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Endocrine System

Saud A. Alenezi and Abdelhamid H. Elgazzar

6.1  The Thyroid Gland

6.1.1  Anatomical and Physiological 
Considerations

6.1.1.1  Anatomy
The thyroid gland develops from the foramen 
cecum of the tongue, to which it is connected by 
the thyroglossal duct. It descends during fetal life 
to reach the anterior neck by about the seventh 
week. Absent or aberrant descent results in ecto-
pic locations, including the sublingual region and 
superior mediastinum.

The normal adult thyroid gland weighs 
14–19 g. It is generally smaller in women than in 
men, and is barely palpable [1, 2]. The thyroid is 
located in the mid to lower anterior neck, with the 
isthmus in front of the trachea, usually just below 
the cricoid cartilage, and the lobes on the sides of 
the trachea (Fig.  6.1). In older individuals with 
shorter necks, the thyroid may lie at or just above 
the suprasternal notch, and it may often be partly 
substernal. The thyroid gland moves cephalad 
during swallowing, a characteristic that aids in 
palpation and in distinction of thyroid from non-
thyroid neck masses.

6.1.1.2  Physiology
The thyroid gland regulates a spectrum of physi-
ological activities such as growth, metabolism, 
homeostasis, and cell proliferation and differen-
tiation through the secretion of thyroid hormones. 
The thyroid follicle consists of a colloid center, 
which acts as a storage site for thyroid hormone, 
surrounded by epithelial cells (Fig. 6.2). The thy-
roid epithelial cell has a transport mechanism, 
also referred to as trapping, that enables thyroid 
concentration of iodide. The sodium- dependent 
iodide transport activity of the thyroid gland is 
mainly attributed to the functional expression of 
the Na+/I− Symporter (NIS) localized at the baso-
lateral membrane of thyroid epithelial cells. 
Symporter activity is influenced primarily by 
pituitary thyroid-stimulating hormone (TSH), 
which increases the transport of iodide. The 
trapped iodide subsequently undergoes organifi-
cation and incorporation into thyroid hormones.

Additionally, other anions, such as pertechne-
tate, thiocyanate, and perchlorate, are also accu-
mulated by the thyroid gland. The uptake of 
pertechnetate is the basis for 99mTc-pertechnetate 
scintigraphy. Thiocyanate, derived from certain 
foods, decreases thyroid accumulation of iodine 
and may exacerbate iodine deficiency. Perchlorate 
has diagnostic and therapeutic applications.

Synthesis of hormone takes place in thyro-
globulin, a glycoprotein, which is produced in the 
thyroid cell and extruded into the colloid. Iodine 
combines with tyrosine in thyroglobulin to form 

S. A. Alenezi (*) · A. H. Elgazzar 
Department of Nuclear Medicine, Faculty of 
Medicine, Kuwait University, Kuwait City, Kuwait

6

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
A. H. Elgazzar (ed.), The Pathophysiologic Basis of Nuclear Medicine, 
https://doi.org/10.1007/978-3-030-96252-4_6

https://doi.org/10.1007/978-3-030-96252-4_6#DOI


220

Superior
thyroid artery

Thyroid gland

Epiglottis

Thyroid
cartilage

Superior
parathyroid

Inferior
parathyroid

Trachea

Fig. 6.1 Diagram 
showingtypical locations 
of the thyroid and 
parathyroid glands in the 
neck

a b

Fig. 6.2 Thyroid follicle. (a) Low-power field images of thyroid gland tissue showing the follicles lined by follicular 
cells and filled with colloid. (b) Diagram illustrating thyroid follicles and cells
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Table 6.1 Actions and uses of antithyroid drugs

Drug Mechanism Uses
Propylthiouracil 
(PTU)

Blocks iodine organification Controls hyperthyroidism in Graves’ disease and 
toxic nodular goiterDecreases the monodeiodination of T4 

to T3

Decreases in serum levels of 
thyrotropin receptor autoantibodies

Methimazole Blocks iodine organification Controls hyperthyroidism in Graves’ disease and 
toxic nodular goiterDecreases in serum levels of 

thyrotropin receptor autoantibodies
Glucocorticoids Rapid inhibitory effect on peripheral 

conversion of T4 to T3

Thyroid storm, Graves’ ophthalmopathy, and 
protracted subacute thyroiditis

Iodides Decreases synthesis of thyroid 
hormones

Thyroid storm

Lithium Blocks release of thyroid hormone Adjunct in treatment of severe hyperthyroidism
Potassium 
perchlorate

Decreases thyroid iodine uptake and 
discharges unbound iodine

Amiodarone-induced thyroid dysfunction and after 
accidental exposure to radioactive iodine

monoiodotyrosine (MIT) and diiodotyrosine 
(DIT). Subsequently, the iodotyrosines are cou-
pled, with the formation of thyroxine (T4) and 
triiodothyronine (T3). The coupling reaction also 
is mediated by peroxidase.

Release of thyroid hormones occurs in 
response to TSH, where a small amount of col-
loid is engulfed by the epithelial cell and proteo-
lyzed, with release of T3 and T4, which diffuse 
into the circulation. Thyroglobulin not undergo-
ing proteolysis also enters the circulation in small 
quantities. The serum thyroglobulin has been 
used as a tumor marker in differentiated thyroid 
cancer. Thyroglobulin decreases and eventually 
becomes undetectable following thyroidectomy 
and 131I ablation, and its subsequent rise indicates 
a recurrence. TSH stimulation, by promoting col-
loid endocytosis, increases the amount of thyro-
globulin released. Consequently, the serum 
thyroglobulin is a more reliable tumor marker at 
high TSH levels [3, 4].

Most of the circulating thyroid hormones are 
bound to plasma proteins, the free fraction com-
prising about 0.05% of T4 and 0.2% of T3. Only 
the free hormone has metabolic effects, and it is a 
more accurate measure of thyroid function than 
the total hormone, which varies with plasma pro-
teins levels. T3 is considered the active hormone. 
About 20–30% of the circulating T3 is secreted 
by the thyroid gland and the remainder is pro-
duced by monodeiodination of T4 in extrathyroid 

tissues, notably the liver, kidney, brain, and pitu-
itary [4]. Decrease in the peripheral conversion of 
T4 to T3 is a basis for the use of some antithyroid 
drugs.

Most antithyroid drugs generally block one or 
more steps in the synthesis and metabolism of 
thyroid hormone (Table 6.1). The thiourea deriv-
atives (thionamides), including propylthiouracil 
(PTU) and methimazole, are the most common 
antithyroid agents in use [5, 6]. Methimazole is 
generally the preferred drug since PTU may be 
associated with serious hepatotoxicity [6]. Other 
drugs used for their antithyroid actions include 
glucocorticoids, iodides, lithium, and potassium 
perchlorate [4].

Thyrotropin-releasing hormone (TRH), a tri-
peptide originating from the hypothalamic 
median eminence, stimulates the secretion and 
synthesis of thyroid-stimulating hormone (TSH, 
thyrotropin), a glycoprotein, by the anterior pitu-
itary. It increases the transport of iodide, synthe-
sis of hormone, and release of T3, T4, and 
thyroglobulin. The production and release of 
TSH are influenced by the concentration of T3 
within the pituitary. When the T3 concentration 
falls below a set point, TSH secretion increases, 
and synthesis and release of thyroid hormones 
are accelerated. Conversely, when the T3 level 
rises above the set point, TSH release is inhibited. 
In addition to its pituitary effect, T3 inhibits hypo-
thalamic TRH release. Other mechanisms 
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reported more recently include the inhibitory 
actions of the released TSH on TRH secretion, 
and on TSH receptors in the pituitary itself.

In addition to regulation of thyroid function, 
TSH promotes thyroid growth. If thyroid hor-
mone synthesis is chronically impaired, as in 
iodine deficiency and autoimmune thyroid 
 disease, chronic TSH stimulation eventually may 
lead to the development of a goiter.

The serum TSH is a sensitive and specific 
marker of thyroid function. Normal serum TSH is 
about 0.45–4.5  μunits/ml, and levels up to 
20 μunits/ml are considered normal in newborns 
because of the contribution of maternal 
TSH. Serum TSH is increased in primary hypo-
thyroidism and decreased in hyperthyroidism of 
all etiologies except for the uncommon entity of 
thyrotropin-induced hyperthyroidism.

The TSH secretion is suppressed by exoge-
nous thyroid hormone to avoid stimulation of 
tumor growth in patients with differentiated thy-
roid cancer, and to decrease thyroid size or arrest 
thyroid growth in the early stages of goiter 
development.

Stimulation with TSH increases thyroid func-
tion and thyroid uptake of radioiodine. This prin-
ciple is used in differentiated thyroid cancer for the 
detection and treatment of thyroid remnants and 
thyroid cancer metastases with radioiodine [6, 7]. 
Thyroid-stimulating hormone levels are allowed 
to rise to 30–50 μunits/ml or higher after withhold-
ing thyroid hormone supplements, or after admin-
istering recombinant human TSH.  The latter is 
becoming popular since it shortens the preparation 
time and avoids a period of hypothyroidism after 
stopping thyroid hormone replacement therapy [8, 
9]. In thyroid cancer, recombinant TSH is used in 
diagnosis, monitoring of serum thyroglobulin, and 
for radioiodine ablation of thyroid remnants after 
thyroidectomy. FDG PET is optimal at high TSH 
levels, and it may be combined with radioiodine 
imaging and thyroglobulin measurement in 
selected patients [10, 11]. In addition, FDG uptake 
was found to be of value in identifying metastases 
in postoperative differentiated thyroid cancer 
patients and in predicting iodine avidity since 
SUV higher than four indicate more aggressive 

disease and higher probability of non-avidity to 
radioiodine [12].

6.1.1.3  Role of Iodine Metabolism 
in Thyroid Physiology

Iodine is needed for the production of thyroid hor-
mones. Since the body does not make iodine, it is 
an essential part of diet. The mean daily turnover 
of iodine by the thyroid is approximately 60–95 μg 
in adults in iodine-sufficient areas. The body of a 
healthy adult contains from 15 to 20 mg of iodine, 
70–80% of which is in the thyroid. Iodine is a trace 
element that is ingested in several chemical forms. 
Most forms of iodine are reduced to iodide in the 
gut. Iodide is nearly completely absorbed in the 
stomach and duodenum [13]. In the basolateral 
membrane of the thyroid cell, the sodium/iodine 
symporter transfers iodide into the thyroid across a 
concentration gradient 20–50 times that of plasma 
by active transport [13]. Iodine is cleared from the 
circulation primarily by the thyroid and kidney. 
Under normal circumstances, plasma iodine has a 
half-life of approximately 10 h, but this is short-
ened if the thyroid is overactive, as in iodine defi-
ciency or hyperthyroidism.

Degradation of T4 and T3 in the peripheral tis-
sues releases iodine that re-enters the plasma 
iodine pool. Most ingested iodine is eventually 
excreted in the urine. Only a small amount 
appears in the feces.

The mammary glands concentrate iodine and 
secrete it into breast milk to provide it for the 
newborn. The salivary glands, gastric mucosa, 
and choroid plexus also take up small amounts of 
iodine. The iodine symporter have been reported 
in trophoblasts, and the placental iodine content 
is approximately 3% that of the thyroid [14, 15].

Effect of Iodine Insufficiency
Iodine is an essential micronutrient, as it is an 
integral part of the thyroid hormones thyroxine 
(T4) and triiodothyronine (T3). Severe iodine defi-
ciency results in depleted iodine stores and a fail-
ure to sustain normal thyroid hormone levels 
[16]. The recommended daily intake of iodide is 
150 μg for adolescents and adults, and 250 μg in 
pregnancy and lactation [17].
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Reduced synthesis of thyroid hormone is com-
pensated, at least in part, by increased TSH secre-
tion, resulting eventually in goiter formation.

Because an adequate supply of thyroid hor-
mone is needed for fetal neurological develop-
ment, maternal and fetal hypothyroidism 
resulting from iodine deficiency is associated 
with varying degrees of neuropsychological defi-
cits including cretinism.

Effect of Excessive Iodine
When intrathyroid iodine concentrations are sig-
nificantly increased, the rate of thyroid hormone 
synthesis is decreased, with a reduction in iodo-
thyronine synthesis and decrease in the DIT/MIT 
ratio. This response is referred to as the Wolff–
Chaikoff effect.

Continued exposure to large amounts of iodine 
would eventually lead to hypothyroidism, with 
compensatory increase in TSH and development 
of goiter. While this does occur occasionally, 
adaptation or escape from the effects of chronic 
iodide excess is more likely. The inhibitory effect 
of iodides on thyroid function is utilized clini-
cally for prompt control of severe hyperthyroid-
ism and thyroid storm. In Graves’ disease, large 
doses of iodide decrease not only hormone syn-
thesis but also hormone release [12]. Since escape 
from the inhibitory effect is likely, iodide therapy 

is only a short-term measure for lowering thyroid 
hormone levels rapidly.

