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Hyperthyroidism and Thyrotoxicosis

Vahab Fatourechi

Introduction

The term thyrotoxicosis applies to a clinical condition result-
ing from increased thyroid hormone concentration and
action. When the clinical condition is diagnosed by appropri-
ate laboratory tests, the etiology should be determined. A
high radioiodine uptake of thyroid will usually indicate
either a very common condition called Graves’ hyperthy-
roidism or a very uncommon TSH-secreting pituitary ade-
noma. A very low uptake or no uptake will indicate
destructive thyroiditis, iodine-induced hyperthyroidism, or
very rare cases of extra-thyroidal thyroid hormone produc-
tion or exogenous thyroid hormone intake. Normal radioac-
tive thyroid uptake can occur in mild Graves’ hyperthyroidism
or in multinodular toxic goiter and toxic adenoma.
Management should be problem oriented and should depend
on the etiology. Antithyroid medications, surgery, or radioac-
tive iodine therapy can be used for high uptake types, and
symptomatic therapy can be used for destructive thyroiditis.
Todine-induced hyperthyroidism will respond to antithyroid
medications and elimination of exogenous iodine.

When the etiology is related to increased rate of thyroid
hormone synthesis, the term hyperthyroidism is applicable.
Thyrotoxicosis can also result from a destructive process in
the thyroid resulting in unregulated excess release of stored
thyroid hormones without increased production [1, 2]. The
thyrotoxicosis syndrome may also be due to exogenous
source either iatrogenic or factitious. Hyperthyroidism is
considered subclinical if TSH is low with normal FT4 and
FreeT3. In this case hypothalamus—pituitary axis senses the
excess, and the negative feedback mechanism results in sup-
pressed or abnormally low thyrotrophic hormone (TSH).
Thus it can be argued that this is a biochemical definition
rather than a clinical one. Subclinical hyperthyroidism may

V. Fatourechi (<)

Endocrinology, Metabolism and Nutrition, Mayo Clinic College of
Medicine, Rochester, MN, USA

e-mail: Fatourechi.vahab@mayo.edu
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be symptomatic or asymptomatic but in either case could
have adverse effects [3]. In the United States, subclinical
hyperthyroidism is more common (0.7%) than clinical
hyperthyroidism (0.5%), however much less common than
subclinical hypothyroidism (3—10%). If biologic activity of
thyroid hormones is reduced such as in thyroid hormone
resistance [4], increased peripheral thyroid levels do not
result in thyrotoxicosis syndrome.

Thyrotoxicosis is a syndrome with many diverse etiologies
[1]. When clinical symptomatology along with biochemical
findings establishes excess thyroid hormone effect, diagnos-
tic measures should be directed at finding the specific etiol-
ogy, since management and therapy will depend on the
etiology. Graves’ hyperthyroidism is the most common cause
of hyperthyroidism in the United States. Toxic multinodular
goiter and toxic adenomas are the next common causes.
Nodular toxic goiter is more common in older individuals and
in geographic areas with historical iodine deficiency [5].
Inappropriate excess thyroxine (T4) therapy or T4 suppres-
sive therapies for follicular cell-derived thyroid cancer are
also common causes of subclinical hyperthyroidism.

The first step after establishing the diagnosis of thyrotoxi-
cosis syndrome, if not contraindicated because of pregnancy
or lactation, is to obtain a radioactive iodine uptake of thy-
roid. High radioactive iodine uptake (RAIU) in iodine-
sufficient areas is consistent with Graves’ hyperthyroidism
and very rarely TSH-producing pituitary adenoma or tropho-
blastic disease. Occasionally toxic nodular goiter may have
mildly elevated uptake, but usually uptake is normal and
sometimes low [6]. In Graves’ disease degree of elevated
uptake is usually proportional to the severity of Graves’ dis-
ease; subclinical cases may have normal uptake. Very low
and near-zero RAIU is consistent with silent thyroiditis, sub-
acute thyroiditis, postpartum thyroiditis, iodine-induced
hyperthyroidism, drug-induced hyperthyroidism, or any
cause of hyperthyroidism after iodine contrast studies or
excess exogenous iodine consumption. Normal RAI uptake
can be associated with mild or subclinical hyperthyroidism
of Graves’ disease or nodular toxic goiter.

F. Bandeira et al. (eds.), Endocrinology and Diabetes, https://doi.org/10.1007/978-3-030-90684-9_1
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Hyperthyroidism associated with Graves’ disease is an
autoimmune condition in which the pathogenesis of
hyperthyroidism is stimulation of TSH receptors by TSH
receptor antibodies (TRAB) [7]. Pathogenesis of extra-
thyroidal manifestations such as ophthalmopathy and der-
mopathy is less clear. Interaction of TRAB with TSH
receptors in non-thyroidal tissues is important in the
pathogenic process [7, 8].

Recently published 2016 American Thyroid Association
(ATA) guidelines for the management of various types of
thyrotoxicosis conditions are an excellent source since rec-
ommendations are problem oriented [2].

Presentation of Thyrotoxicosis State

Thyrotoxicosis usually presents with weight loss despite an
increased appetite. Common symptoms are also palpita-
tions, decreased exercise tolerance and dyspnea, nervous-
ness, heat intolerance and excessive sweating, tremor,
irritability, sleep disorder, and muscle weakness of varying
degrees. In older individuals hyper-stimulation and adren-
ergic symptoms are less marked, and patients may be apa-
thetic and complain of fatigue, weight loss, and muscle
weakness, or the disease may present with cardiac findings
such as atrial fibrillation or heart failure. Increased appetite
may be absent in the older patients who often have anorexia.
In younger patients occasionally increased appetite may
prevent weight loss, and in a few cases, even weight gain is
reported [9]. Pedal edema can be present without heart fail-
ure because of vasodilation. Gynecomastia may be present
in severe cases. Diarrhea is a feature but most patients may
have only more frequent bowel movements. In the case of
Graves’ disease, an enlarged firm thyroid may be present,
but some patients have normal size thyroid. In Graves’ dis-
ease continuous bruits over thyroid may be audible, and
flow murmur of carotid or venous hum may also be present
[10]. Onset of symptoms in Graves’ disease is subacute
over weeks, or months, whereas in multinodular toxic goi-
ter, it is slow and subtle over a longer period of time [10].
In the latter a palpable nodular goiter is present or may
become visible after weight loss. Graves’ disease may pres-
ent with extra-thyroidal manifestations such as ophthal-
mopathy and dermopathy. Thyrotoxicosis may precede
extra-thyroidal manifestations, occur simultaneously, or in
some cases may develop later [7, 11]. Mild stare of the eyes
may be present in severely thyrotoxic patients who do not
have ophthalmopathy but is not a prominent sign in my
experience. Thyroid dermapothy in Graves’ disease is usu-
ally a later manifestation and is associated with ophthal-
mopathy and high level of autoimmunity [12].

Clinical Presentations of Thyrotoxicosis
Mimicking Other Conditions

Severe proximal muscle weakness in individuals older than
age 50 may result in neurology referral before diagnosis is
made. Also, in the same age group, atrial fibrillation or con-
gestive heart failure may result in cardiology consultation.
Symptoms of thyrotoxicosis are similar to anxiety disorder,
and diagnosis is missed if thyroid dysfunction is not consid-
ered. In cases of postpartum thyroiditis 2-3 months after
childbirth, symptoms in the mother can be attributed to poor
sleep and newborn care, and thyroid diagnosis is often over-
looked. Elderly patients commonly present with apathetic
form and do not have the usual hyper-stimulated features.
Thus diagnosis may be missed and malignancy or depression
may be suspected. In patients presenting with diarrhea and
weight loss, malabsorption or gastrointestinal conditions will
be in the differential diagnosis. Some patients may have hyper-
calcemia, and differential diagnosis of hypercalcemia initially
may be a consideration before correct diagnosis [6, 10].

Laboratory studies may also be misleading. Suppressed
TSH can be seen in pituitary problems, in euthyroid sick syn-
drome, and with medications such as high-dose corticoste-
roids. Elevated peripheral thyroid hormone levels can be
seen in thyroid hormone resistance. In cases with increased
thyroxine binding capacity, if only total T3 and T4 levels are
measured, T4 and T3 levels will be high, but TSH will be
normal [10].

A hypokalemic periodic paralysis syndrome can occur
with thyrotoxicosis [13]. It is more common in Asian patients
and much less common in other ethnic groups [14]. A genetic
predisposition is needed, and attacks of paralysis are precipi-
tated by high carbohydrate intake and exercise. Acute attacks
should be treated with parenteral potassium administration.
Management of hyperthyroidism should be urgent and defin-
itive for achievement of euthyroidism by RAI or surgery
[13]. To achieve immediate euthyroidism, surgical thyroid-
ectomy may be the best management in some cases of thyro-
toxic hypokalemic periodic paralysis.

Thyrotoxicosis Syndromes (Table 1.1)

Hyperthyroidism Associated with High Thyroid
RAIU [5]

These conditions include Graves’ disease, TSH-secreting
pituitary adenoma, and trophoblastic disease because of
stimulation of thyroid by HCG, TSH receptor-activating
mutations, and hyperthyroidism in pituitary thyroid hormone
resistance and occasional cases of nodular goiter.
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Table 1.1 Causes of thyrotoxicosis

Hyperthyroidism associated with elevated or normal thyroid
radioactive iodine uptake

Graves’ hyperthyroidism?

Multinodular goiter or toxic adenoma

TSH-producing pituitary adenoma®

Some cases of thyroid hormone resistance

Hyperthyroidism associated with trophoblastic disease

TSH receptor-activating mutations

Hyperthyroidism in some cases of McCune—Albright syndrome

In mild cases RAI uptake may be normal
"Usually uptake is normal or occasionally low

Table 1.2 Causes of thyrotoxicosis

Thyrotoxicosis associated with near-zero thyroid radioactive iodine
uptake

Silent thyroiditis

Postpartum thyroiditis

Surgery induced manipulation for non-thyroid neck surgery such as
neck malignancy or parathyroid surgery

Granulomatous (subacute thyroiditis or de Quervain’s)

Acute infectious thyroiditis

External beam radiation-induced thyroiditis

Extensive metastatic follicular cancer encountered after
thyroidectomy

Tatrogenic or factitious

Struma ovarii

Bleeding into functioning thyroid nodule

Amiodarone-induced thyroiditis

Drug-induced and biotherapy-induced thyroiditis

Thyrotoxicosis from meat or sausage with high thyroid tissue
contamination

Iodine-induced hyperthyroidism

Any hyperthyroid cause associated with exogenous iodine ingestion
or iodinated radiologic contrast (depending on the cause uptake may
be low but not near zero)

Hyperthyroidism Associated with Normal RAIU

In all of the above conditions of mild degree, in particular if
hyperthyroidism is subclinical, radioiodine thyroid uptake
may be normal [5]. RAI uptake is usually normal in toxic
multinodular goiter and toxic adenoma. Some cases of mul-
tinodular goiter may have low radioactive iodine uptake [6].

Thyrotoxicosis Associated with Very Low or
Near-Zero (Table 1.2) Neck RAIU [2, 5]

These include iodine-induced hyperthyroidism, silent thy-
roiditis, granulomatous thyroiditis [15, 16], postpartum thy-
roiditis [17], and any form of thyrotoxicosis associated with
exogenous iodine. One rare cause is struma ovarii [18] when
thyroid RAIU is very low and pelvic ultrasound followed by
pelvic radioactive iodine scan will be diagnostic. Silent and
postpartum thyroiditis has a similar course as subacute gran-

Table 1.3 Medications commonly used in management of
thyrotoxicosis
Symptomatic therapy
Short-acting propranolol® 10-40 mg TID-
QID
Slow-release propranolol 70-240mg  QD-
BID
Atenolol® 25-100mg  QD-
BID
Nadolol® 40-160mg QD
Antithyroid medications
Methimazole, starting dose! 10—40 mg/ QD-
day BID
Methimazole, maintenance dose 5-20 mg/day QD
Propylthiouracil (PTU), starting dose® 100400 mg/ TID
day
Propylthiouracil (PTU), maintenance 50-200 mg/ BID-
dose day TID

Saturated solution of potassium iodidef
5 drops (0.25 cc or 250 mg) BID
alternative is lugol solution

“Propranolol is a nonselective beta-blocker and has the potential of
reducing T4 to T3 conversion at high doses. It is contraindicated in
asthma. Should be stopped when thyroxine levels normalize

Atenolol is a selective beta-1 adrenergic blocker

“Nadolol is a nonselective beta-blocker and also has possibility of inhib-
iting T4-T3 conversion

YMethimazole has lower side effect profile than PTU and can be given
once a day. It is the drug of choice except for first trimester of
pregnancy

°PTU has higher rate of hepatic side effects and has to be given divided.
Is the only antithyroid used in first trimester of pregnancy

Potassium iodide is mostly used for preoperative preparation of Graves’
disease or management of thyroid storm. Although it has been reported
for chronic use, ATA has no recommendations for or against its chronic
use for therapy of mild Graves’ hyperthyroidism [2]

ulomatous thyroiditis, but pain is not present and etiologies
are either autoimmune [17] or drugs. Sedimentation rate will
be normal and antithyroid antibodies will be positive.
Palpation and surgical manipulation of thyroid may also
cause transient thyrotoxicosis [19]. For diagnosis of silent
thyroiditis, absence of history of iodine intake and iodinated
contrast studies are needed, and for confirmation urinary
iodine measurement is helpful. Transient thyrotoxicosis
states are treated with nonselective beta-blockers such as
propranolol (Table 1.3).

Thyrotoxicosis with Low Thyroid RAIU and Low
Serum Thyroglobulin

latrogenic and factitious thyrotoxicosis is associated with
low RAIU [1]. In the presence of small thyroid size and thy-
rotoxicosis associated with very low thyroid RAI uptake and
absence of iodine contamination, if factitious thyrotoxicosis
is suspected, a very low serum thyroglobulin should suggest
exogenous factitious or inadvertent thyroid hormone intake,
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even if patient does not volunteer the history. If thyroglobu-
lin antibodies are positive, they interfere with the assay, and
low thyroglobulin is not reliable. It should be noted that
serum thyroglobulin may be normal if patient has preexisting
nodular goiter concurrent with excess thyroid hormone
intake. Herbal supplements for weight loss presumably con-
taining thyroid hormone have been reported with thyrotoxi-
cosis [20]. Consumption of hamburger and sausages
containing thyroid tissue has also been associated with exog-
enous thyrotoxicosis in some reported cases [21].

Thyrotoxicosis Presenting with Neck Pain

Three conditions may present with thyroid pain and thyro-
toxicosis: the most common is granulomatous thyroiditis or
de Quervain’s thyroiditis [22], most likely a viral condition.
It usually follows an upper respiratory infection, is associ-
ated with a febrile illness, and presents with exquisite thyroid
pain and tenderness radiating to ears and very firm and irreg-
ular thyroid. One lobe can be involved first followed by the
other. Thyroid hormone levels are elevated, TSH is sup-
pressed, RAIU is close to zero, sedimentation rate is high,
blood count is normal, and serum thyroglobulin level is ele-
vated [22]. Hyperthyroid phase is followed by a transient
hypothyroid phase and less commonly (in 5-15%) by perma-
nent hypothyroidism. The process lasts few months.
Management of thyrotoxicosis is by nonselective beta-
blockers (Table 1.3) and nonsteroidal anti-inflammatory
agents (NSAIDS) and in severe cases with a short course of
glucocorticoids. Recurrence may occur in 2-5% after several
years [22].

The second cause of painful transient thyrotoxicosis is
bleeding into a functioning nodule resulting in release of
stored hormones. This will be unilateral with distinct palpa-
ble nodule. ESR is normal, radioactive iodine uptake is low,
and serum thyroglobulin levels are extremely high. Diagnosis
is by thyroid ultrasound showing cystic development in a
nodule as a result of bleeding. Symptoms are usually mild;
pain has a short duration. Duration of hyperthyroidism is
also shorter than subacute thyroiditis [23].

The third cause is rare association of thyrotoxicosis with
suppurative thyroiditis. Bacterial infection of thyroid and
abscess formation are rare. Infection may occur after
procedures or spontaneously and also from infected piriform
sinus fistula [24]. It is associated with fever and local inflam-
matory signs and symptoms and abnormal blood count.
Diagnosis is with neck ultrasound showing abscess forma-
tion. Fine needle aspiration (FNA) and culture establish the
infectious etiology. Thyrotoxicosis is usually short-lived and
may be masked by inflammatory and systemic symptoms
[24, 25]. Management is management of infection and beta-
blocker for thyrotoxicosis symptoms.

Drug-Induced Thyrotoxicosis
and Hyperthyroidism

Iodine-containing contrast media can cause iodine-induced
hyperthyroidism particularly in iodine-deficient areas and in
patients with nodular goiter. The duration depends on the
half-life of clearance of exogenous iodine. In the case of
radiologic contrast media, usually it will be a few weeks or
months; in the case of amiodarone, it may be months to a
year. Lithium [26, 27], denileukin diftitox [28], interferon
gamma, pembrolizumab anti-PD-1 monoclonal antibodies
(an immune checkpoint blocker) [29], pegylated interferon
alfa-2b [30], and anti-cytokine therapies and biotherapies
can cause transient painless thyroiditis that lasts weeks to
few months and should be managed with beta-blockers and
supportive care. Sometimes thyroid autoimmunity such as
Graves’ disease is induced by these medications. Tyrosine
kinase inhibitors such as sunitinib and cabozantinib [31, 32]
and thalidomide derivatives may cause thyroid dysfunction
and sometimes thyroiditis with transient hyperthyroidism
[31-33].

Amiodarone-Induced Thyrotoxicosis

This is one of the most difficult management problems in
thyroid practice [34-36]. Patients usually have a critical and
sometimes life-threatening cardiac arrhythmia. Amiodarone
has high concentration of iodine and after discontinuation of
therapy may stay in the body up to 612 months. Obtaining
thyroid RAIU is not helpful for diagnosis because it is low
due to a high iodine pool. Two types of thyrotoxicosis are
recognized with amiodarone: Type I is iodine induced and is
more common in iodine-deficient areas. Type II, a toxic
destructive thyroiditis, is the more common type. Type I
occurs usually in the background of nodular goiter [34, 35].
It is essential to differentiate these two types since therapies
are quite different. Therapy of type I includes antithyroid
drugs plus discontinuation of amiodarone if it is considered
safe. Therapy of type II is with glucocorticoids. Ultrasound
of thyroid is helpful in differentiation of these two: In type II,
thyroid size is usually normal and gland is distinctly hypo-
vascular [35]. The problem is that although most likely
majority of the cases in the United States are type II, many
cases are mixed and thyrotoxicosis develops as a result of
both increased release and increased production of hor-
mones. Although pure type II should respond to corticoste-
roids within 2-5 weeks, sometimes combination empiric
therapy with methimazole along with corticosteroids is used.
In this situation early response to corticosteroids and nor-
malization of thyroid function within 2-5 weeks favor type 11
diagnosis. Amiodarone therapy should only be stopped if
possible and safe, since iodine-induced type will continue
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and type II thyroiditis may recur. Some cases may not
respond to medical therapy, and in those surgery is a good
option for rapid cure [36, 37].

Subclinical Hyperthyroidism

Subclinical hyperthyroidism is defined by lower than normal
serum TSH, not explained by other causes such as pituitary
disease, medications and acute illness, and normal levels of
T3 and T4 [3]. This condition is more common than overt
symptomatic hyperthyroidism. Etiologies are similar to clin-
ical hyperthyroidism and thyrotoxicosis. It is present in mild
Graves’ disease or in early-stage toxic nodular goiter.
Approximately 50% of subclinical hyperthyroidism cases
have subtle symptoms such as increased pulse rate.
Symptoms are usually absent if TSH is>0.1 mIU. Younger
individuals may tolerate the condition without adverse
effects, but in postmenopausal women increased bone loss is
the consequence. Individuals older than 60 years have three
times higher likelihood of atrial fibrillation [38]. There is
some epidemiologic evidence suggesting increased mortality
with persistent serum TSH levels <0.5 in this age group.
Thus confirmed subclinical hyperthyroidism should be
treated in this group [39, 40]. Therapy depends on etiology.
In cases of toxic adenoma or multinodular goiter, resolution
of subclinical hyperthyroidism is unlikely, and definitive
therapy with radioactive iodine or surgery should be recom-
mended. More than one abnormal test over time is needed
before intervention.

