therapy if congenital hypothyroidism 
is documented. The therapeutic administration of 
I-131 to a nursing mother is contraindicated and 
lactation should be stopped immediately if this 
occurs.

LACTATION

Traditionally, many texts have advised against 
breast feeding in women treated with ATDs 
because of the presumption that the ATD was 
present in breast milk in concentrations suffi-
cient to affect the infant’ s thyroid. However, over 
the last two  decades, several studies have pro-
spectively monitored thyroid function in infants 
nursed by mothers taking ATD therapy. PTU is 
more tightly protein bound than MMI; conse-
quently, the ratio of milk to serum levels is lower 
for PTU (0.67) (113) than for MMI (1.0) (114). In 
addition, the amount of ingested drug secreted in 
breast milk is approximately six times higher for 
MMI than for PTU (0.14% versus 0.025% of the 
ingested dose) (113).

Several studies reported no alteration in thy-
roid function in a total of 56 newborns breast 
fed by mothers treated with daily doses of PTU 
(50– 300  mg), MMI (5– 20  mg), or carbimazole 
(5– 15  mg) for periods ranging from 3  weeks to 
8  months. Even in women who were overtreated 
and developed elevated serum TSH levels, the 
babies’  thyroid function tests remained normal 
(115). Therefore, ATD therapy may be considered 
during lactation, although the number of reported 
infants is small. The drug should be taken by the 
mother after a feeding. In addition, the theoretic 
possibility of the infant developing ATD side-
effects via ATD ingestion through lactation has not 
been reported (116).

FETAL/NEONATAL HYPERTHYROIDISM

In women either with active Graves’  disease 
or those with radioiodine-ablated or surgically 
treated Graves’  disease, fetal or neonatal hyper-
thyroidism is reported to occur in 2% of pregnan-
cies (117). However, there are no data evaluating 
whether the incidence rate is higher in those with 
active versus “ thyroidectomized”  Graves’  disease. 
This disorder is caused by the transplacental pas-
sage of maternal TRAb that stimulate fetal thy-
roid hormone production and may cause goiter. 
Maternal to fetal IgG transport becomes clini-
cally significant at the end of the second trimes-
ter, which is when fetal hyperthyroidism usually 
becomes apparent. Measurement of maternal 
TRAb at mid gestation provides prognostic infor-
mation about the development of fetal Graves’  
disease (74, 118). However, the measurement of 
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these antibody levels is not standardized and may 
depend upon the individual laboratory’ s reference 
range. Therefore, the magnitude of the TRAb ele-
vation compared to that assay’ s normal range may 
be more practical for prediction of fetal/neonatal 
hyperthyroidism, with values  > 3 times the upper 
limit of normal strongly predictive of neonatal 
hyperthyroidism (119).

Fetal thyroid ultrasound at 32  weeks in screen-
ing for clinically relevant fetal thyroid dysfunction 
has a reported sensitivity of 92% and a specificity 
of 100% (74). However, if a fetal goiter is detected, 
fetal hyper- and hypothyroidism must be dif-
ferentiated. Signs suggestive of fetal hyperthy-
roidism include intrauterine growth retardation, 
arrhythmias, congestive heart failure, advanced 
bone age, craniosynostosis, and hydrops (95, 96). 
Another suspicious feature is a diffuse Doppler 
ultrasound signal throughout the thyroid gland 
(74). Tachycardia (> 160 beats per minute) may 
indicate, but is not always present in, fetal thyro-
toxicosis (74). If necessary, periumbilical blood 
sampling will confirm the diagnosis. Although 
there are no established normal ranges for fetal 
thyroid hormone levels, the serum TSH is greater 
than 20mU/L in the published cases of fetal hypo-
thyroidism (99) or the serum T4 level is markedly 
elevated in those of fetal hyperthyroidism (120, 
121). Periumbilical blood sampling has risks of 
fetal bleeding, bradycardia, infection, and death 
(99) and is usually not indicated as the diagnosis 
can often be made clinically. A rational approach 

for the detection of fetal and neonatal hyperthy-
roidism using TRAb measurement and fetal ultra-
sound is presented in Table 12.6.

Treatment of fetal hyperthyroidism is accom-
plished by giving the mother ATD therapy, which 
then crosses the placenta and inhibits fetal thy-
roid hormone synthesis. The dose can then be 
titrated to maintain a normal fetal heart rate. 
In a woman who has received prior radioabla-
tion or surgery for Graves’  disease, levothyroxine 
therapy may have to be initiated or increased if 
maternal hypothyroxinemia occurs. Since TRAb 
levels usually decline toward term, ATD dosage 
can be decreased as fetal heart rate and growth 
are monitored.

If antibody levels remain elevated at term, the 
risk of neonatal hyperthyroidism is increased. 
A recent study measured cord TRAb level in 
infants born to mothers on ATD therapy at term 
as a predictor of neonatal Graves’  disease. If 
the cord TRAb level was negative, none of the 
infants developed neonatal Graves’ . However, if 
the cord TRAb level was elevated at twofold the 
upper normal limit, neonatal Graves’  occurred 
in 28% of infants at a mean age of 5  days (122) 
because the manifestations of hyperthyroidism 
may be masked until the dissipation of maternal 
ATD.