Iodine excess may lead to hyperthyroidism or 
hypothyroidism [13, 14]. Iodine-induced hyper-
thyroidism, referred to as Jod-Basedow, charac-
teristically occurs in persons with hyperplastic 
thyroid glands. Hyperthyroidism occurring after 
iodine supplementation in endemic goiter areas 
is a classical example. Iodine-containing medi-
cal products, including amiodarone, radio-
graphic dyes, and kelp, also have the potential to 
cause Jod-Basedow [18, 19]. Amiodarone, a car-
diac antiarrhythmic drug, is a benzofuranic 
product with a very high iodine content and may 
be associated with either hypo- or hyperthyroid-
ism development.

Figure 6.3 summarizes the mechanism of hor-
monal interactions related to thyroid gland.

6.1.2  Radiopharmaceuticals 
for Thyroid Imaging

6.1.2.1 
Technetium-99m-Pertechnetate
Technetium-99m-pertechnetate is widely used 
for imaging the thyroid gland. It is trapped by the 
thyroid, but unlike iodine, it does not undergo 
organification and remains in the gland for a rela-

6 Endocrine System



224

tively short duration. Therefore, imaging is done 
about 20–30 min after intravenous administration 
of the radiotracer. Approximately 5–10  mCi 
(185–370  MBq) are used. The thyroid-to- 
background activity ratio is not as high as that 
with radioiodine, so that 99mTc-pertechnetate is 
unsuitable for imaging to search for metastatic 
thyroid carcinoma, which usually functions 
poorly compared with normal thyroid tissue. 
Imaging of ectopic mediastinal thyroid tissue 
also may be suboptimal due to high blood and 
soft tissue background activity.

6.1.2.2  Iodine-123
Iodine-123 (123I) has ideal characteristics for 
imaging the thyroid gland, with a short physical 
half-life of 13 h, absence of beta emissions, and 
high uptake in thyroid tissue relative to back-
ground [17]. However, it is less readily available 
and more expensive than 99mTc-pertechnetate. 123I 
undergoes organic binding in the thyroid gland, 
and imaging is usually done 4–24  h after oral 
administration of 200–400 μCi (7.4–14.8 MBq) 
of radiotracer. Because of its superior biodistri-
bution characteristics, 123I is preferred over 99mTc- 
pertechnetate for imaging of poorly functioning 
and ectopic thyroid glands. 123I also may be used 
for whole-body imaging in differentiated thyroid 
cancer. Approximately 2–4 mCi (74–148 MBq) 
of the radiotracer are used for this purpose.

6.1.2.3  Iodine-131
Iodine-131 (131I) may be used for the measure-
ment of thyroid uptake, which requires only very 
small amounts of radiotracer. It is no longer used 
for routine imaging of the thyroid gland but con-
tinues to be valuable for the detection of metasta-
ses and recurrences in differentiated thyroid 
cancer [3, 20, 21]. Following appropriate patient 
preparation to increase TSH levels, 2–4 mCi (74–
148  MBq) of 131I are administered orally and 
imaging is performed 48–96 h later. Radioiodine 
imaging has diagnostic as well as prognostic 
value. Iodine-avid tumors tend to be well- 
differentiated histological features and a favor-
able prognosis, whereas tumors that do not 
accumulate iodine are likely to be less differenti-
ated and more aggressive [3, 22, 23].

Iodine-131 delivers a high radiation absorbed 
dose to the thyroid, with relative sparing of 
non- thyroid tissues. It is therefore ideal for the 
treatment of thyroid disease, and used exten-
sively in the management of Graves’ disease, 
toxic nodular goiter, and differentiated thyroid 
cancer.

6.1.2.4  Fluorine- 18F-Fluorodeoxyglucose 
(18F-FDG)

Positron emission tomography (PET) with 18F- 
FDG is used in evaluating a variety of neo-
plasms including differentiated thyroid cancer. 
In differentiated thyroid cancer, FDG may be 
used to identify metastases not visualized at 
radioiodine imaging, and to assess prognosis. 
Lesions that accumulate FDG tend to follow a 
more aggressive course than lesions that are not 
FDG-avid [10]. Whole-body FDG PET, there-
fore, is useful in evaluating high-risk thyroid 
cancer. Patient preparation is similar to that for 
radioiodine scintigraphy, since the uptake and 
diagnostic sensitivity of FDG are increased by 
TSH stimulation [11].

Focal uptake of FDG within the thyroid 
gland, an occasional finding at evaluation of 
non- thyroid cancers, may be related to a benign 
or malignant pathology [23]. In patients with 
thyroid nodules with indeterminate FNA, FDG 
PET/CT has a moderate ability to correctly dis-
criminate malignant from benign lesions [24]. 
It may be a reliable option to reduce unneces-
sary diagnostic surgeries particularly if it is 
negative at the site of a solitary nodule. On the 
other hand, diffusely increased FDG uptake in 
the thyroid gland was found to be associated 
with chronic thyroiditis and thyroid dysfunc-
tion [25].

6.1.3  Major Thyroid Disorders

The most relevant thyroid conditions that com-
monly need imaging for diagnosis and manage-
ment include nodular disease, inflammatory 
conditions, autoimmune disorders, and thyroid 
cancer:
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6.1.3.1  Pathophysiology

Nodular Thyroid Disease
Thyroid nodules are common. The prevalence 
ranges from 4% to 10% in general adult and 
0.2% to 1.5% in children [26] and is greater in 
countries affected by iodine deficiency. The 
incidence of thyroid nodules in apparently nor-
mal thyroid glands is greater than 50% in 
autopsy series. Studies using high frequency 
ultrasound in detecting nodules showed a vary-
ing prevalence of up to 68% [27, 28], higher in 
females compared to males and increasing with 
age [28].

Most thyroid nodules are benign, particularly 
in multinodular goiter. Malignancy in clinical 
thyroid nodules is reported to occur in 5–20% of 
nodules and is higher in males [29]. Mortality 
due to thyroid cancer is generally very low.

Types of Thyroid Nodules
Thyroid nodules represent wide spectrum of thy-
roid diseases. In a normal sized gland or a diffuse 
goiter, thyroid nodules may be solitary or multi-
ple. In multinodular goiters, a nodule may 
become clinically dominant in terms of growth, 
dimensions, and functional characteristics. A 
clinicopathological classification of thyroid nod-
ules subdivides nodules into: nonneoplastic nod-
ules, true neoplastic nodules (benign or 
malignant), and micronodules.

Nonneoplastic Nodules (Pseudo-nodules)
These nodules may be seen in patients with thy-
roid hyperplasia, inflammatory or autoimmune 
thyroid diseases:

 1. Glandular hyperplasia arising spontaneously 
or following previous partial thyroidectomy.

 2. Rare forms of thyroid hemiagenesis which 
may present as hyperplasia of the existing 
thyroid tissue, mimicking a thyroid nodule.

 3. Hashimoto’s thyroiditis associated nodules, 
indicative of lymphocyte infiltration.

 4. Nodules found during the initial phase of sub-
acute thyroiditis, resulting from the inflamma-
tory process.

Neoplastic Nodules
Based on scintigraphy thyroid nodules are classi-
fied into functioning (hot) nodules which are able 
to concentrate radioactive iodine or technetium- 
99m pertechnetate and non-functioning (cold) 
which show radiotracer uptake less than that in 
normal thyroid tissue. Hot nodules represent 
from 3% to 20% of thyroid nodules, according to 
the geographical origin of the patients as their 
incidence is higher in countries where iodine 
deficiency is still present. They are three to four 
times more frequent in females and tend to occur 
in those older than 40 years. In the great majority 
of cases, hot nodules are benign. Cold nodules 
account for more than 80% of all thyroid nod-
ules. Three types of nodule are distinguished by 
ultrasonography: cystic, solid, and mixed (con-
taining solid and cystic components). Cystic nod-
ules (10–20% of all nodules) are almost always 
benign. Thyroid cancer is found in approximately 
10% of cold nodules (solitary and multiple) that 
are solid or mixed at ultrasonography. More than 
75% of malignant nodules are differentiated thy-
roid cancer of the follicular epithelium (papillary 
and follicular) with excellent prognosis. The 
other types of cancer are rare and include ana-
plastic or undifferentiated carcinoma (2–14% of 
all thyroid carcinomas), medullary thyroid carci-
noma representing 5–10% of thyroid carcinomas 
and originating from the calcitonin-producing 
parafollicular C cells of the thyroid [30–32]. 
Lymphoma and metastases to thyroid are other 
uncommon malignancies.

Micronodules
Micronodules describe nodules of 1 cm or less in 
diameter. These nodules are discovered increas-
ingly by the commonly used ultrasonography. In 
the absence of other suspicious clinical criteria, 
they only require to be followed by repeated thy-
roid ultrasonography.

Thyroiditis
Thyroiditis, a group of inflammatory thyroid dis-
eases affecting the gland diffusely or focally, can 
be infectious, due to microorganisms, or nonin-
fectious. Based on clinical, histopathologic, etio-
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logical, and other factors, many classifications 
and terminologies for the conditions have been 
proposed. Simply it can be classified into acute, 
subacute, and chronic [32]. Figure 6.4 shows that 
classification which we modified to be more 
inclusive.

Acute Thyroiditis
Acute thyroiditis also called acute suppurative 
thyroiditis is a rare but serious form secondary to 
bacteria. Acute thyroiditis requires immediate 
parenteral antibiotic therapy before abscess for-
mation begins.

Subacute Thyroiditis
Subacute thyroiditis or destructive thyroiditis is 
characterized by cell membrane breakdown and 
consequently release of excessive amounts of 
thyroid hormone into the circulation. The usual 
causes are autoimmune thyroid disease, viral 
infection, and amiodarone treatment. Less com-
monly, thyroiditis may be related to treatment 

with certain drugs such as interferon alpha, inter-
leukin- 2, lymphokine-activated killer (LAK) 
cells, and lithium. These therapeutic agents prob-
ably exacerbate existing autoimmune thyroid dis-
ease [3–6, 8–36].

Thyroiditis is typically painful and usually 
resolves spontaneously. Hyperthyroidism in the 
active phase is followed by transient hypothy-
roidism before restoration of the euthyroid state, 
usually in 6–12 months. Treatment usually con-
sists of β-adrenergic blockers in the hyperthy-
roid phase and analgesics for pain. Protracted 
thyroiditis may however require 
glucocorticoids.

Viral subacute thyroiditis, also known as de 
Quervain’s thyroiditis, usually occurs after an 
upper respiratory tract infection. The disorder 
tends to be seasonal and may occur in clusters, 
occasionally causing mini epidemics. It usually 
presents as a painful and tender goiter, associated 
with general malaise and possibly fever. 
Inflammation frequently begins in one lobe of the 
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thyroid and gradually spreads to involve the 
entire gland. Permanent hypothyroidism is 
uncommon.

Postpartum Thyroiditis
Postpartum thyroiditis, also known as painless or 
subacute lymphocytic thyroiditis, is the principal 
thyroid disorder in postpartum women. It may be 
considered an accelerated form of autoimmune 
thyroid disease, attributed to suppression of 
immune-related disorders during pregnancy with 
a rebound after childbirth [37, 38].

For the same reason, Graves’ disease also may 
occur in the postpartum period, though less fre-
quently, and a strong association with insulin- 
dependent diabetes mellitus, an autoimmune 
condition, has been noted.

Postpartum thyroiditis, like other forms of 
destructive thyroiditis, is a self-limited, but tends 
to reoccur in subsequent pregnancies. Permanent 
hypothyroidism occurs in 20–25% of patients 
over a period of 5 years. Elevated thyroid peroxi-
dase (anti-microsomal) antibodies during preg-
nancy are associated with a sharp increase in 
postpartum thyroiditis.

Amiodarone-Induced Thyroiditis
Amiodarone is an iodine-rich benzofuran deriv-
ative used to treat and prevent cardiac arrhyth-
mias. It may precipitate a number of thyroid 
conditions including thyroiditis, which appears 
to be related to a cytotoxic effect [18, 19]. 
Thyroid hormone synthesis may increase or 
decrease. Other actions of amiodarone include 
blocking peripheral conversion of T4 to T3, bind-
ing of T3 to its receptors, and thyroid release of 
T3 and T4. These effects may permit the use of 
amiodarone in very selected cases of hyperthy-
roidism [39].

Since amiodarone and its metabolite des-
ethylamiodarone have long half-lives of up to 
100  days, the thyroid-related effects can be 
protracted and occasionally may begin after 
stopping the drug. Amiodarone-induced thy-
roiditis generally requires treatment with a 
glucocorticoid. Permanent hypothyroidism is 
uncommon.

Interferon-Alpha Induced Thyroiditis
Interferon-alpha (IFNα) is an important drug 
therapy for several malignant and nonmalignant 
diseases, especially hepatitis C.  Interferon 
induced thyroiditis is a major clinical problem 
for patients receiving interferon therapy. Studies 
have shown that up to 15% of patients with hepa-
titis C receiving IFNα develop clinical thyroid 
disease, and up to 40% were reported to develop 
thyroid antibodies. Interferon-alpha induced thy-
roiditis can be classified as autoimmune type and 
non-autoimmune type. Autoimmune interferon- 
alpha induced thyroiditis may be manifested by 
the development of thyroid antibodies with or 
without clinical disease. Clinical disease includes 
both autoimmune hypothyroidism (Hashimoto’s 
thyroiditis) and autoimmune thyrotoxicosis 
(Graves’ disease). Non-autoimmune thyroiditis 
can manifest as subacute (destructive thyroiditis) 
or as hypothyroidism with negative thyroid anti-
bodies [40, 41].