Transient causes such as silent and subacute thyroiditis
can be managed by beta-blockers while waiting for resolu-
tion. In subclinical Graves’ disease, antithyroid and RAI
therapy are equally effective. In younger age group, beta-
blocker therapy alone or observation is acceptable [39].

Hyperthyroidism Associated with Pregnancy

Differentiation of physiologic gestational thyrotoxicosis
from hyperthyroidism in the first 3 months of pregnancy is
important and often difficult [41]. Thyroid is stimulated by
human chorionic gonadotropin (HCG). TSH may be low or
even suppressed, and symptoms may also be misleading.
Very high levels of free T4, presence of goiter, and positive
TRAB are helpful for diagnosis. Preexisting Graves’ disease
may improve during pregnancy and may relapse after child-
birth. Treatment of hyperthyroidism is PTU in the first
3 months because of teratogenic effect of methimazole [2,
42], but after the first trimester, PTU can be switched to
methimazole because of its lower side effect profile. Total T4
should be kept 1.5 times above the upper limit of normal and
free T4 at the upper limit of normal to prevent fetal hypothy-

roidism. Surgery can be done in the second trimester if there
are adverse reactions to antithyroid therapies, or large doses
of antithyroids are required for control of hyperthyroidism
[43]. In mild cases of Graves’ disease under antithyroid ther-
apy, discontinuation of antithyroid therapy and observation
in the onset of pregnancy may be a consideration (2).

There is no evidence that subclinical hyperthyroidism has
adverse effect in pregnancy for the fetus or the mother; thus
therapy is not recommended [43].

Fetal and Neonatal Hyperthyroidism

Because TRAB crosses the placenta and can affect fetal thy-
roid, these antibodies should be checked at weeks 1822 in
pregnant patients with current or previous history of Graves’
disease or a history of neonatal Graves’ or previous elevated
TRAB [2]. If TRAB is positive at 2-3 times above normal,
fetal thyroid should be monitored by ultrasound at
18-22 weeks and repeated every 4-6 weeks. Evidence of
fetal hyperthyroidism is goiter, hydrops, advanced fetal bone
age, increased pulse, and cardiac failure. In this case even if
the mother is euthyroid on thyroxine therapy, antithyroids
should be given with close monitoring. Neonatal hyperthy-
roidism is fortunately temporary, but short-term antithyroid
therapy for the newborn may be needed [2].

Hyperthyroidism in Pediatric Age Group

In this age group, the cause is usually Graves’ disease, and
The American Thyroid Association guidelines recommends
avoidance of RAI therapy in children younger than age 5,
and in this group methimazol therapy or surgery in the hands
of high volume surgeons is recommended.

ATA guidelines allow RAI therapy as an acceptable ther-
apy in some older children with certain conditions [2].
However, most clinicians prefer long-term antithyroid ther-
apy and (avoiding PTU) in some persistent cases
thyroidectomy.

Hyperthyroidism in Trophoblastic Disease

HCG and TSH have similarities in their structure and recep-
tors. Thus in the first trimester of pregnancy, TSH levels are
low and have inverse relationship with HCG levels. Mild
physiologic thyrotoxicosis by HCG stimulation may be pres-
ent that may be more pronounced in hyperemesis gravidarum
[44]. Very high levels of HCG in hydatidiform mole and cho-
riocarcinoma can present with significant hyperthyroidism
and even thyroid storm [44, 45]. Treatment is management of
the trophoblastic condition and antithyroid therapy.
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Hyperthyroidism with Inappropriately Normal
Serum TSH in TSH-Producing Pituitary
Adenoma

In the presence of inappropriately normal serum TSH with
elevated thyroid hormone levels and symptoms of hyperthy-
roidism, laboratory artifacts such as heterophile antibodies
and abnormal binding to proteins should be excluded, as
should thyroid hormone resistance. An MRI of pituitary
should follow. Elevated beta-subunit will be in favor of TSH-
secreting pituitary adenoma causing hyperthyroidism. These
cases are very rare [2].

Hyperthyroidism in Thyroid Hormone
Resistance

Most adult patients with generalized thyroid hormone resis-
tance have elevated peripheral thyroid hormone levels and
inappropriately normal serum TSH and have clinical thyroid
[46]. If there is pituitary thyroid hormone resistance or if the
degree of resistance is higher in the pituitary than in the
peripheral tissues, hyperthyroidism may occur [47].
Diagnosis of this rare condition is difficult and should be
guided by clinical evaluation surrogates of excess thyroxine
effects such as sex hormone-binding globulin (SHBG) may
be useful.

Thyrotoxicosis Associated with “Café au Lait”
Pigmentation and Fibrous Dysplasia (McCune-
Albright Syndrome)

In this syndrome associated with polyostotic fibrous dyspla-
sia and “café au lait” pigmentation, because of constitutive
activation of G(s) alpha by inhibition of its GTPase, non-
autoimmune hyperthyroidism may develop and may be asso-
ciated with nodular goiter. In this rare syndrome, treatment is
surgery or RAI ablation. Remission with antithyroid medica-
tions does not occur [2].

Non-autoimmune Hyperthyroidism Caused by
Genetic Mutation of TSH Receptor

Germline-activating mutation of TSH receptor is a rare cause
of hyperthyroidism in infancy and childhood. Best treatment
after preparation with antithyroid medications is surgery at
appropriate age. In adult patients RAI therapy can also be
considered [48]. Activating mutations can also result in toxic
adenoma that may present in adulthood.

Metastatic Follicular Cancer
and Hyperthyroidism

Thyrotoxicosis is rarely a presenting picture in widespread
metastatic follicular cancer. Occasionally it may present
after excision of the primary tumor and may resolve with
radioactive iodine therapy or excision of bulky tumors or
tyrosine kinase inhibitor therapy [49]. It also can present
with T3 toxicosis because of high rate of conversion of exog-
enous T4 to T3 of the therapeutic administered T4 by tumor
that expresses high di-iodinase [50].

Hyperthyroidism Associated with Normal T4
but Elevated T3 (T3 Toxicosis)

It is doubtful that T3 toxicosis is a distinct entity [2]. In the
early phase of hyperthyroidism, only T3 elevation may be
present, and T4 elevation occurs later. It is conceivable that
in iodine-deficient areas and in certain conditions, more T3
than T4 may be produced. Patients with hyperthyroidism on
antithyroid therapy and after failure of RAI therapy may
have normal free T4 and elevated free T3.

Patients on excess thyroid extract therapy also have T3
toxicosis which can be associated with normal or low free
T4, suppressed TSH, and elevated free T3 levels. This is due
to excess T3-to-T4 ratio in the commercial thyroid extract
products. Thus in patients with thyroid extract therapy, mea-
surement of peripheral hormones does not correlate with thy-
roid function status, and TSH measurement is the definitive
test for assessment of therapy.

Laboratory Investigation of Thyrotoxicosis
and Hyperthyroidism

Although the first and most sensitive test in the presence of
normal pituitary function is serum TSH, it is only an indirect
measure of thyroid function, and when thyrotoxicosis is sus-
pected, circulating hormone levels such as free T4 and free
T3 should be measured [2]. First, free T4 should be mea-
sured, and, if normal, measurement of free T3 should follow.
To differentiate between the two main categories of high and
low RAIU thyrotoxicosis, thyroid RAIU should be measured
next [2]. Thyroid scan usually is not needed except for cases
of nodular disease with hyperthyroidism [2]. Ultrasound is
sometimes helpful in the differential diagnosis. Ultrasound
identifies nodule size, number of nodules, and vascularity.
Increased vascularity in a diffuse goiter suggests Graves’
disease, whereas low vascularity is seen in cases of destruc-
tive thyroiditis such as type 2 amiodarone-induced hyperthy-
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roidism [34]. Also in cases of Graves’ disease, associated
significant conditions such as occult malignancy change the
management. When there is doubt about the etiology and
also for prognostic assessment and monitoring of antithyroid
therapy effectiveness, measurement of TRAB is helpful [2,
8]. Thyroid-stimulating immunoglobulin assay (TSI), a bio-
assay, is more expensive and is being replaced by immunoas-
say of TRAB.

Management of Thyrotoxicosis
and Hyperthyroidism

For transient conditions such as silent, subacute, and post-
partum thyroiditis and all conditions associated with the
release of stored thyroid hormones, symptomatic therapy
with nonselective beta-blocker medications (Table 1.3) is
adequate as noted previously [2]. Two major and common
causes of hyperthyroidism, Graves’ disease and multinodu-
lar toxic goiter, require more detailed discussion.

Management of Graves’ Hyperthyroidism

Nonselective beta-blockers, if not contraindicated, will
improve most symptoms and can be continued until hormone
levels are normalized by specific therapy [2]. Hyperthyroid
patients may require relatively high doses, and 120-240 mg/
day of propranolol and equivalent other beta-blockers may
be needed (Table 1.3). If beta-blockers are contraindicated,
calcium channel blockers can be used [2].

Choice of modality of definitive therapy for Graves’
hyperthyroidism should be based on severity of hyperthy-
roidism, patient preference, and age of the patient.

Pediatric patients deserve a 1.5-2-year course of antithy-
roid medication [2, 51]. Longer-term antithyroid therapies
are also a possibility. Methimazole is the drug of choice for
all patients especially for pediatric age due to recent reports
of life-threatening liver toxicity with (propylthiouracil) PTU
[2, 51]. In pediatric patients if antithyroid medications are
not tolerated, thyroidectomy would be an option. However,
despite hesitancy to use in children, it should be noted that
RALI therapy in pediatric group has not been associated with
long-term adverse effects [2, 52].

In adults, one of these three choices should be presented
to the patient: antithyroid drugs, radioactive iodine, or sur-
gery [2]. None of these modalities addresses the basic auto-
immune process in Graves’ disease, although a mild
immunosuppressive action is suggested for antithyroid med-
ications. Theoretically, and based on some studies, a near-
total thyroidectomy eliminates the source of thyroid antigen
the fastest. RAI therapy increases the release of antigen
hence TRAB levels in the first few months, but if total thy-

roid ablation is done eventually, the antigen source will be
decreased, hence resulting in decreased antibodies later on,
and there may be long-term benefit.

Pros and Cons of Antithyroid Therapy

Antithyroid therapy for 18 months results in only a 50%
remission rate. This is an argument in favor of thyroid-
ablative modalities such as RAI, in particular in older indi-
viduals and in patients with comorbidities [2]. Patient should
also be counseled about possible side effects of antithyroid
therapy, such as skin allergy and a 1/1000 likelihood of
agranulocytosis and pancytopenia [53], liver toxicity partic-
ularly with PTU [54], and rare cases of ANCA-positive vas-
culitis and lupus-like syndrome [55]. However some patients
who want to avoid lifelong thyroxine therapy after ablative
therapies prefer to use antithyroid drugs. The majority of
endocrinologists in the United States traditionally have cho-
sen RAI therapy as the preferred definitive therapy in adults
[2]. However the trend is changing to some degree in favor of
antithyroid therapy [2].

If antithyroid therapy is chosen, drug of choice is methim-
azole with a starting dose of 20-30 mg daily which can be
given in once-a-day program [2, 55]. Prior to initiation of
therapy, a blood count and white count with differential and
liver function tests such as transaminase and bilirubin should
be obtained [2]. When thyroid functions normalize with ther-
apy, which is usually in 5-8 weeks, maintenance dose of
5-10 mg will be usually adequate. Therapy should be contin-
ued for 18 months, and, at that point if thyroid function is
normal; it can be stopped [2]. Under certain conditions and
for patients with reduced life expectancy, nursing home
patients, in pediatric age group, and if patient does not accept
ablative therapy, antithyroid therapy can be continued for a
longer period of time [2]. TRAB measurement 6 months
after antithyroid therapy may predict the rate of remission or
relapse and is recommended by ATA [2].

Monitoring of antithyroid therapy is by measurement of
free T4, and T3 and liver function tests initially, and TSH,
free T4, and liver function tests thereafter periodically. Blood
count does not seem to predict impending agranulocytosis
since it can happen in between tests. Advising patient to stop
medication in case of complications, fever, and sore throat
and obtaining a complete blood count with differential at that
point are more helpful [2]. It should be noted that hyperthy-
roidism can cause mild leukopenia and also abnormal liver
function tests, hence the need for baseline studies. If initial
transaminases are more than five times, normal antithyroid
therapy should not be initiated [2]. Measurement of TRAb
levels prior to stopping ATD therapy is suggested because it
aids in predicting which patients can be weaned from the
medication, with normal levels indicating greater chance for
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remission [2]. Minor skin reactions can be transient, but sig-
nificant skin allergies should result in discontinuing medica-
tions. At that point alternate therapies or switching to PTU
should be considered. However because of cross-reactivity
in the case of minor skin reactions, it may be best to choose
RALI or surgery.

How to Manage Recurrence
of Hyperthyroidism After 18 Months
of Antithyroid Therapy?

In adults, ablative therapy, preferably RAI therapy, is usually
recommended. For women with pregnancy planned in the
next 6 months, surgery may be a better choice. Surgery, with
the availability of a high-volume experienced surgeon, may
be suitable for patients with large goiter who are at good sur-
gical risk or have moderate-to-severe ophthalmopathy,
because of concern about worsening of eye disease after RAI
[2]. Long-term antithyroid therapy may be considered in
very old patients or in children. Recent guidelines of ATA
consider long-term antithyroid therapy as an acceptable
option for patients [2]. This recommendation is based on
recent studies providing evidence for safety and effective-
ness of long-term antithyroid therapy. A recent meta-analysis
of six studies with duration of therapy of 41-98 months
showed remission rate of 57% [56]. Patient preference also
should be a factor in decision [2].

Radioactive lodine Therapy (RAI) for Graves’
Hyperthyroidism

In some clinics this is the first choice for initial management
of nonpregnant adults with Graves’ disease who accept post-
RAT hypothyroidism. RAI should be avoided in women who
plan pregnancy in the next 6-9 months. But women who
have no intention of pregnancy for 9 months but wish to have
pregnancy after definitive management are also candidates
for RAI therapy. Unavailability of a high-volume thyroid
surgeon and failure of or intolerance to antithyroid therapy
are also good indications for ablative radioactive iodine ther-
apy. Obviously, pregnancy and lactation are absolute contra-
indications. If RAI is given, it should be with the intention of
making the patient hypothyroid within 3—6 months and to be
followed by lifelong thyroxine therapy. The dose of RAI
must be proportional to the size of thyroid and degree of thy-
roid RAI uptake. The weight of thyroid estimated by palpa-
tion, or volume measured by ultrasound, can be used. In our
clinic, we usually give 200 micro-Curie (uCi) per estimated
gram of thyroid weight adjusted for 24-hr RAIU. Some
authors suggest a fixed dose of 370 MBq for smaller thyroids
and 555 MBq for larger goiters; however hypothyroidism

rate in a 12-month follow-up was 56% for the lower dose and
71% for the higher dose [57]. If same-day treatment is
desired, a 4- or 3-hr [58] uptake can be obtained, and 24-hr
uptake calculated. Prior PTU therapy reduces sensitivity to
RALI, and for this group we give 250 uCi per estimated gram
of thyroid weight. Methimazole may not reduce sensitivity
to RAIL. RAI dose should not be underestimated since the
desirable hypothyroidism will be achieved sooner with
higher doses. In our clinic with the above program, 90% of
patients will be hypothyroid within 3 months. TSH and free
thyroxine should be obtained in 2 months and 3 months.

Management Before and Immediately After
RAIl Therapy

Beta-blockers given before and for 4 weeks after RAI ther-
apy are usually adequate [2]. Patients with severe thyrotoxi-
cosis and patients with cardiac failure or with fragile health
can be prepared with 3—4 weeks of methimazole therapy to
reduce thyroxine levels to a safe range [59]. Antithyroid drug
therapy should be stopped 3—5 days before RAI and can be
restarted 3—-5 days after RAI and continued for 4 weeks.
Thyroid storm is rare after RAI, but worsening of symptoms
if significant should be reported and approbate measures
such as adjustment of beta-blockers, stable iodine, or short
course corticosteroids be given.

Surgical Management of Graves’
Hyperthyroidism

Surgery with near-total thyroidectomy, rendering patients
hypothyroid and placing patients immediately on thyroxine
therapy in the hands of experienced thyroid surgeon, is a
safe and effective treatment for Graves’ disease [60]. It is
an option for patients with very large goiters or with associ-
ated nodular disease, for patients with suspicious nodules
in the thyroid, and for patients not responding to antithy-
roid therapy that do not want or are not candidates for RAI
therapy. Pediatric age group patients with failure or intoler-
ance to antithyroid therapy [61, 62] are also candidates.
Pregnant women with poor response to antithyroid therapy
are also candidate for surgery in the second trimester of
pregnancy. Patients with significant ophthalmopathy may
also be candidates for surgery since it has been shown that
after surgery TRAB decreases, whereas they increase with
RALI therapy alone in the first year [2]. There is also 15%
possibility of worsening of ophthalmopathy, 5% being per-
manent, if corticosteroid therapy is not given for 2-3 months
concurrently [63]. Thyroidectomy for Graves’ hyperthy-
roidism should be done only by a high-volume endocrine
surgeon.
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Preparing Patients with Graves’
Hyperthyroidism for Surgery

Although mild cases can be prepared with beta-blockers and
iodide (few drops of Lugol’s solution or SSKI in water or
juice three times a day for 10 days prior to surgery) [2, 64],
usually it is best to normalize or significantly improve thy-
roid function with methimazole prior to surgery. With these
precautions postoperative thyroid storm can be avoided.
Todine reduces vascularity as well as release of thyroid hor-
mones from the gland.

To reduce the rate of post-surgical significant hypocalce-
mia, ATA suggests that calcium and 25-hydroxy vitamin D
should be assessed preoperatively and repleted if necessary
or given prophylactically. Calcitriol supplementation should
be considered preoperatively in patients at increased risk for
transient or permanent hypoparathyroidism [2].

Management of Severe Hyperthyroidism
and Thyroid Storm

Severe life-threatening thyrotoxicosis can occur in patients
with associated non-thyroid-related acute conditions such as
infection, rarely after radioactive iodine therapy, abrupt ces-
sation of antithyroid therapy in severe cases, thyroid or non-
thyroid surgery, and in unrecognized and untreated patients
[2, 64]. Thyroid storm manifests by arrhythmia, heart failure,
hyperpyrexia, dehydration, hypotension, vomiting, diarrhea,
confusion, agitation, stupor, and occasionally coma [65].
This is a true endocrine emergency and should be managed
in intensive care setting [2] with hydration, cooling, respira-
tory support, and management of arrhythmia and cardiac
complications. Thyroid hormone synthesis should be blocked
by high-dose antithyroids (60 mg of methimazole or 600 mg
of PTU) followed by inorganic iodide drops to stop release
of thyroid hormones. Intravenous corticosteroid therapy is
usually needed. Plasmapheresis has been used effectively in
some cases [66]. Some cases of severe hyperthyroidism at
risk of thyroid storm, but not yet in crisis, can be treated with
combination of above modalities in outpatient setting with
close observation.

Management of Toxic Adenoma and Toxic
Multinodular Goiter

Comprehensive guidelines for management of toxic ade-
noma and toxic multinodular goiter are well outlined else-
where [2].

In single toxic adenoma, surgery is more appropriate for
larger toxic nodules, younger patients, patient desire for a
rapid cure, desirability of less than 1% incidence of postsur-

gical hypothyroidism as opposed to 3-20% for radioactive
iodine therapy, and 100% rate of cure of hyperthyroidism as
opposed to 80% for radioactive iodine [2]. Availability of
experienced thyroid surgeon, absence of comorbid condi-
tions, and increased risk of surgery should be taken into
account. RAI on the opposite is more appropriate for older
patients, smaller nodules in younger individuals [2].

