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Editor’s Note—Goiter literally means the enlargement of
the thyroid gland, independent of its cause. Historically, this
terminology specifically was reserved for a visibly enlarged
thyroid gland. During the past few decades of modern medical
practice, the term has come to include both visible as well as
palpable thyroid enlarge-
ment. An average thyroid
normally weighs about 15 g.
The gland is situated in the
lower part of the anterior
neck and partially is buried
under the sternomastoid
muscles. This complex
arrangement often makes a
normal gland non-palpable.
Physicians may be faced
with the diagnostic dilemma
of possible thyroid disease
even when thyroid barely is
palpable. In fact, it may be the initial clue to the existence of
an occult thyroid disorder. 

This article will review the pathophysiologic processes
leading to goiter formation and will provide a logical
approach to the diagnosis and management of different enti-
ties, the end result of which is an enlarged thyroid gland. 

Thyroid Physiology
First, it is helpful to review the normal thyroid physiology.

Embryologically, the thyroid gland is derived from the epithe-
lial cells of the pharynx. It is a bi-lobed structure lying anteri-
or to the trachea. The connecting bridge is called the isthmus.
The gland has a rich blood supply and is innervated by the

sympathetic nervous system. The thyroid has evolved to spe-
cialize in synthesizing and secreting thyroxine (T4) and tri-
iodothyronine (T3) into the circulation system. The regulatory
process is thyroid stimulating hormone (TSH) dependent,
which is secreted from the anterior pituitary and, in turn, is

under the control of thy-
rotropin releasing hormone
(TRH) from the hypothalamus.
TRH and TSH both are regu-
lated in a negative feedback
loop by T4 and T3 in the cir-
culation system.1

Thyroid hormone regulates
a wide range of metabolic
processes, including growth
and development, reproduc-
tion, and metabolic enhance-
ment. This regulatory function
is its most important effect.

Histologically, the gland is composed of follicles that are
the functional unit of thyroid hormone biosynthesis. Each fol-
licle consists of thyrocytes arranged in spherical structure,
their supporting mesenchymal tissue and cells, the endothelial
cells of capillaries and fibroblasts. A few parafollicular, calci-
tonin secreting cells are located at the periphery of the folli-
cles. The lumen of these follicles stores colloid enriched with
thryoglobulin, a glycoprotein secreted through the apical
membrane of the thyroid follicular cells. The thyroglobulin
serves as a template for thyroid hormone biosynthesis.2

The key component of thyroid hormone biosynthesis is
iodine, which is transported into the thyroid in its inorganic
form, where it is oxidized by the thyroid peroxidase-H2O2

Volume 10, Number 3 March 2004

Goiter: A Review of Pathophysiology 
and Management

Authors: Udaya M. Kabadi, MD, FRCP (c), FACP, FACE, Professor
of Medicine, Department of Internal Medicine, Division of
Endocrinology and Metabolism, University of Iowa College of 
Medicine, Iowa City. Mouin Abdallah, MD, Resident, Department
of Internal Medicine, University of Iowa Healthcare, Iowa City.

Peer Reviewer: Daniel S. Duick, MD, Endocrinology Associates,
Phoenix, AZ.



24 March 2004/Primary Care Reports

system and then used to iodinate the tyrosyl residues in thy-
roglobulin, producing monoiodotyrosine (MIT) and diiodoty-
rosine (DIT). Thyroid peroxidase is the key enzyme in thyroid
hormone biosynthesis. Essentially, it serves three important
functions: iodine oxidation, iodination of tyrosine residues,
and coupling of iodothyronine molecules. Coupling of these
iodinated tyrosyl intermediates produces T4 and T3. Hydroly-
sis from thyroglobulin releases these hormones into the circu-
lation. The major hormone secreted by the thyroid gland is T4,
along with smaller quantities of T3. 

In peripheral tissues, T4 is converted into the active form of
the T3 hormone, by the action of 5-iodothyronine deiodinase.3

Two different types of deiodinase enzymes have been charac-
terized. Type I deiodinase predominantly is found in liver, kid-
ney, and thyroid cells. It is the principal enzyme responsible for
generation of T3 after monodeiodination of T4 in the periph-
ery. Type II deiodinase primarily is found in brown fat, pitu-
itary, and brain cells. It is responsible for regulating intracellu-
lar T3 concentration, such as in the brain where adequate con-
centration is required to optimize function.4 TSH is the major
stimulus in thyroid hormone biosynthesis. It binds to the TSH
receptor on thyroid cells, which structurally is related to the G-
protein coupled receptor family, with a classic seven trans-
membrane domain.5

This hormone receptor interaction leads to an increased
amount of cyclic adenosine monophosphate (cAMP) intracellu-
larly, which promotes gene expression of thyroglobulin, thy-
roid peroxidase, protein iodination, thyroid hormone synthesis,

secretion, and growth of thyrocytes.6 At a higher concentration
of TSH, another mitogenic pathway, calcium-phosphotidylin-
isitol 1-4-5-phosphate, is activated, the net effect of which is
enhanced iodination and hormone synthesis.7 The processes
described above are so closely linked that a defect in any one
component will impair hormone production or secretion along
with consequent growth abnormality. 

For years, it was believed that TSH was the only mitogenic
stimulus to thyrocytes. However, recent in vitro studies have
shown that TSH regulates the differentiation and function of
thyroid cells and may induce hypertrophy but not hyperplasia.
In contrast, locally produced growth factors, such as insulinlike
growth factor (IGF-1) and epidermal growth factor (EGF),
stimulate thyroid cell proliferation.8 More recently, in vivo thy-
roid volume studies have demonstrated that IGF-1 does not
independently stimulate thyroid growth but promotes thyroid
cell proliferation by potentiating the mitogenic action of TSH.9

Other researchers have argued that IGF-1 moderately
increases the proliferation but actually potentiates the EGF
stimulated growth by 100%.10 Despite these controversies, it is
clear that TSH, in concert with these intermediary cytokines,
exerts a powerful mitogenic effect. Other cytokines important
in thyroid cell proliferation include transforming growth factor
alpha (TGF-α), which also is believed to interact with EGF and
its receptor. On the other hand, increasing concentration of
intrathyroidal iodine antagonizes the effect of IGF-1 and EGF,
and simultaneously stimulates transforming growth factor-beta
(TGF-β), which inhibits thyroid cell proliferation.11 A very fine
balance in hormone-cytokine interaction is required for thyroid
growth differentiation and proliferation. 