Autoimmune Thyroiditis (Hashimoto’s Disease)
See following section.

Autoimmune Thyroid Disease
Autoimmune thyroid disease is often observed 
together with other autoimmune diseases. The 
coexistence of two or more autoimmune diseases 
in the same individual is referred to as polyauto-
immunity. The occurrence of polyautoimmunity 
has led to a hypothesis that the affected patients 
suffer from a generalized dysregulation of their 
immune system [42].

Autoimmune thyroid disease comprises two 
major entities, Hashimoto’s disease (chronic 
autoimmune thyroiditis and variants) and Graves’ 
disease. Variants of Hashimoto’s disease include 
subacute thyroiditis, which occurs typically in 
the postpartum period, and atrophic thyroiditis. 
The predisposing factors of the disease are listed 
in Table 6.2 [43–46].

Hashimoto’s Disease
Elevation of thyroid peroxidase antibodies is char-
acteristic of Hashimoto’s disease. Antithyroglobulin 
antibodies may also be elevated. Hormone synthe-
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Table 6.2 Predisposing factors for autoimmune thyroid 
disease

Genetic predisposition
Immune system dysregulation
Iodine excess
Cigarette smoking
Female gender
Psychological stress
Infection

sis is impaired with immune thyroid disease com-
pensatory increase in TSH secretion, which 
stimulates thyroid function and growth. Eventually, 
many patients become hypothyroid. Both overt and 
subclinical hypothyroidism related to autoimmune 
disease are widely prevalent in iodine-sufficient 
regions [47].

Exacerbation of Hashimoto’s disease, fre-
quently occurring in the postpartum period, is a 
cause of subacute thyroiditis.

Graves’ Disease
Graves’ disease is associated with high levels of 
thyrotropin receptor autoantibodies(TRAB) that 
stimulate thyroid growth, and thyroid hormone 
synthesis and release [46, 48]. Most organ sys-
tems are affected by Graves’ disease, the cardio-
vascular manifestations being the most apparent. 
Increased heart rate and contractility increases 
the cardiac output. These effects are related to a 
direct inotropic effect of T3, decreased systemic 
vascular resistance, increased preload related to a 
higher blood volume, and heightened sensitivity 
to sympathetic stimulation. Blood volume is 
increased by activation of the renin-angiotensin- 
aldosterone system caused by the reduction in 
systemic vascular resistance, and by increased 
erythropoietin activity. Overt cardiac failure may 
result from severe and prolonged hyperthyroid-
ism, but is rarely seen today. Atrial fibrillation is 
not an uncommon complication, occurring in up 
to 15% of patients with hyperthyroidism [49, 50].

Autoimmune Interferon Induced Thyroiditis
The entire spectrum of autoimmune thyroid dis-
eases (AITD) has been described in patients 
receiving IFNα: Graves’ disease (GD), 
Hashimoto’s thyroiditis (HT), and the presence 

of thyroid antibodies (TAb’s) without clinical 
disease [40, 41].

Thyroid Cancer
In most areas of the world, the incidence of thy-
roid cancer of follicular origin is increasing. 
Currently the incidence is approximating 
4/100,000 in males and 13.5/100,000 in females. 
Mortality is stable, at approximately 0.5/100,000 
[51]. Based on the histologic classification 
nuclear medicine has a very important role in the 
management of thyroid cancer. Table 6.3 summa-
rizes the classification of thyroid cancer. See 
Chap. 10.

6.1.3.2  Thyroid Scintigraphy

Nodular Disease
When thyroid nodule is discovered, the main 
problem is distinguishing between a benign and a 
malignant lesion. This problem has largely been 
solved by fine-needle biopsy which makes that 
distinction when performed by experienced 
cytologists. Nevertheless, nodules labeled as 
indeterminate by cytology remains a challenge 
[52]. Neck ultrasound plays a pivotal role in the 
diagnosis and several ultrasound stratification 
systems have been proposed in order to predict 
malignancy and help clinicians in therapeutic and 
follow-up decision. Despite new technologies in 
thyroid imaging, diagnostic surgery in 50–70% 
of patients with indeterminate cytology is still 
performed. In the last years, various image- 
guided procedures have been proposed as alter-
native and less invasive approaches to surgery for 
symptomatic thyroid nodules. These minimally 
invasive techniques (laser and radio-frequency 
ablation, high intensity focused ultrasound and 
percutaneous microwave ablation) result in nod-
ule shrinkage and improvement of local symp-
toms, with a lower risk of complications and 
minor costs compared to surgery. Ultrasound- 
guided ablation therapy was introduced with 
promising results as a feasible treatment for low- 
risk papillary thyroid microcarcinoma or cervical 
lymph node metastases [52].

Accordingly, the role of thyroid scintigraphy 
is reserved to the assessment of the functional 
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Table 6.3 Types of thyroid cancer and main features

Type Main features
Papillary 
carcinoma

Most common thyroid 
malignancy (85%).
Derived from the follicular 
epithelium
Has papillary growth pattern 
with psammoma bodies
Has characteristic nuclear 
changes

Follicular variant 
papillary 
carcinoma

Follicular architecture with the 
characteristic papillary thyroid 
nuclear pattern

Papillary 
microcarcinoma

Added relatively recently
Of less than 10 mm in size

Follicular 
carcinoma

Represents 10–20% of thyroid 
cancers
Derived from follicular 
epithelium with evidence of 
capsular and/or vascular invasion 
but without nuclear changes 
characteristic of papillary thyroid 
cancer
Have a slightly poorer prognosis 
than papillary cancer.
Metastatic spread is 
hematogenous most commonly 
to the lung and bone

Oncocytic or 
Hurthle cell 
carcinoma

Hurthle cell can occur in any 
thyroid tumor
More commonly associated with 
follicular carcinomas
Prognosis is worse for 
comparative stage mainly due to 
poor radioiodine uptake

Poorly 
differentiated 
thyroid cancer

Formed of poorly differentiated 
cells
Has a poor prognosis.

Anaplastic 
carcinoma

Formed of undifferentiated 
(anaplastic) cells
Aggressive and has generally 
short clinical course and poor 
prognosis

Tc99m Pertechnetate

Anterior

Fig. 6.5 Solitary cold nodule. 88mTc-pertechnetate thy-
roid scan anterior pinhole image showing a large solitary 
cold nodule (arrow)

activity of the nodules and when functional 
autonomy is suspected (Figs. 6.5, 6.6, and 6.7). 
Thyroid scintigraphy is performed then when 
serum TSH is suppressed or low in a patient 
with a single nodule and in all patients with 
multinodular goiter, regardless of the TSH 
result. Iodine-123 and 99mTc-pertechnetate are 
routinely used for imaging thyroid nodular dis-
ease. The acquisition of multiple projections is 
important as more than 30% of nodules can be 
missed with anterior views and only seen on the 

oblique views [53]. 18F-FDG PET has low speci-
ficity (63%) in the diagnosis of thyroid nodules 
but can help to select patients who need surgery 
when cytology is inconclusive in view of its 
high (100%) negative predictive value for thy-
roid cancer [52].

Whole-body 131I and FDG PET have a role in 
the investigations and follow-up of thyroid can-
cer (see Chap. 10). On FDG PET scans, a normal 
thyroid gland demonstrates absent or low-grade 
FDG uptake. FDG PET may incidentally iden-
tify thyroid uptake. In general, a diffuse uptake 
by the thyroid gland is considered to be benign 
and very likely secondary to thyroiditis and/or 
hypothyroidism, while a focal uptake of the thy-
roid on FDG PET is defined as an incidentaloma, 
which is more clinically significant due to its 
high risk of malignancy ranging from 25% to 
50% [54, 55].

Thyroiditis
Poor radioiodine/99mTc-pertechnetate uptake in 
the thyroid gland is the hallmark of subacute 
thyroiditis of any etiology (Fig. 6.8). Decreased 
tracer uptake is related to TSH suppression by 
excessive thyroid hormone released from 
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a

b

Fig. 6.6 Multinodular goiter as it appears on scintigraphy. (a) represents multiple cold nodules a while (b) shows 
mixture of cold and hot nodules

 damaged follicles and to decreased hormone 
synthesis in the damaged gland. The thyroid 
uptake and scan normalize with resolution of 
thyroiditis.

Scintigraphy is frequently used in some thyro-
toxic patients to differentiate autoimmune thy-
roiditis, with low uptake, from Graves’ disease, 
with high uptake [48].

A thyroid uptake/scan may be worthwhile in 
amiodarone-related hyperthyroidism, which may 
be due to Jod-Basedow or thyroiditis. A low thy-
roid uptake is frequently found in patients treated 
with amiodarone and is nondiagnostic, while a 
normal or high uptake suggests that Jod-Basedow 
is likely. The thyroid uptake measurement also 
helps determine the feasibility of 131I treatment in 
refractory cases.

Scintigraphy is nonspecific in Hashimoto’s 
disease. The thyroid gland is usually symmetri-
cally enlarged with uniform tracer distribution, 
and the 24-h radioactive iodine uptake is normal. 
In subacute thyroiditis resulting from exacerba-
tion of Hashimoto’s disease, tracer uptake is typi-
cally absent or very low.

Graves’ Disease
Graves’ disease typically shows uniformly 
increased tracer uptake in a diffusely enlarged 
thyroid gland (Fig. 6.9a), frequently with visual-
ization of a pyramidal lobe and decreased back-
ground activity of various degrees based on the 
severity of the condition (Fig.  6.9b). However, 
atypical appearances, particularly in Graves’ 
disease superimposed on nodular goiter, are 
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Tc99m Pertechnetate

Anterior

Fig. 6.7 Solitary hot nodule. A study showing a toxic 
nodule in the right lower lobe (arrow) with suppression of 
the remainder of the gland

occasionally encountered. If needed, TRAB 
measurement may assist in confirming the diag-
nosis. The 24-h radioactive iodine uptake is ele-
vated and, typically, much higher than in toxic 
nodular goiter [49, 56].

6.1.4  Thyroid Dysfunction 
and Pregnancy

Results from observational studies have indicated 
that even mild to moderate iodine deficiency in 
pregnancy might negatively affect child neurode-
velopment [57–59]. Low maternal free T4 (FT4) 
has been suggested to be associated with poor 
child neurodevelopment. A recent meta-analysis 
of individual participants data from 9036 mother–
child pairs from three prospective population- 
based birth cohorts from Spain, Netherlands, and 
the United Kingdom indicates that low maternal 
FT4 was consistently associated with a lower 
child IQ [60].

Hyperthyroidism in pregnancy is generally 
caused by Gestational Transient Thyrotoxicosis 
(GTT) or Graves’ disease. Management of 
Graves’ disease remains a challenge, with thion-

amide treatment as the best option. Patients 
should be monitored closely because undertreat-
ment, with persistently high maternal TRAB, 
increases the risk of fetal hyperthyroidism, while 
overtreatment may cause fetal hypothyroidism. 
Gestational hypothyroidism is usually related to 
autoimmune thyroid disease, and less frequently 
to iodine deficiency. The latter may be associated 
with fetal hypothyroidism as well.

6.1.5  Summary

Synthesis and secretion of thyroid hormone are 
regulated mainly by thyroid releasing hormone 
and thyroid-stimulating hormones. Thyroid- 
stimulating hormone promotes iodide transport 
and the synthesis and release of thyroid hormones 
and thyroglobulin. Excessive amounts of iodine 
may cause hypothyroidism or hyperthyroidism. 
Endemic goiter is the result of iodine deficiency, 
with decrease in hormone production and com-
pensatory increase in TSH secretion. Thyroid 
nodules represent a wide spectrum of thyroid dis-
eases. Thyroid nodules may be solitary or multi-
ple. A clinicopathological classification of 
thyroid nodules subdivides nodules into nonneo-
plastic nodules, true neoplastic nodules (benign 
or malignant), and micronodules. Autoimmune 
thyroid disorders, including Hashimoto’s disease 
and Graves’ disease, are related primarily to 
genetic susceptibility, with contributions from 
environmental factors including chronic iodine 
excess. Subacute thyroiditis is usually caused by 
exacerbation of autoimmune disease, viral infec-
tion, and amiodarone or interferon-alpha therapy. 
Iodine deficiency in pregnancy might negatively 
affect child neurodevelopment.