For toxic multinodular goiter (Plummer’s disease), same
factors should be considered. However, in multinodular
disease the rate of hypothyroidism after thyroidectomy is
100% and is low after radioactive iodine therapy [2].
Compressive symptoms and presence of nodules with risk
of malignancy will be an indication for surgery. Antithyroid
medications are not appropriate for long-term therapy of
nodular toxic disease except for individuals with decreased
life expectancy or increased risk factors for other modali-
ties. In general antithyroids are not recommended except
for preparation for surgery or in some cases prior to radio-
active iodine therapy. Beta-blockers are usually adequate
pre-therapy and post-therapy for radioactive iodine and
pre-therapy for surgery. For patients receiving RAI therapy,
isotopic thyroid scan should be available since nonfunc-
tioning nodule will need FNA for confirmation of benign
nature prior decision for RAI therapy [2]. ATA suggests
that alternative therapies such as ethanol or radiofrequency
ablation of TA and TMNG can be considered in select
patients in whom RAI, surgery, and long-term ATD are
inappropriate, contraindicated, or refused and expertise in
these procedures is available [2].

Management of Hyperthyroidism Associated
with Ophthalmopathy and Thyroid
Dermopathy

Management of hyperthyroidism in the presence of ophthal-
mopathy is a matter of debate [67]. Surgery, and to a lesser
degree antithyroids, reduces the receptor antibody levels,
whereas RAI if not given with concomitant corticosteroids
may increase the TRAB in the first year. Tobacco cessation
in smokers and rapid achievement of euthyroidism are essen-
tial [67, 68]. In the absence of ophthalmopathy and in non-
smokers, ATA guidelines recommend RAI therapy without
concurrent corticosteroids. For mild ophthalmopathy and no
risk factors for thyroid eye disease, ATA accepts all three
modalities of therapy, but if radioactive iodine is chosen,
concurrent corticosteroid treatment is recommended.
However, ATA recommends antithyroid therapy or surgery
for moderate-to-severe and sight-threatening ophthalmopa-
thy [2]. Ablative therapy by radioactive iodine or surgery
eliminates source of thyroid antigen and may have theoreti-
cal long-term benefit on the course of extra-thyroidal mani-
festations, but evidence is lacking.
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Hypothyroidism

Jad G. Sfeir and Hossein Gharib

Introduction

Hypothyroidism is the clinical state which results from either
inadequate production of thyroid hormone or impaired action
of thyroid hormone at the tissue level. It is defined by the
laboratory parameters of a low free thyroxine (FT4), associ-
ated with an elevated thyroid-stimulating hormone (TSH) in
primary hypothyroidism or, less commonly, a low to low-
normal TSH in central hypothyroidism.

Primary hypothyroidism, where the defect is at the level
of the thyroid gland itself, accounts for over 95% of cases of
overt hypothyroidism. The remaining 5% are caused by sec-
ondary or tertiary hypothyroidism (defect at the level of the
pituitary gland or the hypothalamus) or thyroid hormone
resistance.

Subclinical hypothyroidism (SCH), defined as an eleva-
tion in TSH but with a corresponding normal FT4 level,
assumes that there is an intact hypothalamic-pituitary-
thyroid axis and an absence of intercurrent illness. The val-
ues should also be reproducible over a 4—6-week period.

Given vague symptomatology that overlaps with other
endocrine and non-endocrine disorders, hypothyroidism is
commonly tested in clinical practice. It thus becomes impor-
tant to differentiate overt hypothyroidism that thyroid hor-
mone replacement, from non-thyroidal cause of such
symptoms as fatigue, weight gain, or impaired cognitive
function.
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Epidemiology

The prevalence of overt hypothyroidism in the United
States has been reported to range between 0.3% and 0.8%
and in Europe between 0.2% and 5.3% [1-3]. Worldwide,
its prevalence is between 0.6 and 12 per 1000 women and
between 1.3 and 4.0 per 1000 men [4]. The variation in
reported prevalence is due to both differences in case detec-
tion and availability of dietary iodine, whereby a lower
prevalence is seen in areas of iodine deficiency [5].
Subclinical hypothyroidism is more prevalent with an esti-
mation of 0.7-13% in US adults [1].

There are significant ethnic and sex differences in thy-
roid disease prevalence. It is ten times more common in
women than men, and its incidence rises with age [6].
White and Mexican Americans are at approximately three
times higher risk compared to Black Americans [1].
Pregnant women also seem to be at higher risk, with gesta-
tional hypothyroidism, defined as both overt and subclini-
cal hypothyroidism, reported at 15.5% based on large
laboratory-based datasets [7].

Clinical Presentation and Physical
Examination

Common clinical presentation of hypothyroidism is gener-
ally related to decrease in metabolism and consequent symp-
toms of fatigue, weight gain, cold intolerance, constipation,
and less commonly in extreme situations myxedema and
hypothermia. Other symptoms include decline in cognitive
function, dry skin, and muscle weakness. However all of
these symptoms are nonspecific to thyroid disease and over-
lap with other endocrine diseases such as abnormal glucose
metabolism or pituitary or adrenal dysfunction.

Associated biochemical and laboratory abnormalities
include dyslipidemia, elevation in creatinine phosphokinase,
prolactinemia, hyponatremia, and mild anemia.
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Table 2.1 Common physical examination findings in hypothyroidism

Skin Puffiness of the periorbital tissues, hands, and feet
and supraclavicular fossae secondary to
myxedema; pallor from anemia; dry, coarse skin
secondary to reduced sebaceous gland secretions;

easy bruising; dry brittle hair and nails

Cardiovascular Narrow pulse pressure; reduction in cutaneous
blood flow leading to cool, pale skin; distant heart
sounds (if pericardial effusion is present)

Gastrointestinal Weight gain from fluid retention, abdominal
gaseous distension (myxedema ileus)

Nervous Slowing of higher mental function including

system speech, slowing of the relaxation phase of tendon
reflexes

Muscular Slightly increased muscle mass due to interstitial

myxedema, myoclonus

Physical signs of hypothyroidism are notoriously nonspe-
cific and vary according to the severity of the disorder. The
use of sensitive thyroid assays has largely superseded the
value of physical examination findings in making the diag-
nosis of thyroid dysfunction (Table 2.1).

A firm, moderate-sized goiter that moves freely on swal-
lowing is the most common physical feature of Hashimoto’s
thyroiditis. A large goiter can also be found in patients with
severe iodine deficiency. Rarely, an atrophic gland is present,
the end result of autoimmune destruction of the gland. The
natural history of the untreated goiter is a slow enlargement
over many years. When there is rapid, painful enlargement of
the gland, thyroid lymphoma should be suspected, and an
expedient work-up performed.

Etiology
Primary Hypothyroidism

Primary hypothyroidism has several causes, all resulting in a
decreased output of thyroid hormone from the thyroid gland.
The most common cause in the United States and other
iodine-sufficient areas is chronic autoimmune thyroiditis,
known as Hashimoto’s thyroiditis. The hallmark of the dis-
ease is the presence of circulating antithyroid peroxidase
(TPO) antibodies. Histopathologic examination of the thy-
roid gland, if performed, reveals diffuse lymphocytic infiltra-
tion, follicular destruction, and Hiirthle cells. There is a
polygenic susceptibility, with a known association between
Hashimoto’s thyroiditis and HLA-DR3 [8]. Other factors
such as pregnancy, radiation exposure, and, as evidenced by
animal studies, viral infections can also predispose to devel-
oping the condition [9].

Worldwide, the most common cause of primary hypothy-
roidism is iodine deficiency with approximately two billion
people at risk, particularly those living in mountainous areas
due to persistent glacial runoff depleting iodine stores. Large

geographic areas of Africa and Asia also remain iodine-
deficient. Consumption of cassava which contains com-
pounds metabolized to thiocyanate enhances the
iodine-deficient state by inhibiting thyroid iodine transport.
Iodine is required for thyroid hormone production and an
essential mineral component of the hormone. The World
Health Organization recommends a daily iodine intake of
150 pg for the general adult population and 200 pg for preg-
nant or lactating women.

Other forms of thyroiditis may also cause primary hypo-
thyroidism. Subacute or granulomatous thyroiditis that ini-
tially presents with neck pain and biochemical
hyperthyroidism may progress to transient or permanent
hypothyroidism. In one study, about 10% of patients devel-
oped permanent hypothyroidism, defined as an elevation in
TSH lasting beyond 1 year [10]. Postpartum thyroiditis
(PPT) may present with hyperthyroidism followed by tran-
sient hypothyroidism, hyperthyroidism alone, or hypothy-
roidism alone in about 50% of cases, usually within
2—-6 months after delivery. It is more common in women with
elevated titers of TPO antibodies, which confers up to a 50%
chance of developing PPT [11]. Most patients are euthyroid
within the first postpartum year, although permanent hypo-
thyroidism is more likely to develop in women with higher
TSH values and higher antibody titers [12].

Iatrogenic hypothyroidism includes surgical thyroidec-
tomy and post-ablative hypothyroidism. Hypothyroidism
occurs up to 4 weeks following total thyroidectomy owing
to thyroxine’s half-life of 7 days. Data from patients under-
going radioactive iodine therapy for Graves’ disease indi-
cate that the rate of subsequent hypothyroidism is largely
dependent on the dose of radioiodine used; in the United
States, most patients are hypothyroid within the first year of
treatment [13]. External beam radiation which exceeds
25 Gy also causes hypothyroidism, which may be gradual in
onset.

Infiltrative processes including hemochromatosis, lym-
phoma, amyloidosis, and sarcoidosis are rare causes of pri-
mary hypothyroidism. They tend to present as progressive,
painless bilateral enlargement of the thyroid gland and are
usually part of more widespread systemic involvement of the
underlying condition. Infection of the thyroid is rare as the
gland is encapsulated and has good blood flow and a high
iodine content. However Pneumocystis jiroveci infection in
immune-compromised patients has been reported to cause
enough destruction of the thyroid gland leading to inade-
quate thyroid hormone production [14].

Consumptive hypothyroidism is a rare disorder that was
initially identified in infants with visceral hemangiomas.
There is a marked elevation in deiodinase type 3 enzyme
activity which results in the conversion of T4 to reverse T3
and conversion of T3 to T2. The condition is treatable medi-
cally with glucocorticoids and interferon-a.
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Congenital hypothyroidism affects 1:2000 to 1:4000 live
births internationally. In the United States, data from the
National Newborn Screening and Global Resource Center
(NNSGRC) reveals an incidence of 0.04% [15]. It is more fre-
quent in iodine-deficient regions; the prevalence of elevated
TSH can be greater than 40 percent in severely iodine-deficient
regions but less than 3 percent in iodine-sufficient populations
[16]. Infants with the disorder have little to no clinical features
of hypothyroidism, and they are detected largely through uni-
versal newborn screening programs in place since the 1970s.
Thyroid dysgenesis is responsible for 85% of these cases, with
the remaining being caused by defects in thyroid hormone
production at every level. Worldwide, the commonest cause is
thyroid ectopy which accounts for about two-thirds of patients
with thyroid dysgenesis. Central congenital hypothyroidism is
much rarer and may be missed by screening programs that
utilize TSH only. These infants usually have other pituitary
hormone deficiencies [17]. Transient hypothyroidism in
infants can occur as a result of maternal iodine insufficiency,
maternal TSH receptor-blocking antibodies, or exposure to
antithyroid drugs; infants are rendered euthyroid once the
offending agent (antibody or drug) is naturally cleared over
several weeks following birth.

Medication-Induced Thyroid Dysfunction

Medications can affect thyroid function in several ways;
these are summarized in Table 2.2.

Drugs that affect thyroid hormone synthesis and secretion
include amiodarone and other iodine-containing drugs and
radiographic agents, lithium, perchlorate, and others. Other
drugs increase thyroxine requirements by either binding to
exogenous thyroid hormone, e.g., calcium salts, sucralfate,
and cholestyramine, or increasing its metabolism, e.g., rifam-
picin, carbamazepine, and phenytoin. Tyrosine kinase inhibi-
tors such as sorafenib and sunitinib have been shown to cause
hypothyroidism in up to 70% of patients, a side effect directly
related to length of therapy [18]. The proposed mechanisms
vary slightly between the different agents and include destruc-
tive thyroiditis with a reduction in thyroid hormone synthesis
by inhibition of thyroid peroxidase activity. In patients already
on thyroxine therapy, requirements increase, an effect thought
to be mediated by type 3 deiodinase activity which increases
the metabolism of T4 and T3 [19].

Medications that cause a reduction in TSH secretion, such
as glucocorticoids, opiates, and dopamine agonists, are also
implicated in causing hypothyroidism.

Immune checkpoint inhibitors have emerged as effective
antitumor treatment for an increasing number of solid and
hematologic tumors. The reported incidence of thyroid
immune-related adverse effects varies based on medication
type (anti-PD-1 vs. anti-CTLA-4) and seems to be more

Table 2.2 Common medications that affect thyroid function

Drug Mechanism
Inhibition of thyroid hormone synthesis and secretion
Amiodarone Inhibits type I and type I1 5
deiodinase, leading to decreased
T3 generation from T4

Inhibit type I and type I1 5"
deiodinase, leading to decreased
T3 generation from T4
Decrease hepatic uptake of T4
Inhibit T3 binding to its nuclear
receptor

Inhibit iodide transport into the
thyroid gland

Inhibit thyroid peroxidase;
propylthiouracil additionally
inhibits peripheral conversion of
T4 to T3

Inhibits iodide binding and
thyroid hormone release
Decreased absorption of exogenous thyroid hormone

Calcium compounds, sucralfate, Bind to levothyroxine and reduce
aluminum hydroxide, ferrous its absorption

compounds, cholestyramine,

colesevelam, proton pump

inhibitors, H2 blockers

Increased T4 clearance

Rifampin

Iodinated contrast agents

Thiocyanate, perchlorate

Propylthiouracil, methimazole

Lithium

Induces hepatic microsomal
enzymes

Induce hepatic microsomal
enzymes

Compete with thyroid hormone
binding to TBG

Accelerate the conjugation and
hepatic clearance of T4/T3

Phenobarbital, carbamazepine

Decreased TSH secretion

Dopamine, L-dopa, Increase T3 synthesis from T4 in

bromocriptine the brain

Opiates Block the breakdown of T3 in the
brain

Others

Estrogens, SERMs Increase thyroid-binding globulin

Steroids Influenced by dose, type, and
route of administration of
glucocorticoid. Inhibit
deiodination of T4; suppress TSH
secretion; increase in renal iodide
clearance

Salicylates Compete for thyroid hormone-
binding sites on binding proteins

Thalidomide Immune-mediated subacute

destructive thyroiditis
Suggested to be immune-
mediated thyroiditis

Immune checkpoint inhibitors

common when these drugs are used in combination as
opposed to monotherapy. Overall, it is estimated between 5
and 10% and more commonly presents as thyrotoxicosis
followed by hypothyroidism (62%) or overt hypothyroidism
(22%) [20].
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Central (Secondary and Tertiary)
Hypothyroidism

Central hypothyroidism is caused by TSH deficiency from
disorders of the pituitary gland or hypothalamus. It is usually
accompanied by deficiencies of other pituitary hormones and
can vary in severity. About 15% of the function of the thyroid
gland is independent of TSH, and therefore central hypothy-
roidism may be milder clinically than primary hypothyroid-
ism. Central hypothyroidism may be caused by tumors,
surgery, and infiltrative, inflammatory, or infective processes
and medications.

Generalized Thyroid Hormone Resistance

Thyroid hormone resistance is a rare, autosomal dominant
disorder in which the majority of patients have a mutation in
the thyroid receptor TR-beta gene. This results in reduced
T3-binding affinity at the level of the thyroid hormone recep-
tor and a reduced response to thyroid hormone. Two-thirds
of patients have goiters, but their symptoms may be a mix of
hypo- and hyperthyroid complaints. There is an increased
prevalence of attention-deficit disorder which is present in
about 10% of patients [21]. Laboratory testing shows an ele-
vated free thyroxine with normal or slightly increased TSH
levels; the disorder therefore has to be differentiated from a
TSH-secreting pituitary tumor. Treatment with T4 or T3 may
be beneficial in patients with symptoms of hypothyroidism.

Evaluation

Given the lack of sensitivity and specificity of clinical find-
ings, laboratory testing is essential to confirm the diagnosis
and identify the cause of hypothyroidism.

The most sensitive, “gold standard” test is measurement
of TSH levels using a third-generation chemiluminescent
immunoassay, which has the advantage of being more sensi-
tive at the lower range than the second-generation test. The
FT4 level will differentiate between overt and SCH.
Equilibrium dialysis is the gold standard for the measure-
ment of FT4; however, direct measurement via ultrafiltration
is the most widely available method. It can also be measured
indirectly through the FT4 index. Total thyroxine levels are
affected by conditions that increase binding protein (e.g.,
pregnancy and illness) and must therefore be interpreted
with caution. There is considerable debate about the upper
limit of normal for the TSH reference range. There is also
suggestion of differences in reference range by sex, age, and
ethnicity [22]. Data from the NHANES studies has shown an
age-specific distribution of TSH, with higher normal values
being seen in the elderly [23].

There is possibility for laboratory interference with
human anti-animal antibodies or high levels of drugs and
supplements such as heparin or biotin. Consequently, inter-
pretation of thyroid function testing should be interpreted
carefully with consideration to the clinical presentation.

The diagnosis of Hashimoto’s thyroiditis is confirmed by
the presence of circulating TPO antibodies, but antibodies to
thyroglobulin (TG) and the TSH receptor antibody (TRAb)
may also be present. The presence of TPO antibodies is 92%
sensitive and 93% specific for the diagnosis of Hashimoto’s
thyroiditis in the correct clinical setting [24]. Elevated titers
of TPO antibodies can, however, be present in up to 11% of
the general disease-free population [16]. In patients with
SCH, the measurement of TPO antibodies is helpful in pre-
dicting the likelihood of progression to overt
hypothyroidism.

Ultrasound of the thyroid gland is not routinely recom-
mended but may confirm the diagnosis of Hashimoto’s thy-
roiditis if the characteristic heterogeneous echotexture is
seen.

Treatment

Thyroid hormone replacement is the mainstay of treatment
of hypothyroidism. Levothyroxine (LT4) is the preferred
agent as it allows for normal physiologic mechanisms to
maintain T3 production in peripheral tissues. It has a half-life
of 7 days, and therefore dose titration should be done after
about 6 weeks, allowing for equilibration to be achieved. A
TSH goal should be used to adjust the dose of therapy, except
in patients without an intact hypothalamic-pituitary-thyroid
axis, in which case FT4 is used. Patients with suspected glu-
cocorticoid deficiency should be evaluated and treated prior
to initiation of levothyroxine, as the latter may precipitate an
adrenal crisis in untreated individuals.

The typical daily dose of LT4 in a patient without endog-
enous thyroid function is about 1.6 pg/kg body weight per
day. Care should be taken when initiating treatment in elderly
patients with angina, as thyroid hormone can increase myo-
cardial oxygen demand. Therefore, a recommended starting
dose of 25-50 pg/day is preferred with titration by 12.5-
25 pg every few weeks in this population. Patients with SCH
also require a lower starting dose of levothyroxine, if treat-
ment is initiated.

Levothyroxine should be taken on an empty stomach, ide-
ally separated from food by at least 1 hour. Several medica-
tions may affect the absorption of thyroid hormone
(Table 2.2), and patients should be educated to allow at least
4 hours to pass after a meal prior to taking thyroid hormone.
Gastric acid is required for complete absorption of thyroid
hormone; in patients on acid-reducing medication, one strat-
egy may be to administer the dose at night when there is
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higher basal secretion of acid in combination with a slower
intestinal transit time [25]. In patients who are unable to
adhere to a daily dosing regimen, once-weekly dosing of
levothyroxine with a dose slightly higher than seven times
the daily dose has been shown to achieve biochemical euthy-
roidism without significant side effects [26].

Monitoring of therapy should be performed every 6 weeks
after any change in treatment is made, be it to the dose or the
brand of medication [27]. Among generic LT4 formulations,
there is some variation in bioequivalence despite adherence
to FDA standards. Therefore, in the athyreotic patient par-
ticularly, many practitioners advocate using brand name
medication only. Once the ideal dose is achieved, monitoring
can be done on an annual basis. Certain circumstances should
prompt reassessment of thyroid function sooner, for exam-
ple, pregnancy which can increase requirements by up to
50% [28]. Conversely, women on androgen therapy for
breast cancer require less levothyroxine, as do hypothyroid
patients in general as they get older. Medications can also
interfere with thyroid hormone metabolism (Table 2.2), and
these potential interactions should be kept in mind.

Therapeutic Target

The goal of treatment of hypothyroidism is to restore both
biochemical and clinical euthyroidisms. Most patients
achieve normal TSH levels within the first year of treatment.
One study estimated this at 75% in patients with spontaneous
hypothyroidism and 68% in those with hypothyroidism fol-
lowing surgery or RAI therapy. There should be avoidance of
undertreatment and overtreatment. The same study observed
overtreatment with LT4 in 4% to 6% of patients [29].