ATD therapy is necessary for treatment of neo-
natal Graves’  disease. As maternal antibody levels 
decrease over the first 3 months of life, therapy can 
usually be discontinued (123).

Table 12.6 TRAb measurement and fetal ultrasound to predict fetal thyroid dysfunction (74, 135)

Graves’  disease on ATD therapy

Graves’  disease 
after I-131 therapy 
or thyroidectomy

Graves’  
disease in 

remission on 
no therapy

Maternal TRAb 
measurement

YES YES NO

Timing of TRAb 
measurement

• Early in pregnancy for disease activity
• Mid trimester for prediction of fetal 

thyrotoxicosis
• 30– 34  weeks (if positive mid trimester) 

for prediction of neonatal 
thyrotoxicosis

End of 1st trimester
If negative: no repeat
If positive: repeat at 

mid trimester

If mother is TRAb  +  or taking ATD ⟶  Fetal ultrasound in 2nd half of pregnancy to check for fetal goiter, tachycardia, 
and bone age.
TRAb: TSH receptor antibody; ATD: Antithyroid drug.
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THYROID NODULES AND THYROID 
CANCER

Although goiter may occur during pregnancy in 
areas of borderline iodine deficiency (124), thy-
roid size does not increase in iodine replete areas 
(125). The prevalence of nodules has been reported 
to be higher in middle-aged women with a his-
tory of three or more prior pregnancies (126), but 
solitary thyroid nodules or thyroid cancer do not 
arise de novo  more frequently during pregnancy. 
The detection of thyroid nodules in pregnant 
women usually reflects the careful examination 
by an obstetrician of a healthy pregnant woman 
who had not regularly seen a physician prior to 
her conception.

As in the nonpregnant patient (see Chapter 7, 
“Thyroid Nodules and Multinodular Goiter”), 
diagnostic thyroid ultrasound for nodule char-
acterization and fine-needle aspiration (FNA) 
as indicated should be performed for diagnosis 
in nodules identified during pregnancy (127); 
the spectrum of cytological results is the same 
as in the nonpregnant patient (128). Radioactive 
iodine scanning is contraindicated at this time, 
but ultrasound can be performed either for char-
acterization and monitoring of the nodule or for 
guidance of the FNA. Nodules with a benign 
cytology may be observed, and those with cyto-
logical diagnoses of atypia of undetermined 
significance/follicular lesion of undetermined 
significance (AUS/FLUS) or follicular neoplasm 
may require further evaluation and probable sur-
gery after delivery.

If the FNA cytology shows evidence of a thy-
roid cancer, surgery is recommended. However, 
the timing of surgery, either during or after preg-
nancy, is debatable, with some recommending 
surgery during the mid-trimester (128) and oth-
ers advocating waiting until after delivery (129). 
One study has reported no significant difference 
in recurrence or survival rates between women 
with malignant nodules who had surgery either 
during or after pregnancy (130). Furthermore, 
thyroid cancer discovered during pregnancy is not 
more aggressive than that found in a similarly aged 
group of nonpregnant women (129). For women 
with previously treated thyroid cancer, most 
reports confirm that subsequent pregnancy does 
not increase recurrence rates (131). However, if a 
woman has locoregional residual/recurrent disease 

in the cervical lymph nodes, there is a small likeli-
hood of progression (132).

For a nodule with malignant cytology sugges-
tive of differentiated thyroid cancer, the recently 
published American Thyroid Association guide-
lines recommend that “ if discovered early in preg-
nancy, [it] should be monitored sonographically 
and if it grows substantially by 24– 26  weeks  gesta-
tion, or if cytologically malignant cervical lymph 
nodes are present, surgery should be considered 
during pregnancy. However, if the disease remains 
stable by midgestation or if it is diagnosed in the 
second half of pregnancy, surgery may be deferred 
until after delivery”  (36). Immediate surgery 
should be considered for medullary and anaplastic 
thyroid cancer.

In women with differentiated thyroid cancer 
who do not undergo immediate surgery, levothy-
roxine therapy may be considered to maintain the 
serum TSH level in the lower half of the normal 
range (0.3– 2.0mIU/L), which would theoretically 
slow TSH-responsive tumor growth and should 
not be associated with pregnancy complications. 
Radioactive iodine therapy, if needed, must be 
delayed until the postpartum period.
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immunoglobulin titer, 46
methimazole (Tapazole), 45, 283
propylthiouracil, 45, 283
risk of congenital 

malformations, 285
side effects, 48–51

agranulocytosis, 49
antithyroid arthritis 

syndrome, 50
drugs used to treat thyroid 

storm, 61
liver toxicity, 50–51
points scale for diagnosis of 

thyroid storm, 60
treatment guidelines, 285–286

Anti-thyroid peroxidase 
antibodies, 81

Anti-TSH receptor antibodies, 15, 
38, 46, 85, 282

measurements, 44
testing, 47

Atrial arrhythmias, 38
Atrial diastolic dysfunction, 39
Atrial fibrillation, 42, 51, 53, 58, 59, 

119, 145, 197, 198
Aspergillus, 86
Associazione Medici 

Endocrinologi, 159
ATA, see American Thyroid 

Association
Atezolizumab, 237
Atherogenic lipoprotein, 135, 143
Atypical thyroiditis, 82; see 

also Silent thyroiditis 
(nonpostpartum)