Statement of Financial Disclosure
In order to reveal any potential bias in this publication, we disclose that Dr. Wise (Editor-in-Chief) serves as a
consultant to Aventis and Sanofi and does research for AstraZeneca. Drs. Kabadi and Abdallah (authors) report
no consultant, stockholder, speaker’s bureau, research, or other financial relationships with companies having
ties to this field of study. Dr. Duick (peer reviewer) is on the speaker’s bureau of Abbott Laboratories and Gen-
zyme Corp. He conducts research on thyroid nodule, MNG, TMG, and rhTSH.

Primary Care Reports, ISSN 1040-2497, is published

monthly by Thomson American Health Consultants,

3525 Piedmont Rd., NE, Bldg. 6, Suite 400, Atlanta, GA

30305. 

VICE PRESIDENT/GROUP PUBLISHER: 

Brenda Mooney. 

EDITORIAL GROUP HEAD: Valerie Loner.

MANAGING EDITOR: Christopher Delporte.

MARKETING PRODUCT MANAGER:

Schandale Kornegay.

GST Registration Number: R128870672. 

POSTMASTER: Send address changes to Primary

Care Reports, P.O. Box 740059, Atlanta, GA 30374. 

Copyright © 2004 by Thomson American Health Consul-

tants. All rights reserved. Reproduction, distribution, or

translation without express written permission is strictly

prohibited. Primary Care Reports is a trademark of

Thomson American Health Consultants.

Periodicals postage paid at Atlanta, GA.

Back issues: $26. Missing issues will be fulfilled by

Customer Service free of charge when contacted within

one month of the missing issue’s date.

Opinions expressed are not necessarily those of this

publication. Mention of products or services does not

constitute endorsement. Clinical, legal, tax, and other

comments are offered for general guidance only. This

publication does not provide advice regarding medical

diagnosis or treatment for any individual case; profes-

sional counsel should be sought for specific situations.

Questions & Comments
Please call Christopher Delporte, Managing Editor, at (404)
262-5545 or e-mail: christopher.delporte@thomson.com
between 8:30 a.m. and 4:30 p.m. ET, Monday-Friday.

Subscriber Information
Customer Service: 1-800-688-2421.

E-Mail Address: customerservice@ahcpub.com

Editorial E-Mail Address: christopher.delporte@thomson.com

World-Wide Web: http://www.ahcpub.com

Subscription Prices
United States

1 year with free AMA Category 1 credits: $339
(Student/Resident rate: $170).

Multiple Copies
1-9 additional copies: $305 each; 10 or more copies: $271 each.

Canada
Add GST and $30 shipping

Elsewhere
Add $30 shipping

Accreditation
Thomson American Health Consultants (AHC) designates this educational
activity for a maximum of 40 hours in category 1 credit toward the AMA
Physician's Recognition Award. Each physician should claim only those
credits that he/she actually spent in the activity. 

AHC is accredited by the Accreditation Council for Continuing Medical 
Education (ACCME) to provide CME for physicians.

This CME activity was planned and produced in accordance with the
ACCME Essentials.

This program has been approved by the American Academy of Family
Physicians as having educational content acceptable for Prescribed credit
hours. Term of approval covers issues published within one year from the
beginning distribution date of Jan. 1, 2004. This volume has been approved
for up to 40 Prescribed credit hours. Credit may be claimed for one year
from the date of this issue.

Table 1. Classification of Goiter on the Basis
of Pathophysiology

A. HORMONAL OR EXTRINSIC THYROID FACTORS

1. TSH dependent
• Iodine deficiency/excess states
• Goitererogens
• Antithyroid and other drugs
• Dyshormonogenesis
• Resistance to thyroid hormone

2. TSH independent
• Thyroid-stimulating immunoglobulins
• Human chorionic gonadotropins, FSH, LH (Same α

subunit as TSH)
• Growth hormone

B. NONHORMONAL OR INTRINSIC THYROID CONDITIONS

• Infections
• Tumors (local or metastatic)

C. COMBINED

• Autoimmune processes, certain tumors

D. MISCELLANEOUS

• Smoking
• Chronic renal failure
• Acute liver disease
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Multiple extrathyroidal factors and intrathyroidal enzymatic
cascades are postulated to explain the phenomenon of goiter
formation. IGF-1 and fibroblast growth factor are linked to
receptor plus protein kinase. Thyroid stimulating hormone and
thyroid stimulating immunoglobulins (TSI) bind to a common
receptor with activation of cAMP, whereas adenosine triphos-
phate (ATP), acetylcholine, and TSH exert their effect via
enhancement of phosphotidylinositol triphosphate pathway.
The common end results of these biochemical alterations are
protein synthesis, cell differentiation, and goiter formation.12

Pathophysiologic causes of goiters include hormonal factors,
intrinsic inflammation, and tumors. (See Table 1.)

TSH Dependent Goiterogenesis
Worldwide, iodine deficiency is the single most common

cause of goiter.13 The classic concept regarding the mechanisms
of iodine deficiency goiter is based on reduced thyroid hormone
biosynthesis, leading to increased production of TSH, stimulat-
ing thyroid growth. Conversely, an excess amount of iodine can
inhibit the release of thyroid hormone from the gland and ulti-
mately lead to elevated TSH concentration with consequent goi-
ter formation. Therefore, the recommended daily allowance of
iodine is 100 mg per day for adults and adolescents, 60-100 mg
per day for children, and 35-40 mg per day for infants. 