Given the fact that TSH normal level rises with the age,
some groups have proposed targeting a lower TSH level
within the reference range, particularly in younger individu-
als. There is however mixed evidence regarding benefit of
such practices [30]. Controversy also continues regarding
the benefits of thyroxine therapy in SCH, with some recom-
mending treatment [31, 32] and others arguing against
replacement therapy, particularly in the elderly [33].

Persistent Complaints Despite Normal TSH

In some patients, despite achieving biochemical euthyroid-
ism, hypothyroid symptoms such as fatigue and weight gain
persist. Many factors have been suggested as an explanation
to this observation, including the presence of concomitant
autoimmune diseases, other hormonal changes such as
menopause, or genetic deiodinase polymorphism. Further,
levothyroxine monotherapy does not restore physiologic
ratios of T4 and T3 that are seen in euthyroid individuals.

Combination Therapy

The thyroid gland is responsible for 20% of the body’s T3
secretion with the remainder derived from peripheral conver-
sion of T4 to T3. The theory of, therefore, supplementing the
athyreotic patient with T3 in order to restore “physiologic
balance” is an appealing one. Several studies have looked at
whether a replacement strategy with both LT4 and triiodo-
thyronine (LT3) results in better outcomes. Overall, the
majority of clinical studies did not demonstrate benefit of use
of combination therapy to treat hypothyroid patients with
regard to quality of life, fatigue, body weight, cognition, and
mood [34, 35]. An early positive study showed improvement
in mood and neuropsychological parameters in these patients
but was criticized for its small number of patients, excessive
use of thyroid hormone, and short follow-up [36]. Several
subsequent, more rigorous studies and a large meta-analysis
failed to replicate those results [37—42]. In addition, most of
these trials have used once or twice daily dosing of T3, which
is a short-acting preparation, and thus provided surges of free
T3 rather than normalization of the steady-state levels.

The European Thyroid Association (ETA) and the Italian
Association of Clinical Endocrinologists (AME) have sug-
gested consideration of combination therapy on a trial basis
to address patient well-being, with avoidance of such therapy
in the pregnant and elderly population [34, 35]. The Italian
Guide tabulated a possible approach for the combination
therapy [35]. Additionally, the use of “non-solid” LT4 for-
mulations may be considered in hypothyroid patients with
gastroenteric diseases due to improved GI absorption of
these products [35].

Commercially available desiccated animal thyroid prepa-
rations, usually porcine in origin, contain both T3 and T4.
The ratio of T3 to T4 in these preparations tends to be higher
than the ratio found in humans, thereby leading to supra-
physiologic T3 levels. Additionally, due to the nature of the
product, monitoring and standardization of desiccated thy-
roid preparations are lacking, leading to difficulty in dose
adjustment. There is also insufficient information about the
safety or benefit of the surge of free T3 that is seen shortly
after the ingestion of such thyroid extracts [43].

Special Populations
Subclinical Hypothyroidism (SCH)

SCH is a biochemical diagnosis made in a patient with an
elevated serum TSH level and normal serum free T4.
Symptoms may be vague and nonspecific or similar to those
with overt hypothyroidism. Its prevalence increases with
age, and it is more common in women and in iodine-sufficient
areas [44].
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Some conditions need to be excluded prior to making this
diagnosis. In a patient recovering from a non-thyroidal ill-
ness, there may be a transient increase in TSH. Similarly,
often after the hyperthyroid phase of thyroiditis, there can
be a transient period of hypothyroidism. There is also a diur-
nal variation and a nocturnal surge in TSH with the highest
values being seen in the morning. Hence, the diagnosis of
subclinical hypothyroidism should only be made in a patient
in whom the biochemical abnormalities are reproducible
after about 6 weeks and in whom there is an intact
hypothalamic-pituitary-thyroid axis with no intercurrent
illness.

The risk of progression from SCH to overt hypothyroid-
ism is determined by the magnitude of TSH elevation and the
presence of TPO antibodies [45]. In women with both high
TSH values and high antibody concentrations, the cumula-
tive incidence of hypothyroidism has been reported to be as
high as 55% [46]. Conversely, normalization of TSH values
occurs more frequently in people with concentrations of
4-6 mU/L [47]. The underlying etiology for SCH also influ-
ences the rate of progression to overt hypothyroidism. For
example, patients who recently received radioiodine therapy
or external beam radiation are more likely to progress to
overt hypothyroidism than patients who received external
beam radiation as children.

There is inconsistent data regarding the risk of cardiovas-
cular disease, neuropsychiatric symptoms, and mortality
rates in patients with SCH with studies demonstrating both
an increased and decreased risk of each outcome measure.

Current guidelines recommend treating all patients with a
TSH >10 mIU/L and those with positive TPO antibodies,
because of a higher risk of progression to overt hypothyroid-
ism [48]. Additionally pregnant women or women contem-
plating pregnancy should also be treated [49]. More unclear
is the benefit of treating patients with TSH between 5 and 9
mlU/L. SCH might be associated with greater cardiovascular
risk in young and middle-aged people than in those older
than 65 years, and therefore treatment may be justifiable in
this group [50]. Levothyroxine therapy has been shown to
improve cholesterol levels as well as surrogate cardiovascu-
lar endpoints such as carotid intimal thickness, endothelial
function, and left ventricular function in several studies, but
the mortality benefit may only be seen after prolonged ther-
apy [51, 52]. Symptomatic patients with TSH values between
5 and 9 mIU/L may benefit from treatment, although studies
show the effects to be greatest in patients with TSH >10
mlU/L [53].

The goal of therapy should be to bring TSH to the lower
range of normal (0.5-3.0 mIU/L) in patients <65 years of age
and between 3 and 4.5 mIU/L in patients >65 years of age. In
patients who do not clearly qualify for therapy, monitoring
thyroid function every 612 months is a reasonable strategy.

Hypothyroidism and Pregnancy

Pregnancy results in a twofold increase in thyroid-binding
globulin and stimulation of the TSH receptor by f-HCG, an
effect that wanes with decreasing production of -HCG as
the pregnancy progresses. Therefore the recommendation by
the American Thyroid Association that there should be
trimester-specific reference ranges for TSH in pregnancy has
a sound physiologic basis, but is not widely practiced by
commercial laboratories [54].

This phenomenon has impacted the definitions of overt and
subclinical hypothyroidism in pregnancy. Overt hypothyroid-
ism is defined as having a TSH of >2.5 mIU/L with a corre-
sponding trimester-specific low FT4 or a TSH of >10 mIU/L
regardless of FT4 levels. SCH is defined as having TSH
between 2.5 and 10 mIU/L with a normal FT4 level. About
10-20% of all pregnant women are TPO antibody positive and
biochemically euthyroid. These women are more likely to
have a TSH level that is >4.0 mIU/L by the third trimester, and
up to half will develop PPT [55]. SCH can also persist postpar-
tum, particularly in women with TPO antibodies.

Overt hypothyroidism in pregnancy, if left untreated, may
result in adverse maternal and fetal outcomes including pre-
term delivery, low birth weight, miscarriage, increased risk
of fetal loss, and gestational hypertension [56, 57]. The data
in women with SCH with or without thyroid autoantibodies
also shows an increase in adverse pregnancy outcomes,
including preeclampsia, placental abruption, and neonatal
mortality [58, 59]. However, there is less clear evidence that
the neurocognitive development of the fetus is affected in
women with untreated SCH [54, 60].

Thyroid autoimmunity itself may predispose to adverse
fetal outcomes. In recent meta-analyses looking at euthyroid
women with thyroid autoantibodies, there was a twofold
increase in the rate of both spontaneous miscarriage and pre-
term delivery [61, 62].

There is currently insufficient evidence for universal TSH
screening of all pregnant women in the first trimester of
pregnancy. Clinical practice guidelines instead advocate a
“case-finding” approach and recommend certain high-risk
groups of women have their serum TSH checked at the con-
firmation of pregnancy (Table 2.3) [54, 63].

The current ATA recommendation is to treat all pregnant
women with overt hypothyroidism as well as those with SCH
and positive TPO antibodies and to consider treatment in
pregnant women with negative TPO antibodies and a TSH
ranging between the upper limit of normal and 10 mU/L
[54]. If the decision is made not to treat women with SCH or
thyroid autoimmunity, then monitoring thyroid function
every 4 weeks during the first half of pregnancy and at least
once between 26 and 32 weeks gestation is a reasonable
strategy.
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Table 2.3 Target populations for TSH screening during pregnancy

Women at high risk for overt hypothyroidism during pregnancy
History of thyroid dysfunction, postpartum thyroiditis, or prior
thyroid surgery

Age >30 years

Symptoms of thyroid dysfunction or biochemical features suggestive
of thyroid dysfunction including anemia, hypercholesterolemia, or
hyponatremia

Presence of goiter

TPO antibody positivity

Type 1 diabetes or other autoimmune disorders

History of infertility, miscarriage, or preterm delivery

Multiple prior pregnancies (>2)

History of head or neck radiation

Family history of autoimmune thyroid disease or thyroid dysfunction
Use of amiodarone or lithium or recent administration of iodinated
radiologic contrast

Residing in an area of known moderate-to-severe iodine
insufficiency

Body mass index >40 kg/m?

Women with preexisting hypothyroidism will likely
require an increase in their dose of hormone replacement by
up to 50% until delivery [64]. The dose of levothyroxine
should be increased by about 30% as soon as pregnancy is
confirmed and titrated to maintain a trimester-specific nor-
mal TSH. Practically speaking, this can be achieved by add-
ing two extra doses of levothyroxine a week, i.e., nine doses,
from seven. Ideally, preconception TSH should be <2.5
mlU/L to achieve the most favorable outcomes during preg-
nancy. Serum TSH should be monitored every 4 weeks in the
first half of pregnancy and at least once between 26 and
32 weeks gestation. In the absence of laboratory-specific
ranges, it is reasonable to use the following upper limits of
normal for TSH: 2.5 mIU/L in the first trimester, 3.0 mIU/L
in the second trimester, and 3.5 mIU/L in the third trimester
[49, 54]. Postpartum, the patient should return to her pre-
pregnancy dose of levothyroxine, and a serum TSH should
be checked about 6 weeks later.

Myxedema Coma

Myxedema coma is the result of severe untreated hypothy-
roidism and manifests with hypothermia, generalized slow-
ing of all organ functions, and decreased cognition. It is a
medical emergency with a high mortality rate if left unrecog-
nized and untreated. It can be a result of long-standing
untreated hypothyroidism or may be precipitated by expo-
sure to cold, infection, trauma, or central nervous system
depressants particularly in the elderly population.

The typical patient presents with a history of known
hypothyroidism and slowly worsening mental status changes.
It is usually accompanied by a variety of clinical features

which, in its most severe form, can include hypothermia,
hypotension, bradycardia, hyponatremia, hypoglycemia, and
hypoventilation. The myxedema is a result of abnormal
mucin deposition in the tissues and manifests as non-pitting
edema of the face, tongue, and peripheries. Pleural, pericar-
dial, and peritoneal effusions are not uncommon. Seizures
may be present, partially due to hyponatremia which is pres-
ent in about 50% of patients [65].

The diagnosis should be considered in the hypothyroid
patient who presents with typical clinical features and con-
firmed biochemically. Serum TSH, free T4, and cortisol lev-
els should be drawn prior to administering any therapy. The
majority of patients will have primary hypothyroidism, but
an inappropriately normal TSH in the setting of a low free T4
would indicate a pituitary or a hypothalamic etiology.

Treatment should be initiated based on clinical suspicion,
even before biochemical confirmation, due to the high mor-
tality rate of this condition. Severe hypometabolism can
impair drug absorption from the gut, and thus medications
should be administered intravenously. Thyroid hormone
replacement with both T4 and T3 is widely practiced as T3
has a faster onset of action and there is unpredictable
T4-to-T3 conversion in the setting of severe hypothyroidism
and concurrent non-thyroidal illness. A single loading dose
of 400-500 pg of levothyroxine intravenously is initially
given to replete the peripheral pool; this is converted to a
daily dose of 1.6 pg/kg thereafter. The loading dose should
be lowered in the elderly and in patients with cardiovascular
disease. T3 may be administered simultaneously, with or
without a loading dose, at a dose of 2.5-10 pg every 8 hours.
Care must be taken to ensure that T3 levels are monitored
appropriately as high levels have been shown to increase
mortality [66]. Once the patient is able to tolerate oral medi-
cations, thyroid hormone replacement can be done orally at a
dose of about three-quarters of the intravenous dose.

Glucocorticoids at stress doses should also be given until
the diagnosis of adrenal insufficiency can be excluded.
Additionally, supportive treatment, electrolyte monitoring,
and treatment of any precipitating illness must be instituted.
Hypothermia is best managed with passive warming as
active warming may cause redistribution of blood flow to
subcutaneous  tissues and cardiovascular  collapse.
Hypotension generally resolves with thyroid hormone
replacement over hours to days, but vasopressor support may
be required temporarily.

Poor prognostic factors include increased age, reduced
consciousness, persistent hypothermia, and sepsis. However,
with expedient treatment, the mortality rate approaches that
due to sepsis alone [67]. The key to successfully managing
myxedema coma remains having a keen clinical suspicion
for the condition and the prompt institution of thyroid hor-
mone replacement.
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Thyroid Nodules and Cancer

Marcio L. Griebeler and Hossein Gharib

Introduction and Clinical Importance

Thyroid nodules are very common in clinical practice with a
prevalence ranging from 2% to 6% by palpation [1] and up to
19—68% by ultrasound [2—4]. Most patients with a palpable
thyroid nodule on physical examination have additional nod-
ules on US investigation [5, 6]. The main clinical importance
of these nodules is to rule out malignancy.

The majority of nodules are benign; approximately 6%
are malignant [1, 3]. The incidence of thyroid cancer has
been increasing due to the use of neck ultrasonography and
other imaging leading to early diagnosis of occult and inci-
dental cancer with unclear clinical significance [7]. The inci-
dence of thyroid cancer has tripled from 4.9 per 100,000 in
1975 to 14.3 per 100,000 in 2009 [8, 9]. The estimated
annual incidence of thyroid nodules is 0.1% per year, sug-
gesting that approximately 350,000 new nodules will be
detected this year, conferring a 10% lifetime probability for
developing a thyroid nodule [3, 10]. Thyroid nodules are
more common in elderly persons, in women, and in areas
with iodine deficiency and with a history of childhood radia-
tion exposure [6, 11]. The prevalence of nodular thyroid dis-
ease is high so the main purpose of thyroid nodule evaluation
is to determine which nodules are malignant or require surgi-
cal intervention.
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History and Physical Examination

Clinical evaluation begins with a complete medical history
and thyroid palpation. Both benign and malignant disorders
can cause thyroid nodules (Table 3.1). Attention should be
directed to information on prior history of radiation treatment
of the head and neck, rate of growth of the mass (location,
size, and consistency), associated cervical lymphadenopathy,
local symptoms (pain, dysphonia, dyspnea, or dysphagia),
and other associated symptoms of hypothyroidism or hyper-
thyroidism. Most patients will have no symptoms during
evaluation as the majority of thyroid nodules will be discov-
ered incidentally. Malignancy rate in younger and older
patients is increased three- to four-fold when compared to
adults [12, 13].

Family history should be obtained, paying special atten-
tion to a history of medullary thyroid carcinoma (MTC),
papillary thyroid carcinoma, multiple endocrine neoplasia
types 2A and 2B, familial polyposis disease, Cowden dis-
ease, Carney complex, Gardner syndrome, and other rare
diseases [14-17]. Table 3.2 shows findings suggestive of
increased risk of malignancy potential.

Table 3.1 Common causes of thyroid nodules

Common causes of thyroid nodules
Benign nodular goiter
Thyroiditis
Cysts
Primary thyroid cancer
Papillary carcinoma
Follicular carcinoma
Hurtle cell carcinoma
C cell-derived carcinoma, medullary carcinoma
Anaplastic carcinoma
Metastatic cancer
Lymphoma
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Table 3.2 Findings of increased malignancy potential

Findings of increased malignancy potential

Prior history of head and neck irradiation

Family history of MTC, MEN type 2, PTC, or other syndromes
Age <14 or >70 years

Male sex

Growing nodule, firm or hard consistency, fixed

Cervical adenopathy

Persistent dysphonia, dysphagia, dyspnea, or vocal cord paralysis

Diagnostic Evaluation
Serum Markers

Besides a complete history and physical exam, all patients
should have a serum TSH measurement [8, 18]. If the TSH is
low, a thyroid scintigraphy should be performed to determine
the functional status of the nodule as low TSH suggests overt
or subclinical hyperthyroidism, hyperfunctioning (“hot”),
and autonomous functioning adenoma. If indeed the nodule
is found to be “hot,” it is unlikely to be malignant, and FNA
should be deferred [19].

TSH levels are independent predictors of malignancy in
patients with thyroid nodules: the risk of malignancy
increases as the TSH levels also increase [20, 21]. Routine
measurement of serum thyroglobulin (Tg) for initial evalua-
tion of thyroid nodules is not recommended [8].

Calcitonin is a marker for detection of C-cell hyperplasia
and MTC, and levels >10 pg/mL have high sensitivity for the
detection of MTC. Calcitonin should be measured in high-
risk patients, such as in those with a family history of MTC,
with high clinical suspicion of MTC by US or cytology, or
with MEN 2 syndromes. Overall, the prevalence of MTC is
low enough in the United States that both the recent ATA and
AACE Guidelines recommend “neither for or against routine
calcitonin measurement” [8, 22].

Thyroid Ultrasound and Indication for Fine-
Needle Aspiration (FNA)

Ultrasonography, more sensitive than palpation, is the
imaging of choice to detect a thyroid nodule. Thyroid
ultrasound (US) with survey of the cervical lymph nodes
should be performed in all patients with a suspected thy-
roid nodule, a goiter, or after an incidentally found nodule
by other imaging modalities [8]. Thyroid US is noninva-
sive and inexpensive, has a sensitivity of 95%, and can
identify nodules usually not palpated on the physical
exam. Ultrasound provides a very good evaluation of nod-
ule size, dimensions, structure, and any possible suspi-
cious features. It can also differentiate solid from cystic
nodules [8, 22, 23].

Ultrasound-guided fine-needle aspiration (FNA) is the
procedure of choice (gold standard) in the evaluation of thy-
roid nodules and is the most accurate test for determining
malignancy [8, 22]. It is safe, cost-effective, and preferred
over palpation-guided leading to much lower rates of non-
diagnostic and false-negative cytology results [24]. When
performed by experienced physicians, adequate sample can
be obtained from solid nodules in 90-97% of aspirations
[24]. There is no single ultrasound characteristic of malig-
nancy but instead a combination of features that need to be
evaluated as predictors of malignancy [10].

The most recent American Thyroid Association guide-
lines classify nodules into five risk groups based on a con-
stellation of sonographic pattern [8], while the current AACE
guidelines offer a more practical, three-tier risk analysis,
including low (<1%), intermediate (5-15%), and high risk
(50-90%) [22]. Per ATA guidelines, the recommendations
for diagnostic FNA are the following:

* Nodules >1 cm in greatest dimension with high suspi-
cious sonographic pattern.

e Nodules >1 cm in greatest dimension with intermediate
suspicion sonographic pattern.

e Nodules >1.5 cm in greatest dimension with low suspi-
cion sonographic pattern.

* FNA may be considered in nodules >2 cm in greatest
dimension with very low suspicion sonographic pattern
(spongiform). Observation is an option.

e Cystic nodules are considered to have very low suspicion
sonographic pattern and don’t require FNA.

The nodular characteristics mostly associated with being
predictive of malignancy include shape that is taller than
wide in the transverse dimension, hypoechogenicity, irregu-
lar margins, microcalcifications, and absent halo. These
characteristics have high specificity, but the positive predic-
tive value is lowered by their relatively low sensitivity. None
of these features alone is enough to differentiate a benign
from malignant lesion [25-28]. Findings such as isoecho-
genicity and spongiform appearance are features of benig-
nity [29]. Complex nodules with solid and cystic components
often with a dominant cystic part are frequently benign.

