Nikolaos Stathatos

Detailed knowledge of thyroid gland anatomy and physiology
is extremely important for any physician that manages thyroid
disorders, including thyroid malignancies. The thyroid gland
is a relatively small butterfly-shaped organ located in the
lower neck, anteriorly to the trachea. A large number of ecto-
pic sites of thyroid tissue have been described, including thy-
roglossal duct cysts, lingual thyroid, or struma ovarii. The
thyroid gland is in close proximity to several important struc-
tures, such as the recurrent laryngeal nerves, the parathyroid
glands, as well as the large cervical blood vessels like the
carotid artery and the jugular vein.

The function of the thyroid gland is to provide adequate
amounts of thyroid hormone, a hormone with clinically
important actions practically in every system in the human
body. Its main functional unit is the thyroid follicle, a single
cell-layered cystic unit that contains colloid. Thyroglobulin
is the main component of colloid and it represents the large-
molecular-weight protein in which the thyroid hormones,
thyroxine (T4) and triiodothyronine, (T3) are stored.

The molecular biology of thyroid function has been stud-
ied extensively with identification of important cellular ele-
ments such as the thyroid-stimulating hormone receptor and
the sodium—iodide symporter. These advances have signifi-
cantly improved our understanding of thyroid physiology
and have allowed us to identify potential therapeutic targets
for diseases such as thyroid cancer.

To better understand the biology of thyroid malignancies,
it is extremely important to have a thorough understanding of
the thyroid’s relationship to its surrounding structures, both
anatomically and functionally. This would allow a clinician
to understand the behavior of thyroid cancers in regard to
issues of local invasion, regional spread to cervical lymph
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nodes, and distant metastasis. This short review focuses on
some aspects of thyroid anatomy and physiology that are
clinically relevant to the diagnosis and management of thy-
roid cancer.

Thyroid Anatomy, Histology,
and Embryology

The thyroid gland is a butterfly-shaped organ located ante-
riorly to the trachea at the level of the second and third
tracheal rings. Its name originates from the Greek term
“thyreos,” which means shield (named after the laryngeal
thyroid cartilage). It consists of two lobes connected by
the isthmus in the midline. Its bilaterality is important
because the presence of malignant cells on one or both
sides can significantly alter the management of the patient,
e.g., requiring more extensive surgery, such as bilateral
neck dissections if there is local extension of the tumor.
Each lobe is about 3—4 cm long, about 2 cm wide, and
only a few millimeters thick. Because of its very close
anatomic relationship to the rounded trachea, nodules
arising from the posterior aspect of the gland are usually
inaccessible to the examining fingers and therefore often
missed on a routine clinical examination. The isthmus is
12—-15 mm high and connects the two lobes. Occasionally,
a pyramidal lobe is located in the midline, superior to the
isthmus (Fig. 1.1). It represents a remnant of the thyro-
glossal duct, as the primitive thyroid gland descends from
the base of the tongue to its final location in the neck dur-
ing embryonic development. Anatomic variations of the
thyroid gland occur and are encountered in clinical prac-
tice; one of the more common is thyroid hemiagenesis [1],
with only one lobe and an isthmus of the gland.
Hemiagenetic thyroid lobes are susceptible to the same
abnormalities as are normal thyroid glands, including
nodules and thyroid cancer.
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Fig.1.1 Thyroid anatomy. Thyroid relations with surrounding cervical structures

A fibrous capsule covers the thyroid gland. Nodules within
the parenchyma of the gland may also have a capsule or pseu-
docapsule. Surgical pathology reports may refer to tumor
invasion “through the capsule,” and for staging purposes,
prognosis, and management, it is important to know if this
represents extension through the capsule of the gland into the
surrounding perithyroidal tissues. Several key structures are
located in relation to the capsule and should be considered in
the context of surgery on the thyroid gland, such as the para-
thyroid glands and the recurrent laryngeal nerve. This is par-
ticularly significant with total thyroidectomy in patients with
thyroid cancer. The small parathyroid glands are located in

the posterior aspect of this capsule. Their identification and
preservation is critical during surgery and can be particularly
difficult with invasive cancers that require extensive surgery
for complete resection, including modified lymph node dis-
sections. Also, close monitoring of their function by mea-
surements of serum total and ionized calcium in the early
postoperative period is important to avoid or adequately treat
surgical hypoparathyroidism in a timely manner.