The classic example of iodine deficiency goiter is endemic
goiter, which, as the name implies, is common in iodine-defi-
cient areas of the world. The pattern of circulating thyroid hor-
mones in clinically euthyroid adults in the area of severe iodine
deficiency is characterized by low serum T4, elevated TSH,
and normal or supernormal T3 values primarily reflecting a
compensatory adaptation by the thyroid gland, via the minor
effect of increased peripheral conversion of T4 to T3. More-
over, persistent severe iodine deficiency results in an extreme
thyroid failure as found in myxedematous endemic cretinism,
characterized by lowering of both T4 and T3 and dramatically
increased TSH.14 Other non-toxic sporadic goiters include sim-
ple, colloid, or idiopathic goiters, reflecting the similar hyper-
stimulation by TSH during a period of suboptimal thyroid hor-
mone production along with local growth factors and the effect
of goiterogens.15

Goiterogens are naturally occurring substances that can pro-
mote thyroid growth. (See Table 2.) Certain foods, especially
cassava and other foods containing cyanoge glycosides, convert
to free cyanide and then to thiocyanate after hydrolysis in the
gut. Thiocyanate is a known inhibitor of iodine transport and
also can interfere with the organification process, leading to
reduced thyroid hormone concentration and elevated TSH.
Other inhibitors with similar properties include perchlorate,
chlorate, and periodate, and a high concentration of iodine.16

Iodine trapping and organification defects are not the only
mechanisms responsible for goitrogenesis. Drugs have been
shown to increase the incidence of goiter and include: 

• sulfonamides, methimazole, and propylthiouracil (sulfon-
amides), which block the organic binding of iodine and cou-
pling of iodothyronines to form T4 and T3; 

• lithium and excessive iodine, which inhibit thyroid hormone
secretion by blocking thyroglobulin proteolysis and the release of
thyroid hormones from the colloid follicles.

Table 2. Clinical Classification

CAUSE PATHOPHYSIOLOGY

Puberty ↑FSH, LH, (same α subunit as TSH)

Pregnancy ↑HCG (same α subunit as TSH)

Iodine deficiency ↓T4, ↑TSH

Goiterogens ↓Iodine uptake, ↓organification,↓T4, 
(thiocyanate, perchlorate, ↑TSH
periodate)

Drugs
Sulfonamides, ↓Organification, ↓coupling, ↑TSH
methimazole, propyl-
thiouracil
Lithium, excessive ↓T4 release, ↑TSH
iodine
Phenobarbital, benzodi- ↑Peripheral metabolism of T4, ↑TSH
azepines, nifidipine, etc.

Dyshormonogenesis
↓Iodine trapping Defective iodine transport, ↓T4, ↑TSH
↓Organification Defective thyroid peroxidase, ↓T4, 

↑TSH
↓Coupling Questionable mechanism, ↑MIT, 

↑DIT, ↓T4, ↑TSH
↓Deiodination Defective deiodinase, ↓MIT, ↓DIT, 

↓T4, ↑TSH

Resistance to thyroid Mutated thyroid hormone receptor, 
hormone ↑TSH

Stimulation of TSH 
receptor
TSHoma ↑TSH, ↑intrathyroidal cAMP, ↑growth
Grave’s disease ↑TSI, ↑cAMP, ↑growth
Gestational thyrotoxi- ↑hCG, ↑growth
cosis and goiter

Mutant TSH receptor
Toxic adenoma Endogenously active TSH receptor, 

↑Growth

Acromegaly ↑IGF-1, questionable role of TSH and 
EGF

Infections Local thyroid inflammatory process

Thyroid cancers Gene alteration with autonomy and 
cytokines

Chronic renal failure Questionable ↑TGF-α, EGF & EGF-R 
expression

Cigarette smoking ↑Sympathetic stimulation, ↓iodine
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Moreover, other drugs, such as central nervous system-act-
ing drugs (i.e., phenobarbital, benzodiazepines), calcium chan-
nel blockers (i.e., nifedipine, nicardipine), and steroids includ-
ing spironolactone, disrupt thyroid hormone economy by
increasing the peripheral metabolism of thyroid hormone
through an induction of hepatic microsomal enzymes, which
ultimately leads to increased TSH concentration.17

Dyshormonogenesis is the inability of the thyroid gland to
produce physiologically adequate amounts of T4 and T3. The
defects conceptually can be assigned to one of the traditional
categories of dyshormogenesis (i.e., defects of iodine trapping,
organificiation, coupling, thyroglobulin synthesis, or deiodina-
tion). Iodine transport defect is characterized by impaired
iodine transport mechanism reflected by low radioactive iodine
uptake. Other tissues capable of transporting iodine (e.g., sali-
vary glands and gastric mucosa) also may exhibit the same
defective process. 

An organification defect has been defined in only a few
patients and includes qualitative or quantitative abnormalities
of the thyroid peroxidase system along with structural alter-
ation of amino acid sequence in the thyroglobulin molecule that
serves as the iodine acceptor. The clinical presentations include
a mild defect in organification associated with sensory nerve
deafness (Pendred’s syndrome) and goitrogenesis. The uptake
of iodine in the condition is unaffected. Rather, it remains
enhanced as manifested by a high uptake of iodine-123(123I).
The pathophysiology is believed to be lack of retention of
iodine by thyroid follicular cells reflected by complete extru-
sion of 123I by subsequent administration of perchlorate, which
competes with iodine for the thyroidal trapping mechanism. In
iodothyrosine coupling defects, thyroid cells contain little or no
T4 and T3 but abundant MIT and DIT. The exact defect is
unknown, but its postulated mechanism includes the presence
of abnormal thyroid iodoproteins, usually iodoalbumin, and
inefficiency of thyroid peroxidase activity that ultimately leads
to hypothyroidism and intense thyroid stimulation by TSH. 

A deiodinase defect clinically is recognized by the presence
of endogenous iodotyrosines in the urine or excretion of par-
enterally administered labeled MIT or DIT. Normal generation
of MIT and DIT depends on proteolytic cleavage of these mol-
ecules from thyroglobulin. Deiodinase is the principal enzyme
involved in the deoidination reaction in thyroid follicles to
reclaim iodine for future thyroid hormone synthesis. A deoidi-
nase defect results in insufficient iodotyrosine metabolism and
functional iodine deficiency state. 