Autoimmune thyroiditis, 12, 14, 15, 
82, 115, 228, 251, 252, 282

pre-existing asymptomatic, 84
pre-existing euthyroid, 16

Avelumab, 237
Axitinib, 110, 114

Bacteroides, 86
Benign multinodular goiter, 

surgical approach, 264
Pemberton’s sign, 264, 265

Beta-adrenergic antagonist drugs/
blockers, 51, 53, 55, 88, 
90, 119

Beta-adrenergic blockers, 84, 86, 
103, 111, 114, 286

Bexarotene, 12, 108, 116, 118, 133
Biotin (vitamin B7), 118, 136–137

ingestion, 45, 58
-related assay interference, 8, 

118, 138
supplement, 8, 137

Bisphosphonates, 209, 232
Bleomycin, 249
“Block-replacement’’ regimen, 47
Blood dosimetry, 199
Bone metastases, 204, 209, 231, 232, 

233, 237
BRAF mutations, 101, 173, 183, 184, 

189, 191, 195
in ATCs, 247, 249

kinase inhibitors, 204
risk of structural disease 

recurrence, 195
BRAF V600E, 161, 170, 183, 191
BRAF V600E-like tumors, 172, 

172–173
Brain metastases, 204, 232, 245
Bromocriptine, 99

Cabozantinib, 226, 233, 234, 
236, 238

adverse events (all grades) 
with, 235

Calcitonin, 14, 161, 162, 170, 225, 
233, 246, 267

Calcium, 141, 229, 262
abnormalities, 148
impact on thyroid hormones, 39

Calcium carbonate, 118
Calcium channel blockers, 51
Calcium supplements, 280, 281
Cancer treatment-related 

drugs, 114
Candida albicans, 86
Carbamazepine, 117, 118
Carney complex, 161
Cat-scratch disease, 87
Ccell hyperplasia, 226
C cells, thyroid, 161, 225, 226, 228
Cediranib, 110, 114
Celiac disease, 45, 148
Cell-free DNA, 231
Central hypothyroidism, 10, 12, 16, 

116, 133, 135, 198
central adrenal insufficiency, 149
diagnosis, 137–138
transient central 

hypothyroidism, 52
untreated, 139

Cervical lymphadenopathy, 17, 61, 
86, 253

Cervical lymph node 
metastases, 191

Cervical node disease, 207–209
EBRT, 209
percutaneous ethanol 

injection, 208
radiofrequency ablation, 209
radioiodine therapy, 208

Chemotherapy, 245, 247, 249, 
253–254, 269
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combination chemotherapy, 248
concurrent chemotherapy, 205
cytotoxic chemotherapy, 247
for GTN, 102
prophylactic chemotherapy, 101
systemic chemotherapy, 233, 

234, 236
Chernobyl nuclear accident, 

161, 189
Cholestyramine, 55, 61, 118, 119
Choriocarcinoma, 101, 102
Chromium, 118
Chronic lymphocytic thyroiditis, 

81–82, 112, 115, 131, 
147–148, 149, 189, 190, 251

treatment, 82
Cigarette smoking, 7, 13, 38, 46, 54, 

84, 185
Graves’ ophthalmopathy, 56, 82

Coccidioides immitis, 86
Color flow Doppler sonography, 17, 

18, 19, 112, 163
in all women with postpartum 

Graves’ disease, 85
in differentiating Graves’ 

disease, 63, 83
Columnar cell variant, 189
Congenital hypothyroidism, 139, 

279–280, 283, 284
levothyroxine therapy, 287
nongoitrous, 12

Congestive heart failure, 58, 144
and beta-adrenergic blocking 

drug, 51
hyperthyroidism and, 283, 288
LT4 therapy, 143
mild hypothyroidism and, 

139, 140
myxedema coma, 151
older patients with 

thyrotoxicosis, 38
thyroid storm and, 263

Consumptive hypothyroidism, 114, 
133, 138

Coronary heart disease, 139, 144
mild hypothyroidism and, 

140, 141
Corticosteroids, 3, 58, 117, 248

and hypothyroidism, 88
in mild or moderate 

ophthalmopathy, 54

in severe thyrotoxicosis, 84, 90
Cowden syndrome, 161
Coxsackievirus, 87
Creeping thyroiditis, 87–88
Cushing’s syndrome, 233, 235
Cyclin-dependent kinase inhibitor 

2C, 231
Cyclophosphamide, 50, 233, 

249, 253
Cystic nodules, 163, 170–171, 

174–175
Cytotoxic chemotherapy, 247
Cytotoxic T-lymphocyte-associated 

antigen 4, 82, 133, 237

Dasatinib, 110, 114
Decompensated hypothyroidism, 

see Myxedema coma
Denosumab, 207, 232
Diarrhea, 227, 229

MTC related, 233, 235, 236
thyroid storm, 59
as toxicities of kinase 

inhibitors, 205
Differentiated thyroid carcinoma, 

182, 243
complications of 131I

immediate 
complications, 202

leukemia, 203
long-term complications, 203
second primary malignancy, 

203–204
epidemiology, 182–183

oncogenesis, 183–185
factors influencing prognosis 

and affecting outcome, 
191–192

gender, 192
radioactive iodine therapy, 

191
initial risk assessment

imaging in, 197
patients’ clinical status after 

initial therapy, 195–196
risk of structural disease 

recurrence, 195
serum thyroglobulin in, 

196–197
prognostic scoring systems, 191
radioiodine (131I) therapy

adjuvant therapy, 198, 201
decision to use, 199–200
determining appropriate 131I 

administered activity, 201
diagnostic whole-body 131I 

scan, 201
metastatic carcinoma 

with 131I, 201
posttreatment scans, 202
preparation for, 200–201
radioactive iodine therapy, 