6.2  Parathyroid Gland

6.2.1  Anatomical and Physiological 
Considerations

Normal parathyroid glands are derived from the 
pharyngeal pouches, the upper glands from the 
endoderm of the fourth pouch, and the lower 
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b

Tc99m Pertechnetate

SS notch

Anterior

Fig. 6.8 Thyroiditis (a, 
b). (a) 99mTc- 
pertechnetate thyroid 
scan in an 8-year-old 
girl with a recent history 
of upper respiratory 
infection. The scan 
shows poor uptake by 
the thyroid gland with 
poor delineation of its 
outlines. The thyroid 
uptake was 0%. SS 
notch: suprasternal 
notch. (b) Microscopic 
illustration of thyroiditis 
with a focus of 
inflammatory cells 
(arrow) surrounded by 
thyroid follicles. 
(Courtesy of Professor 
Magda El-Monayeri 
with thanks)

glands from the third pouch. The parathyroid 
glands are typically located on the posterior 
aspect of the thyroid gland (Fig. 6.1). Occasionally 
one or more glands may be embedded in the thy-
roid. The normal position of the superior parathy-
roids is at the cricothyroid junction, above the 
anatomical demarcation of the inferior thyroid 
artery and the recurrent laryngeal nerve [61]. The 
inferior parathyroids are more widely distributed 
mostly anterolateral or posterolateral to the lower 
thyroid gland [62]. The accessory glands that can 
be variously located in humans, from the cricoid 
cartilage down into the mediastinum [63, 64], are 
derived from the numerous dorsal and ventral 
wings of the pouches. Normally, human beings 

have four glands, but more or fewer than this 
number are found in some individuals [49]. 
Among healthy adults, 80–97% have four para-
thyroids; approximately 5% have fewer than four 
glands, and 3–13% have supernumerary glands 
[62]. Location and anatomy of parathyroid glands 
are essential for surgical planning and for carry-
ing out parathyroidectomies since any unidenti-
fied gland, either supernumerary or in ectopic 
location, can result in unsuccessful treatment and 
possible reoperation. Recent large meta-analysis 
study showed that 81.4% of patients have four 
glands with 15.9% of the glands are ectopic 
(11.6% in the neck and 4.3% in the mediasti-
num). Additionally, 51.7% of the neck ectopic 
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Anterior

RAO LAO

SS notch marler

Anterior

a b

Fig. 6.9 (a) Graves’ disease. 99mTc-thyroid scan illustrat-
ing the pattern of Graves’ disease. There is uniform 
increased radionuclide distribution with low background 

activity. (b) Anterior view of tc99m pertechnetate illus-
trating Grave’s disease with visualized pyramidal lobe 
and decreased background uptake

Table 6.4 Cells of the parathyroid glands and their 
functions

Cell type

Major 
ultrastructural 
feature Function

Chief cell Slightly 
eosinophilic 
cytoplasm, few 
mitochondria

The active 
endocrine cell, 
producing the 
parathyroid 
hormone

Oxyphil cell Rich eosinophilic 
cytoplasm, 
tightly packed 
mitochondria

May be able to 
produce 
parathyroid 
hormone

Transitional 
oxyphil cell

Less eosinophilic 
cytoplasm

Variant of oxyphil 
cell

Clear cell Foamy and 
water-clear 
cytoplasm

Unknown, 
fundamentally 
inactive

glands are located in retroesophageal/paraesoph-
ageal space or in the thyroid gland [63].

The normal glands usually measure 4–6 mm 
in length, 2–4  mm in width, and 0.5–2  mm in 
thickness. The glands are usually ovoid or bean 
shaped but may be elongated, flattened into a 
leaf-like structure, or multilobulated. The weight 
of the glands is usually 30 mg each, with the larg-
est normal gland not exceeding 70 mg. The total 
weight of the glands is less than 210 mg, and the 
total parenchymal cell weight is less than 145 mg 
[64]. In normal glands, parenchymal cells are 
predominantly chief cells which contain cyto-
plasmic fat droplets. Oxyphilic and transitional 
oxyphilic cells are sparsely present in children 
and young adults and increase to 4–5% of the 
parenchymal cells in old age. These cells tend to 
form nodules if they increase in number and have 
a very small amount of fat or no fat at all in their 
cytoplasm. Ultrastructurally, oxyphil cells are 
characterized by the presence of closely packed 
mitochondria, while chief cells contain moderate 
to high mitochondrial content. Water-clear cells 
are vacuolated with distended organelles. Each of 
the three cell types may contain varying amounts 

of lipid droplets and residual bodies [65]. 
Table  6.4 summarizes the types of parathyroid 
cells and their function.

Parathyroid hormone has four principle 
actions: (a) to increase calcium absorption from 
the gastrointestinal tract; (b) to stimulate osteo-
clastic activity, resulting in resorption of calcium 
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and phosphate from bone; (c) to inhibit phos-
phate reabsorption by the proximal renal tubules; 
and (d) to enhance renal tubular calcium reab-
sorption. Parathyroid hormone secretion is con-
trolled mainly by the extracellular calcium 
concentration. The parathyroid cell surface is 
thought to be equipped with a cation-sensitive 
receptor mechanism through which ambient cal-
cium regulates the cytosolic calcium (Ca2+i) con-
centration and parathyroid hormone secretion. 
Activation of this receptor causes also activation 
of protein kinase C. 1,25-Dihydroxycholecalciferol 
reduces the secretion of parathyroid hormone 
independent of any changes in calcium concen-
tration. Parathyroid hormone is metabolized in 
Kupffer’s cells of the liver.

In patients with hyperparathyroidism, patho-
logical parathyroid cells show defective sensing 
of ambient calcium. The cellular basis of this 
abnormality is unknown, although increased pro-
tein kinase C activity within abnormal parathy-
roid cells may be the mechanism. Pathological 
parathyroid glands also have an increased paren-
chymal cell content, although the extent of hyper-
calcemia appears more closely related to the 
defective secretory regulation than to increased 
parenchymal cell mass [66].

6.2.2  Hyperparathyroidism

Hyperparathyroidism has been diagnosed with 
increasing frequency in recent years due to 
awareness of the disease and to the laboratory 
advancement that allowed for routine chemistry 
screening. The condition is characterized by 
excess secretion of parathyroid hormone. The 
resulting biochemical changes, including 
increased levels of serum calcium and increased 
urinary excretion of calcium, may result in cal-
cium wastage, nephrocalcinosis, urolithiasis, 
bone disease, and neuropsychiatric disturbances. 
Hyperparathyroidism may occur as a primary, 
secondary, or tertiary disease. It can also occur as 
eutopic and ectopic disease. In addition, it may 
have a familial origin, as in multiple endocrine 
neoplasia (MEN).

6.2.2.1  Primary Hyperparathyroidism
Primary hyperparathyroidism is a common endo-
crine disorder of calcium metabolism character-
ized by hypercalcemia and elevated or 
inappropriately normal concentrations of para-
thyroid hormone. Almost always, it is due to a 
benign overgrowth of parathyroid tissue either as 
a single gland (80% of cases) or as a multiple 
gland disorder (15–20% of cases) [67]. It is the 
most common cause of hypercalcemia in post-
menopausal women [68]. Primary hyperparathy-
roidism occurs due to neoplastic or hyperplastic 
parathyroid glands or when nonparathyroid 
tumors such as bronchogenic or renal cell carci-
nomas secrete ectopically parathyroid hormone 
or a biologically similar product. The incidence 
of this disorder in the United States is estimated 
to be 66 per 100,000 person among women and 
25 per 100,000 among men per year [69, 70]. The 
condition is more prevalent in females than males 
by a ratio of 3 to 1. More than 80% of patients 
with primary hyperparathyroidism have a soli-
tary adenoma. Hyperplasia—predominantly of 
chief cells—occurs in less than 20% of patients. 
Parathyroid carcinoma is the cause in less than 
1% of patients, and very rarely the condition is 
due to ectopic secretion of parathyroid hormone 
[64, 65].

Primary hyperparathyroidism occurs as part 
of MEN.  MEN is a hereditary syndrome that 
involves hyperfunctioning of two or more endo-
crine organs. Primary hyperparathyroidism, pan-
creatic endocrine tumors, and anterior pituitary 
gland neoplasms characterize type 1 MEN. MEN 
2A is defined by medullary thyroid carcinoma, 
pheochromocytoma (about 50%), and hyperpara-
thyroidism caused by parathyroid gland hyper-
plasia (about 20%). MEN 2B is defined by 
medullary thyroid tumor and pheochromocy-
toma. Both MEN 1 and MEN 2 are inherited 
autosomal dominant cancer syndromes. The gene 
responsible for MEN 1 is a tumor suppressor 
gene located on chromosome 11 [71, 72].

Primary hyperparathyroidism is also associ-
ated with thyroid pathology in 15–70% of 
patients [73, 74]. This includes thyroid carci-
noma which has been reported in the range of 
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1.7–6.2% of patients with primary hyperparathy-
roidism [73–75].

6.2.2.2  Secondary 
Hyperparathyroidism

Secondary hyperparathyroidism occurs when 
there is a condition causing chronic hypocalcemia 
such as chronic renal failure, malabsorption syn-
dromes, dietary rickets, and ingestion of drugs 
such as phenytoin, phenobarbital, and laxatives, 
which decrease intestinal absorption of calcium. 
Secondary hyperparathyroidism is simply a com-
pensatory hyperplasia in response to hypocalce-
mia. In this condition, reduced renal production of 
1,25-dihydroxyvitamin D3 (active metabolite of 
vitamin D) leads to decreased intestinal absorption 
of calcium, resulting in hypocalcemia. Tubular 
failure to excrete phosphate results in hyperphos-
phatemia. Hypocalcemia along with hyperphos-
phatemia is compensated for by hyperplasia of the 
parathyroids to overproduce PTH.  Secondary 
hyperparathyroidism develops in chronic kidney 
disease, which is due to a combination of vitamin 
D deficiency, hypocalcemia, and hyperphosphate-
mia, and it exists in nearly all patients at the time 
of dialysis initiation [76].

6.2.2.3  Tertiary Hyperparathyroidism
Tertiary hyperparathyroidism describes the con-
dition of patients who develop hypercalcemia 
following long-standing secondary hyperpara-
thyroidism due to the development of autono-
mous parathyroid hyperplasia, which may not 
regress after correction of the underlying condi-
tion, as with renal transplantation.

6.2.2.4  Eutopic Parathyroid Disease
Parathyroid disease with typical location of glands 
(eutopic) represents 80–90% of all cases. There is 
a relatively fixed location for the superior parathy-
roids and are found close to the dorsal aspect of the 
upper thyroid [61, 62]. On the other hand, inferior 
parathyroids have a more widespread distribution, 
which is closely related to the migration of the thy-
mus. Inferior parathyroids are mostly located infe-
rior, posterior, or lateral to the lower thyroid. They 
may be very close to the thyroid and may be cov-

ered by or attached to the thyroid capsule and are 
sometimes adjacent to or surrounded by remnant 
thymic tissue. Interestingly, the parathyroid glands 
demonstrate a remarkably constant symmetry, 
which is helpful in the surgical exploration of 
eutopic disease [62].

6.2.2.5  Ectopic Parathyroid Disease
Superior parathyroid adenoma may have an 
abnormal supero-posterior mediastinal position, 
such as a retropharyngeal, retroesophageal, or 
paraesophageal site or the tracheoesophageal 
groove. The frequency of ectopia (up to 39%) is 
similar for the right and left superior parathyroids 
[77]. Intrathyroid superior parathyroid adenomas 
are rare.

The more common ectopic inferior parathy-
roids are a well-established entity responsible for 
10–13% of all cases of hyperparathyroidism [77]. 
Ectopic tissue can occur from the angle of the 
mandible to the mediastinum according to the 
developmental and migratory aberrations. These 
sites include the mediastinum, thymus, aortopul-
monary window, carotid bifurcation and rarely 
thyroid, carotid sheath, vagus nerve, retroesopha-
geal region, thyrothymic ligament, and pericar-
dium [77, 78].

6.2.3  Parathyroid Adenoma

Parathyroid adenoma is a benign tumor that is 
usually solitary, although multiple adenomas are 
found in a low percentage. The tumor in general 
is more common in women and varies in weight 
from less than 100 mg to more than 100 g. The 
most commonly found adenomas, however, 
weigh 300 mg to 1 g. The size was found to cor-
relate to the degree of hypercalcemia.

Microscopically, the vast majority of typical 
adenomas are formed predominantly of chief 
cells, although a mixture of oxyphil cells and 
transitional oxyphil cells is also common. 
Adenomas formed of water-clear cells are very 
rare. A rim of parathyroid tissue is usually pres-
ent outside the capsule of the adenoma and can 
serve to distinguish it from parathyroid 
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Table 6.5 Variants of parathyroid adenoma [79–88]

Type Major features Imaging
Solitary 
adenoma

Found in 80–85% of patients with primary 
hyperparathyroidism

99mTc-MIBI with high sensitivity

Composed of chief cells or mixture of chief, oxyphil, or 
transitional oxyphil cells

Double/
multiple

Occurs in up to 12% of cases of primary hyperparathyroidism Detection with any imaging 
modality is not reliable

Bilateral in 55–88% of cases 99mTc-MIBI has a sensitivity of 
less than 37%More prominent symptoms and higher parathyroid hormone 

and alkaline phosphatase levels than with a solitary adenoma 
or hyperplasia

Cystic 
adenoma

Central necrosis or cystic degeneration of adenomas May not be visualized on 
99mTc-MIBI studiesAccounts for less than 9% of all parathyroid adenomas

Frequently associated with hyperparathyroidism
Lipoadenoma Composed of hyperfunctioning parathyroid tissue and fatty 

stroma
Target-to-background ratio may 
be low due to the high adipose 
content

Oncocytic 
adenoma

Rare subtype formed of 80–100% oxyphil cells 99mTc-MIBI with high sensitivity

 carcinoma. The chief cells in adenomas are usu-
ally enlarged, and their nuclei are larger and more 
variable in size than in normal chief cells. Nuclear 
pleomorphism may be prominent; this is not con-
sidered a sign of malignancy but a criterion for 
discriminating adenoma from hyperplasia, which 
lacks this feature. The following variants 
(Table  6.5) of parathyroid adenoma may be 
recognized.