It would be expected to find hypothyroidism with elevated
TSH values in these settings, but most patients with dyshormogen-
esis and goiter are found to be euthyroid at the time of evaluation,
reflecting adequacy of thyroid adaptation. Multiple factors work in
concert to produce goiterogenesis. These include period of relative
thyroid hormone deficiency with elevated TSH, increased TSH
sensitivity, goiterogens, and hereditary factors. The other TSH-
dependent cause is resistance to thyroid hormone, which can be
either generalized or selectively affecting the pituitary gland. The
resistance is caused by mutations of thyroid hormone receptor
gene, leading to defective intracellular thyroid receptors with
reduced receptor affinity for T3. Both of these types of resistance
are characterized by elevated TSH and goiterogenesis.18-21

TSH Independent Goiterogenesis
In the past few years, research into the structure of the TSH

receptor and its association with different thyroid conditions
has revolutionized the understanding of goiterogenesis. Studies
have found a lack of specificity and an absence of down regula-
tion of TSH receptor in conditions like TSHoma, Grave’s dis-
ease, and gestational thyrotoxicosis.22

Furthermore, expression of an endogenously active mutant
receptor has been described as accounting for autonomy, gain
of function, and hyperthyroidism with the formation of toxic
nodules or toxic adenoma within a goiter. The mutation in this
condition has been mapped into the carboxyl half of the TSH
receptor.23 The TSH receptor itself has been identified in the
induction of the autoimmune process, in addition to two differ-
ent autoantibodies—thyroid stimulating immunoglobulin (TSI)
and TSH binding inhibiting antibodies (TBIAb).24 Hyperthy-
roidism in Grave’s disease results from TSI directed against the
TSH receptors, with chronic hyperstimulation of cAMP cas-
cade. TSI is responsible for growth and hyperfunction of thyro-
cytes, which is characteristic of this disease.25 Autoimmune thy-
roid disease results from the interaction of genetic susceptibility
and either host or environmental factors. 

Other important antibodies in chronic thyroiditis include
anti-thyroid peroxidase antibodies, anti-thyroglobulin antibod-
ies, and TSH receptor-blocking antibodies.26 It recently has
been shown that iodine depletion reduces autoimmune thyroid
disease expression and iodine repletion leads to augmentation
of autoimmunity. The exact pathophysiology largely is
unknown, but it is believed that a defect in iodine processing
may result in elevated levels of oxygen and iodine radicals
leading to thyroid cell disruption and induction of autoantigenic
response.27 Other investigators found an inappropriate expres-
sion of human leukocyte antigen (HLA) class II molecules,
which can present as exogenous and intrinsic autoantigens to
the appropriate T cells. A defective suppressor T cell and a
consequent activation of helper T cells leads to autoantibody
and cytokine production by the thyroid gland. TSH and inter-
feron gamma induce the expression of class II molecules.28

Therefore, it appears that excess iodine induces thyroid cell
auto antigenicity in genetically susceptible individuals and
could be an initiating event in autoimmune thyroid destruction
with consequent hypothyroidism and TSH elevation leading to
goiter formation.

Goiters also manifest during pregnancy, as well as at the
onset of puberty and menopause. In the United States, the inci-
dence of clinically detected goiter in pregnancy is estimated to
be 5-6%. Most of these cases are due to autoimmune thyroid
disease mediated by antithyroperoxidase antibodies, as well as
thyroid gland blocking antibodies. A marginally low iodine
intake in the face of elevated fetal iodine requirement should be
kept in mind when evaluating goiter during pregnancy.29 On
the other hand, there is strong evidence that maternal human
chorionic gonadotropin (HCG) can interact with and stimulate
the thyroid both in vivo and in vitro, and this phenomenon is
attributed to HCG having the identical alpha subunit as TSH. In
early pregnancy, when HCG concentrations are highest, T4 is
elevated because of the increased thyroid hormone binding
globulin concentration caused by excessive circulatory estogen
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along with low TSH concentration, exhibiting an inverse corre-
lation between the two. These findings suggest that HCG has
the same stimulatory effect as TSH and that it may be the cause
of physiologic goiter during pregnancy.30,31

Goiters also are noted to occur during puberty and around
menopause. These goiters are attributed to a sudden rise of fol-
licle stimulating hormone (FSH) and luteinizing hormone (LH),
which stimulate the thyroid growth because they possess the
same alpha subunit as TSH. The incidence of clinically
enlarged thyroid gland in acromegalics is 25-53%. The sensi-
tivity of detection is as high as 80% if sophisticated techniques
like ultrasound are employed. It is well established that thyroid
gland in acromegaly has an increased amount of collagen syn-
thesis and formation of new follicules. Researchers have found
a positive correlation between the plasma IGF-1 (the principal
mediator of growth hormone effects) and thyroid volume in
acromegaly.32 The authors believe that IGF-1 along with EGF
and TSH may work in concert to bring about this effect.

Intrinsic Abnormalities
Infections of the thyroid gland are rare causes of goiterogen-

esis. The infection usually involves pyogenic microorganisms,
disseminating from a septic focus or from piriform a sinus fis-
tula.33,34 On rare occasions, the gland can be infected by tuber-
culosis, coccidiodomycosis or other fungal infections, especial-
ly in immunocompromised hosts.35,36 However, a more com-
mon form of infection of the thyroid gland with resultant
goitrous swelling is subacute viral thyroiditis.

Thyroid cancer is the seventh most common cancer in the
country, with roughly 23,000 new cases in 2003. Cancers usu-
ally present as solitary goiterous nodules. These neoplasms can
be classified as primary, originating within the thyroid tissue,
or secondary to metastasis from distant sites. Primary carcino-
ma of the thyroid further is classified as differentiated thyroid
cancer (follicular or papillary), medullary thyroid cancer, undif-
ferentiated or anaplastic carcinoma. Other less common cancers
include Hurthle cell carcinoma, squamous cell carcinoma, lym-
phoma, and sarcoma. Secondary metastasis to the thyroid gland
arises from carcinomas of the kidney, breast, lung, colon, stom-
ach, and pancreas, as well as melanoma.37

Thyroid cancer is a multifactorial phenomenon with multi-
ple genetic lesions involved in its pathogenesis. Research in
molecular pathophysiology of thyroid carcinomas has revealed
changes in the RET (REarranged during Transfection) proto-
oncogene and its relation to papillary carcinoma and medullary
carcinoma. RET proto-oncogene encodes a tyrosine kinase
receptor. Normal thyroid follicular cells do not express this
gene. As a result of somatic rearrangement of chromosome 10,
the tyrosine kinase portion of RET proto-oncogene is brought
under the control of a promoter, driving the expression of tyro-
sine kinase at a higher level in the affected thyroid follicular
cells. This rearrangement of chromosome 10 is called papillary
thyroid carcinoma oncogene.38

A recent report demonstrated the same rearrangement in
approximately 60% of papillary carcinoma of thyroid in chil-
dren affected by the Chernobyl accident. This documents RET
rearrangement as a direct consequence of radiation exposure.39

In familial medullary thyroid cancer (FMTC) and multiple
endocrine neoplasia (MEN) type 2A, a germline mutation of