199
remnant ablation, 199, 

200–201
reoperative thyroid surgery in 

patients with, 269
surveillance algorithm for, 208
thyroid hormone therapy

levothyroxine (T4) 
suppression of TSH, 197

metastatic disease on 
posttreatment imaging, 198

tumor staging systems, 191
Diffuse sclerosing variant, 189
Diltiazem, 51
Diphenylhydantoin, 9
Diplopia, 39, 56, 57
Distant metastases, 186, 189, 190, 

191, 232, 245
RAI therapy, 199

Dobutamine, 116
Dopamine, 3, 10, 58, 116
Dopamine agonists, 98
Down syndrome, 129
Doxorubicin, 205, 249, 253
Drug-induced thyroid 

dysfunction, 107
assay interference, 118
cancer treatment-related 

drugs, 114
drug-related changes in thyroid 

function testing, 108–109
drugs impacting

thyroxine-binding 
globulin, 117

TSH synthesis or release, 116
drugs used for cancer-related 

treatments, 110
enhanced metabolic clearance 

of thyroid hormone, 
117–118



300 Index 

enterohepatic circulation, 118
immune system modulating-

related drugs, 115–116
inhibition

of T4 to T3 conversion, 
116–117

of thyroid hormone 
absorption, 118

iodine-containing products, 107, 
111–113

lithium, 113–114
thyroid hormonogenesis, 107
thyrotoxicosis, 118–119

Durvalumab, 237

EBRT, see External beam radiation 
therapy

eFVPTC, see Encapsulated 
follicular variant 
papillary cancers

Encapsulated follicular variant 
papillary cancers, 188

Endocrine Society, 16, 143, 147
Enterohepatic circulation, 61, 

118, 119
Escherichia coli, 86
Estrogens, 7, 42, 117
Eukaryotic translation 

initiation factor 1A, 
X-chromosome, 247

European Medicines Agency, 226
European Thyroid Association, 

147, 159
Euthyroid hyperthyroxinemia, 6, 7
Euthyroid hypothyroxinemia, 9
Euthyroidism, 46, 55, 59, 60, 62, 63, 65

and pregnancy, 277
Euthyroid sick syndrome, 58, 

116, 149; see also Non-
thyroidal illness

External beam radiation therapy, 
90, 99, 203, 231, 253

Familial adenomatous 
polyposis, 161

Familial dysalbuminemic 
hyperthyroxinemia, 6, 7

Familial nonmedullary thyroid 
cancer, 185

FDH, see Familial dysalbuminemic 
hyperthyroxinemia 

Ferrous sulfate, 118
Fetal hyperthyroidism, 284, 

287, 288
Fetal hypothyroidism, 284,  

287, 288
Fetal microchimerism, 82
Fetal thyroid function, 284, 285
Fibroblasts, 38, 39, 41, 56, 57
Fine needle aspiration, 13, 83, 186, 

228, 264, 266, 289
for ATC identification, 245
US as guide, 17

Fine needle biopsy, 21, 27, 61–62, 
170–171

18Fluorodeoxyglucose (18FDG), 27, 
115, 246

positron emission tomography/
CT, 231, 252

5-Fluorouracil, 117, 233
bleomycin, cyclophosphamide 

and 5-fluorouracil, 249
FNA, see Fine-needle aspiration 
FNB, see Fine needle biopsy
FNMTC, see Familial 

nonmedullary thyroid 
cancer

Follicular thyroid carcinoma, 163, 
184, 189–190

categories, 190
treatment

completion 
thyroidectomy, 194

lymph node dissection, 194
preoperative imaging, 

192, 193
surgery, 192–194
surgical complications, 194
thyroidectomy during 

pregnancy, 194–195
Follicular variant of papillary 

thyroid carcinoma, 184, 
188, 189

FTC, see Follicular thyroid 
carcinoma

Furosemide, 8, 9, 109, 117
FVPTC, see Follicular variant 

of papillary thyroid 
carcinoma

Gallbladder dyes, 116
68Gallium (68Ga), 231

Gastrointestinal stromal 
tumors, 114

Gene Sequencing Classifier, 173
Germ cell tumors, 102
Germline RET mutation associated 

with MTC, 226
MEN2A and associated features 

and variants, 226–227
Gestational thyrotoxicosis, 281–282
Glucagon-like peptide-1 

agonists, 161
Glucocorticoids, 9, 50, 54, 55, 57, 

116, 150
for central adrenal insufficiency 

and hypothyroidism, 115
for diseases with CNS, 202
prednisone, 113
rituximab, 57
for severe thyrotoxicosis, 114
to suppress TRH or TSH 