Numbers of nodules and size are not predictive of malig-
nancy. In a gland with multiple nodules, the selection for
FNA should be based on the US features rather than size
alone. Cancer is not less frequent in small nodules so diam-
eter cutoff alone to evaluate cancer risk is not recommended
[30, 31]. Ultrasound should only be performed in patients
with known or suspected thyroid nodules or the presence of
risk factors [8]. Advances in diagnostic imaging have
improved the management of thyroid nodules, but it also
increased the discovery of incidentalomas (small thyroid
nodules with <1 cm in diameter).
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Other Imaging

Other techniques like MRI and CT scan are not recom-
mended as routine tests as they are expensive and rarely
diagnostic. CT scan and MRI have more value to assess goi-
ter size, substernal extension, or extension to surround struc-
tures. lodine contrast should be avoided as it decreases
subsequent iodine 131 uptake [22]. Thyroid scintigraphy
should be performed when there is suspicion of autonomy of

the nodule (low TSH) suggesting overt subclinical
hyperthyroidism.
Cytology

Thyroid FNA slides should be reviewed by a cytopatholo-
gist with experience in thyroid. FNA has reduced the num-
ber of surgical procedures in patients with nodules by more
than 50% and substantially increased the malignancy yield
at thyroidectomy [32]. An adequate sample is highly accu-
rate for diagnosing thyroid cancer. Biopsy results may be
classified as satisfactory or unsatisfactory (non-diagnostic).
To be considered diagnostic or satisfactory, the aspirate
needs to contain no less than six groups of well-preserved
thyroid epithelial cells consisting of at least ten cells in
each group [33].

The Bethesda System for Reporting Thyroid Cytopathology
is the most commonly used. Currently there are six diagnos-
tic categories: benign; malignant; suspicious for malignancy;
follicular neoplasm or suspicious for a follicular neoplasm
(FN/SFN); follicular lesion or atypia of undetermined sig-
nificance (FLUS or AUS); non-diagnostic (Table 3.3) [33]
[34]. The expertise of the cytopathologist is crucial in correct
and clear interpretation of FNA slides and classification of
the cytology [35].

Overall, 6-11% of the FNAs will be unsatisfactory (non-
diagnostic), usually because of sampling error, bloody
smears, or poor technique [36-38]. Biopsy should be

Table 3.3 Bethesda system; data compiled from Baloch et al. [33]

repeated, but ultimately, about 5% of nodules will still be
unsatisfactory [8, 39-42]. The false-negative rates range
from 1 to 11% but usually will be less than 5% in most clin-
ics with enough FNA experience [41, 43].

Management, Therapy, and Follow-Up
Benign Thyroid Nodule

The most common benign lesions include colloid nodule,
macrofollicular adenoma, benign cyst, and lymphocytic
thyroiditis. The majority of these nodules do not need spe-
cific treatment once malignancy and abnormal thyroid
function are excluded [1, 8, 22]. If patient reports local
symptoms including dysphagia, choking, dysphonia, dys-
pnea, or pain, surgical treatment may be warranted. The
clinician should make sure that the symptoms are caused by
the thyroid mass or enlargement, and not due to other pro-
cesses such as pulmonary, cardiac, or esophageal disorders
[10]. Patients with a single toxic nodule or a toxic multi-
nodular goiter may be treated with surgery or radioiodine.
Treatment with 131 I for large toxic nodules is not preferred
as these nodules usually require high doses and are associ-
ated with more side effects [18].

Routine use of T4 suppressive therapy has no role in the
management of benign thyroid nodules [8, 22]. Therapy with
levothyroxine may be associated with increased risk of atrial
fibrillation, other cardiac abnormalities, and reduced bone
density, so therapy should be avoided in patients with large
nodules, long-standing goiters, low TSH levels, post-
menopausal women, and men older than 60 years [44—46].

The chance of a false-negative FNA (malignancy rate) is
reported around 1-2% only [47, 48], and an initial benign
FNA has negligible mortality risk in long-term follow-up
[49]. Some studies report an increased risk of malignancy in
nodules greater than 4 cm due to decreased FNA accuracy
and recommend surgery [50-52], but based on current evi-

The Bethesda system for reporting thyroid cytopathology: implied risk of malignancy and recommended

clinical management

Risk of malignancy Actual risk of

Diagnostic category (%)
Non-diagnostic 1-4
Benign 0-3
Atypia of undetermined significance/follicular lesion of 5-15
undetermined significance

Follicular neoplasm/ suspicious for a follicular neoplasm 15-30
Suspicious for malignancy 60-75
Malignancy 97-99

malignancy Management

20 (9-32) Repeat FNA with ultrasound
guidance

2.5 (1-10) Clinical follow-up

14 (6-48) Repeat FNA

25 (14-34) Surgical lobectomy

70 (53-97) Near-total thyroidectomy or surgical
lobectomy

99 (94-100) Near-total thyroidectomy
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dence, it is still unclear if patients with nodules with greater
than 4 cm and benign cytology carry higher risk of malig-
nancy [8].

The follow-up of thyroid nodules with benign cytology
should be determined by risk stratification according to
ultrasonography pattern [8]. The current guidelines of the
American Thyroid Association published recommend that
nodules with high suspicion US pattern should undergo
repeat US and US-guided FNA within 12 months. Nodules
with low to intermediate suspicion US pattern should have
repeat US at 12-24 months; in nodules with very low suspi-
cion US pattern, the utility of surveillance US and assess-
ment of nodule growth as an indication to consider repetition
of FNA are limited. If US is considered, it should be done at
>24 months. If the nodule has undergone repeat US-guided
FNA with a second benign cytology results, US surveillance
for evaluation of malignancy is no longer warranted [8].

Malignant Thyroid Nodule

If cytologic results are positive for thyroid malignancy, sur-
gery is almost always indicated [8] [22]. Consultation with
an experienced endocrine surgeon is preferred and should be
done as soon as possible. This category includes papillary
cancer, follicular carcinoma, Hurthle cell (oncocytic) carci-
noma, medullary cancer, thyroid lymphoma, anaplastic can-
cer, and metastatic cancer to the thyroid. Metastatic disease
to the thyroid is rare [53] and usually precludes immediate
surgery until further investigation for the primary site is
completed. Full workup should also be performed for ana-
plastic carcinoma and lymphoma [18].

An active surveillance approach may be considered in a
small subgroup of patients including those with a very low-
risk tumors (papillary thyroid microcarcinoma without evi-
dent metastasis or local invasion), high surgical risk patients
due to comorbid conditions, and patients with short remain-
ing life spans [8]. Most patients with papillary thyroid carci-
noma have an indolent course, and a few prospective studies
have reported very good outcomes with very low rate of
loco-regional recurrence and distant metastasis, and this
approach may be considered in thyroid micro-carcinoma
(tumors <1 cm in diameter) [54].

Suspicious for Malignancy

This category represents the cytologic results with strong
suspicious for malignancy but lacking clear diagnostic crite-
ria, with an estimated cancer risk of 60—75% [34]. Usually
surgical management is similar to a malignant cytology,
depending on clinical risk factors, sonographic features,

patient preference, and possible mutation testing. As more
data become available from the molecular testing field, man-
agement of this category may change in the future. Mutation
testing could improve risk stratification prior to surgery,
including possibly BRAF mutations and seven-gene panel of
mutations (including BRAF, RAS< RET/PTC, with or with-
out PAX9/PPARYy) [55, 56].

Indeterminate Thyroid Nodule (AUS/FLUS
and FN/SFN)

This group carries the most challenging diagnostic dilemma.
In this category a clear cytologic diagnosis cannot be made,
and examples include follicular neoplasms, Hurthle cell neo-
plasm, atypical PTC, or lymphoma. Indeterminate cytology
also includes AUS/FLUS (atypia of undetermined signifi-
cance/follicular lesion of undetermined significance) and
FN/SEN (follicular neoplasm/suspicious for follicular
neoplasm).

According to the Bethesda system, AUS/FLUS compro-
mises specimens that contain cells with architectural and/or
nuclear atypia that is more pronounced than expected for
benign changes but not sufficient to be placed on the higher-
risk categories [57]. Frequency range is around 7% of
reports, and the risk of cancer is between 6 and 48%, with a
mean risk of 16% [58].

Treatment options for AUS/FLUS include a repeat FNA,
molecular testing, observation, and surgical intervention.
Providers should take into consideration clinical and ultra-
sound risk factors and patient preferences when making
management decisions. Of repeated FNAs 10-30% yield
again AUS/FLUS [59-61]. Thyroid core needle biopsy could
also be considered [62]. Molecular testing is another option
commonly used in this subset of patients. Mutation testing
for BRAF has a high specificity but low sensitivity [63, 64],
while a panel of mutations (BRAF, NRAS, HRAS, KRAS,
RET/PTCI1, RET/PTC3, PAX8/PPARYy) has a higher sensi-
tivity [55] [65]. Recent studies are also using sonographic
features to estimate risk of malignancy [66].

FN/SEN cytology compromises follicular cells arranged
in an altered architectural pattern characterized by cell
crowding and/or microfollicle formation and lacking
nuclear features of papillary carcinoma or compromised
almost exclusively of oncocytic (Hurthle) cells [33]. This
category carries a 14-33% risk of malignancy (mean 26%),
with a frequency of 1-25% (mean 10%) of all thyroid FNA
samples [58].

For this category usually surgical excision for diagnosis
had been an established practice. Again, with the introduc-
tion and availability of molecular testing, this can be used to
supplement malignancy risk assessment after considering
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the clinical and ultrasound risk factors and patient prefer-
ences [8]. Risk stratification with molecular testing including
seven-gene panel shows a sensitivity of 57-75% and speci-
ficity of 97-100%, PPV of 87-100%, and NMPV of 79-86%
[55, 65].

Non-diagnostic
Patients with non-diagnostic biopsies are those that do not
meet specified criteria (the presence of at least six follicular
cell groups, each containing 10—15 cells derived from at least
two aspirates of a nodule) [33]. If initial FNA biopsy is non-
diagnostic, it should be repeated with possible onsite cyto-
logical assessment [8, 22, 67]. If the results are again
non-diagnostic, core needle biopsy, close observation, or sur-
gery should be considered, the latter especially if there are
suspicious pattern on ultrasound, clinical risk factors, and
growth of the nodule. A repeat FNA after initial non-
diagnostic cytology may yield a 75% diagnostic cytology in
solid nodules and 50% in cystic nodules [68].

Figure 3.1 shows an algorithm with a summary for the
diagnosis and management of palpable thyroid nodules.

Special Situations
Thyroid Nodule During Pregnancy

The majority of the thyroid nodules during pregnancy are
pre-existing, but in some cases they can be initially diag-
nosed. Overall they should be managed exactly the same
way in non-pregnant women except that radioactive agents
should be avoided [22] [69]. If the clinical and imaging fea-
tures are suspicious for malignancy, patient will require a
FNA biopsy, regardless of the gestational age [70]. Some
studies showed that the cancer behavior during pregnancy is
the same when compared to the general population, without
any differences in survival rates or recurrence. Suppressive
therapy with levothyroxine for thyroid nodules is not
recommended.

Patient’s preferences should always be considered, and a
multi-disciplinary approach including an endocrinologist,
pathologist, obstetrician, surgeon, and anesthesiologist is
recommended. Women with no evidence of aggressive thy-
roid cancer may be reassured, and surgical treatment can be

Thyroid Nodule

Normal/High TSH

> 1cm, us-intermediate or high risk
> 1.5 cm US low risk
> 2 cm US very low risk

Nodule < 1cm or
cystic

Follow Up

Low TSH
Thyroid Scan

Cold Nodule (evaluate
as solid/mixed)

Hot nodule

Anti-thyroid; RAI;
Surgery

FLUS/AUS/FN/SFN

Molecular Markers
repeat FNA

Suspicious for
malignancy

Surgery

Fig. 3.1 Algorithm for the diagnosis and management of palpable thyroid nodules
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performed after delivery [71]. The cytologic suspicious nod-
ule is the most challenging situation during pregnancy. The
malignancy rate is similar between pregnant women and
non-pregnant women, so deferring surgical treatment to the
postpartum is reasonable [72]. Some may recommend post-
poning FNA until delivery unless worrisome features are
seen in the ultrasound as this may lead to possible thyroidec-
tomy during pregnancy depending of the FNA results. If the
outcome of the results will be unchanged, meaning that sur-
gical treatment will be postponed, this will just expose the
patient to anxiety regarding diagnosis and except manage-
ment [73].

Thyroid Nodules in Children

The prevalence of thyroid nodules in children is up to 1.8%,
and some cohort studies showed higher malignancy rates
[74, 75]. These findings suggest that the surgical approach
for thyroid nodules in children is more common than that in
adults. The evaluation of nodular disease in children is simi-
lar to adults. Overall the prognosis of thyroid cancer in chil-
dren remains good despite the increase prevalence of local
metastatic disease [76]. As in adults, the most common thy-
roid cancer is the papillary.

Thyroid Cancer

The most common histologic types of thyroid cancers are
follicular cell-derived and medullary thyroid cancers.
Follicular cell-derived cancer includes all variants of papil-
lary thyroid carcinoma (85% of all thyroid cancers) and fol-
licular thyroid carcinoma (10-15% lesions, including
Hiirthle cell cancer). The other follicular cell-derived cancer
is anaplastic carcinoma that accounts for less than 5% of thy-
roid tumors [77].

Medullary thyroid cancer originates in C cells and
accounts for less than 5% of thyroid malignancies. While the
majority has sporadic MTC, around 25% of patients may
have a hereditary form as part of the multiple endocrine neo-
plasia type 2 syndromes (MEN 2). They will also require
thyroidectomy and are followed with tumor markers like cal-
citonin. Even though the majority of medullary thyroid can-
cer is sporadic, genetic testing is recommended to all patients
for evaluation including RET proto-oncogene mutation. If a
mutation is found, all family members should undergo
screening for the same mutation as early as possible.

The recently published recommendations of the American
Thyroid Association (ATA) for differentiated thyroid cancer
will be reviewed briefly in the following [8].

Goals of thyroidectomy include removing the tumor,
improving overall disease-specific survival, and decreasing

the rate of recurrence and morbidity. All patients should
undergo pre-operative neck ultrasound for evaluation of
lymphadenopathy. Risk stratification after surgery is para-
mount to outline a strategy for radioiodine treatment, follow-
up plan, and TSH suppression.

For tumors <1 cm, without extra-thyroidal extension or
regional lymph node metastasis, a thyroid lobectomy may be
sufficient. For tumors 1-4 cm, without extra-thyroidal exten-
sion or lymph nodes, total thyroidectomy or, in selected
patients, a lobectomy may be considered. Tumors greater or
equal to 4 cm, with extra-thyroidal extension or metastases,
should always undergo total thyroidectomy.

American Thyroid Association Risk
Stratification System

ATA Low Risk

Patients with papillary thyroid cancer with no local or dis-
tant metastasis; all macroscopic tumor has been resected, no
tumor invasion of loco-regional tissues or structures, no
aggressive histology (tall cell, hobnail variant, columnar cell
carcinoma); if I131 is given, no RAI avid metastatic foci out-
side the thyroid bed on the first post-treatment whole body
RAI scan, no vascular invasion, clinical NO or <5 pathologic
N1 micro metastases (<0.2 cm in the largest dimension);
intrathyroidal, encapsulated follicular variant of papillary
thyroid cancer; intrathyroidal, well-differentiated follicular
thyroid cancer with capsular invasion and no or minimal (<4
foci) vascular invasion; intrathyroidal, papillary microcarci-
noma, unifocal or multifocal, including V600E BRAF
mutated.

For this group of patients, especially in tumors <l cm
(unifocal or multifocal), there is no evidence suggesting that
radioactive iodine (RAI) improves disease-specific and
disease-free survival. Overall post-surgical RAI is not indi-
cated. In patients with tumor size 1-4 cm, there are conflict-
ing data that RAI improves disease-free survival and
post-surgical RAI is not routinely indicated.

In patients that undergo total thyroidectomy, initial TSH
goal is 0.5-2 mU/L if non-stimulated TG <0.2 ng/mL, and
TSH goal is 0.1-0.5 mU/L if non-stimulated Tg >0.2 ng/mL.
Evaluation of response to therapy includes at least annual
thyroglobulin testing and neck ultrasound. Diagnostic whole
body scan is not routinely recommended. Follow-up is usu-
ally annually for the first 5 years. If serum TG level is rising
or neck ultrasound is abnormal, patient may require further
diagnostic tests.

In patients undergoing lobectomy, post-op serum TG may
be considered as well as neck ultrasound. Although after par-
tial thyroidectomy serum TG will be undetectable, an
increase in stable TG levels should give rise to suspicion of
recurrent disease warranting further evaluation. RAI remnant
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ablation is not recommended and initial TSH goal should be
0.5-2 mU/L. Evaluation for response to therapy includes
annual ultrasound and consideration for thyroglobulin
testing.

ATA Intermediate Risk

Patients with microscopic invasion of tumor into the peri-
thyroidal soft tissues, RAI avid metastatic foci in the neck on
the first post-treatment whole body RAI scan, aggressive his-
tology, papillary thyroid cancer with vascular invasion, clini-
cal N1 or >5 pathologic N1 with all involved lymph nodes
<3 cm in largest dimension, intrathyroid, papillary thyroid
cancer, primary tumor 1-4 cm, V600E BRAF mutated,
multifocal papillary micro-carcinoma with extra-thyroidal
extension and V60OE BRAF mutated.

In patients with tumor size >4 cm, post-surgical RAI may
be considered, especially in patients with adverse features. In
patients with microscopic extra-thyroidal extension (any size
tumors), post-surgical RAI is usually favored based on risk
of recurrence of disease.

In patients with central compartment neck lymph node
metastasis, post-surgical RAI is usually favored, mainly due
to higher risk of persistent and recurrent disease, especially
in larger tumors (>2 cm) or clinical evidence of lymph nodes
or extra-nodal extension.

Initial therapy for these patients includes total thyroidec-
tomy, neck dissection for clinical N1 disease, and possible
prophylactic central neck dissection. Diagnostic RAI scan-
ning may be considered. Surveillance includes serum thyro-
globulin and ultrasound of the neck.

RAI scanning should be considered in patients with inter-
mediate risk. For remnant ablation 30 mCI may be consid-
ered. For adjuvant therapy, usually up to 150 mCi is given.
Initial TSH goal is 0.1-0.5 mU/L, and evaluation for response
to therapy includes thyroglobulin testing, neck ultrasound,
and consideration for diagnostic whole body scan. Again,
periodic (annual) evaluation with thyroglobulin (non-
stimulated) and ultrasound of the neck are recommended.

ATA High Risk

This group of patients includes macroscopic invasion of
tumor into the peri-thyroidal soft tissues (gross extra-
thyroidal extension), incomplete tumor resection, distant
metastases, and post-operative serum thyroglobulin sugges-
tive of distant metastases.

In patients with ATA high risk, the body of evidence sug-
gests that RAI improves disease-specific survival and
disease-free survival; therefore routine RAI use is recom-
mended. Initial therapy includes total thyroidectomy, thera-
peutic neck dissection, and possible prophylactic central
neck dissection. Post-operatively, monitoring with thyro-
globulin, ultrasound, and RAI scanning are recommended.

RALI therapy is routinely recommended with up to 150
mCI as adjuvant therapy. For known structural disease,
empiric 100-200 mCI or dosimetry-guided dosing is recom-
mended. Initial TSH goal is <0.1 mU/L. This group of
patients is at increased risk for recurrence, and follow-up
should include thyroglobulin testing, neck ultrasound, whole
body scan, and CT/MRI or FDG/PET scanning.