6.2.3.1  Solitary Adenoma
Solitary adenoma is found in 80–85% of patients 
with primary hyperparathyroidism [9]. There is 
no significant predominance in  location among 
the four parathyroids with each responsible for 
approximately 25% of all solitary adenomas [77]. 
The remaining tumor-free parathyroid glands 
associated with single adenomas usually have 
lower weight and parenchymal cell mass than the 
average normal glands and show signs of secre-
tory inactivity on electron microscopy.

6.2.3.2  Double or Multiple Adenomas
Double or multiple adenomas occur in up to 12% 
of cases of primary hyperparathyroidism [79, 
80]. These patients have more prominent symp-
toms and usually have higher parathyroid hor-
mone and alkaline phosphatase levels than those 

with a solitary parathyroid adenoma or hyperpla-
sia. Preoperative detection of double or multiple 
adenomas with any imaging modality is not reli-
able [81, 82].

6.2.3.3  Cystic Adenoma
Cystic adenomas are thought to represent central 
necrosis or cystic degeneration of adenomas 
[85]. Contrary to the asymptomatic true parathy-
roid cysts which are due to embryologic vestiges 
of the third and fourth pharyngeal pouches or 
enlargement of microcysts within the parathy-
roid as a manifestation of colloid retention [86], 
cystic adenomas are frequently associated with 
hyperparathyroidism.

6.2.3.4  Lipoadenoma
Parathyroid lipoadenoma, composed of hyper-
functioning parathyroid tissue and fatty stroma, 
is a rare entity that occurs in patients beyond the 
fourth decade of life.

6.2.3.5  Oncocytic Adenoma
Oncocytic adenoma is a rare subtype and has 
been reported to be associated with hyperpara-
thyroidism. It is found in the sixth or seventh 
decades and like the typical adenomas is more 
common in women [88].
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6.2.4  Parathyroid Hyperplasia

Parathyroid hyperplasia affects the glands to 
varying degrees, and commonly one or two 
glands are of normal size even though micro-
scopic signs of endocrine hyperfunction are pres-
ent, at least focally, in all glands. Chief cell 
hyperplasia is the most common and is composed 
of chief cells or a mixture of chief cells and to a 
lesser extent oxyphil cells. The cells are arranged 
diffusely, in nodules, or in a mixture of both pat-
terns. Water-clear cell hyperplasia is rare and is 
characterized by substantial enlargement of most 
parathyroid glands. The large water-clear cells 
are usually arranged in a diffuse pattern [89].

In primary hyperparathyroidism, hyperplasia 
affects the glands asymmetrically. In secondary 
hyperparathyroidism, the hyperplastic glands 
are more uniformly enlarged than with primary 
chief cell hyperplasia, with two histological 
types (Table 6.6). In the tertiary form, the glands 
are more often markedly and asymmetrically 
enlarged.

Pathologically, it is difficult to differentiate 
primary chief cell hyperplasia of only one gland 
from adenoma. Both contain large numbers of 
active chief cells with cells characterized by 
aggregated arrays of rough endoplasmic reticu-
lum and a large, complex Golgi apparatus with 
numerous vacuoles and vesicles. Secretory gran-
ules are frequently present in these cells. These 
changes indicate that most of these cells are in 
the more active phases of parathyroid hormone 

synthesis and secretion [90]. Molecular biology 
techniques used on pathological parathyroid tis-
sue have shown that cell proliferation is mono-
clonal in many sporadic adenomas and in the 
largest glands of multiple endocrine neoplasia 
type I. This monoclonality has not been found in 
the smaller parathyroid glands of multiple endo-
crine neoplasia or in sporadic hyperplasia. 
Additionally, rearrangement of parathyroid hor-
mone gene in chromosome 11 was observed in 
sporadic adenomas.

6.2.5  Parathyroid Carcinoma

Parathyroid carcinoma is a rare cause of hyper-
parathyroidism which can arise in any parathy-
roid gland, including ectopic and mediastinal, 
although the usual site of involvement is the nor-
mally located parathyroids. The tumor is found 
predominantly in patients between the ages of 30 
and 60 years, with no sex preference, and is usu-
ally functioning. The tumors tend to be larger 
than adenomas and appear as lobulated, firm, and 
uncapsulated masses that often adhere to the sur-
rounding soft tissue structures. The involved 
glands usually weigh more than 1 g and the diag-
nosis is restricted histologically to the lesions 
displaying infiltrative growth into vessel or cap-
sule, since pleomorphism can be seen in many 
adenomas.

6.2.6  Hyperfunctioning Parathyroid 
Transplant

Autotransplantation of parathyroid tissue is per-
formed in cases of recurrent, persistent type 1 
MEN and symptomatic secondary hyperparathy-
roidism in association with total parathyroidec-
tomy. After total parathyroidectomy, the most 
normal glands, usually one or two, are used for 
the graft. They are diced into small fragments 
with each fragment placed in an individual bed 
beneath a muscle sheath and between muscle 
fibers [91]. A graft site in the forearm is preferred 
for accessibility. The graft may be functional in 
8–9 days after surgery [80]. After autotransplan-

Table 6.6 Classification of parathyroid hyperplasia

Type Major pathological features
Primary 
hyperplasia

Uniform chief cells with some 
oxyphil and transitional oxyphil 
cells

Secondary 
hyperplasia
Diffuse(classic) 
type

Cords, sheets, or follicular 
arrangement of cells replacing the 
stromal fat cells. Oxyphil cells are 
more frequent in this type. This 
type is indistinguishable from the 
primary type

Adenomatous- 
nodular type

Cells are grouped in large islands 
or nodules. Necrosis is seen more 
frequently than in diffuse type
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tation, recurrent hyperparathyroidism occurs in 
approximately 14% of cases [92]. A hyperfunc-
tioning graft in the forearm is easily demon-
strated with Doppler US or 99mTc-sestamibi 
scintigraphy [92].

6.2.7  Consequences 
of Hyperparathyroidism

Excess secretion of parathyroid hormone pro-
motes bone resorption and consequently leads to 
hypercalcemia and hypophosphatemia. The clini-
cal presentation and complications of hyperpara-
thyroidism depend on the rapidity of development 
and the degree of hypercalcemia. They can be 
grouped into genitourinary, gastrointestinal and 
musculoskeletal, neuropsychiatric, and others 
(Table 6.7).

The five disease-specific symptoms are mus-
cle weakness, polydipsia, dry skin and itching, 
memory loss, and anxiety. Overall the symptoms, 
particularly the disease-specific ones, show sig-
nificant decline after successful parathyroidec-
tomy [93].

6.2.8  Preoperative Parathyroid 
Localization

Surgery is the major and only current curative 
modality in treating primary hyperparathyroid-
ism. Identifying the glands can be difficult, how-
ever, particularly with removal of multiple glands 
and with reoperation [94]. Although the success 
rate is high in experienced hands, up to 25% of 
the initial explorations fail because the abnormal 
glands cannot be located. Prolonged exploration 
was also found to result in a high incidence of 
recurrent laryngeal nerve damage [94]. Surgical 
re-exploration with violated anatomy is even 
more difficult and hazardous and can often be 
unrewarding.

Preoperative localization of parathyroid lesions 
is thus desirable to reduce the incidence of missed 
lesions and to help avoid prolonged neck explora-

tion. Since surgeons’ experience with neck explo-
ration is decreasing due to the reduced incidence 
of thyroid surgery with the expanding use of 
iodine-131 for therapy of hyperthyroidism, preop-
erative localization of parathyroid lesions is even 
more important than before.

Table 6.7 Consequences of hyperparathyroidism

Type of 
abnormality Presentation
Genitourinary Nephrolithiasis

Nephrocalcinosis
Renal insufficiency
Polyuria
Nocturia
Decreased urine concentrating 
ability

Gastrointestinal Nausea
Vomiting
Constipation
Increased thirst
Loss of appetite
Abdominal pain
Peptic ulcers
Heartburn (hypercalcemia causes 
increased gastric acidity)
Pancreatitis

Musculoskeletal Myopathy
Muscle weakness
Osteoporosis
Osteomalacia
Bone and joint pains
Renal osteodystrophy
Pseudogout

Neuropsychiatric Memory loss
Anxiety
Sleepiness
Confusion
Lassitude, coma
Depression
Impaired thinking
Psychosis

Others Fatigue
Hypertension
Pruritis
Metastatic calcification including 
cardiocalcinosis
Band keratopathy (present in the 
medial and lateral aspects of the 
cornea)
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In recent years, minimal access parathyroid 
surgery (small incisions with gamma probe or 
endoscopic assistance) is increasingly becoming 
the operation of choice for single parathyroid 
adenomas [95]. Compared with bilateral neck 
exploration, it has a shorter hospital stay, less 
morbidity, and better cosmetic result [95]. The 
development of this minimally invasive surgical 
techniques has placed an even greater emphasis 
on preoperative localization [96].

The forms that preoperative localization can 
take include computed tomography (CT), ultra-
sound, magnetic resonance imaging (MRI), 
arteriography, selective venous sampling, 
99mTc-sestamibi (MIBI) scintigraphy, 
18F-fluorodeoxyglucose positron emission 
tomography (FDG PET), and 11C-methionine 
PET.  The morphological imaging modalities, 
such as CT, ultrasound, and MRI, have the disad-
vantage that they cannot distinguish functional 
parathyroid tissue from other types of tissue. 
However, they provide excellent image resolu-
tion and contrast. Overall their accuracy is inad-
equate and varies.

6.2.9  Scintigraphic Localization

Scintigraphy using 99mTc-sestamibi (MIBI) is 
currently the preferred nuclear medicine method 
for parathyroid imaging. It is the most sensitive 
and cost-effective modality for preoperative 
localization of hyperfunctioning parathyroid tis-
sue. If a single parathyroid adenoma is detected, 
a unilateral scan-directed neck exploration can be 
performed. Due to a wide variation in scinti-
graphic techniques [97], the reported sensitivities 
of MIBI scan range from 80% to 100%. The 
mechanism of uptake of this radiopharmaceutical 
by abnormal parathyroid cells is not fully under-
stood although the mitochondria have been 
implicated in its uptake [98]. P-glycoprotein, a 
membrane transport protein encoded for by the 
multidrug resistance (MDR) gene, may also be 
additionally responsible for uptake, since it trans-
ports other products with structural similarity to 

MIBI [99]. The uptake and retention of MIBI by 
the abnormal neoplastic and hyperplastic lesions 
are probably due to the alterations in the biology 
of the abnormal parathyroid cells, as noted ear-
lier, and mitochondria are probably the site of 
retention. The size of the lesions is also an impor-
tant factor in their visualization but cannot alone 
explain the uptake and retention. The size and the 
cellularity of the abnormal gland are also factors 
in the visualization and correlate with its MIBI 
uptake (Fig.  6.10) [100, 101]. Additionally, the 
ectopic disease (Fig. 6.11) may affect the degree 
of visualization and SPECT with or without CT 
is better to be used.

Parathyroid lesions detected by 201Tl scintigra-
phy have been shown to have significantly higher 
numbers of mitochondria-rich oxyphil cells com-
pared with nonvisualized lesions, indicating fur-
ther that the uptake depends in part on the 
metabolic activity of the lesion [102]. Our group 
found that the amount of mitochondria (Fig. 6.11) 
in adenoma cells correlates with the degree of 
uptake [103]. Significant P-glycoprotein or mul-
tidrug resistance-related protein expression was 
reported to limit the sensitivity of MIBI imaging 
in localizing parathyroid adenomas [98].

The protocol for MIBI parathyroid scintigra-
phy varies regarding timing of acquisition, SPECT 
and SPECT/CT. However, the study principle is to 
acquire early and delayed (Figs. 6.12 and 6.13). 
The variable behavior of abnormal parathyroid 
glands is due to the varying ultrastructure of the 
cells, the various combinations of cell types, and 
their biological activity. 123I or pertechnetate thy-
roid imaging for comparison or subtraction is 
only occasionally needed on an individual basis 
(e.g., presence of thyroid nodule). If the presence 
of thyroid pathology is known or suspected clini-
cally, one starts with a thyroid scan to define the 
morphology and localize the thyroid by injecting 
1 mCi99mTc- pertechnetate i.v., and the neck is 
imaged 15 min later.