production, 133
GO, see Graves’ ophthalmopathy
Goiter, 159; see also Thyroid 

nodules
computed tomography, 169

of goiter with mediastinal 
extension, 170

cytology, 170–173
Bethesda classification 

system, 171–173
molecular testing, 172

fine needle biopsy, 170–171
history and examination, 161–162
imaging

ultrasonography, 162–167
laboratory testing, 162
magnetic resonance 

imaging, 169
pathogenesis, 160–161
prevalence, 159–160
thyroid scan, 167–169

CT imaging, 168
nuclear thyroid scintigraphy, 

167, 168
Granulocyte-colony stimulating 

factor, 49
Graves’ disease, 18, 38

choice of therapy, 55–56
diagnosis

clinical effects of 
hyperthyroidism, 41
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signs and symptoms, 38–42
epidemiology, 38
laboratory diagnosis

pitfalls, 44–45
thyroid hormone and TSH 

levels, 42–43
TSH receptor antibody 

measurements, 44
24-hour radioiodine uptake, 

43–44
pathophysiology, 38
treatment, 45

antithyroid drug therapy, 
45–51

beta-adrenergic antagonist 
drugs, 51

Graves’ ophthalmopathy 
and pretibial myxedema, 
56–58

potassium iodide therapy, 51
radioiodine (131I) therapy 

for, 51–55 (see also 
Radioiodine (131I) 
therapy)

thyroidectomy, 55
Graves’ disease and pregnancy, 

282–289
antithyroid drugs, 283

effect on fetus, 283–285
risk of congenital 

malformations, 285
treatment guidelines, 

285–286
beta-adrenergic blockers, 286
diagnosis, 282
fetal/neonatal hyperthyroidism, 

287–288
I-131 therapy, 287
iodides, 286
lactation, 287
likelihood of recurrence, 286
pregnancy outcome, 283
surgery, 286

Graves’ ophthalmopathy, 38
and pretibial myxedema,  

56–58
“elephantine” pretibial 

myxedema, 58
intralesional steroids, 58
“NOSPECS” classification, 56
orbital radiotherapy, 57

rituximab, 57
radioiodine and, 53–54

GSC, see Gene Sequencing 
Classifier

Hashimoto’s encephalopathy, 
see Steroid responsive 
encephalopathy 
associated with 
autoimmune thyroid 
disease

Hashimoto’s thyroiditis, 18, 26, 83, 
100, 130, 139, 162, 251

autoimmune disorders, 148
chronic lymphocytic 

thyroiditis, 131
etiology of, 82
and hypothyroidism, 277
selenoproteins, 82
TPO antibodies, 111

Hashitoxicosis, see Hashimoto’s 
thyroiditis

HCC, see Hürthle cell carcinoma
Health related quality of life, 135
Hereditary MTC, 226

MEN2A and associated features 
and variants, 226–227

MEN2B and associated features, 
227–228

Heroin, 117
HM, see Hydatidiform moles
Hook effect, 13
Hormone-binding protein 

concentrations, 5
Hormone specificity “spillover” 

syndrome, 276
Human chorionic gonadotropin, 

11, 101, 102, 276
-associated thyrotoxicosis, 281

Hürthle cell carcinoma, 190–191
Hydatidiform moles, 101

pelvic ultrasound, 102
Hyperdefecation, 38, 39
Hyperparathyroidism, 55, 161, 

227, 274
primary, 226, 228, 229

Hyperthyroidism
and pregnancy

complications, 284
Graves’ disease, 282–288 

(see also Graves’ disease)

guidelines for clinical 
management of, 285

hCG-associated 
thyrotoxicosis, 281–282

hyperemesis gravidarum, 
281–282

surgical approach, 263
Hyperthyrotropinemia, 12–13
Hyperthyroxinemia, 7, 9
Hypokalemia, 233, 236
Hypokalemic periodic paralysis, 39
Hypothalamic-pituitary-thyroid 

axis, 13, 107, 117
biosynthesis and transport, 2
physiology of, 2–3

Hypothyroidism, 129–130
adrenal coverage, 149
classification and etiology, 

130–133, 132
central hypothyroidism, 133
peripheral 

hypothyroidism, 133
primary hypothyroidism, 

130–131, 133
clinical manifestations, 

133–135, 134
acute severe 

hypothyroidism, 135
combination LT4/LT3 therapy, 

145–147
conditions that are not 

hypothyroidism
myxedema coma, 151–153
non-thyroidal illness, 149
reverse T3 syndrome, 

150–151
SREAAT, 149–150
Wilson’s low T3 

syndrome, 150
diagnosis, 135–138

diagnostic evaluation of, 137
facial changes with therapy of, 133
factors contributing to increased 

LT4 requirements, 
144–145

management/treatment, 
140–143

levothyroxine 
monotherapy, 140

thyroid hormone 
preparations, 141
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US Pharmacopoeia 
standards, 142