The recurrent laryngeal nerves provide an essential part
of the innervation of the larynx, and any injury can result in
symptoms that range from a hoarse voice to stridor and the
need for a tracheostomy. They originate from the vagus



1 Anatomy and Physiology of the Thyroid Gland: Clinical Correlates to Thyroid Cancer 5

nerve at the level of the aortic arch and turn superiorly toward
the tracheoesophageal groove. Several anatomic variations
have been described; on the right side the recurrent laryngeal
nerve runs laterally to the tracheoesophageal groove [2, 3]. It
runs close to the inferior thyroid artery and can be found
anteriorly, posteriorly, or in between the branches of the
blood vessel. Several surgical approaches have been pro-
posed to try to identify and preserve this nerve during sur-
gery of the thyroid gland. Most investigators recommend
identifying the nerve before ligating the artery to prevent
inadvertent injury to the nerve, but there are variations in
proposed methods to achieve this. As the nerve travels supe-
riorly in or laterally to the tracheoesophageal groove, it is
located directly posterior to the thyroid gland itself and can
be adherent to it. This requires special attention by the thy-
roid surgeon to prevent damage to the nerve as the thyroid
lobe is removed. Another variation is a division of the recur-
rent laryngeal nerve before entering the larynx [2, 3]. In less
than 1 % of cases, an anomalous nonrecurrent nerve has been
reported, originating from the cervical potion of the vagus
nerve (also called the “inferior laryngeal nerve”), instead of
the recurrent laryngeal nerve. This nerve is usually seen on
the right side of the neck [4].

The gland’s blood supply comes from two sets of arteries
on each side. The superior thyroid arteries originate from the
external carotid arteries. They descend to the superior poles of
the thyroid gland and are accompanied by the superior laryn-
geal nerve. This nerve originates from the inferior vagus gan-
glion. As it approaches the larynx, it divides into the external
and internal branches. The internal branch supplies sensory
innervation to the supraglottic larynx, and the external branch
innervates the cricothyroid muscle [5]. The surgeon should
ligate the superior thyroid artery as close to the thyroid gland
as possible to try to avoid damaging any branches of the supe-
rior laryngeal nerve. Clearly, the type of symptoms a patient
will develop postoperatively is highly dependent on the expe-
rience and skill of the surgeon and the type of nerve injury.
Unfortunately, it is not rare that the surgeon may have to sac-
rifice one of the recurrent laryngeal nerves in an en bloc resec-
tion because cancer has directly invaded the nerve.

Anatomy and Physiology

The inferior thyroid artery is a branch of the thyrocervical
trunk, and as noted, this artery is in close proximity with the
recurrent laryngeal nerve. Occasionally, the thyroidea ima
artery also provides blood supply to the thyroid gland and
may originate from either the thyrocervical trunk or the arch
of the aorta. The venous drainage of the thyroid gland con-
sists of three sets of veins: the superior, middle, and inferior.
The superior and middle thyroid veins drain into the internal
jugular veins, and the inferior veins anastomose with each

other anteriorly to the trachea and drain into the brachioce-
phalic vein. The lymphatic drainage of the thyroid gland
mainly involves the deep cervical lymph nodes in the central
compartment. This area is usually dissected by the surgeons
performing thyroidectomies for malignant disease to mini-
mize the chance of residual malignancy in the neck. A few
lymphatic vessels also drain to the paratracheal lymph nodes.

Another important aspect of thyroid anatomy is the poten-
tial presence of thyroid tissue at locations that are considered
“ectopic.” To better understand this, a short description of the
embryonic development of the thyroid gland is necessary.
The primitive thyroid gland develops in the first month of
gestation in the pharyngeal floor and elongates caudally,
forming the thyroglossal duct. As the duct descends to its
final location in the neck, it comes in contact with the ultimo-
branchial pouch of the fourth pharyngeal pouch—the origin
of the C cells that produce calcitonin. Their final resting
place is at the lower part of the upper one third of the adult
thyroid gland. Once the thyroid gland reaches its destination
at the base of the neck, the thyroglossal duct regresses and
usually disappears, leaving a remnant of only the foramen
cecum at the base of the tongue. Sometimes, its distal part
near the thyroid gland persists and forms the pyramidal lobe
of the thyroid gland. Occasionally, the thyroglossal duct
remains and presents (most often during childhood) as a
neck mass. This mass usually represents a benign thyroglos-
sal duct cyst, but cases of primary thyroid malignancy have
been described at any place along the track of the duct’s
migration [6]. In addition to these ectopic sites for thyroid
tissue and thyroid malignancy, benign ectopic thyroid tissue
has been described in many different parts of the human
body. These include the base of the tongue [7-10], intrala-
ryngeal [11], intratracheal [12], submandibular [13], carotid
bifurcation [14], intracardiac [15, 16], ascending aorta [17],
gallbladder [18], porta hepatis [19], intramesenteric [20],
and ovarian [21]. Thyroid cancer has been described in many
of these sites as well, e.g., at the base of the tongue or in the
ovary (struma ovarii) [16, 22-25], but whether some of these
tumors are primary or secondary is a matter of debate.