Tetrofosmin has been also used in a 2-day pro-
tocol using 99mTc-pertechnetate imaging of thy-
roid and single acquisition of 99mTc-Myoview 
next day. Comparing the activity of both scans 
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Tc99m MIBI

Early Delayed

a

c

b
Fig. 6.10 Tc99m 
sestamibi study for a 
patient with 
biochemically proven 
hyperparathyroidism. 
Early images (a) shows 
a focus of increased 
uptake in the region of 
the right lower pole of 
the thyroid gland which, 
in the delayed image 
(b), retains the activity 
(arrow) with clearance 
of thyroid uptake 
consistent with 
adenoma. Surgery was 
performed and the lesion 
was pathologically 
proven to be adenoma. 
Sample was sent for 
electron microscopic 
study. Electron 
microscopic photograph 
(c) of this parathyroid 
adenoma illustrates cells 
packed with 
mitochondria (arrows)

obtained 15 min post injection facilitates detect-
ing focal activity of parathyroid adenomas and 
hyperplastic glands with high accuracy [104].

It was reported that parathyroid scan interpre-
tation by a nuclear medicine physician along with 
an endocrine surgeon resulted in improved accu-
racy of gland localization and lateralization com-
pared to a nuclear medicine physician reading 
alone. This improvement may be due to increased 
awareness of clinical data and head and neck 
anatomy [105].

SPECT/CT has proven to be most accurate 
in localizing parathyroid glands (Fig. 6.14) and is 
currently the recommended procedure. It has 

proven to be a useful tool for preoperative assess-
ment, not only for ectopic glands but also for 
patients with previous neck surgery. It also 
increases reporting confidence for physicians 
[106, 107]. It has been reported to be 94% accu-
rate in detecting parathyroid adenoma and 92% 
in accurate localization [108].

PET has been also investigated for localizing 
parathyroid glands. Initial studies using FDG 
showed conflicting results in imaging the para-
thyroid glands in primary hyperparathyroidism. 
11C-methionine PET was suggested to be more 
promising than FDG in parathyroid localization 
[109]. In a large recent study of 171 patients, 

S. A. Alenezi and A. H. Elgazzar



241

Tc99m MIBI

Early

delayed

a b

c

Fig. 6.11 Ectopic 
parathyroid adenoma 
(arrow) seen on Tc99m 
MIBI study. Early 
whole-body (a) and spot 
images (b, c) with 
retained activity on 
delayed spot image

Early DelayedSS notch marker

Fig. 6.12 99mTc- 
sestamibi study acquired 
15–90 min post injection 
using pinhole collimator. 
The delayed image 
shows differential 
clearance of activity 
from the thyroid gland 
with retained and intense 
uptake by a large 
parathyroid adenoma 
(arrow)
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TC99m MIBI

SS notch marker Early Delayed

Fig. 6.13 Hyperplastic 
parathyroid glands 
(arrows) with persistent 
uptake on delayed 
99mTc-sestamibi image

CT

SPECT

SPECT/CT

Tc99m  MIBI SPECT/CT

Coronal Sagittal Transaxial

a b

c

Fig. 6.14 A 70-year-old male with osteoporosis who is 
on rheumatoid arthritis treatment. He has hypercalcemia 
and high parathyroid hormone (PTH) levels. Tc-99m 
pertechnetate thyroid scan (a) and Tc-99msestamibi pla-
nar (b) with SPECT/CT (c) were performed. The thyroid 
scan (a) is grossly normal with no focal abnormalities. 
There is a focus of increases uptake on early sestamibi 
image (b) in the region of the right lower pole of the thy-
roid which does not show significant washout of activity 

and becomes more prominent on delayed image. There is 
normal washout of activity from the thyroid gland. Based 
on planar images, scintigraphic findings are consistent 
with parathyroid adenoma at the region of the right lower 
pole. Selected SPECT/CT images (c) demonstrate that 
this focal activity is located posterior to the lower pole of 
the right lobe (arrow). Note that SPECT/CT better located 
the lesion as compared to planar imaging

S. A. Alenezi and A. H. Elgazzar



243

18F-fluorocholine (FCH) PET/CT, correctly 
detected 96% and 90%, on a per patient-based 
and per lesion-based analysis, respectively [110].

6.2.10  Atypical Washout 
of Radiotracer

As outlined, the diagnosis of parathyroid tumor 
with MIBI scintigraphy is based on the differen-
tial washout rate between the thyroid and  diseased 
parathyroids. Atypical radiotracer clearance 
whether fast parathyroid or delayed thyroid gland 
washout will limit the efficacy of detection of 
parathyroid disease with dual-phase MIBI scin-
tigraphy as well as using the intraoperative probe.

Early parathyroid washout is frequently seen 
in parathyroid hyperplasia; the detection rate for 
this entity is approximately half of that for para-
thyroid adenoma [92]. Scintigraphy performs 
worse in cases of multisite hyperplasia, in which 
only the most prominent radiotracer-avid gland is 
visualized. In addition, rapid washout from a 
parathyroid adenoma has been attributed, without 
unanimous confirmation, to the histological com-
position of the adenoma [92]. Modifying the 
imaging protocol with additional interval scan-
ning between the standard 15-min and 2–4-h 
acquisitions may be helpful in demonstrating 
rapid washout.

Delayed radiotracer washout from the thyroid 
parenchyma makes dual-phase scintigraphic 
assessment difficult. It was observed that the 
delay varies, and significant washout may not 
occur even several hours after injection of the 
radiotracer. This retention of MIBI occurs in thy-
roid diseases such as multinodular goiter, 
Hashimoto’s thyroiditis, thyroid adenoma, and 
thyroid carcinoma owing to the hypermetabolic 
characteristics of these diseases [93]. Extended 
delayed-phase imaging of MIBI along with in- 
depth clinical examination may be useful in the 
diagnosis of concomitant thyroid and parathyroid 
disease.

As rapid washout and small size of parathy-
roid glands would cause false-negative localiza-
tion studies, several pathologies can also cause 
false-positive studies (Table 6.8).

6.2.11  Intraoperative Probe 
Localization

Localization using intraoperative gamma probe 
has recently gained popularity. The patient is 
injected 2 h before surgery, and the probe is used 
to detect the higher level of activity after explora-
tion by the surgeon. On the day of surgery, the 
patients receive the same dose of MIBI as for 
imaging and is taken to the operating room. Prior 
to skin incision, counts over four quadrants in the 
neck as well as over the mediastinum are obtained 
using a gamma probe.

6.3  Adrenal Gland

6.3.1  Anatomical and Physiological 
Considerations

The adult adrenal glands weigh 8–10  g and lie 
above and slightly medial to the upper pole of 
both kidneys. The outer cortex comprises 90% of 
the adrenal weight, the inner medulla about 10%. 
The cortex is rich with vessels and receives its 
main blood supply from branches of the inferior 
phrenic artery, renal arteries, and the aorta. These 
small arteries form an arterial plexus beneath the 
capsule and then enter a sinusoid system that 
penetrates the cortex and medulla, draining into a 
single central vein in each gland [111].

Histologically, the adult adrenal cortex is 
composed of three zones: an outer zona glomeru-
losa which produces aldosterone, a zona fascicu-
lata, and an inner zona reticularis. The zona 
fasciculata is the thickest layer and produces cor-
tisol and androgens; its cells are large and contain 

Table 6.8 Causes of false-positive MIBI parathyroid 
studies

Lymph nodes
   Supraclavicular
   Axillary
Hyperplastic thymusa

Sarcoidosisb

Carcinoid tumor
Malignant tumors

a Confused with an intrathymic or mediastinal parathyroid 
adenoma
b Thorax

6 Endocrine System



244

more lipid and thus are termed clear cells. The 
zona reticularis produces weak androgens. The 
zonae fasciculata and reticularis are regulated by 
adrenocorticotropic hormone (ACTH).

Cholesterol within the adrenal cortex is the 
starting point for synthesis of multiple adrenal hor-
mones. Therefore, a radioactive cholesterol is use-
ful in evaluating the functional status of 
adrenocortical lesions The adrenal medulla is 
composed histologically of chromaffin cells, 
which are large ovoid columnar cells arranged in 
clumps or cords around blood vessels and sur-
rounded by capillaries and sinusoids. They have 
large nuclei and a well-developed Golgi apparatus; 
they have a large number of granules containing 
 catecholamines. The adrenal medulla also con-
tains some sympathetic ganglia. The cells of adre-
nal medulla are innervated by preganglionic 
sympathetic fibers. Most of the blood supply to the 
hormonally active cells of the medulla is derived 
from a portal vascular system arising from the cap-
illaries in the cortex. There is also a network of 
lymphatics that drain into a plexus around the cen-
tral vein [112]. The adrenals provide adjustment of 
heart performance and vascular tone. Epinephrine 
is found essentially only in the adrenal medulla, 
and constituting greater than 80% of its output. 
Norepinephrine is synthesized by adrenergic neu-
rons and cells of the adrenal medulla; therefore, a 
radioactive norepinephrine analog is used to evalu-
ate adrenomedullary lesions.

6.3.2  Adrenal Cortex

6.3.2.1  Pathophysiology

Primary Aldosteronism (Conn’s Syndrome)
In primary aldosteronism (Conn’s syndrome), 
there is increased production of aldosterone by 
abnormal zona glomerulosa (adenoma or hyper-
plasia) leading to hypertension through the 
increased reabsorption of sodium and water from 
the distal tubules. A benign adenoma accounts 
for 75% of cases of this syndrome; it is usually 
small, ranging from 0.5 to 1.5 cm in diameter. It 
is more common in women than in men (3:1) and 
usually occurs between the ages of 30 and 

50 years. Bilateral, or rarely unilateral, micro- or 
macronodular adrenal hyperplasia accounts for 
most of the remaining cases. Two types of famil-
ial hyperaldosteronism have recently been identi-
fied: Type I is glucocorticoid suppressible and 
associated with bilateral hyperplasia, and type II 
is associated with adrenocortical adenoma. 
Adrenal carcinoma is a very rare cause of this 
syndrome. The patients typically come to medi-
cal attention because of clinical signs of hypoka-
lemia or detection of previously unsuspected 
hypertension during the course of a routine phys-
ical examination. The diagnosis is principally a 
biochemical one (low plasma renin activity and a 
high level of aldosterone); imaging is required to 
localize the lesion and identify its multiplicity. 
The diagnostic information provided by CT or 
MRI in localizing adenomas is both accurate and 
practical, and they are the initial approach of 
choice. Some smaller adenomas which are not 
clearly visualized by CT can be depicted by 
scintigraphy.

Cushing’s Syndrome
The most common pathological cause of this 
syndrome is the stimulation of the zona fascicu-
lata by excess ACTH from the pituitary gland 
(Cushing’s disease) or, less commonly, the ecto-
pic production of ACTH (as in small cell lung 
cancer and neural crest tumors) or corticotropin- 
releasing factor (CRF) (as in bronchial carcinoid 
and prostate cancer). Stimulating this zona may 
lead to bilateral adrenocortical hyperplasia, 
which is nodular in 25% and diffuse in 75% of 
cases. Cushing’s syndrome may also be due to 
autonomous adrenal cortisol production (30–
40% of cases) due to adrenal adenoma or hyper-
functioning adrenal carcinoma. ACTH-induced 
Cushing’s disease is more common in adults 
(25–45  years) and is at least three times more 
common in women than in men. Cushing’s dis-
ease resulting from ectopic ACTH secretion is 
more common in older adults, particularly men. 
Adrenal tumors rather than pituitary tumors are 
more common in children, especially girls. 
Twenty percent of nonfunctional adrenocortical 
carcinomas tend to be highly malignant, with 
weights exceeding 1 kg.
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Hyperandrogenism
Hyperandrogenism can be the result of hyperse-
cretion of androgens (causing virilization) or 
estrogens (causing feminization) from the zona 
reticularis of the adrenal cortex by primary adre-
nocortical hyperplasia and rarely by adrenal 
tumors, though the most common cause of this 
syndrome is polycystic ovary disease (POD). In 
POD, the chronic anovulation associated with 
increased circulating LH levels results in 
increased ovarian stromal stimulation, which 
leads to increased ovarian androgen production. 
A testosterone-secreting adrenal adenoma may 
contain the crystalloids characteristic of Leydig’s 
cells [113].

6.3.2.2  Scintigraphy

Radiolabeled Cholesterol Analogs
NP(131I-7-iodomethyl-19-norcholesterol)-59 
(NP-59) is the classic nuclear medicine study 
used to evaluate some disease processes related 
to the adrenal cortex. Its main uses are docu-
mented cases of adrenal excess secretion and 
negative or equivocal CT or MRI findings. This 
radiopharmaceutical is a cholesterol analog that 
is bound to and transported by low-density lipo-
proteins (LDL) to specific LDL receptors on 
adrenocortical cells; therefore, endogenous 
hypercholesterolemia may limit the number of 
receptors available for radiocholesterol localiza-
tion through competitive inhibition. Once liber-
ated from LDL, NP-59 is esterified but is not 
further converted to steroid hormones [114]. This 
scan should be done only on patients with clini-
cally hyperfunctioning adrenal cortex verified by 
lab results, CT, or MRI.

Patient Preparation
 1. Suppression of normal adrenal cortex is 

achieved by oral administration of 1 mg dexa-
methasone q.i.d. beginning 7 days before and 
for the duration of the study. This is not 
required in patients with hypercortisolism.

 2. Stop diuretics, spironolactone, and antihyper-
tensive drugs, if feasible for at least 48 h.

 3. Saturated solution of kalium iodide (SSKI) is 
given orally in a dose of one drop t.i.d. start-

ing 2 days before and continuing for 14 days 
to suppress the thyroid uptake of free radioio-
dine. Patients allergic to iodine can take potas-
sium perchlorate (200  mg every night after 
meals), starting 1  day before injection of 
NP-59, for 10 days.