NPO patients, 149
outcomes of untreated 

hypothyroidism, 139–140
persistent symptoms in patients 

on levothyroxine 
replacement therapy, 
147–149

autoimmune diseases, 148
possible causes of, 148

and pregnancy, 277
diagnosis, 277–278
guidelines for clinical 

management of, 281
pregnancy 

complications, 279
pregnancy outcome, 278–280
treatment, 280

recommendations, 144
screening and case finding, 138

recommendations for, 138
severity based classification

mild hypothyroidism, 133
myxedema coma, 133
overt hypothyroidism, 133

treatment outcomes, 143–144
Hypothyrotropinemia, 12
Hypothyroxinemia, 9, 10, 276, 

277, 288
Hypotriiodothyroninemia, 9

Iatrogenic thyrotoxicosis, 6, 13, 25, 
117, 118

123I imaging,27
131I-iobenguane, 112
Imatinib, 110, 114
Immune system modulating-related 

drugs, 115–116
alemtuzumab, 115
ipilimumab, 115
lenalidomide, 116
pembrolizumab, 115
thalidomide, 116
tremelimumab, 115

Immunoassay methods, 5
Immunoglobulins, 11, 15, 252
Immunometric methods, 10
IMRT, see Intensity-modulated 

radiation therapy
Infiltrative diseases, 87

Infectious/post-infectious thyroiditis
acute infectious thyroiditis, 

86–87
subacute thyroiditis, 87–89

Inflammatory thyroiditis, 6
Inhibition

of apoptosis, 183, 225
fetal thyroid hormone, 284
hormone binding, 9, 61
of T4 to T3 conversion, 51, 

116–117
of thyroid hormone 

absorption, 118
Insular carcinoma, 101, 189
Insulin-like growth factor-1, 56, 

58, 161
Intensity-modulated radiation 

therapy, 247, 249
treatment in ATC, 248

Interferon-alpha (α), 12, 38, 115, 131
Interleukin-6 (IL-6), 9
Iodide-induced hyperthyroidism, 6
Iodides, 286

induced hypothyroidism, 6
potassium iodide (KI), 51
sodium-iodide symporter (NIS), 

23, 197
Iodinated radiocontrast dyes, 8–9
Iodine and iodine containing 

products, 111–113
amiodarone, 112–113
hyperthyroidism, 111
hypothyroidism, 111
recommended daily 

allowance, 111
thyrotoxicosis, 113

Iodine excess, 26, 111, 131, 160
Iodine-induced hyperthyroidism, 62, 

100, 102, 111, 112, 113
Iodine supplementation, 111, 190
Iodothyronine concentration, total 

serum, 9–10
Iopanoic acid, 116, 117, 119
Ipodate,8, 116, 117, 119
Ipilimumab, 110, 115, 116, 133, 237
Ischemic optic neuropathy, 56
131I therapy; see also Radioiodine 

(131I) therapy
131I-tositumomab, 112

Jod-Basedow phenomenon, 111

Kocher, Theodor (Nobel Prize in 
Medicine), 261

Laboratory evaluation of thyroid 
disease, see Thyroid 
function, laboratory 
evaluation of

Lanreotide, 98
Lanthanum carbonate, 118
l-asparaginase, 117
Latin American Thyroid 

Society, 138
Lenalidomide, 116
Lenvatinib, 103, 204, 238
Leptin, 185
Leukopenia, 49, 202
Levothyroxine (LT4), 6, 55, 102, 

135, 280
and amiodarone, 117
and LT3 combination 

therapy, 147
monotherapy, 140
persistent symptoms in patients 

on levothyroxine 
replacement therapy, 
147–149

during pregnancy, 280
suppression of TSH, 197–198

Lithium, 113–115
l-thyroxine therapy, 114
risk of hypothyroidism, 115
thyrotoxicosis, 114

Liver function tests, 39, 49, 50, 51
Lobectomy, 63, 64, 131, 174, 

188, 192
abnormal, 165
to counsel patients, 265
regional, 162
vs. thyroidectomy, 193, 264, 265

l-thyroxine therapy, 114
Lugol solution, 112
Lung metastases, 101, 203
Lymphadenopathy, 229

cervical, 17, 61, 86, 253
generalized, 40

Lymph node metastases, 183, 186, 
187, 191, 195, 266

Lymphocytic thyroiditis, see 
Silent thyroiditis 
(non-postpartum)

Lymphoma, see Thyroid lymphomas
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MacroTSH, 11–12
Malignant pseudothyroiditis, 87
Mammalian target of 

rapamycin, 237
Means-Lerman “scratch” 