RET proto-oncogene at codons 609, 611, 618, 620, and 634 has
been identified, whereas in patients with MEN 2B, the mutation
occurs at RET proto-oncogene codon 918.39 It is thought that
expression of papillary thyroid carcinoma oncogene or RET
proto-oncogene causes activation of the tyrosine kinase recep-
tor, thereby initiating the transformation events.40 NTRK1
oncogene is another example of rearrangement of chromosome
10 found in papillary thyroid carcinoma causing stimulation of
tyrosine kinase activity.41 Other researchers also have found
expression of TGF-α with coexpression of its receptor as well
as epidermal growth factor receptor (EGF-R) in papillary thy-
roid cancers, raising the possibility of autocrine stimulation by
these cells.42 Other interesting findings include Ras point muta-
tion in follicular carcinoma, p53 point mutation in anaplastic
carcinoma, and differentiated thyroid carcinomas with stage III
and IV reflecting an unfavorable prognosis.43-45 Other
researchers have found significant association of Ras gene acti-
vation in the metastatic capacity of follicular carcinoma, poorly
differentiated carcinoma, and undifferentiated carcinomas.46

Most of the discoveries related to genetic alterations still are
unfolding, promising better understanding in a few years.

Miscellaneous Causes 
Cigarette smoking is associated with an approximately 10-

fold increase in goiter frequency, most likely due to a combina-
tion of increased sympathetic stimulation of the thyroid gland
and possibly an iodine deficiency state caused by thiocynate
inhalation.47 Finally, some chronic conditions, such as chronic
renal diseases and acute hepatic diseases, demonstrate signifi-
cant increase in thyroid volume, the exact mechanism of which
has not been clarified. 

Researchers have suggested an increased expression of
TGF-α in these settings. TGF-α is known to bind the EGF
receptor. Therefore, research seems to indicate that these
growth factors interact with their receptors to promote thyroid
cell proliferation, inducing goiter formation.48 TSH and IGF-1
can’t be implicated because normal values of TSH, along with
reduced expression of IGF-1, have been documented in these
conditions.49-50

Goiter represents a final outcome of different pathophysio-
logic processes from very indolent iodine deficiency to agres-
sive thyroid cancers. (See Table 1.) The appropriate manage-
ment rests on a thorough understanding of these different phe-
nomena. Moreover, greater understanding of these pathophysi-
ologic processes likely will lead to appropriate diagnosis and
management.

Management
Although the pathophysiology of the goiter is exhaustively

complex and involves several etiologic factors, the assessment
and treatment in clinical practice is much simpler. (See Figure
1.) The first step in the assessment is determining the presence
of thyroid dysfunction. Detailed patient background, including
family history, and a thorough physical examination—the
processes frequently overlooked in current clinical practice—
provide invaluable information in the documentation of thyroid
dysfunction as well as the nature of the goiter and its local and
systemic effects.

Many symptoms and signs of thyroid dysfunction are vague
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and nonspecific, especially in the early stages and in the elder-
ly. (See Tables 3 and 4.) Therefore, simultaneous determination
of both the serum-free T4 and TSH concentrations provides the
functional diagnosis. For anatomic diagnosis, ultrasound exam-
ination is used. Though used less frequently, radiotracer imag-
ing, computerized axial tomography (CAT) scan, magnetic res-
onance imaging (MRI), and positron emission tomography
(PET) scan can assist in defining functional status or ascertain-
ing the anatomic nature of the goiter and structural integrity of
the adjacent organs.

The paradigm of goiter management is determined by the
state of thyroid function. The major objective is to maintain
euthyroid state and normalize or reduce the size of the goiter.
In the presence of hyperthyroidism, determining the cause is
important because the treatment may vary based on the etiolo-
gy. Once again, a detailed history and a thorough physical
examination assist in defining the etiology. Diffuse goiter with
eye signs or pretibial myxedema indicates presence of Grave’s
disease. A bumpy surface or discrete nodules denote multin-
odular toxic goiter; a single palpable nodule may suggest a
presence of a toxic adenoma. Similarly, a tender gland with his-
tory of a viral prodrom suggests a diagnosis of subacute thy-
roiditis. However, radioiodine 123I thyroidal uptake and imag-
ing is the most useful objective test in confirming the etiology
in most hyperthyroid subjects. Ancillary tests (i.e., determina-
tion of anti-thyroid antibodies, TSI, thyroglobulin) may assist
in defining the etiology and help in planning appropriate treat-
ment of hyperthyroidism.

Determining the cause is paramount in planning the appro-
priate treatment. The radioiodine dose is almost three times
higher in the presence of multinodular toxic goiter of the
same size as compared to Grave’s disease. In the presence of
subacute thyroiditis, transient administration of beta-adrener-
gic blocker to ameliorate manifestations of hyperthyroidism

and non-steroidal anti-inflammatory drugs to curtail inflam-
mation and pain may suffice, because this disorder is self-lim-
iting, lasting for 12-15 weeks, with total resolution in most
subjects. There are multiple strategies for the management of
hyperthyroidism.51

In contrast, the determination of the cause of hypothy-
roidism with or without presence of a goiter rarely is crucial in
treatment, which consists of oral administration of L-thyroxine
in most subjects irrespective of the cause. The adequacy of the
daily LT4 dose is established by normalization of serum TSH
concentration in primary hypothyroidism. However, in sub-
jects with central hypothyroidism, daily LT4 dose is adjusted
to attain and maintain normal serum free T4 and free T3 con-
centrations with simultaneous improvement in clinical mani-
festations. For a detailed description of hormone replacement
therapy in hypothyroidism, readers are referred to another
review.52

In the presence of a euthyroid state confirmed by normal
serum-free T4 and TSH concentrations, management is deter-
mined by several factors, including pathophysiologic etiology,
structural characteristics, impact of the goiter on adjacent struc-
tures, and cosmetic concerns of the subject. (See Figure 2.) In
the presence of iodine deficiency, documented frequently by a
reliable nutritional history especially in an endemic area and
confirmed by low serum and urine iodine concentration in non-
endemic environment, therapy is simple and inexpensive. Oral
iodine supplementation in an appropriate daily dose results in
the resolution of goiter in most subjects. 