 4. A laxative should be given starting 48 h prior 
to imaging and continuing till final imaging 
to diminish bowel activity. Enemas may be 
required. The dose of 131I-NP-59 is 1 mCi, to 
be strictly injected i.v. through a secured i.v. 
line over 2  min. NP-59 background clear-
ance and accumulation in the adrenals occur 
slowly, but by day 5, accumulation in the 
normal adrenals is greater than in other 
organs. Suppressed patients should be 
imaged on days 3, 4, 5, and 7. If the adrenals 
are not seen by day 7, dexamethasone should 
be stopped and the patient imaged on day 10; 
nonsuppressed patients are imaged on days 5 
and 7. Anterior and posterior projections of 
the adrenals are obtained; in case of hyperan-
drogenism, the pelvis and genitalia should be 
included.

The normal distribution is seen in the liver, 
gallbladder, and colon. In 90% of cases, the 
right adrenal gland is more cephalad and deeper 
than the left adrenal gland. In two-thirds of nor-
mal subjects, the activity in the right adrenal 
appears greater than that in the left in the poste-
rior projection; this is because the right adrenal 
occupies a more posterior location than the left 
adrenal. In some instances, the gallbladder can 
be confused with the right adrenal. In the lateral 
view, the gallbladder is located anteriorly. In 
difficult cases, cholecystokinin can clear the 
gallbladder activity. Interfering colonic activity 
can be reduced by cathartics. Although count 
rates are low, single photon-emission computed 
tomography (SPECT) can be performed and 
may separate adrenals from gut and liver 
activity.

In primary aldosteronism, early unilateral 
increased uptake indicates adrenal adenoma, 
whereas bilateral increased uptake suggests bilat-
eral adrenal hyperplasia. Pituitary ACTH- 
producing adenoma or ectopic ACTH secretion 
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can result in bilateral adrenal hyperplasia mani-
fested by bilateral symmetric increased uptake, 
with ectopic causes producing more uptake of 
NP-59; this pattern may be asymmetric in the 
macronodular form of hyperplasia. Adrenal ade-
noma causes unilateral increased uptake, whereas 
adrenocortical carcinoma gives rise to bilateral 
nonvisualization. In hyperandrogenism, early 
bilateral uptake is compatible with hyperplasia, 
and early (<5 days) unilateral uptake or markedly 
a symmetric visualization is indicative of adrenal 
adenoma.

Positron Emission Tomography Imaging
Since adrenal adenomas are relatively common 
(2–9%) in the general population, incidental 
detection of adrenal lesions poses a diagnostic 
challenge, particularly in patients with a previous 
clinical history of malignancy [115, 116].

CT is used as the first-line diagnostic modality 
for screening and determining the nature of the 
adrenal lesions, and MRI is often performed to 
further characterize indeterminate masses seen 
on CT. 18F-FDG PET can help in differentiating 
malignant from benign adrenal lesions in patients 
with proven malignancy or in patients with inci-
dentally detected adrenal tumors on CT or MRI 
studies [116–118]. However, some adenomas 
show increased FDG tracer uptake similar to can-
cer and some do not. It has been suggested that 
the functional state of an adenoma is a factor 
determining the intensity of uptake, with 18F-FDG 
uptake being increased in functioning adrenal 
masses [119]. SUV value can help differentiate 
adrenal cortical adenomas from adrenal cortical 
carcinomas [118].

Specific inhibitors of adrenal steroidogene-
sis, etomidate and metomidate, have recently 
been used to develop suitable PET tracer. These 
molecules seem to be suitable as in vivo tracers 
for specific visualization of the normal adrenal 
cortex and positive identification of adrenocor-
tical tumors. To date adrenocortical radiocho-
lesterol scintigraphy has been shown to be the 
most accurate noninvasive imaging technique 
in differentiating benign cortical adenomas 
from space-occupying or destructive adrenal 
lesions.

6.3.3  Adrenal Medulla

6.3.3.1  Pathophysiology
Neuroendocrine tumors are a heterogeneous 
group of usually slow-growing tumors that 
arise from neuroendocrine cells from various 
organs, including adrenal in addition to lung, 
thymus, thyroid, stomach, duodenum small 
bowel, large bowel, appendix, pancreas, and 
skin (see Chap. 12).

Pheochromocytoma
Pheochromocytoma is a rare tumor arising from 
chromaffin cells of the adrenal medulla. Most 
pheochromocytomas produce excessive amounts 
of norepinephrine, attributable to autonomous 
functioning of the tumor, although large tumors 
may secrete both norepinephrine and epinephrine 
[120] and in some cases also dopamine. The 
release of catecholamine into the circulation 
causes hypertension, tremor, tachycardia, and 
other signs. Other catecholamine-producing 
tumors (e.g., chemodectoma and ganglioneu-
roma) may also cause a syndrome similar to that 
seen with pheochromocytoma. Furthermore, they 
may also produce some active peptides such as 
somatostatin, ACTH, and calcitonin.

Pheochromocytomas vary in size from less 
than 1 g to several kilograms; in general, they 
are small, most weighing under 100 g. They are 
vascular tumors, tend to be capsulated, and 
commonly contain cystic or hemorrhagic areas. 
The cells tend to be large and contain typical 
catecholamine storage granules. Multinucleated 
cells, pleomorphic nuclei, mitosis, and exten-
sion into capsule and vessels are sometimes 
seen but do not indicate that the tumor is malig-
nant. The chromogranin existing within secre-
tory granules in the tumor tends to form 
Zellballen (cell balls); these structures are sur-
rounded by sustentacular cells. Five to ten per-
cent of cases are malignant, and malignancy is 
determined by the only biological behavior of 
the tumor. It is estimated that 0.1% of hyperten-
sive patients have pheochromocytoma. More 
than 90% of patients with pheochromocytoma 
exhibit hypertension, which is sustained in two-
thirds of patients. These tumors are observed 
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more frequently in women than in men and at all 
ages, including infancy; they are most common 
in the fifth and sixth decades [120].

Although most patients with functioning 
tumors have symptoms (sweating, palpitation, 
headache, dyspnea, and anxiety), most of the time, 
these vary in intensity, and in about half of the 
patients, they are paroxysmal. Pheochromocytomas 
are usually sporadic, but about 10–20% of cases 
are familial and arise alone or as part of several 
hereditary syndromes including multiple endo-
crine neoplasia (MEN) type IIa and type IIb, neu-
roectodermal disorders (tuberous sclerosis, von 
Hippel–Lindau disease, and neurofibromatosis 
type I), Carney’s syndrome (pulmonary chon-
droma, gastric epithelioid leiomyosarcoma, and 
paraganglioma), and McCune–Albright syn-
drome. Pheochromocytoma can be found any-
where in the sympathetic nervous system from the 
neck to the sacrum; it is subdiaphragmatic in about 
98% of cases. In 85–90% of these cases, it is found 
in the adrenal medulla. In sporadic cases of pheo-
chromocytoma, 80% of the tumors are unilateral, 
10% bilateral, and 10% extra-adrenal (paragangli-
oma). In contrast, two-thirds of those occurring in 
the context of MEN are bilateral. In children, it is 
extra-adrenal in 30% of cases. These extra-adrenal 
locations are para-aortic sympathetic chain (8%), 
organ of Zuckerkandl at origin of the inferior mes-
enteric artery (2–5%), and gonads, scrotum, and 
urinary bladder (1%). Fewer than 10% of these 
tumors are malignant and metastasize by lym-
phatic or hematogenous routes; metastases are 
usually found in the skeleton, liver, lymph nodes, 
and lungs [121]. The differential diagnosis 
includes thyrotoxicosis, migraine, sympathomi-
metic drug use, menopausal hot flushes, and anxi-
ety disorders. Patients with persistent symptoms 
and hypertension may develop complications such 
as nephropathy, retinopathy, myocardial infarc-
tion, cerebrovascular accidents, and congestive 
heart failure.

The diagnosis is confirmed by assay of cate-
cholamines and their metabolites, followed by 
MRI or CT to localize the lesion; predominant 
production of epinephrine, when present, sug-
gests an adrenal location. Dopamine excretion is 
a sensitive indicator of tumor aggressiveness, and 

a rising plasma or urinary dopamine level is 
regarded as a poor prognostic indicator.

MRI is somewhat more successful in locating 
extra-adrenal tumors and has the advantage of 
providing bright images of pheochromocytoma 
with T2 weighting in contrast to most other adre-
nal tumors. Only the smallest tumors or those 
shielded by clips and other metal objects from 
previous surgery cannot be detected; in these 
cases, an MIBG study is indicated.

Neuroblastoma
Neuroblastoma is a malignant tumor of the sym-
pathetic nervous system, accounting for up to 
10% of childhood cancers and 15% of cancer 
deaths among children. Seventy-five percent of 
neuroblastoma patients are younger than 4 years. 
The tumor is usually more than 5 cm in the larg-
est diameter and tends to extend across the mid-
line; it has the potential to mature into 
pheochromocytoma or ganglioneuroma. 
Metastases are the first manifestation in up to 
60% of cases. The electron microscopic appear-
ance of NB cells is distinctive. The malignant 
neuroblasts exhibit peripheral dendritic processes 
containing longitudinally oriented microtubules, 
neurosecretory granules, and filaments in the 
cytoplasm. Neuroblastomas readily infiltrate the 
surrounding structures and metastasize to the 
regional lymph nodes, liver, lungs, and bones; 
metastases to the orbit may result in proptosis 
[122]. Areas of necrosis, hemorrhage, calcifica-
tion, and cystic changes are frequently present. 
Around one-third of cases are found in the adre-
nal gland, another third in other abdominal sites, 
and 20% in the posterior mediastinum. More than 
90% of these tumors produce catecholamine in 
excess, but they rarely cause typical clinical syn-
dromes. Severe diarrhea may be caused by secre-
tion of vasoactive intestinal peptides by the 
neuroblastoma.

Ganglioneuroma
Ganglioneuroma is a benign tumor found in older 
children and young adults, with no sex predilec-
tion. Forty percent of the patients are over 
20 years of age. Up to 30% of these tumors occur 
in the adrenal medulla and 43% in the posterior 
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mediastinum. Histologically, the tumor consists 
of mature ganglion cells and is well encapsu-
lated; it is frequently calcified and rarely hor-
mone active.

6.3.3.2  Scintigraphy

Metaiodobenzylguanidine
Metaiodobenzylguanidine (MIBG) is a guanethi-
dine analog chemically similar to noradrenaline. 
Following i.v. injection, MIBG is rapidly cleared 
from the vascular compartment; however, a small 
amount remains in the thrombocytes. It localizes 
in storage granules of adrenergic tissue (referred 
to as synaptosomes) by means of energy- and 
Na-dependent mechanisms (type 1), and it is not 
metabolized to any appreciable extent. Neural 
crest tumors have these synaptosomes in 
abundance.

Preparation. The patient should be given 
Lugol solution orally (3 drops b.i.d. for 4–5 days, 
starting 2 days before injection to block the thy-
roid uptake of free 131I. The patient should stop 
taking reserpine, imipramine, calcium channel 
blockers, cocaine, labetalol, amphetamine-like 
drugs, and others.

The dose of 131I-MIBG is 0.5–1.0  mCi and 
results in a radiation dose of 50–100 rads/mCi to 
the adrenal medulla. The dose of 123I-MIBG is 
3–10 mCi, with a radiation dose of 0.80 rads/mCi 
to the adrenal medulla. The normal distribution 
of 123I-MIBG is to the salivary gland, liver, uri-
nary bladder, gastrointestinal tract, lung, myocar-
dium, normal adrenal gland, thyroid, spleen, and 
uterus [123–126]; in small children, uptake may 
also be seen in the nape of the neck, which is cur-
rently believed to be related to accumulation in 
brown adipose tissue [127].

Eighty-five percent of the injected dose is 
excreted unchanged by the kidneys. Imaging is 
performed at 24 and 48  h after injection of 
131I-MIBG and at 6 and 24  h after injection of 
123I-MIBG (Fig.  6.15). When SPECT is used 
(Figs.  6.16 and 6.17), increased certainty is 
achieved in interpreting the studies [124]. It is 
worthy of mention that 123I is better than 131I, 

Fig. 6.15 A 32-year-old male with suspected pheochro-
mocytoma. Anterior 123I-MIBG whole-body image with 
different intensity is shown. There is increased uptake at 
the supraclavicular region bilaterally. This pattern is due 
to uptake by brown fat. The remainder of the study shows 
also physiological distribution of the radiotracer with no 
abnormalities

Fig. 6.16 Representative coronal images from a SPECT 
131I-MIBG study for a patient with neuroblastoma, show-
ing metastases to the spine (arrows)
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Fig. 6.17 A planar (a) and SPECT (b) 131I-MIBG study and a CT section of a patient with a large pheochromocytoma 
(arrows)

especially in the pediatric population, because of 
the lower radiation exposure to the adrenals in 
addition to the superior image quality of the for-
mer. The sensitivity of 131I-MIBG in pheochro-
mocytoma is 80–90% and specificity is more 
than 90%; positive MIBG uptake in benign soli-
tary pheochromocytoma occurs in about 90% of 
patients [128]; tumors as small as 1–2  cm in 
diameter were detected especially with 123I [129].