Summary

Thyroid nodules are very common and are usually benign;
only around 5% carry the risk of malignancy. The challenge
in the management of thyroid nodules is to reliably identify
benign nodules and diagnose malignant thyroid disease as
early as possible. Thyroid evaluation starts with a careful his-
tory and physical exam followed by thyroid function tests
and ultrasound exam. An initial low TSH requires additional
tests for evaluation of hyperthyroidism. When TSH is normal
and US shows an indeterminate or suspicious nodule, an
US-FNA should follow as it remains the single most impor-
tant procedure for differentiating benign from malignant thy-
roid nodules. When cytology is suspicious for malignancy,
surgery is usually recommended. Benign thyroid nodules
can be followed clinically and with serial ultrasound images.
An indeterminate nodule poses a clinical challenge; treat-
ment may include observation, molecular markers, or sur-
gery. The most common type of thyroid cancer is papillary
thyroid cancer. Treatment usually entails total thyroidectomy
with or without lymph node dissection. Depending on risk
stratification, some patients may benefit from radioactive
iodine therapy. Long-term follow-up includes ultrasound of
the neck, TSH, and thyroglobulin. The overall prognosis of
thyroid cancer remains good.
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Evaluation of Sellar Masses

Todd B. Nippoldt

Introduction

The clinical presentation of a patient with a sellar mass can
include signs and symptoms of hormonal excess, hormonal
deficiency, or of the mass itself such as vision loss or head-
ache. Alternatively a sellar mass may be discovered inciden-
tally on brain imaging performed for an unrelated reason.
Autopsy and radiology studies suggest the prevalence of
incidentally found pituitary masses to be approximately 10%
of the population [1]. Clinically significant pituitary lesions
are diagnosed in 1 in 1000 people [2]. Although a wide vari-
ety of diseases can manifest as sellar or parasellar masses
(Table 4.1), the vast majority of clinically apparent and inci-
dentally found lesions are pituitary adenomas or Rathke’s
cleft cyst [3]. The effects of excess hormonal secretion (pro-
lactin (PRL), growth hormone (GH), corticotrophin (ACTH),
thyrotropin (TSH)) from functioning pituitary adenomas can
lead to significant morbidity and increased mortality.
Hypopituitarism can be a consequence of any mass lesion in
the sellar or parasellar region.

In this chapter the clinical, radiologic, and laboratory
evaluation of patients with a sellar mass will be discussed.
As over 94% of sellar masses are either pituitary adenomas
or Rathke’s cleft cysts [4], management of these lesions will
be emphasized. A limited discussion of the less common
lesions is included emphasizing those characteristics that
help differentiate them from adenomas and Rathke’s cleft
cysts.
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Key Points to the Diagnosis
Radiologic Findings

Sellar, parasellar, and pituitary stalk pathology (Table 4.1)
can be identified by abnormalities on plain X-rays, computed
tomography (CT), or magnetic resonance imaging (MRI).
Enlargement of the boney sella turcica, erosion of the clinoid
processes, and intra- or supra-sellar calcifications are find-
ings of pituitary lesions on skull X-ray. Cross-sectional
imaging defines the size of the mass, degree of parasellar
extension, and relationship with other intracranial structures
and provides imaging characteristics that suggest the etiol-
ogy of the lesion (Table 4.2). MRI scanning is superior to CT
scanning in defining sellar masses and should be obtained in
all patients if possible [11]. Clinical decisions regarding fur-
ther evaluation and management depend on findings that are
most accurately demonstrated by MRI imaging.

Pituitary adenomas are arbitrarily categorized by size as
microadenomas (<10 mm) or macroadenomas (>10 mm).
On high-resolution CT, pituitary adenomas are typically
hypodense compared with the normal gland on both unen-
hanced and contrast-enhanced images. On MRI imaging [12,
13], 80-90% of microadenomas appear as a focal hypoin-
tense lesion compared with the normal gland (Fig. 4.1) on
unenhanced T1-weighted images. After gadolinium, an ade-
noma typically enhances less avidly than the rest of the gland
(Fig. 4.2a). On T2-weighted images, up to 50% of microad-
enomas are hyperintense. Other findings that can be seen
with pituitary adenomas are focal erosion of the sella floor or
focal convexity of the superior surface of the gland. Deviation
of the pituitary stalk can be seen with microadenomas but
may simply represent normal variation. Macroadenomas
have similar signal characteristics as microadenomas.
Comparing the pre- and post-contrast signal to the normal
pituitary may not be possible as the normal pituitary may be
compressed and totally obscured by the macroadenoma.
Macroadenomas may grow and extend outside of the confines
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Table 4.1 Sellar, parasellar, and pituitary stalk lesions [3—10]

Neoplastic

Pituitary adenoma
Craniopharyingioma
Chordoma
Metastasis
Meningioma

Germ cell tumor
Glioma

Granular cell tumor (pituicytoma)
Hypothalamic neuronal hamartoma

Dermoid
Primary plasmacytoma
Primary lymphoma

Cavernous sinus hemangioma

Pituitary carcinoma

Table 4.2 Imaging characteristics of selected sellar masses

Pituitary adenoma

Rathke’s cleft cyst

Craniopharyingioma
(Adamantinomatous)

(Papillary)

Lymphocytic

hypophysitis

Metastasis

Meningioma

Chordoma

MRI
T1 T2
Hypointense® Hyperintense®
(80-90%) (50%)
Hyperintense® (50%) Hyperintense®
Hypointense® (50%)  (70%)
Iso- or
hypointense?
(30%)

Cystic portion: Iso- to

hyperintense®

Cystic portion:

hypointense® (85%)  mixed signal

Solid portion: iso- to

hypointense®

Isointense® Parasellar

Thickened hypointensity®

infundibulum

Posterior pituitary

bright spot may be

absent

Intrasellar or Signal

infundibulum characteristics

May have dural as in primary

thickening or bone tumor

destruction

Signal characteristics

as in primary tumor

Isointense® (60-90%) Isointense®
(50%)
Hyperintense®
(35-40%)
Hypointense®
(10-15%)

Iso- to hypointense®  Hyperintense®

May have foci of

hyperintensity

Cysts

Rathke’s cleft cyst
Arachnoid cyst
Epidermoid cyst

(80%)

Variable or

GAD gadolinium contrast, CSF cerebral spinal fluid
*Compared to normal pituitary gland

"Compared to brain

Cystic portion:
hyperintense®

Inflammatory/infiltrative
Lymphocytic hypophysitis
Granulomatous hypophysitis
Drug induced hypophysitis

Sarcoidosis

Langerhans cell histiocytosis
Eosinophilic infiltration (Churg—Strauss)
Infection: bacterial, mycobacterial, fungal, protozoal

+ GAD
Hypointense®

Non-enhancing

Enhancing

Enhancing

Enhancing
Dural
enhancement
may be present

Enhancing

Intense
homogeneous
enhancing

Heterogeneous
enhancing

CT
No contrast
Hypodense®

Homogenous
hypodense?

Calcifications
(90%)

Cystic portion:
CSF density
Calcifications are
uncommon
Cystic portion:
CSF density

Soft tissue
density

Soft tissue
density

Calcification
(20-30%)
Slightly
hyperdense®
(60%)

Involves clivus
Usually mid-line
posterior

Lytic bone
destruction

Contrast
Hypodense®

Non-enhancing

Solid portion:
enhancing
(90%)

Solid portion:

enhancing

Enhancing

Enhancing

Homogeneously

enhancing
(72%)

Moderate to
marked
enhancing

Vascular
Carotid aneurysm

Clinical hints
Hormonal excess
syndrome

Location: often central
between anterior and
posterior lobes

Cyst contains
non-enhancing nodule
(77%)

Mixed solid and cystic
components

Female predominance
F:M ~ 9:1

Often occurs during
pregnancy or
postpartum

Known primary
malignancy
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Fig. 4.1 Normal pituitary gland on MRI T1-weighted image in the TI-weighted image after gadolinium (b) demonstrates uniform
coronal plane prior to contrast (a) showing the normal pituitary gland — enhancement of the normal pituitary gland and infundibulum
(white arrow) and the relationship to the optic chiasm (gray arrow).

Fig. 4.2 MRI T1-weighted images in the coronal plane after gadolin-  and (b) a pituitary macroadenoma (white arrow) with suprasellar exten-
ium showing (a) a pituitary microadenoma (white arrow) located in the  sion displacing and deforming the optic chiasm (gray arrow)
right side of the gland that enhances less than the normal pituitary tissue
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of the sella turcica. Superior extension of the tumor can
cause displacement or compression of the optic nerves and
chiasm (Fig. 4.2b). Some adenomas may grow inferiorly,
erode through the floor of the sella, and fill the sphenoid
sinus. Adenomas that invade laterally into the cavernous
sinus are unlikely to be cured surgically. Unfortunately both
CT and MRI are not highly accurate in predicting cavernous
sinus invasion. Encasement of the internal carotid artery is
conclusive evidence. A tumor extending beyond the lateral
aspect of the internal carotid artery on coronal MRI images
is highly suggestive of cavernous sinus involvement. There
are cystic variants of pituitary adenomas, and cystic degen-
eration and hemorrhage may also be present.

The imaging characteristics of Rathke’s cleft cysts [12,
13] reflect their etiology. These non-neoplastic cysts arise
from remnants of epithelium from Rathke’s pouch (tiny
intrasellar cysts in this area may be referred to as pars inter-
media cysts). They are typically seen in the center of the
gland, although they can be laterally located or present in the
suprasellar space (Fig. 4.3). Many of these cysts are isoin-
tense with cerebral spinal fluid (CSF) on MRI imaging; how-
ever, if they contain proteinaceous fluid, they may be
hyperintense on T1- and T2-weighted sequences. They lack
contrast enhancement and do not contain calcifications. A
small intracystic nodule is present in 77% of cases [14].
Occasionally a Rathke’s cleft cyst can enlarge and compress
the optic chiasm.

History, Physical Examination, and Laboratory
Findings

Symptoms, findings on physical examination, and laboratory
abnormalities associated with pituitary tumors are due to the
effects of hormonal excess, hormonal deficiency, or local
effects of the mass on surrounding tissues. Detailed ques-
tioning regarding the symptoms and examination for the
physical signs associated with excess and deficiency of each
hormonal axis should be obtained. Symptoms related to
mass effect include vision loss that is classically loss of
peripheral vision from compression of the optic chiasm.
Other patterns of visual loss can occur due to anatomic varia-
tion in the anatomy of the optic nerves and chiasm. As vision
loss can occur very slowly over years, some patients may not
be aware of vision loss even in the presence of significant
visual field deficits. Although loss of peripheral vision may
be demonstrable on physical examination, automated perim-
etry should be obtained with masses that approach or contact
the optic apparatus. Headaches are unlikely to occur with
small masses that are confined to the sella. Larger masses
with extrasellar extension can cause headaches. Interestingly,
likely due to slow growth and tissue adaptation, many
patients with huge sellar-based masses do not have head-
aches. The sudden onset of a severe headache, acute onset of
symptoms of pituitary insufficiency, and cranial nerve defi-
ciency such as diplopia or ptosis can be seen with hemor-

Fig. 4.3 MRI T1-weighted images in the coronal plane showing an intrasellar Rathke’s cleft cyst. Prior to contrast (a) the cyst shows mild
increased intensity compared to normal brain. After gadolinium (b) the cyst does not enhance
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rhage in a pituitary adenoma (pituitary apoplexy). Polyuria
and polydipsia will be present in lesions affecting the poste-
rior pituitary, pituitary stalk, or hypothalamus that cause
deficiency of antidiuretic hormone (diabetes insipidus).
Although it is uncommon, many different systemic illnesses
can involve the pituitary and parasellar area, and a thorough
review of systems should be completed. If the history or
physical exam suggests hormonal excess or deficiency, the
appropriate hormonal laboratory evaluation should be
obtained including dynamic testing if necessary. The labora-
tory evaluation for asymptomatic patients with a pituitary
mass is discussed below.

Evaluation of the Incidentally Found
Pituitary Mass

Clinicians are commonly presented with patients who have
had a pituitary mass incidentally discovered. The “pituitary
incidentaloma” is defined as an asymptomatic mass in the
pituitary, found on imaging done for an unrelated reason.
The majority of these lesions are small, usually less than
1 cm in diameter, and represent either pituitary adenomas or
Rathke’s cleft cysts. To decide what tests, if any, should be
obtained and if treatment or observation is indicated, one
needs to confirm the patient is asymptomatic and also con-
sider the potential for, and the clinical impact of, hormone
deficiency, hormone excess, and tumor growth.

Incidentally found macroadenomas are commonly associ-
ated with hormone deficiencies with a reported prevalence of
hypopituitarism ranging between 15 and 57% [15, 16]. The
presence of hormone deficiencies in incidentally found
microadenomas is controversial, likely reflecting the arbi-
trary size cutoff of greater or less than 1 cm and the fact that
subtle deficiencies may be present despite normal baseline
hormonal levels. Retrospective studies suggest that inciden-
tally found microadenomas have a very low chance of being
associated with hormonal hypofunction with most studies
reporting a 0% incidence. However, this needs to be inter-
preted in light of a study [17] involving 38 patients with
microadenomas (55% incidentally found, 45% found on
imagining done to evaluate abnormal laboratory tests sug-
gesting pituitary dysfunction). GH releasing hormone
(GHRH)/arginine stimulation found 50% of these patients to
be GH deficient. In addition, basal hormone levels and/or
1 pg Cortrosyn stimulation identified at least one deficiency
of gonadotropins, TSH, and/or ACTH in 50% of the patients.
This led the Endocrine Society task force that developed the
clinical guidelines for pituitary incidentalomas to favor
screening for hormone deficiency in tumors greater than
Smm[11].

Recommendations vary widely as to the specific labora-
tory tests that should be obtained. Given the current litera-

Table 4.3 Recommended hormonal tests for asymptomatic patients
with an incidentally found pituitary mass

To rule out
subclinical To rule out subclinical
hormone excess hormone deficiency
Size
All sizes Size <5 mm >5 mm
Prolactin® X
IGF-1° X X
FT4, TSH X
Testosterone (men) X
Menstrual history
(premenopausal
women)
AM Cortisol® X

“Measure after dilutions in macroadenomas to rule out high-dose hook
effect

"IGF-1 and AM cortisol levels may not be sufficient to indicate nor-
malcy or deficiency, and dynamic studies may be necessary

ture, laboratory testing to identify subclinical hypopituitarism
in asymptomatic patients with an incidentally found pituitary
mass should be obtained when the mass is greater than 5 mm
in size (Table 4.3). It is reasonable to obtain TSH and free
thyroxine to rule out secondary hypothyroidism, IGF-1 to
screen for GH deficiency, and a morning cortisol level to
screen for secondary adrenal insufficiency, realizing that
basal levels of IGF-1 and morning cortisol may not be ade-
quate to determine normalcy or deficiency, and dynamic test-
ing may be required. Obtaining a testosterone level in men
and a menstrual history in women will determine if hypogo-
nadism is present. Measuring LH and FSH may be helpful in
some instances, for example, if there is concern about coin-
cidental primary hypogonadism.

Clinically non-functioning adenomas are most commonly
found. Classification of non-functioning adenomas using
mitotic count, Ki-67 proliferation index, the density and pat-
tern of granules, and immunohistochemical assessment of
certain receptors, enzymes, proteins, and hormones may be
helpful in identifying those tumors that are more aggressive
[18].

The most common hormone overproduced in incidentally
found pituitary masses is PRL with an incidence of 12-28%
[16, 19, 20]. Prolactin measurement should be done after
serial dilutions of the serum in macroadenomas as falsely
low values may be present when prolactin concentration is in
fact very high due to the high-dose hook effect of the assay
[21]. Prolactinomas have potential for morbidity, testing is
easy, and safe and effective treatment is available.

The incidence of GH overproduction by an incidentally
found mass is between 2 and 8% [16]. In early cases symp-
toms and physical findings may be quite subtle, but there is
potential for serious morbidity and mortality if GH excess is
not detected. There is also a high likelihood of surgical cure
when the tumor is small.
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No instances of ACTH excess have been reported in clini-
cal studies of pituitary incidentaloma. Autopsy studies report
between 1 and 13.8% of the adenomas stained for ACTH
[22]. The screening tests for ACTH excess are cumbersome
to perform and, particularly in asymptomatic patients, have
high false-positive rates [23]. Although Cushing’s disease is
serious, screening for ACTH excess in patients with no clini-
cal suspicion of glucocorticoid excess is not recommended
due to the low prevalence and the high false-positive rate of
the screening tests [11].

Although autopsy studies indicate 4% of incidentally
found adenomas stain for gonadotropins, LH and FSH are
usually in the normal range and are often biologically inac-
tive in surgically proven gonadotropin adenomas. Rare cases
of elevated testosterone levels in men and ovarian hyperstim-
ulation in women due to gonadotropin-secreting pituitary
adenomas have been reported [24, 25]. If a clinical syndrome
is present with a gonadotropin producing adenoma, it is usu-
ally hypogonadism associated with a macroadenoma.

TSH-secreting pituitary adenomas are exceedingly rare,
and none has been reported in clinical or autopsy series of
incidentally found masses. These usually present clinically
as macroadenomas with symptoms of hyperthyroidism [26].
Routine screening in the setting of a pituitary incidentaloma
is not recommended.

Given the frequency and the clinical impact of overpro-
duction of the various hormones, and the sensitivity and
specificity of the screening tests, it is reasonable to obtain
levels of PRL and IGF-1 to rule out subclinical excess secre-
tion for all truly asymptomatic patients with incidentally
found pituitary masses (Table 4.2).

An automated visual field examination should also be
obtained at baseline if a macroadenoma is approaching or
contacting the optic chiasm on MRI images [11]. This serves
to determine if there is subclinical vision loss and also to
serve as a baseline to determine if future growth, or surgical
or radiation treatment, caused new vision loss.

Both microadenomas and macroadenomas have the
potential to increase in size over time. Growth may occur
after several years of stability. Macroadenomas likely grow
more often (7-51%) than microadenomas (0-14%) [3]. Any
increase in size of a macroadenoma has a higher chance of
causing clinically significant mass effects.

Observation is appropriate if there is no hormonal over- or
underproduction and the mass is not causing or threatening
vision loss. If the decision is made to observe, repeat imag-
ing with MRI scanning should be done initially at
6—12 months, and then annually for 2—4 years, and periodi-
cally thereafter. Doubling the interval since the last scan if no
change is noted is appropriate. With macroadenomas, fol-
low-up should include hormonal assessment for hypopituita-
rism, assessment for symptoms of mass effect, and imaging

with MRI. Since the decision to do surgery on a non-
functioning macroadenoma is going to rest primarily on the
development of vision loss, formal visual fields (if the mass
is in proximity to the optic chiasm) should be obtained at
these same intervals. All follow-up scans should be com-
pared to the baseline scan in addition to the prior scan, since
minor consecutive increases in size may not be appreciated.

Differential Diagnosis

A wide spectrum of lesions with various etiologies can mani-
fest as masses in the sellar or parasellar region (Table 4.1).
Excluding pituitary adenomas and Rathke’s cleft cysts, they
represent only about 6% of clinically apparent lesions [4].
Brief discussions of some of these lesions follow.

Craniopharyngiomas are tumors of epithelial origin that
can affect both children and adults. Craniopharyngiomas are
often located in the suprasellar space but can be within the
sella. They can appear solid on imaging but often contain
both solid and cystic components. Calcifications, seen on
plain X-ray or CT, may be present. These tumors commonly
present with vision loss, anterior pituitary hormone deficien-
cies, and diabetes insipidus [27].

Chordoma is an aggressive, rare bone cancer that is
locally invasive and has a predilection for the axial skeleton,
with the most common sites being the sacrum, skull base,
and spine. Parasellar chordomas usually involve the dorsum
sella, clivus, or nasopharynx and cause local bone destruc-
tion (best seen on CT). Symptoms of headache or neck pain
are common, and diplopia or facial numbness can occur if
cavernous sinus invasion is present [28].

Germ cell tumors can affect the central nervous system.
The pineal gland is the most common site for intracranial
germ cell tumors. These tumors can also be located in the
suprasellar region, basal ganglia, posterior fossa, pituitary
gland, or medulla. They may manifest as multiple discreet
lesions, and leptomeningeal spread occurs in 10-15% of
cases. Common symptoms include headache, diplopia,
hypopituitarism, and diabetes insipidus [29]. They typically
present in teenagers or young adults (peak incidence age
10-14 years) and rarely present in patients greater than
30 years old. The diagnosis is facilitated by measuring the
tumor markers beta-human chorionic gonadotropin (BHCG)
and alpha-fetoprotein (AFP), which may be present in blood
or CSE.

Metastatic tumors to the sellar area are usually asymp-
tomatic from the pituitary standpoint and typically are
found in patients with known metastatic disease. The poste-
rior lobe of the pituitary or the hypothalamus are more
commonly involved making diabetes insipidus the most
common pituitary-related symptom. Metastases may also
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cause anterior pituitary dysfunction, vision loss, diplopia,
and retro-orbital pain. The most common primary sites are
the breast, lung, gastrointestinal tract, kidney, prostate, and
melanoma [30].