Iodine deficiency is extremely rare in most Western coun-
tries because of supplemental iodine in foods, including com-
mon table salt. In these populations, the most common etiology
of goiter, especially of diffuse variety in euthyroid adults and
adolescents, appears to be autoimmune thyroiditis, as docu-
mented by presence of antithyroid (i.e., anti-thyroperoxidase
and/or anti-thyroglobulin antibodies). These antibodies also
frequently are present in subjects with multinodular goiter,

Table 3. Signs and Symptoms 
of Hypothyroidism

• Tiredness

• Forgetfulness/slower 
thinking

• Moodiness/irritability

• Depression

• Inability to concentrate

• Thinning hair/hair loss

• Loss of body hair

• Dry, patchy skin

• Weight gain

• Cold intolerance

• Elevated cholesterol

• Family history of thyroid 
disease or diabetes

• Puffy eyes

• Swelling (goiter)

• Hoarseness/deepening of
voice

• Persistent dry or sore throat

• Difficulty swallowing

• Slower heartbeat

• Menstrual irregularities/
heavy period

• Infertility

• Constipation

• Muscle weakness/cramps

Table 4. Signs and Symptoms 
of Hyperthyroidism

• Nervousness

• Irritability

• Difficulty sleeping

• Bulging eyes/unblinking stare

• Swelling (goiter)

• Menstrual irregularities/light
period

• Frequent bowel movements

• Warm, moist palms

• Excessive vomiting 
in pregnancy

• Hoarseness/deepening of
voice

• Persistent dry or sore throat

• Difficulty swallowing

• Rapid heartbeat/irregular
heartbeat

• Infertility

• Weight loss

• Heat intolerance

• Increased sweating

• First trimester miscarriage

• Family history of thyroid 
disease or diabetes



especially in the elderly. In this population, superimposition of
autoimmune thyroiditis in the presence of multinodular goiter
of prolonged duration is more likely since the thyroid glands
tend to develop nodularity with aging.53

The presence of nontoxic goiter in subjects with autoim-
mune thyroiditis may be attributed to inflammation and lym-
phocytic infiltration of the thyroid gland. Alternatively,
dyshormonogenesis secondary to reduced organification of
iodine induced by decreased intrathyroidal content of peroxi-
dase enzyme or inhibition of its activity by antithyroperoxidase
antibody also may contribute to goiter development.
Dyshormonogenesis secondary to lack of or inhibition of one or
multiple intrathyroidal enzymes in their activity of congenital
origin likely is the most prominent cause of goiters in newborns
and children. 

Thus, in the presence of a non-toxic simple diffuse or multin-

odular goiter of either autoimmune variety or with an uncertain
etiology, recurrent follow up at a 6-12 month interval for a change
in size or structure of the thyroid gland without any specific inter-
vention may be adequate, especially in the absence of manifesta-
tions of encroachment of adjacent structures or for cosmetic rea-
sons. Surgical intervention is the preferred therapeutic option if a
prompt reduction in gland size is required. These circumstances
include presence of dysphagia secondary to compression of
esophagus, hoarseness of voice due to involvement of recurrent
laryngeal nerve, dyspnea or sensation of choking secondary to
encroachment of trachea, or presence of tracheomalacia. 

Surgery also is a preferred option in the presence of substernal
extension of the goiter, especially if further enlargement during
follow-up observation with or without LT4 administration is
noted. Finally, surgery also is recommended for psychological
reasons for fear of the unknown (i.e., malignancy) or for cosmetic

Figure 1. Algorithm for Management of Goiter

Multinodular Diffuse Single or dominant nodule

History, physical examination, free T4, free T3, TSH

High free T4 and/or 
Free T3 and low

TSH

Low or normal free T4 
or free T3 and high

TSH

Normal free T4, 
free T3, and TSH

Normal free T4, free T3, low
TSH

Antithyroid antibodies

Positive 
antibodies

Negative 
antibodies

Radioiodine uptake

High
uptake

Low or
normal

See Figure 2

Rx Hyperthyroidism

LT4 treatment
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reasons. An alternative option is radioiodine therapy, which can
help achieve a gradual decrease in the size of the goiter.

The rationale of LT4 administration includes suppression of
the thyroid gland and usually is achieved by administration of
LT4 in a dosage required to induce suppression of serum TSH
level both directly and indirectly via inhibition of TRH, (which
works well for simple goiter, but is variable for multinodular
goiter).54,55 A slightly higher daily LT4 dose in comparison to
the one used for management of primary hypothyroidism is
required because the appropriate serum TSH concentration to
be attained and maintained in this setting is significantly lower
(0.05-0.5 microunits per liter) than that attained in primary
hypothyroidism (1.0-2.0 microunits per liter as recommended
by the American Thyroid Association. The usual initial daily
LT4 dose is 100 mcg in subjects younger than 50 years old,
whereas in subjects between the ages of 50-65, the preferred
daily initial dose is 50 mcg in absence of history of cardiovas-
cular disease. Finally, the initial daily LT4 dose in subjects
older than 65 years of age, or all other subjects irrespective of
age with a history of cardiovascular disease, often is 25 mcg to
reduce side effects.

The daily LT4 dose then is titrated gradually to attain the
desirable serum TSH concentration described earlier. The
older the subject, the more gradual the titration, especially in
the presence of cardiovascular disease. Moreover, careful
monitoring for the presence of even subtle manifestations of
hyperthyroidism is required to avoid untoward outcomes,
including cardiovascular manifestations in the short term and
osteoporosis in the long term. 

The response to suppressive L thyroxine therapy may be
assessed by physical examination. The assessment based on
palpation alone, however, may be misleading since nodules
may appear prominent because of the suppression of the
remaining part of the gland. Therefore, ultrasound examination

prior to initiation and at about one year following LT4 admin-
istration is more helpful in definitive objective documentation
of the size of the goiter and must be conducted. Many goiters,
especially the diffuse ones, begin shrinking by two months and
continue to recede with maximum response being noted by 12
months of LT4 suppressive therapy. However, the response to
LT4 suppressive therapy is gradual and variable. Simple dif-
fuse goiters are relatively more responsive, apparently because
they are more TSH dependent. Alternatively, multinodular
goiters most likely are more resistant because the hot nodules
are autonomous in nature, whereas cold or nonfunctioning
nodules are TSH independent. Thus, both types of nodules are
not highly responsive to TSH suppression. Therefore, the
response rate for multinodular goiters hovers around 50%. It is
much higher (almost 70-80%) for diffuse goiters.54-55 Finally,
LT4 suppressive therapy must be used in subjects following
surgical resection or radioiodine ablation to maintain euthyroid
state and prevent or delay anticipated recurrence as shown in
several studies, although there is conflicting data.56-60