Moreover, metastatic and recurrent tumors 
can also be located (Figs. 6.17 and 6.18). Adrenal 
medullary hyperplasia found in MEN IIa is diffi-
cult to diagnose with CT or MRI. MIBG scintig-
raphy is uniquely suited to detect this condition. 
Occasionally, however, some large tumors are 
not visualized because of extensive tumor 
necrosis.

MIBG is localized in other neuroendocrine 
tumors to a lesser degree, including carcinoid, 
medullary thyroid carcinoma, and paragangli-
oma. Indium-111 octreotide (a somatostatin ana-
log) is less accurate in the detection of 
pheochromocytoma, probably due to normal 
physiological uptake in the liver, spleen, and kid-

neys and blocking of somatostatin receptors by 
endogenous somatostatin.

Radiolabeled MIBG imaging is now a well- 
established examination in the diagnostic evalua-
tion of neuroblastoma. 123I is preferred especially 
in pediatric patients (dose 3–5  mCi) due to its 
favorable dosimetry and superior image quality; 
scintigraphy can be performed as early as 4  h 
after injection. Elevated catecholamine levels are 
not necessary for the detection of NB by 
MIBG. The sensitivity of MIBG in NB is 91%. 
Somatostatin analog scintigraphy has been 
reported to visualize MIBG-negative tumor sites 
in patients with NB. MIBG is essentil [130] as a 
prelude to 131I-MIBG therapy. In the follow-up of 
the patients with high-risk neuroblastoma, 
SPECT/CT MIBG has been found to improve 
significantly the imaging interpretation and pro-
vides positive impact on patient management 
[131]. Recently, the use of low-dose 124I-MIBG 
PET/CT for monitoring neuroblastoma in chil-
dren and evaluating tumor burden showed better 
tumor detection capability compared to 
123I-MIBG planar imaging and SPECT/CT [131]. 
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Fig. 6.18 123I-MIBG whole body (a, b) of a patient with 
known pheochromocytoma who was referred for back 
pain. The study shows a focal area of increased uptake in 
the midline of the abdomen. Forty-eight hours spot image 
(c) was acquired, and 99mTc-DTPA study (d) was also 
obtained for comparison and lesion appeared away from 

the kidneys. The study was correlated with 99mTc-MDP 
spot images of the thoracolumbar spine (e) which showed 
questionable focal abnormality in the midlumbar spine 
corresponding to the location of I-123 abnormal uptake. 
MRI (f) and CT (g) scans were obtained and show a lesion 
in L-3 representing metastatic pheochromocytoma

24h

Anterior Posterior Anterior Posterior

48h
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Other PET agents are also being used since 
approximately 10% of the neuroblastomas are 
non MIBG avid [132].

Indium-111 Octreotide
In healthy human beings, somatostatin, a natural 
neuropeptide, is produced in various tissues, 
including the nervous system, endocrine pan-
creas, and gastrointestinal tract. Somatostatin 
inhibits the secretion of several hormones, most 
importantly GH and TSH.

Neuroendocrine (including adrenal medulla) 
and non-neuroendocrine organs have surface 
receptors that bind to somatostatin. Octreotide, a 
somatostatin analog with a half-life of 120 min, 
is used to evaluate the tumors that contain these 
receptors, in which case it binds to somatostatin 
receptor subtypes 2 and 5. Among these tumors 
are pheochromocytoma, neuroblastoma, para-
ganglioma, and others including pancreatic 
tumors and carcinoid.

Octreotide is usually tagged with 111In 
(Fig. 6.19), although 123I has also been used in 
the past. It is recommended that octreotide ther-
apy be withheld for at least 72  h prior to the 
injection of the radiopharmaceutical. Following 
i.v.  injection of a standard dose of 6 mCi, static 
images are obtained at 4 and 24 h (Fig. 6.19). 
SPECT images through the region of interest 
are then obtained at 4 h and at 24 h if needed. 
This radiopharmaceutical is excreted via glo-
merular filtration. In a normal patient, octreo-
tide activity is identified in the thyroid, kidneys, 
liver, spleen, pituitary, gallbladder, and, to a 
lesser extent, the bowel on delayed images. The 
kidney and spleen receive the highest absorbed 
dose. A focal area of intense early radiotracer 
uptake is considered to be pathological, indicat-
ing primary neoplasm or metastasis. A false-
negative scan is seen in cases where the tumor is 
small, has few somatostatin receptors, or both. 
111In-octreotide scanning is highly sensitive for 

e
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Fig. 6.18 (continued)
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Fig. 6.19 Normal distribution of In-111 pentetreotide 
includes intense uptake in the spleen as well as uptake in 
the liver and activity in the kidneys and urinary bladder. 
Bowel activity is seen usually at 24 h. The pituitary and 
the thyroid glands may be faintly visualized. Biliary 
excretion of the tracer occurs with occasional visualiza-
tion of the gallbladder. Note that the right kidney is 
smaller than the left in this case

detecting tumors greater than 1.5 cm. Since the 
expression of somatostatin receptors in neuro-
blastomas is variable with less receptors in more 
advanced disease, an accurate sensitivity of 
111In-octreotide is not readily definable. In chil-
dren, several studies have compared 
111In-octreotide with MIBG scintigraphy for 
imaging neuroblastoma; the sensitivity of the 
former ranged from 55 to 70% and that of the 
latter 83–94% [133–137]. Several studies 
reported MIBG-negative tumor sites detected by 
111In-pentetreotide in patients with neuroblasto-

mas [133–137]. High affinity of octreotide for 
the MIBG-negative neuroblastoma cell line has 
been found. Tenenbaum et al. recommended the 
use of octreotide to detect somatostatin recep-
tors when results from MIBG scans are negative 
[134]. Pashankar suggested that neuroblastoma 
can be imaged by either 111In-octreotide or 
MIBG depending on local expertise, as they 
have a complementary role in the initial diag-
nostic workup particularly since 111In-octreotide 
additionally correlates with prognosis [136] 
(Figs. 6.20 and 6.21).

111In-octreotide is currently the agent of choice 
for nuclear medicine imaging of head and neck 
paraganglioma, though it is insensitive for lesions 
less than 1 cm. The recent introduction of SPECT/
CT has greatly improved the sensitivity of 
111In-octreotide scintigraphy [138].

It was suggested that 111In-DTPA-D-Phe-1- -
octreotide might be useful for radiation therapy 
of patients with surgically incurable tumors hav-
ing high somatostatin receptor densities such as 
carcinoid [139].

Positron Emission Tomography Imaging
PET has been used to evaluate adrenal masses. 
The higher spatial resolution of PET scanners 
(Figs. 6.22, 6.23, and 6.24) enables the detec-
tion of small tumors not seen with 
123I-MIBG.  Malignant adrenal tumors can be 
detected with FDG PET, but its use in these 
cases is limited due to the low specificity. FDG 
PET/CT can help detect certain malignant 
lesions particularly the minority which are not 
detected by MIBG. 11C-hydroxyephedrine, the 
first available positron-emitting tracer of the 
sympathetic nervous system, was found useful 
in the detection of pheochromocytomas, with a 
high level of accuracy [141]. Its uptake reflects 
catecholamine transport and storage and neu-
ronal reuptake. In detecting metastatic pheo-
chromocytomas, (18F) dopamine was found to 
be a superior to 131I-MIBG [142–144]. PET 
imaging is used for the detection, localization, 
staging, and follow-up of neuroendocrine 
tumors. It can also be used to determine SSTR 
status of the tumor and for selecting patients 
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Fig. 6.20 111In-octreotide imaging study obtained at 4 
(a), 24 (b), and 48 (c) h after i.v. injection of 6 mCi of the 
radiopharmaceutical. The images illustrate—in addition 
to the foci of metastatic carcinoid to the liver—the physi-
ological uptake in the liver, spleen, kidneys, bowel, and 

urinary bladder. Note that delayed imaging (c) and/or 
SPECT may be needed to differentiate physiological 
activity such as in the bowel from true disease (arrow) 
such as in this case

with metastatic disease for SSTR radionuclide 
therapy with Lutetium-177 (Lu-177)- or 
Yttrium-90 (Y-90)-labeled somatostatin 
analogs. 68-Ga-DOTATATE and 64- 
Cu-DOTATATE are radiolabeled somatostatin 
analogs for the diagnosis and pretreatment 
evaluation of neuroendocrine tumors with PET.

PET imaging with Ga-68 DOTA peptides is 
more accurate and detects more lesions than 
Octreoscan in carcinoid tumors and other neuro-
endocrine tumors [142]. Figures  6.22 and 6.23 
illustrate normal and abnormal Ga-68 DOTA 
TATE studies.

6.3.4  Incidental Adrenal Mass

Incidental detection of adrenal lesions is a diag-
nostic challenge since adrenal adenomas are rela-
tively common (2–9%) in the general population. 
This is particularly important in patients with a 
previous clinical history of malignancy. Incidental 
adrenal lesions are detected in about 2–5% of 
contrast-enhanced abdominal CT examinations 
making the diagnosis of adrenal incidentaloma a 
common clinical problem [145]. In these cases, 
the patients should be screened for pheochromo-
cytoma clinically and biochemically. Adrenal 
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incidentalomas are uncommon in patients 
younger than 30 years but increase in frequency 
with age; they occur equally in males and 
females. Adrenocortical adenoma accounts for 
36–94% of incidentalomas detected in patients 
without a history of malignancy [145]. Only 
about 10% of incidental adrenal masses are func-
tional [145]. Accordingly, NP-59 would not be an 
appropriate radiotracer for adrenal incidentaloma 
because 90% of adrenal masses cannot incorpo-
rate NP-59 in their cells. Metomidate is an inhibi-
tor of 11ß-hydroxylase, a key enzyme in the 
biosynthesis of cortisol and aldosterone by the 
adrenal cortex. 11C-metomidate is a promising 
PET tracer to identify incidentalomas of adreno-
cortical origin [146]. Khan et al. reported on the 
value of 11C-metomidate in evaluation of adreno-
cortical cancer [147].

FDG PET/CT can help detect certain malig-
nancy in adrenal incidentalomas particularly when 
they occur in patients with known  extra- adrenal 
malignancies. The prevalence of adrenal metasta-
ses discovered by FDG PET/CT has been reported 
to be as high as 9.9% in several studies. The 
upstaging resulting from FDG PET/CT can play 
an important role in modifying the plans of thera-
peutic strategies. In some patients, the adrenal 
metastasis can be the first manifestation of a can-
cer [148]. It should be noted that functional adre-
nal adenomas (cortisol secreting was the highest) 
may show increased FDG uptake in comparison to 
the nonfunctional adrenal masses [149].

Fig. 6.21 Fifty-three-year-old female presented with car-
cinoid symptoms for 6  months. She was found to have 
metastatic disease to the liver and pancreas. In-111 pente-
treotide anterior and posterior whole-body planar images 
at 24 h. Images reveal multiple foci of increased activity 
in the liver and abdomen consistent with SSTR-positive 
metastatic disease. SPECT/CT would better locate the 
abdominal disease

a b

Fig. 6.22 (a, b) Transverse images obtained in a patient 
with multiple endocrine neoplasia type 2 and an increase 
in urinary catecholamine levels. A CT image shows bilat-
eral adrenal tumors (arrows) and a 2-cm-diameter tumor 
on the right side and a 4-cm-diameter tumor on the left 

side adrenal lesions (arrows). HED PET image (b) shows 
intense uptake in both. Surgery revealed bilateral pheo-
chromocytomas. (From Anderson et  al. [140] with 
permission)
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Fig. 6.23 Normal distribution of Ga-68 DOTA peptides 
includes intense uptake in the spleen with uptake in the 
pituitary gland, liver, adrenals, and pancreatic head and 
activity in the kidneys, bowel, and bladder. Salivary and 

thyroid glands show mild uptake. The prostate gland and 
breast glandular tissue may show diffuse low uptake. 
Physiological uptake in the pancreatic head may mimic 
focal tumor. Uptake in adrenals may be prominent
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Fig. 6.24 Scintigraphic studies for a 74-year-old woman 
with duodenal 1 cm polyp, grade 1 carcinoid tumor, for 
staging. Ga-68 DOTANOC PET/CT whole-body MIP (a) 
and selected transaxial CT, PET, and PET/CT fusion 
images of the abdomen (b) and head (c) are shown. There 
is a focal uptake in the duodenal carcinoid (arrow) which 
is higher than liver activity. Incidentally, focal uptake is 
also seen in the left frontal region due to benign meningi-

oma and markedly and heterogeneously increased uptake 
in the enlarged left thyroid lobe which can be due to med-
ullary thyroid carcinoma, well-differentiated thyroid car-
cinoma, or carcinoid metastases. Physiological uptake is 
seen in the pituitary gland, right thyroid lobe, liver, spleen, 
both adrenal glands, pancreatic head, and bowel with 
excreted activity in the kidneys and bladder
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