Primary brain tumors may present in or around the sella.
Parasellar meningiomas are often located by dorsum sella or
clivus [31]. Radiologically meningiomas are typically isoin-
tense to hypointense to gray matter on T1-weighted MRI
sequences and isointense to hyperintense on T2-weighted
MRI sequences. They typically display intense homoge-
neous enhancement and may show calcification. Gliomas
located in the parasellar region often arise from the optic
nerves or optic chiasm and have an unpredictable clinical
course [32].

Lymphocytic hypophysitis is a presumed autoimmune
inflammation of the pituitary that is more common in pre-
menopausal women (80-90%), often presenting during preg-
nancy or postpartum, but can occur in men, children, and the
elderly [33]. Symptoms commonly include headache that is
often intense. Pituitary insufficiency may involve only one
hormone axis, including diabetes insipidus, or multiple hor-
mone deficiencies may be present. Imaging can be variable
showing diffuse pituitary enlargement, enlargement of both
the pituitary and pituitary stalk, and stalk enlargement only
that may appear as a suprasellar mass. Usually homogeneous
contrast enhancement is present. Occasionally a presumptive
diagnosis of lymphocytic hypophysitis is made with a nor-
mal appearance of the pituitary on imaging.

Hypophysitis can occur in patients being treated with
immune checkpoint inhibitors for solid tumor malignancies.
These monoclonal antibodies have different mechanisms of
action, and hypophysitis is usually seen with the CTLA-4
(cytotoxic T-lymphocyte associated protein-4) preparation
ipilimumab and the PD-1 (programmed cell death-1) prepa-
rations nivolumab and pembrolizumab. The predicted inci-
dence of hypophysitis with ipilumimab is 3.8% and 1.1%
with nivolumab and pembrolizumab. Combination therapy
with ipilimumab and nivolumab has an 8% predictive inci-
dence of hypophysitis [34, 35].

Neurosarcoidosis can affect the parasellar region and
often involves the hypothalamus and/or pituitary stalk [36].
Angiotensin-converting enzyme (ACE) levels usually are
elevated in the blood or CSF. Other organs are typically
affected at some point in the course of the disease, but para-
sellar neurosarcoidosis can be the only manifestation.

Present and Future Therapies
Transsphenoidal Surgery

Since the 1970s, the standard surgical approach for most
pituitary tumors has been via the sublabial transsphenoidal

route [37]. This approach to the sphenoid sinus involves
making a sublabial incision for access to the nasal cavity and
then removing the nasal septum. The sphenoid sinus is then
entered allowing access to the sella turcica. After resection of
the tumor, the nasal septum is replaced requiring nasal pack-
ing postoperatively. In the mid-1990s, surgeons began using
a modification of the standard surgical technique utilizing
the nasal endoscope [38]. With this endoscopic transnasal
transsphenoidal approach, there is no external incision. The
nasal endoscope is placed through one nostril and advanced
to the anterior wall of the sphenoid sinus. The sphenoid
ostium is identified and enlarged, and the posterior portion of
the vomer is removed allowing access to the sphenoid sinus.
After placement of a self-retaining nasal speculum, the sella
turcica is entered, and the neurosurgical portion of the proce-
dure is undertaken as with the sublabial transseptal approach.
After resection of the tumor, the nasal speculum is with-
drawn, the nasal septum is adjusted to midline if necessary,
and a mustache nasal dressing is applied. The main differ-
ence in the two procedures from the surgeon’s standpoint is
that with the endoscopic transnasal approach, the surgical
field is smaller and is angled approximately 10° off-center
[39]. The disadvantages this may present to the surgeon can
be overcome with experience [40].

For the patient, the absence of the sublabial incision elim-
inates the possibility of developing lip numbness postopera-
tively, and leaving the nasal septum intact decreases
postoperative discomfort from nasal packs and decreases the
chance for complications related to the nasal septum.
Additionally, the length of hospitalization, anesthesia time,
and blood loss are reportedly less with the endoscopic
approach [41, 42].

Operative success regarding extent of tumor resection,
normalization of visual deficits, and normalization of hor-
monal hypersecretion are similar or better using the transna-
sal endoscopic technique. Surgical complications, including
mortality, vision loss, new pituitary hormonal deficits, CSF
leak, and infections are comparable between the two proce-
dures [39, 43-49].

Radiation

Radiation therapy of pituitary adenomas has been used as
primary therapy for pituitary adenomas as well as for treat-
ment of residual or recurrent tumors after surgery. The major
limiting factor for radiation therapy is damage to the normal
surrounding tissues. For pituitary adenomas the radiation
must pass through normal brain tissue, and the tumors are
often adjacent to radiation-sensitive structures such as the
optic nerves and normal pituitary gland.

The state of the art for fractionated X-ray radiotherapy is
termed fractionated stereotactic radiation therapy (FRST)
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and is an improvement over conventional radiation therapy
(CRT) in that it uses techniques to increase the radiation dose
to the tumor while limiting the exposure of normal tissues.
Control of non-functioning pituitary adenoma growth
appears to be better with FRST compared to CRT [50].

Stereotactic radiosurgery is a technique using multiple
lower-dose X-ray radiation beams conformationally focused
on the tumor and delivered in a single session. It has proven
to be effective with both non-functioning and hormone-
secreting pituitary adenomas for patients with recurrent or
residual tumors after surgery or if medical therapy has failed.
Inhibition of further tumor growth occurs in greater than
95% of patients treated with radiosurgery for non-functioning
adenomas [51].

Patients with hormone-secreting pituitary adenomas
treated with radiosurgery have a very wide range of reported
biochemical remission, varying from 17 to 82% [52]. This
variation in published reports on remission rates following
radiosurgery for hormone-producing pituitary adenomas
likely is due to advances in the technique over time, varied
definitions of endocrine cure, and relatively short follow-up
periods after radiosurgery.

It remains controversial whether pituitary-suppressive
medications (somatostatin analogues or dopamine agonists)
at the time of radiosurgery have any impact on remission of
hormone hypersecretion. Several studies have noted that
patients using either somatostatin or dopamine agonists at
the time of radiosurgery for GH- or PRL-secreting tumors
less frequently achieved biochemical remission [53, 54]. A
study of 46 acromegalic patients who underwent radiosur-
gery found that patients who did not receive pituitary-
suppressive medications at the time of radiosurgery were
four times more likely to reach normal GH and IGF-1 levels
than those who had [52]. Conversely, some studies have
failed to find any association between biochemical remission
rates for acromegalic patients who received somatostatin
analogues at the time of radiosurgery and those who did not
[55, 56].

The primary adverse effect of pituitary radiosurgery is the
development of new anterior pituitary hormone deficits. The
development of new pituitary hormone deficits ranges
between 7 and 41% in studies with mean follow-up intervals
of 4-5 years. The different rates of hypopituitarism reported
likely relate to variation in the patient characteristics includ-
ing history of prior surgery or fractionated radiation therapy,
radiation dose prescribed, treatment volume, follow-up
intervals, and the completeness of the patients’ endocrine
evaluation [57].

An alternative to X-ray radiation is using proton therapy
as the radiation source. Proton therapy exposes normal tissue
closer to the surface of the body to lower radiation doses than
the tumor receives and is effective in treating functioning and
non-functioning pituitary adenomas [58, 59].

Medical Therapy

Medical therapy is used to decrease hormone overproduction
by functioning pituitary adenomas or block the effects of
excess hormone secretion and in some instances may be used
to decrease tumor size relieving symptoms of mass effect or
to limit further growth.

For patients with prolactinomas, medical treatment with a
dopamine agonistis usually the first-line therapy. Cabergoline
and bromocriptine are the agents most commonly used, and
both are effective in normalizing PRL secretion and decreas-
ing tumor size with cabergoline being more efficacious and
more tolerable than bromocriptine [60]. Some patients
achieve prolonged remission after 2 or more years of treat-
ment. Cardiac valve disease has been described with caber-
goline therapy but is rare in patients treated with the standard
doses used for the treatment of hyperprolactinemia. Patients,
especially those on doses of cabergoline greater than 2.0 mg/
week, should be periodically assessed for valvular heart dis-
ease. Impulse control disorders can occur in patients treated
with dopamine agonists for Parkinson’s disease and restless
legs syndrome and has also been reported in patients with
prolactinomas [61].

GH-secreting pituitary adenomas are usually initially
treated with surgery and/or radiation therapy. Medical ther-
apy is used with persistent disease after surgery, while wait-
ing for the effects of radiation, and occasionally as primary
therapy in selected patients unable to tolerate surgery or with
clearly unresectable disease [62]. The somatostatin ana-
logues octreotide and lanreotide, given by intramuscular or
subcutaneous injection, respectively, act by decreasing GH
secretion from the adenoma. Normalization of IGF-1 levels
occurs in approximately 60% of patients. Tumor size can
decrease in some patients, but the decrease is modest and
usually not clinically significant. Common side effects
include nausea and diarrhea, but these usually resolve despite
continued therapy. Development of gallstones occurs in up to
30% of patients but rarely is symptomatic requiring therapy.
In patients with mild GH excess, treatment with the dopa-
mine agonist cabergoline may normalize IGF-1 secretion.
Pegvisomant, a GH receptor antagonist, normalizes IGF-1
levels in 90% of patients, is usually well tolerated, but can
cause drug-induced hepatitis. Increase in the size of the ade-
noma has been reported in some patients.

Medical therapy options for patients with ACTH-
producing pituitary adenomas and persistent cortisol excess
after transsphenoidal surgery or radiation have expanded in
recent years. Ketoconazole and metyrapone suppress adrenal
cortisol production by inhibiting steroidogenic enzymes
[63]. Their efficacy however decreases with time as the con-
tinued ACTH stimulation overrides the enzymatic block.
Because of this, their role is primarily in correcting severe
hypercortisolism in the short term prior to definitive surgical
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treatment. Hepatotoxicity can occur with ketoconazole
requiring monitoring of hepatic enzymes. Pasireotide is a
somatostatin analog with high binding affinity for four of the
five known somatostatin receptor subtypes (sst;_; and ssts).
ACTH-producing adenomas can express multiple sst recep-
tors, with the predominant receptor being ssts. Octreotide
and lanreotide, which are not effective in treating ACTH-
producing adenomas, have high affinity for sst, and low
affinity for ssts. Pasireotide, with a 40-fold higher affinity for
ssts than octreotide, normalized or decreased by >50% uri-
nary free cortisol in approximately 50% of treated patients
after 6 months. Hyperglycemia-related adverse events how-
ever occurred in 73% of patients with 46% requiring initia-
tion of or an additional glucose-lowering medication [64].
Mifepristone is a cortisol receptor antagonist shown to
improve glycemic parameters, lower diastolic BP, and
improve clinical signs and symptoms in patients with
Cushing’s syndrome from various etiologies [65]. Adverse
events however occurred in 88% of the subjects. As cortisol
levels rise during treatment, hormonal levels cannot be used
to monitor treatment, and overtreatment resulting in adrenal
insufficiency may be difficult to detect.

Laparoscopic bilateral adrenalectomy is an established,
safe, and effective treatment for patients with persistent
Cushing’s disease after pituitary surgery. Cortisol excess is
immediately and definitively cured, but lifelong hormonal
replacement with glucocorticoids and mineralocorticoids is
required. There is potential for unrestrained growth of a
residual ACTH-producing pituitary adenoma after adrenal-
ectomy (Nelson—Salassa syndrome). The vast majority of
patients do not require tumor-directed therapy after adrenal-
ectomy as Nelson—Salassa syndrome typically occurs in the
small subset with a clear evidence of invasive pituitary dis-
ease at the outset [66]. There are no studies comparing clini-
cal outcomes of bilateral adrenalectomy versus medical
therapy for patients with persistent disease after pituitary
surgery.
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Hyperprolactinemia

Andrea Glezer and Marcello D. Bronstein

Pathophysiology

PRL is secreted by the lactotrophs, present in the anterior
pituitary gland, and its secretion is under the inhibitory con-
trol of hypothalamic dopamine that reaches the anterior pitu-
itary gland through the portal circulation via the pituitary
stalk. Sellar and suprasellar tumors, as well as inflammatory
and infectious diseases evolving pituitary stalk, prevent the
inflow of the dopamine to lactotrophs, increasing PRL secre-
tion. Moreover, there are several factors releasing PRL secre-
tion, as estrogens, serotonin, thyrotropin-stimulating
hormone (TRH), and vasoactive intestinal peptide (VIP) [1].

Hyperprolactinemia, defined by elevated serum PRL lev-
els above the normal range, is the most common
hypothalamic-pituitary dysfunction and can result from sev-
eral causes, as physiological conditions (pregnancy, breast-
feeding, stress); pharmacological and pathological status,
like kidney and liver failure, hypothyroidism, pituitary ade-
nomas, tumors, or other inflammatory diseases of the
hypothalamic-pituitary region; and macroprolactinemia.
Prolactinomas, adenomas with autonomous secretion of
PRL, are the most common pituitary tumors, with a preva-
lence of 100 cases per million, more often reaching young
women, being ten times more frequent in females aged
20-50 years old than in males. Nevertheless, the prevalence
becomes similar between genders in adults over 60 years old
[1]. The differential diagnosis of hyperprolactinemia is
essential for its proper treatment.

Secretion and pulsatility of gonadotropin-releasing hor-
mone (GnRH) is impaired in hyperprolactinemia, probably
via kisspeptin [2], leading to gonadotropin deficiency and
consequent hypogonadism. The classic manifestations are
sexual dysfunction, infertility, menstrual irregularities, and
bone mass loss [1]. Galactorrhea, often found among women
with hyperprolactinemia, is not a mandatory or specific sign.
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Batrinos et al. evaluated 404 women with galactorrhea, with
and without irregular menses, and the prevalence of hyperp-
rolactinemia was 42% and 15%, respectively [3]. Mass
effects as headache and visual disturbances are often found
[1] in macroprolactinomas and other tumors of the
hypothalamic-pituitary region.

Key Points for Diagnosis

Hyperprolactinemia is defined when serum PRL levels are
above the normal reference value (usually 20-25 ng/ml in
females, 15-20 ng/ml in males) [4]. The stress of venipunc-
ture can increase PRL secretion, frequently at levels slightly
above the normal value. When blood collection is performed
after rest, about 30% of asymptomatic individuals with mild
hyperprolactinemia present with normal hormonal levels [5].
Nevertheless, rest for blood withdrawal is not routinely
recommended.

Serum PRL evaluation should be performed only when
clinically indicated [1].

Differential Diagnosis

After confirming the diagnosis of hyperprolactinemia, the
following etiologies should be evaluated [6]:

* Physiological: pregnancy and lactation and mammary
stimulation.

e Pharmacologic: neuroleptic and antipsychotic medica-
tions (sulpiride, chlorpromazine, risperidone, haloperi-
dol), antidepressants, opioids, cocaine, antihypertensive
medications (verapamil, methyldopa), drugs that act in
the gastrointestinal tract (metoclopramide, domperidone),
protease inhibitors for AIDS treatment, and the use of
estrogens.

* Associated with systemic diseases: kidney and liver
failure.

47

F. Bandeira et al. (eds.), Endocrinology and Diabetes, https://doi.org/10.1007/978-3-030-90684-9_5

5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-90684-9_5&domain=pdf
https://doi.org/10.1007/978-3-030-90684-9_5#DOI

48

A. Glezer and M. D. Bronstein

e Associated with endocrinological diseases: primary
hypothyroidism, polycystic ovarian syndrome (PCOS),
and Addison’s and Cushing’s diseases.

e Other tumors of the hypothalamic-pituitary region or
infectious/infiltrative disorders compromising the pitu-
itary stalk [7], as pituitary nonfunctioning macroadeno-
mas, craniopharyngiomas, metastasis, lymphocytic
hypophysitis, sarcoidosis, and tuberculosis; in addition
post-surgery or radiotherapy status can also lead to
hyperprolactinemia.

 Intercostal nerves stimulation.

* Autonomous PRL secretion by pituitary adenomas: pro-
lactinomas, mixed PRL and GH secretion tumors.

e Macroprolactinemia.

e Mutant prolactin receptor.

 Idiopathic.

In pharmacological hyperprolactinemia, a new serum
PRL evaluation should be performed after 3 days of with-
drawal of the suspected drug, if possible. Otherwise, the
patient should undergo magnetic resonance imaging (MRI)
of the pituitary to rule out pathological causes [8].

In primary hypothyroidism, increasing PRL secretion is
attributed to TRH, and serum PRL levels should decrease
and become normal after appropriate levotiroxine replace-
ment [9].

Regarding polycystic ovarian syndrome (PCOS), more
recent studies did not confirm any pathophysiological rela-
tionship with hyperprolactinemia, and the coexistence of
these two conditions could just be a random association [10].
Therefore, in patients who remain with irregular menses
after reaching normal serum PRL levels, it is important to
exclude other causes for the symptoms, such as PCOS.

Mammary stimulation in nonpregnant women, as chest
wall disturbances (herpes zoster, mechanical or chemical
trauma), can lead to increased levels of PRL due to neurogenic
reflex [11]. Breast clinical examination, mammography, and
ultrasound have minimal effect on serum PRL levels [12].

Macroprolactinemia is characterized by the predomi-
nance of the PRL isoform big-big-PRL (macroprolactin),
which occurs in about 25% of hyperprolactinemic individu-
als. According to its molecular weight, PRL is classified as
monomeric, dimeric, and macroprolactin. Monomeric PRL
corresponds to more than 50% of total circulating PRL, and
it is considered the biological active isoform, while macrop-
rolactin has low biological activity [13]. In an individual
with macroprolactinemia and normal serum concentrations
of monomeric PRL, symptoms related to hyperprolactinemia
are not expected [14, 15]. Macroprolactinemia is an impor-
tant cause of dissociation between clinical and laboratory
findings, and its screening should be performed in asymp-
tomatic hyperprolactinemic individuals in which the request
for the initial PRL evaluation is debatable. However, symp-
tomatic hyperprolactinemia can occur in macroprolactin-
emic patients when monomeric isoform is also elevated [15].

Dealing with a patient with symptomatic hyperprolac-
tinemia, when pregnancy, use of medications that may cause
hyperprolactinemia, kidney failure, liver failure, and hypo-
thyroidism are excluded, sellar MRI should be performed in
order to identify a pituitary tumor with autonomous PRL
secretion (prolactinoma), or other tumors of the sellar
region, as well as infiltrative or infectious diseases, are the
cause of hyperprolactinemia by pituitary stalk disconnec-
tion. Serum PRL is usually proportional to the tumor size in
prolactinomas: in microprolactinomas, serum PRL levels up
to 200 ng/ml are expected, while in macroprolactinomas,
frequently values above these levels are found [16].
Karavitaki et al. [17] evaluated serum PRL levels in patients
with pituitary nonfunctioning tumors with pituitary stalk
disconnection, and in 98.7% of the cases, levels were lower
than 95 ng/ml. Therefore, in hyperprolactinemia due to dis-
connection, serum PRL does not exceed 100 ng/ml, with
few exceptions. The differentiation between a hyperprolac-
tinemia due to disconnection and prolactinomas is essential,
especially in the presence of mass effect, in order to indicate
proper therapy.

A heterozygous mutation in prolactin receptor gene was
described in three sisters, two of whom presented with oligo-
menorrhea and one with infertility. The amino acid substitu-
tion leads to loss of function and prolactin insensitivity [18].
When all the abovementioned causes were ruled out and sel-
lar MRI is normal, diagnosis of idiopathic hyperprolac-
tinemia is made, albeit the presence of microadenomas not
detectable in the image cannot be excluded [6].

Current Therapies and Future Perspectives

Treatment goals include restoration of eugonadism and reso-
lution of galactorrhea. In the presence of macroadenoma,
treatment also aims to reduce its size and preserve, or even
restore, pituitary function when impaired. The therapeutic
modalities available for prolactinomas are medical, surgical,
irradiation, and their associations.

Medical Treatment

Dopamine agonists (DA) are the gold standard for the treat-
ment of prolactinomas being most represented by bromocrip-
tine (BRC) and cabergoline (CAB). This class of drugs
promotes PRL gene transcription inhibition, PRL secretion
decrease, as well as reduction of prolactinoma dimensions
[1]. CAB became the drug of choice due to its better toler-
ance and efficacy, explained by the high affinity and specific-
ity to dopamine receptor subtype 2 [1]. The initial dose of
CAB usually is one tablet (0.5 mg) twice per week, after din-
ner, and the titration is carried out according to the decrease
of PRL levels and tumor dimensions [19]. CAB leads to nor-
mal serum PRL levels in over 85% of patients and tumor
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reduction by more than 80% of them, while BRC promotes
normal serum PRL levels in 80% and reduction of tumor
dimensions in 70% of cases [20].