More recently, some investigators have proposed radioio-
dine ablation as a noninvasive alternative therapy.60-62 Avail-
able data indicate a successful and prompt reduction in size of
multinodular goiters in almost 90% of subjects with minimal
side effects. This therapy may be advantageous in all subjects,
but especially in the elderly since a major surgical procedure
could be avoided. However, the radioiodine (131I) dose required
is extremely high (≥100 mCi), especially in multi-nodular goi-
ters, and, therefore, close monitoring is required for assessment
of the side effects (i.e., bone marrow suppression in the imme-
diate post-therapy period and radiation thyroiditis, acute airway
obstruction, and dysphagia) in the intermediate period of 2-6
weeks following therapy. Finally, there may be a slight increase
(0.5%) in the incidence of thyroid cancer in the long term,
requiring future follow-up assessment. Finally, radioiodine
administration following IM recombinant TSH administration
for 2-3 days as performed in subjects with thyroid cancer may
help in increasing the radioiodine uptake by the thyroid gland,
reducing the dose of radioactive iodine (131I) with further
decline in prevalence of side effects. However, this procedure
requires further testing before being put into clinical practice. 

The assessment and management of solitary or a prominent
nodule (≥ 1.0 cm) in a multinodular goiter is distinctively dif-
ferent. As with other goiters, a detailed history and a thorough
physical examination may provide clues as to the diagnosis.
(See Table 5.) Prior history of neck radiation or family history
of thyroid cancers, including medullary carcinoma may point
to a prompt fine-needle aspiration. Similarly, a hard nodule
with decreased mobility on swallowing, especially in the pres-
ence of cervical lymphadenopathy, raises a very high suspi-
cion of cancer and once again calls for prompt fine-needle
aspiration. A determination of serum thyroid hormone concen-
trations, especially TSH, offers definitive clues. In the pres-
ence of subnormal TSH, radioactive iodine or Tech 99 imag-
ing is likely to show the nodule to be hot or functioning,
requiring a specific therapeutic intervention such as surgery or
radioiodine ablation without fine-needle aspiration. In the
presence of elevated TSH, management should follow the
guidelines of treatment of primary hypothyroidism.52

Table 5. Algorithm for Management 
of Patients with Solitary or Dominant 
Thyroid Nodules

HISTORY

• Radiation to face or neck
• Familial history of tumors
• Recent change in size
• Hypothyroidism or Hashimoto thyroiditis
• Thyrotoxicosis

PHYSICAL EXAMINATION

• Thyroid status
• Tracheal deviation or hoarseness
• Single vs. multiple nodules
• Fixation, consistency, tenderness
• Lymphadenopathy

LABORATORY TESTS

• FT4, TSH
• Anti-thyroid antibodies
• Serum T3, calcitonin, serum Ca only if indicated
• Fine needle aspiration if normal tests mentioned above



With normal thyroid hormone concentrations, fine-needle aspi-
ration is an important, initial cost-effective intervention to access
the histology and formulate a definitive treatment.63 It is fortunate
that 80% of these nodules are benign and the appropriate recom-
mendation is continued observation or LT4 suppression therapy
with yearly evaluation for change in size or structural integrity
using ultrasound examination.54,55 TSH suppressive therapy is less
successful when compared to treatment of other goiters, with reso-
lution of the nodule in approximately 20% of subjects.54,55 More-
over, many of these nodules regress spontaneously, and the sub-
jects concerned must be made aware of this possibility to avoid
unnecessary major surgery or even radioiodine ablation.

In summary, goiter management is dictated by the pathophys-
iology, functional status, and the nature of the goiter; its impact
on adjacent structures; and cosmetic concerns of the patient. The

most important strategies involve continued recurrent observa-
tion with or without LT4 suppressive therapy used either as ini-
tial therapy or used following surgical intervention or radioiodine
ablation.
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CME Questions

8. All of the following are TSH-dependent factors involved in goiter

except:

A. resistance to thyroid hormone.

B. dyshormonogenesis.

C. goiterogens.

D. thyroid-stimulating immunoglobulins.

E. iodine deficiency.

9. Which of the following cancers of the thyroid is less common?

A. Squamous cell

B. Follicular

C. Papillary

D. Medullary

E. Anaplastic

CME Instructions

Physicians participate in this continuing medical education
program by reading the article, using the provided references for
further research, and studying the questions at the end of the arti-
cle. Participants should select what they believe to be the correct
answers, then refer to the list of correct answers to evaluate their
knowledge. To clarify confusion surrounding any questions
answered incorrectly, please consult the source material. After
completing this activity, you must complete the evaluation form
that will be provided at the end of the semester and return it in
the reply envelope provided to receive a certificate of comple-
tion. When your evaluation is received, a certificate will be
mailed to you.

Correction
It has been brought to our attention that in the April 2,

2001, issue of Primary Care Reports entitled Stroke in Pri-
mary Care Patients: Part I: Risk Factors, Clinical Presenta-
tion, and Pathophysiology, brief excerpts of text were not
attributed properly. The correct attribution is: Blecic S,
Bogousslavsky J. Stroke in young adults. In: Barnett HJM,
Mohr JP, Stein BM, et al. Stroke: Pathophsiology, Diagnosis
and Management. 3rd ed. Philadelphia: Churchill Living-
stone; 1998: 1001-1012. The authors regret this oversight and
apologize for any inconvenience this may have caused.
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to primary care;

• evaluate the credibility of published data and recommen-
dations; and

• describe the pros and cons of new testing procedures.
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10. Which one of the following is not associated with goiter?

A. Cigarette smoking

B. Lithium

C. Captopril

D. Phenobarbital

E. Benzodiazepines

11. Radioiodine 123I thyroidal uptake and imaging is the most useful

objective test in confirming the etiology in most hyperthyroid 

subjects.

A. True

B. False

12. What is the preferred treatment of substernal extension of goiter

despite LT4 treatment?