Another aspect of ectopic thyroid tissue relates to the
presence of thyroid follicular elements in cervical lymph
nodes. Significant controversy exists in the literature about
whether the thyroid tissue deposits are indeed benign or rep-
resentative of metastatic disease [26]. Nevertheless, the pres-
ence of ectopic thyroid tissue—benign or malignant—can
confuse the clinical perspective and may require a different
therapeutic approach to adequately treat thyroid cancer and
to follow the patient optimally.

The thyroid gland has a characteristic histology and dis-
tinctions between benign and malignant thyroid tissue are
important to appreciate. The main histological structure is the
thyroid follicle (Fig. 1.2), which consists of a single layer of
epithelial cells—the thyroid follicular cells—surrounded by
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Fig.1.2 Histology of normal adult thyroid gland: () colloid of a thy-
roid follicle; (2) follicular cells. Single-layer cells forming a follicle; (3)
parafollicular cells (C cells); (4) connective tissue septum

a basement membrane. The follicle is filled with a colloid
material that contains thyroglobulin, the precursor
macromolecule and storage protein for the thyroid hormones:
thyroxine (T4) and triiodothyronine (T3). The size of these
follicles varies significantly—even within a single thyroid
gland—but is usually about 200 pm. Every 20—40 follicles
are separated from the rest by connective tissue septa.
Although most authorities believe that the thyroid cells are
monoclonal in origin, emerging evidence [27] suggests that
different parts of the thyroid originate from different precur-
sors, most interestingly with different malignant potentials.
The differences could be reflected by those groups of thyroid
follicles separated by the connective tissue septa. Blood ves-
sels and supporting connecting tissue are seen in between the
follicles, as well as groups of C cells (also called “parafollicu-
lar cells”) that produce calcitonin. As mentioned above, these
cells are concentrated in the lower part of the upper third of
the thyroid gland and nodules in that part of the thyroid gland
may be more suspicious for medullary thyroid cancer.

Thyroid Physiology

The main function of the thyroid gland is to provide adequate
amounts of thyroid hormone for the proper regulation of a
large number of bodily functions, e.g., energy expenditure
and metabolic rate. Thyroid hormone is an iodinated hor-
mone and thus requires the ability of the thyroid gland to
concentrate iodine from the circulation and organify it for
incorporation into the thyroid hormone molecules. The
amount of thyroid hormone produced by the thyroid gland is
tightly regulated in the human body under normal condi-
tions. This process is very complex and requires several
steps, both within and outside of the thyroid gland. Each step
may have clinical relevance to thyroid cancer.

First, as thyroid cancer cells are derived from normal
noncancerous thyroid cells, they use the same cellular mech-
anisms to function, depending on their level of differentia-
tion. As a result, some of the physiologic functions of normal
thyroid cells are used to identify, characterize, or ultimately
treat thyroid cancer. For example, one of the most critical
properties of a thyroid cell is its ability to trap iodine from
the circulation, most often against a concentration gradient.
Thus, radioactive iodine can be employed to destroy thyroid
cancer cells. The uptake of iodine is accomplished by the
sodium—iodide symporter (NIS), located at the basal mem-
brane of the thyrocyte (Fig. 1.3). This active, energy-
requiring process can concentrate iodide in the thyrocyte
some 20-40-fold above its level in the circulation and is
accomplished by the transport of sodium into the cell.
Notably, similar iodide transport mechanisms are also pres-
ent in other tissues, such as the salivary gland. Thus, because
salivary tissue will actively transport radioactive iodine when
administered, patients may suffer from radiation-induced
sialadenitis or xerostomia when treated with radioactive
iodine for thyroid cancer.

For organification of the iodide, the enzyme thyroid per-
oxidase (TPO), together with hydrogen peroxide, is required
to organify the inorganic iodide and incorporate it into a
tyrosine residue within thyroglobulin. This occurs in the api-
cal membrane of the thyroid cell, facing the colloid (Fig. 1.3).
Each tyrosine molecule can take up as many as four iodide
atoms, forming the different types of thyroid hormone.
Another important transporter in this system called pendrin
has also been identified [28]. It is located at the apical mem-
brane of thyrocytes (Fig. 1.3). It is an important regulator of
inorganic iodide efflux into the lumen of the thyroid follicle
where organification takes place as described above.
Mutations of this gene have been described in the Pendred
syndrome. A partial defect of iodide organification leads to
the development of goiters in some of these patients [29].