murmur, 38
Medullary thyroid cancer, 161, 225

active surveillance of, 230–231
contrast-enhanced computed 

tomography, 230
fluorodeoxyglucose positron 

emission tomography/
CT, 231

L-6-[18F]-fluoro-3, 
4-dihydrox-
yphenylalanine PET/
CT, 231

prognostic indicators beyond 
doubling times, 231

radiologic surveillance, 230
regional site-specific or 

symptom-specific 
therapies, 231–232

Response Evaluation Criteria 
In Solid Tumors, 231

scintigraphy with 
radiolabeled 
octreotide, 231

adverse effects of MKI, 235–236
approved multikinase 

inhibitors for
cabozantinib, 234
comparison of cabozantinib 

and vandetanib trials, 234
vandetanib, 233–234

carcinoembryonic antigen, 228
chromogranin, 228
clinical presentation and 

diagnostic workup of, 
228–229

Ctn, 228, 229
hereditary MTC, 226

MEN2A and associated 
features and variants, 
226–227

MEN2B and associated 
features, 227–228

monitoring for response to 
targeted therapy, 236–237

other agents in clinical trials, 
237–238

RET codon mutations, 228
somatic mutations identified 

in, 237
surgical approach, 266
surgical management as initial 

treatment, 229–230
systemic therapies for advanced, 

progressive disease, 233
time of MKI initiation, 234–235

MEN2A gene, 161
and associated features, 226–227

MEN2B gene, 225
and associated features, 227–228

Metaiodobenzyguanidine, 112, 253
Metastatic carcinoma with 131I, 

treatment, 201–202
empirical fixed doses, 201–202
quantitative tumor 

dosimetry, 202
upper-bound limits set by blood 

dosimetry, 202
Metastatic disease

bone metastases, 209
cervical node disease, 207–209
pulmonary metastases, 209
surveillance algorithm for 

DTC, 208
Metastatic thyroid cancer, 23, 

102–103, 236, 237
differentiated thyroid cancer 

metastases, 102
sonographic images of, 193

Metformin, 12, 116, 133
Methadone, 117
Methimazole, 45, 48, 49, 60, 102, 

111, 112, 115
advantages over PTU, 46, 47
dosing in hyperthyroidism, 47
interference with radioiodine 

therapy, 52
and ophthalmopathy, 53, 54

Metoprolol, 51
Mild hypothyroidism, 133, 135

outcomes of untreated 
hypothyroidism, 139

progression, 140
recommendations regarding 

treatment for, 144
optimal TSH level on 

replacement therapy, 144
treatment of, 142

Mitral valve prolapse, 38
MKIs, see Multikinase inhibitors
Molar pregnancy, see Hydatidiform 

moles 
Molecular testing, 159, 172, 

264, 266
performance characteristics 

of commercially 
available, 173

Monocarboxylate transporter 8, 130
Motesanib, 110, 114
MTC, see Medullary thyroid cancer
Multikinase inhibitors

adverse effects of, 235–236
approved for MTC

cabozantinib, 234, 236
comparison of cabozantinib 

and vandetanib trials, 234
vandetanib, 226, 

233–234, 236
time of initiation, 234–235

Multinodular goiter, see Thyroid 
nodules; Toxic 
multinodular goiter

Multiple endocrine neoplasia 
syndromes, 225, 226

type 2 (MEN type 2), 161
Mycobacterium tuberculosis, 86
Myxedema coma, 133, 151–153

clinical feature scoring system 
1, 151

clinical feature scoring system 
2, 152

treatment, 152

Nadolol, 51, 117
National Cancer Comprehensive 

Network, 269
National Cancer Database, 245
National Cancer Institute’s 

Surveillance, 
Epidemiology and End 
Results

analysis, 183, 203
database, 101, 186, 191
program, 182, 244
study, 245, 247

NCCN, see National Cancer 
Comprehensive Network 

NCDB, see National Cancer 
Database



304 Index 

Neck dissection, 266–267
comprehensive, 267
risks of, 267

Neonatal hyperthyroidism, 15, 44, 
283, 287–288

Neonatal hypothyroidism, 16
Nephrotic syndrome, 9, 42
Neurofibromatosis type 1, 247
Niacin, 117
NIFTP, see Noninvasive follicular 

neoplasm with papillary-
like nuclear features 

Nilotinib, 110, 114
Nivolumab, 133, 237
Nocardia spp., 86
Nodular thyroid disease, 17, 48, 54, 

159, 262
Non-Hodgkin’s lymphomas, 246, 

250, 251
Ann Arbor classification system 

for, 254
Noninvasive follicular neoplasm 

with papillary-like 
nuclear features, 172, 188

Nonseminomatous tumors, 102
Nonsteroidal anti-inflammatory 

drugs, 88, 117
Non-thyroidal illness, 149
Nontoxic goiter, 159
NOSPECS classification, 56
Nothing by mouth patients, 149
NSAIDs, see Nonsteroidal anti-

inflammatory drugs
NTI, see Non-thyroidal illness
NTRK1 mutation, 172, 189
Nuclear medicine studies

diffuse thyroid disease, 26
ectopic thyroid tissue, 27
indications, 24–25
normal thyroid appearance, 

25–26
technique, 23–24
thyroid cancer, 27–28
thyroid nodules, 27

Occult subacute thyroiditis, 
see Silent thyroiditis 
(non-postpartum)

Octreotide, 98, 99, 116, 231, 267
Oncogenesis, thyroid 

carcinoma, 183

BRAF, 183–184
common oncogenic 

mutations, 184
MAPK (mitogen-activated protein 

kinase) pathway, 183
RAS oncogenes, 184–185
telomerase reverse transcriptase 

promoter mutations, 184
Orbital radiotherapy, 57
Organic anion transporter 

P1C1, 130
“Orphan Annie eye” nuclei, 186
Ovarian teratoma, 100
Overt hypothyroidism, 129, 133, 134

outcomes of untreated 
hypothyroidism, 139

treatment of, 141

p53 oncogene, 189, 246, 247
Painless thyroiditis, see 

Silent thyroiditis 
(non-postpartum)