A. 131I

B. External beam radiation

C. Surgery

D. Administration of T3
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New guidelines for the treatment of bac-
terial rhinosinusitis were published in
the January supplement of

Otolaryngology- Head and Neck Surgery by the
Sinus and Allergy Health Partnership. The goal
of the guidelines is to reduce the use of antibi-
otics for viral infections and to use the most
appropriate antibiotic for bacterial infections.
The guidelines recommend antibiotics if
patients are getting worse after 5-7 days or if
they are not better after 10-14 days. Patients
with mild disease should be treated with cefpo-
doxime (Vantin), cefuroxime (Ceftin), amoxi-
cillin, amoxicillin/clavulanate (Augmentin), or
cefdinir (Omnicef). Patients with moderate dis-
ease or those with recent antibiotic exposure
should receive amoxicillin/clavulanate, ceftri-
axone, or one of the respiratory fluoro-
quinolones including gatifloxacin (Tequin),
moxifloxacin (Avelox), or levofloxacin
(Levaquin). The respiratory quinolones do not
include ciprofloxacin. This is a follow-up to the
group’s first guidelines, which were published
in 2000 (Otolaryngol Head Neck Surg.
Supplement. 2004;130:1).

Steroids Not Linked to Risk of Fractures
Long-term use of inhaled steroids for the

treatment of respiratory diseases or nasal
steroids for the treatment of allergic rhinitis
are not associated with an increased risk of
fractures if they are used in normal doses,
according to a study from Canada.
Researchers conducted a case-control study of
all elderly Québec residents who were dis-
pensed respiratory medications and could be

followed for at least 4 years from 1988 to 2001.
The rate of hip or upper extremity fractures
was not increased in those patients who used
daily inhaled corticosteroids (RR, 0.97). The
rate of upper extremity fractures increased by
12% with every 1000 µg increase in the daily
inhaled corticosteroid, but the rate of hip frac-
tures did not increase. The rate of hip frac-
tures was only elevated with very high doses
(more than 2000 µg per day) of inhaled corti-
costeroid. Nasal steroids did not increase the
risk at any dose. The authors conclude that
long-term use of inhaled and nasal corticos-
teroids at usual recommended doses is not
associated with the risk of fracture (Am J Resp
Crit Care Med. 2004;169:83-88).

ADT Puts Men at Risk for Osteoporosis
Men treated for prostate cancer with andro-

gen deprivation therapy (ADT) are at risk for
osteoporosis and fractures, according to a new
study. One year of ADT resulted in 2-8% bone
loss in the lumbar spine and 1.8-6.5% bone loss
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in the femoral neck. The study was a meta-
analysis of 9 studies that included a total of
208 patients. The authors suggest that men
starting ADT should be considered for bone
mineral density measurement, and men at high
risk should be offered a bisphosphonate (pub-
lished online January 19, 2004. Cancer).

Study Shows Valsartan May Improve Sexual
Function in Postmenopausal Women

A new study suggests that valsartan may
improve sexual function in hypertensive post-
menopausal women. Researchers randomized
120 postmenopausal women aged 51-55 with
mild-to-moderate hypertension to valsartan 80
mg daily or atenolol 50 mg daily for 16 weeks.
Doses were doubled if diastolic blood pres-
sures remained above 90 mm Hg. The end
point was a questionnaire that self-evaluated
various aspects of sexual desire, orgasmic
response, and coital activity. The drugs low-
ered blood pressure equally effectively. Women
in the valsartan group noted significantly
improved sexual desire (38% increase, P < .01),
changes in behavior (45% increase, P < .001),
and sexual fantasies (51% increase, P < .001). In
the atenolol group, scores for sexual desire and
sexual fantasies significantly worsened (18%
decrease, P < .01, and 23% decrease, P < .001,
respectively). The authors conclude that in the
study group, hypertensive postmenopausal
women in their 50s, valsartan improved some
aspects of sexual function, whereas atenolol
worsened it. They further speculate the drugs
may have differential effects on serum hor-
mone levels, specifically testosterone (Am J
Hyperten. 2004;14:77-81).

New Direct-to-Consumer Pharma
Advertising Rules Considered 

Anyone who watched the Super Bowl can
verify that direct-to-consumer advertising of
prescription pharmaceuticals is big business.
Now the FDA is considering tighter restric-
tions on the content of these ads, requiring
pharmaceutical companies to highlight key
risks associated with the drugs rather than list-
ing the large number of potential side effects in
small print. The guidelines encourage compa-
nies to use less cluttered formats for print ads,
perhaps even using bullet points to set the
import risks apart. Print ads currently contain
an extensive list of side effects similar to the
package insert, often in a similarly small font,

frequently on a separate page from the main
advertisement. The FDA is also considering
changing the criteria for “reminder” ads that
simply name the drug without giving the indi-
cation for its use. Currently, these ads do not
require information on adverse effects and
often run close to disease awareness cam-
paigns also paid for by the drug company.
These new FDA restrictions have not been
finalized and are sure to be opposed by
Pharma.

FDA Actions
Boehringer Ingelheim Pharmaceuticals has

received FDA approval to market tiotropium bro-
mide inhalation powder (Spiriva) for the treat-
ment of COPD. Tiotropium, a once-daily
anticholinergic agent, is indicated for the long-
term maintenance treatment of bronchospasm
associated with COPD.

Modafinil (Provigil) has been approved for
improving wakefulness in patients with exces-
sive sleepiness due to obstructive sleep
apnea/hypopnea syndrome and shift work
sleep disorder. The drug is currently approved
for improving wakefulness in patients with
narcolepsy.

The FDA has approved a 3-day course of
azithromycin (Zithromax) for the treatment of
acute bacterial sinusitis. The drug, which is
dosed at 500 mg once a day, is the only 3-day
regimen approved for this indication.
Azithromycin is currently approved for the
treatment of community-acquired respiratory
infections and skin infections, as well as otitis
media. 

Olanzapine (Zyprexa) has been approved for
maintenance treatment of bipolar disorder. The
drug appears to be effective in delaying
relapse into either mania or depression in
bipolar patients. Olanzapine was approved in
2000 for the short-term treatment of acute
mixed or manic episodes associated with bipo-
lar disorder. 

The FDA has also approved a combination
of olanzapine and fluoxetine (Prozac) for the
treatment of bipolar depression. The combina-
tion drug will be marketed under the trade
name Symbyax. Quetiapine fumarate
(Seroquel) was also recently approved for
monotherapy and adjunct therapy with
lithium and divalproex, for the short-term
treatment of acute manic episodes associate
with bipolar I disorder.   ■
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