Once the thyroid hormone has been synthesized, it is
stored in linkage within the thyroglobulin molecule in the
colloid of thyroid follicles. Under stimulation by thyrotropin
(TSH), the gland receives the signal that thyroid hormone
release is needed, and fragments of thyroglobulin enter the
thyrocyte (pinocytosis) and are cleaved by endopeptidases in
the endosomes and lysosomes. Thyroxine and triiodothyro-
nine are produced and released into the circulation. Under
normal conditions, the thyroid gland output consists of
mainly thyroxine (~90 % or ~75-100 pg/day) and a small
amount of triiodothyronine (~10 % or 6 pg/day).

Thus, the processes of iodide uptake and thyroid hormone
synthesis are largely regulated by TSH, a pituitary hormone
that stimulates both of these thyroid functions. As described
in detail elsewhere in this volume, either endogenous TSH
stimulation prompted by thyroid hormone withdrawal or
exogenous recombinant human TSH is critical in the
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Fig. 1.3 Organification of iodide and synthesis and release of thyroid hormone. NIS sodium—iodide symporter, Tg thyroglobulin, TPO thyroid
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diagnosis and treatment of thyroid cancer. On the contrary,
as TSH has mitogenic activity, its chronic suppression by
thyroxine therapy is critical to the prevention of thyroid can-
cer growth. Recent evidence suggests a potential role of TSH
stimulation in thyroid oncogenesis. Higher TSH values, even
within the normal range, are an independent predictor of
malignancy for thyroid nodules [30, 31].

Another important aspect of molecular thyroid physiol-
ogy is the effect that iodine has on thyroid function. As dis-
cussed previously, the thyroid gland actively concentrates
iodine from the circulation which is used to synthesize thy-
roid hormone. It is a well-known that iodine deficiency
causes goiters, and often when iodine-deficient patients are
given iodine, production of excessive amounts of thyroid
hormone, hyperthyroidism, is possible, at least transiently.
This response is called the “Jod-Basedow phenomenon”
[32]. The mechanism for this phenomenon is unclear, but it
is thought that it is either because of rapid iodination of
poorly iodinated thyroglobulin or the “fueling” of a subclini-
cal autonomous functioning thyroid tissue, as in a “hot” nod-
ule or in Graves’ disease [33]. Alternatively, if there is an
excess of iodine present in thyrocytes, the sodium—iodide
symporter and TPO are inhibited to prevent excessive
amounts of thyroid hormone from being synthesized. This
inhibition is referred to as “the Wolff—Chaikoff phenome-

non” [34]. A high concentration of inorganic iodide is needed
for this effect. This inhibition of iodide organification is tem-
porary because the inhibition of iodide transport by the NIS
depletes intracellular iodine, allowing the system to reset
with new iodide organification—this is called the “escape
from the Wolff-Chaikoff effect.”

Several molecules discussed have significant clinical utility
in the daily management of thyroid cancer. Measurement of
the TSH receptor, thyroglobulin, antithyroglobulin antibodies,
and thyroperoxidase (TPO) can be used to determine if a neo-
plasm is of thyroid origin. Multiple other relevant molecules
have been described, such as thyroid transcription factors
(TTF) 1 and 2, galectin 3, and oncofetal fibronectin. Assessment
of the presence of such proteins may be particularly important
in the evaluation of material obtained by fine-needle aspiration
of suspected metastatic lesions. See Chap. 3 for a more detailed
description of molecular thyroid markers.

Finally, there are several elements of thyroid molecular
physiology that are poorly understood but may play a signifi-
cant role in thyroid cell function as well as in thyroid onco-
genesis. One such element is the retinoid receptor system.
Retinoids are vitamin A derivatives that regulate growth and
differentiation of many cell types by binding to specific
nuclear receptors. In thyroid cells, these molecules are
involved in the regulation of important regulatory factors,


http://dx.doi.org/10.1007/978-1-4939-3314-3_3

such as thyroglobulin and the NIS [35]. There is evidence to
suggest that activation of these nuclear receptors may induce
some degree of redifferentiation of thyroid cancer cells and
make them more susceptible to conventional thyroid cancer
treatments such as radioactive iodine [36].
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