Paired box gene 8 (PAX8), 246
Papillary cancer within 

thyroglossal duct, 
187–188

Papillary micro-carcinoma, 243
Papillary thyroid cancers/

carcinoma, 163, 192, 186
follicular variant papillary 

carcinoma, 188
metastatic nodal disease, 186
mutations, 171
noninvasive follicular neoplasm 

with papillary-like 
nuclear features, 188

“orphan Annie eye” nuclei, 186
papillary cancer within 

thyroglossal duct, 
187–188

papillary thyroid 
microcarcinoma, 186–187

prognosis, 186
thyroid scan, 168
treatment

completion 
thyroidectomy, 194

lymph node dissection, 194
preoperative imaging, 

192, 193
surgery, 192–194

surgical complications, 194
thyroidectomy during 

pregnancy, 194–195
variant of PTC

columnar cell variant of, 189
diffuse sclerosing variant 

of, 189
hobnail variant of, 189
solid variant of, 189
tall cell variant of, 188–189

Papillary thyroid microcarcinoma, 
186–187

Parathyroid hyperplasia, 226
Pasteurella, 86
Pazopanib, 110, 202, 250
PBDEs, see Polybromylated 

diphenyl ethers
PDGFR receptor, see Platelet-

derived growth factor 
receptor

Pediatric patients, 191
thyroid surgery in, 269

Pembrolizumab, 115, 237, 250
Percutaneous ethanol injection, 64, 

174, 208
Peripheral hypothyroidism, 

133, 138
Phenobarbital, 108, 117, 118
Phenytoin, 108, 117, 118
Pheochromocytomas, 161, 226, 

227, 229
Phosphatase and tensin homolog, 

247
Pituitary or hypothalamic disease, 

12, 278
Pituitary surgery, 98, 99
Platelet-derived growth factor 

receptor, 114
Platins, 249

cisplatin, 102, 249
Pneumocystis carinii, 86
Polybromylated diphenyl ethers, 

185
Positron emission tomography 

scanning, 27, 168, 206, 
246

18F-deoxyglucose, 168, 182, 206, 
246, 253

PET-CT, 89, 207, 231, 252, 254
Postpartum thyroiditis, 84

diagnosis, 85
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epidemiology, 84
natural history

of postpartum thyroiditis, 85
of subacute thyroiditis, 85

pathophysiology, 84
treatment, 86

selenium, 86
Potassium iodide therapy, 51
Potassium perchlorate, 112
Prednisone, 54
Pregnancy

hyperthyroidism and, 284
Graves’ disease and, 282–283
hypothyroidism and, 

278–280, 279
Pretibial myxedema, 56–58

“elephantine” pretibial 
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diagnosis
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computed tomography, 252
magnetic resonance imaging, 
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incidence, 251
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surgery, 253
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237, 246
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133, 237
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117, 283
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PTMC, see Papillary thyroid 
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203, 209, 232
Pulmonary hypertension, 38

Quantitative tumor dosimetry, 202
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diagnosis, 90
epidemiology, 90
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treatment, 90

Radioactive iodine therapy, 174, 
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scan, 201
for Graves’ disease, 51–53

and cancer, 54–55
and Graves’ ophthalmopathy, 

53–54

metastatic carcinoma with 
131I, 201

posttreatment scans, 202
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hormone action, 15–16
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concentrations, 4–6

total serum iodothyronine 
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Thyroid hormone therapy, 111, 114, 
118, 135

levothyroxine (T4) suppression 
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Thyroid hormonogenesis, 107
Thyroid Imaging Reporting and 

Data Systems, 21, 166
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system, 166
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infectious/post-infectious 
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management and follow-up, 
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molecular testing for, 173
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surgical approach, 263–264
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TSH suppression therapy, 174
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frequency distribution by 
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levothyroxine (T4) suppression 
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TSH receptors, 130
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drugs used to treat, 61
point scale for the diagnosis 

of, 60
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TRH receptors, 129
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determination of 4–6
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Thyroxine-binding globulin, 2, 117, 
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thyroidectomy,192, 193

Toxic multinodular goiter, 64
diagnosis, 63
pathogenesis, 64, 63
treatment, 63–64
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131, 277

Transient painless thyroiditis, 82; 
see also Silent thyroiditis 
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also Thyroxine-binding 
prealbumin

Trauma-induced thyroiditis, 90
Tremelimumab, 110, 115, 116
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hormone
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6–9
determination of, 4–6
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TSH, see Thyroid stimulating 

hormone
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24-Hour radioiodine uptake test, 

43–44
“Two-step” assay method, 5, 8, 9, 
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Tyrosine-kinase inhibitors, 103, 

110, 114, 119, 233

Ultrasonography, 162–167
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high-resolution US, 163
indications, 17
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normal thyroid appearance, 17, 18
technique, 17
thyroid nodules, 21–23
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Administration, 226
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familial MTC, 226–227
Hirschsprung disease, 226

Variants of PTC
columnar cell variant of, 189
diffuse sclerosing variant of, 189
hobnail variant of, 189
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tall cell variant of, 188–189

Vascular endothelial growth factor 
receptor, 114, 231

VEGF receptor/VEGFR, see 
Vascular endothelial 
growth factor receptor

Vitiligo, 39, 41, 42
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Well-differentiated thyroid 
carcinomas, surgical 
approach, 265–266
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