The most common DA side effects are nausea, vomiting,
and postural hypotension and rarely nasal congestion,
cramps, and psychiatric disorders [21]. CAB, in higher
doses, was related to valvulopathy in patients with
Parkinson’s disease, usually older patients with other comor-
bidities that could contribute to increase the risk of heart
valve disease. CAB, not BRC, has an agonist activity at
serotonin receptor SHT2B, which can promote fibroblast
proliferation and valvular insufficiency, especially in tricus-
pid and pulmonary valves. However, valvulopathy due to
CAB treatment for hyperprolactinemia is still controversial.
Among 17 studies published about this issue [22-33], only
one showed an association between CAB’s use and the pres-
ence of moderate tricuspid insufficiency [24]. Moreover, in
other four [23, 26, 29, 32] there was a higher prevalence of
valvular regurgitation, especially in the tricuspid valve, with-
out clinical repercussion. In two studies, valve structure
changes were described, with a greater risk of fibrosis [31]
and calcification [32] compared to the control group.
Nonetheless, in our opinion individualized monitoring with
echocardiography is desirable until more consistent data
will be available. Recent data pointed to remission of hyper-
prolactinemia after withdrawal of the drug in a substantial
number of patients. Passos et al. [34] pointed to normopro-
lactinemia after BRC withdrawal in 20.6% of patients
(25.8% in microprolactinomas and 15.9% in macroprolacti-
nomas) after drug use for a median time of 44 months. Even
higher remission ratios were observed by Colao et al. [35]
using CAB for a median time of 40 months (69% in microp-
rolactinomas and 64% in  macroprolactinomas).
Notwithstanding, Dekkers et al. [36], in a recent meta-analy-
sis of 19 studies about DA withdraw, showed that the mean
number of patients in remission was 21% with a higher non-
significant tendency toward CAB (35%) compared to BRC
(20%). Two other meta-analysis published in 2015 [37] and
2018 [38], including 637 and 1106 patients on DA, showed
remission rates of 35% and 36.6%. Lenght of treatment,
tumor reduction, normoprolactinemia and low dose of CAB
at withdrawal were factors associated with remission.
Although the guideline of Endocrine Society [21] suggests
that DA suspension should be performed gradually, in
patients treated for at least 2 years, we suggest that the
removal of DA should be individualized. In the last few
years, impulse control disturbance were reported from 8 to
61% in patients harboring prolactinomas on CAB, especially
hypersexuality. These symptoms should be actively investi-
gated in the medical interview [39].

In patients with drug-related hyperprolactinemia when
drug cannot be discontinued and in patients with idiopathic
hyperprolactinemia or microprolactinomas without desire of
fertility (particularly with resistance or intolerance to DA),
hormonal replacement can be indicated [19].

Surgical Treatment

Considered secondary in the therapeutic algorithm of prolac-
tinomas, the indications for surgery include patient’s desire in
non-invasive microprolactinomas, DA resistance/persistent
intolerance, absence of visual impairment reversal in a short
period of DA use, symptomatic apoplexy, cerebrospinal fluid
leakage, and/or visual compromise due to tumor shrinkage
with chiasma retraction with DA treatment. Surgery is usu-
ally performed through microscopic or endoscopic transsphe-
noidal route, and their results depend on neurosurgeon’s
experience and skillness, on serum PRL levels, and on tumor’s
size and the invasiveness. Gillam et al. [40] reviewing 50 sur-
gical series showed remission in 74.7% of microprolactino-
mas and in 33.9% of macroprolactinomas. Of note, the
recurrence rate in this same analysis was 18.2 and 22.8%, for
microprolactinomas and macroprolactinomas, respectively.

Radiotherapy

Prolactinomas are among the most radioresistant pituitary
adenomas, and therefore radiotherapy is limited to aggres-
sive tumors resistant to usual treatments. Gillam et al. [40]
reviewing published data show that the normalization aver-
age of PRL levels was similar with radiotherapy by conven-
tional technique (34.1%) or by stereotactic (31.4%) approach.
Side effects include optic tract damage, 50% risk of hypopi-
tuitarism in 10-20 years, neuropsychological disturbances,
development of secondary tumors, and stroke.

Fertility and Pregnancy

Treatment with DA restores fertility in most cases. In the
absence of response to drug treatment, and in cases of micro-
prolactinomas or intrasellar macroprolactinomas, ovulation
induction with clomiphene citrate or recombinant gonado-
tropins may be used [41].

The risk of tumor growth with clinical consequences during
pregnancy is up to 5% in microprolactinomas, making DA with-
drawn upon confirmation of pregnancy a safe procedure.
Clinical follow-up should be done in each pregnancy trimester,
a systematic assay of PRL not being indicated. In the presence
of significant headache or visual complaints confirmed by a
neurophthalmologic evaluation, sellar MRI without contrast is
indicated, preferably after the first trimester. If a significant
tumor growth is detected, DA should be reintroduced. In patients
with macroadenomas, however, the risk of clinical significant
tumor growth with is higher: 15-35%. Therefore, in patients
with expansive macroprolactinomas, tumor reduction within the
sellar boundaries preferable for at least 1 year of treatment with
DA, before allowing pregnancy, is highly desirable. In cases of
no tumor shrinkage, surgical treatment is indicated. The mainte-
nance of DA throughout pregnancy is up to the specialist discre-
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tion. Neurophthalmological evaluation should be performed
periodically. Reintroduction of the drug is indicated when tumor
growth occurs. If this is not effective, surgical treatment should
be performed, preferably in the second trimester [42]. A multi-
centric Brazilian study including 233 pregnancies induced by
CAB confirmed previous results of safety in materna and fetal
outcomes in CAB-induced pregnancies. Although CAB main-
tenance after pregnancy comfirmation was associated with
higher miscarriage rates [43]. In men, in addition to sexual dys-
function, hypogonadism related to hyperprolactinemia can pro-
mote changes in sperm quality, mainly asthenospermia [44]. In
men with prolactinoma on DA with persistent hypogonadism,
with or without normalization of serum PRL, the use of clomi-
phene citrate has been proven useful in the recovery of the
gonadotropic axis. This approach has advantages over testoster-
one replacement by restoring fertility [45].

Addressing Prolactinomas Resistant and/or
Aggressive

Aggressive pituitary tumors are defined by the presence of
extensive expansion or invasiveness of neighboring structures,
rapid tumor growth or recurrence, or the presence of giant
tumor, with more than 4 cm in diameter. Diagnosis of pituitary
carcinoma is performed only in the presence of metastases.
They are extremely rare, being PRL secretion tumors the most
prevalent. Aggressive prolactinomas are more common in
young male patients. The prevalence of prolactinomas resis-

tant to DA is approximately 10% of microprolactinomas and
18% of macroprolactinomas [1]. Reduction of dopaminergic
D2 receptors is its principal mechanism [46].

The initial strategy to treat patients partially resistant to
DA is the stepwise increase dose. Ono et al. [25] achieved
normalization of PRL levels in 96.2% of patients with dose
up to 12 mg per week of CAB, an exceeding elevated dose.
For agressive/invasive prolactinomas, temozolomide can be
used, with or without radiotheraphy, with tumor control in
about 60% of cases. Nevertheless, lenght of treatment in
responsive cases and failure in second attempt are important
questions related to this chemotherapy [47]. Two cases of
resistant prolactinomas were sucessfully treated with
Pasireotide [48]. Lapatinibe were used in four agressive/
invasive prolactinomas, with tumor control in thee [49].
Other therapies as estrogen pathway modulators and mTOR/
akt inhibitors may be promissing therapies [50].

Surgical treatment, even non-curative, may be effective in
obtaining normoprolactinemia in patients partially resistant
to DA, who may subsequently respond to cabergoline rein-
troduction [51, 52].

Summary: Diagnosis and Treatment

Hyperprolactinemia is a major cause of hypogonadism and
infertility, especially among young women. Proper diag-
nostic of its cause is essential for appropriate treatment
indication. Figure 5.1 summarizes the steps for diagnosis in

Hyperprolactinemia

Fig. 5.1 Diagnosis of hyperprolactinemia algorithm
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after rest
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Fig. 5.2 (a) Before treatment. Sellar T1-weighted MRI after gadolin-
ium enhancement, coronal (leff) and sagittal (right) depicted a sellar
mass impinging optic chiasma. (b) After 1 year of treatment with

an algorithm. In idiopathic hyperprolactinemia and prolac-
tinomas, the treatment of choice is the use of DA. Surgical
treatment and radiation are options for cases of resistance
or intolerance to DA. Figure 5.2 depicted sellar MRI of a
patient with macroprolactinoma in whom surgery was indi-
cated. The algorithm suggested for the treatment is in
Fig. 5.3.

A sellar MRI was performed in a 11-year-old male patient
complaining of headache, and a sellar mass was depicted

CAB. Sellar T1-weighted MRI after gadolinium enhancement, coronal
(left) and sagittal (right) depicted an important reduction of tumor
dimensions, with optic chiasma free of compression

(Fig. 5.2a). Serum PRL level was 1130 ng/ml. The patient also
had pubertal impairment development. Neurophthalmologic
evaluation was normal. After 4 years of treatment with BRC,
there was tumoral reduction without normalization of serum
PRL levels. In our department, BRC was substituted for CAB,
and dosage was gradually augmented until 3.5 mg a week.
After 1 year of treatment with CAB, serum PRL levels were
normal, and an additional tumoral reduction occurred
(Fig. 5.2b).
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Fig. 5.3 Prolactinoma
treatment algorithm
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Acromegaly

Francisco Bandeira, Alyne Layane Pereira Lemos,
and Sérgio Ricardo de Lima Andrade

Epidemiology

Acromegaly is a rare, progressive, and chronic disease with
high morbidity [1]. It increases all-cause mortality compared
with the general population. In Europe, acromegaly has an
estimated prevalence of 30 to 70 individuals per million. The
disease affects patients between the fourth and fifth decades
of life, with a 1:1 ratio between men and women [2, 3]. When
it begins before closure of the epiphyses, acromegaly is
known as gigantism.

Etiology

Most cases of acromegaly (98%) are the result of hyperse-
cretion of growth hormone by the pituitary gland. Also
known as somatotropinomas, GH-producing adenomas are
benign tumors, mostly macroadenomas (tumors larger than
1 cm). The disease may occur in the presence of a familial
factor or may be associated with other endocrine abnormali-
ties; such as multiple neuroendocrine neoplasia (MEN) types
1 and 4, McCune-Albright syndrome, Carney complex, and
familial isolated pituitary adenoma (FIPA). In addition, ecto-
pic tumors producing GH and GNRH may manifest them-
selves as acromegaly [2, 4-6]. Table 6.1 shows the main
characteristics of these syndromes. The genesis of the pitu-
itary tumor is complex and involves several abnormalities in
the expression of growth factor and the regulation of cell
cycle control. Several mutations have been described.
Mutations in the somatic activation of the G alpha (Gs) pro-
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Table 6.1 Causes of acromegaly

Family
syndrome Gene Clinical features
MEN type I MENI (menin) Pituitary adenoma associated with
11ql3e parathyroid adenomas and pancreatic
CDKNI1B neuroendocrine tumors
MEN type 4 Mutation Similar to MEN1
CDKNB1
McCune- GNAS 20 q13  Precocious puberty, thyrotoxicosis
Albright and Cushing’s syndrome
syndrome Polyostotic fibrous dysplasia and
café au lait skin lesions
Carney’s PRKARIA Associated with thyroid nodules,
complex 17q22-24 myxomas, cutaneous pigmentation,
and gonadal tumors
FIPA AIP at 20%, Patients younger than 40 years. They

but unknown in present macroadenomas with

most cases extrassellar extension. Less
frequently controlled by surgery or
somatostatin analogues

tein subunit are found in up to 40% of GH secretory tumors.
These cases are more sensitive to treatment with somatosta-
tin analogues. Patients expressing the pituitary tumor trans-
forming gene (PTTG) are more likely to have tumor invasion
[2, 4].

Pathophysiology

Approximately 95% of cases of acromegaly are due to a pitu-
itary tumor producing GH. GH is produced by somatotropic
cells stimulating the action of hypothalamic GHRH and acts
on hepatocytes stimulating the production of IGF-1. This
accounts for the typical clinical manifestations of acromeg-
aly. IGF-1, along with steroids and paracrine growth factors,
induces a negative feedback on GH release. GH is also sup-
pressed by somatostatin signaling, primarily through the
somatostatin receptor (SST) subtype. In rare cases (less than
5%), a hypothalamic or neuroendocrine tumor may release
excess GHRH, stimulating the somatotropic cells of the pitu-
itary gland to produce and release GH [2, 5].
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Clinical Features

The clinical presentation of acromegaly is insidious, starting
around 4-10 years before the diagnosis of the disease [1].
The systemic complications include cardiovascular disease,
sleep apnea, metabolic disorders, and colon neoplasia
(Table 6.2). The patient may present with prognathism, fron-
tal protrusion, thickening and increased oiliness of the skin,
and cutaneous porosity. Some of these characteristics consti-
tute acromegalic facies as shown in Figs. 6.1 and 6.2. These
features occur slowly and progressively and are better identi-
fied through the analysis of photographs over time [1, 7].

Cardiovascular System

Hypertension occurs in more than 40% of patients and is
usually mild and controlled with the usual antihypertensive
agents. Cardiac involvement is the major cause of mortality
in patients with acromegaly. Cardiomyopathy is present in
most patients [8]. Myocardial hypertrophy is biventricular
and concentric, compromising mainly the left ventricle.
Morphologic changes can lead to arrhythmias, hyperkinesia,
increased heart rate, systolic and diastolic dysfunction, and,
ultimately, heart failure [2]. In advanced stages, the aortic
and mitral valves are also affected. Coronary heart disease
occurs mainly due to associated factors such as hypertension
and glucose intolerance [1, 2, 5, 7].

Table 6.2 Clinical features of the acromegaly

Oily skin

Hyperhidrosis

Acanthosis nigricans
Prognathism, frontal protrusion
Arthralgia, osteoarthritis
Myopathy, chronic pain
Vertebral fractures

Arterial hypertension
Cardiomyopathy

Left ventricular hypertrophy
Arrhythmias

Cardiac failure

Diabetes mellitus

Glucose intolerance
Colonic polyposis

Dental changes (malocclusion of the jaw)
Sleep apnea

Macroglossia

Upper airway obstruction
Cardiomegaly
Hepatomegaly
Splenomegaly

Carpal tunnel syndrome
Brain arteries aneurism
Headache

Decrease in quality of life

Cutaneous
Musculoskeletal

Cardiovascular

Metabolic
Gastrointestinal

Respiratory

Visceromegalias

Neurologic

Others

Fig. 6.1 Acromegalic hands

Fig. 6.2 Acromegalic face due to soft tissue thickening

Endocrine and Metabolic Features

Diabetes is more frequent in acromegalic patients than in the
general population and is also responsible for the increased
mortality. Increased GH levels result in peripheral insulin
resistance, hyperinsulinemia, and decreased peripheral
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glucose uptake. The prevalence of diabetes in patients with
acromegaly is reported to be 52% in some studies [9].

Hypogonadism is present in approximately 50% of
patients and can occur in cases of hypopituitarism or hyper-
prolactinemia. Hypopituitarism is found in up to 40% of
cases, due to compression of the pituitary gland or destruc-
tion of the pituitary tissue. Hyperprolactinemia should be
investigated as a cause of hypogonadism [8].

Musculoskeletal Features

Arthropathy affects approximately 75% of patients and is the
main cause of morbidity in acromegaly. The condition affects
both large and small joints, as well as the vertebrae. Joint
changes may be irreversible, depending on the duration of
the disease [8]. Carpal tunnel syndrome is also present.
Patients present with chronic pain, which impairs their qual-
ity of life. Miller et al. evaluated 58 acromegalic patients for
musculoskeletal complaints: 90% reported musculoskeletal
pain, 84% had hip osteoarthritis, and 34% presented with
osteoarthritis of the knees [10]. The bone quality is decreased
despite the preserved density. There may be vertebral frac-
tures, usually related to the male sex, hypogonadism, and
acromegalic disease activity [11]. There is trabecular bone
loss with related preservation of cortical bone. The hands
and feet become enlarged due to soft tissue thickening.

Neoplastic Features

Colonic polyps may occur. These are associated with an
increased risk of colorectal cancer.

Respiratory System

Sleep apnea is an underestimated condition and may be pres-
ent in up to 70% of patients. It results from the growth of the
soft tissues adjacent to the airways, causing obstruction [2].
This condition is one of the causes of a worsening of hyper-
tension and requires careful evaluation. Apnea may not
resolve consistently, even with the proper treatment of the
acromegaly, and it requires evaluation by a maxillofacial sur-
geon and sleep specialists [8]. Macroglossia contributes to
upper airway obstruction and may hinder intubation during a
surgical procedure [2].

Diagnosis

The serum levels of IGF-1 and GH are persistently high in
acromegaly. Serum IGF-1 measurement is the initial test indi-
cated in all patients with suspected clinical features [1, 2, 5].

Table 6.3 Diagnosis of the acromegaly

Test Comments, interpretations
Serum IGF-1 High values according to age group
Basal GH GH basal >0,4 pg/L

GH > 5 pg/L in men and GH > 10 pg/L in
women, the presence of characteristic
clinical features confirms acromegaly
without the need to perform OGTT

GH > 0.4 pg/L associated with a high
IGF-1, confirms the diagnosis

The Endocrine Society recommends the
cut-off point >1.0 pg/l

Measurement of GH
after 75 g oral glucose
tolerance test

Patients with various comorbidities, such as sleep apnea, type
2 diabetes mellitus, debilitating arthritis, carpal tunnel syn-
drome, hyperhidrosis, and hypertension, even without typical
acromegaly characteristics, should undergo IGF-1 measure-
ment. Basal GH measurement should not be done routinely
because of its pulsatility. In such cases, the GH level should be
evaluated by carrying out an oral glucose tolerance test. This is
the gold standard for the diagnosis of acromegaly because it
shows the absence of normal suppression of the serum GH
concentration during hyperglycemia. During this test, 75 g
dextrose is given to the patient, and the GH level is measured
at 30, 60, 90, and 120 minutes. Values above 0.4 pg/L (or
ng/mL) confirm the diagnosis. A random GH concentration
lower than 0.4 pg/L associated with a normal IGF-1 level rules
out the diagnosis of acromegaly (Table 6.3) [1, 2, 5].

Plasma testosterone measurement is required for hypogo-
nadism assessment. Patients may have low levels of the sex
hormone-binding globulin, making biochemical diagnosis
difficult [8].

Pituitary hormone deficiencies may occur because most
patients present with large tumors, leading to panhypopitu-
itarism. Gadolinium-enhanced magnetic resonance imaging
is used to evaluate tumor extension.

Screening of diseases associated with acromegaly is
important and must be done conform to Table 6.4.

Treatment
Transsphenoidal Surgery

Transsphenoidal surgery (TS) is the first-line treatment for
control of GH and IGF-1 hypersecretion. The success of this
procedure depends on the tumor size, preoperative hormone
levels, resection of tumor pseudocapsule, the surgeon’s
experience, and cavernous sinus invasion [5, 12—14]. Invasive
pituitary macroadenomas have a remission rate of less than
50%, whereas the cure rate of patients with noninvasive
microadenomas is around 80% [13]. A recent meta-analysis
found a remission rate of 74.2% in noninvasive microadeno-
mas, 76.4% in noninvasive macroadenomas, and only 47.6%
in invasive macroadenomas [15].
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Table 6.4 Screening of diseases associated with acromegaly

Additional tests Frequency Comorbidity assessed
Colonoscopy Should be Intestinal polyposis
performed every and colorectal
5 years in patients ~ carcinoma
with polyps
Thyroid USG Annually Nodules and/or
thyroid neoplasia
Spine radiography Annually Evaluation of fractures
and morphometric
fractures
Echocardiogram and ~ Annually Cardiac abnormalities
electrocardiogram
Fasting plasma Every 6 months Diabetes mellitus
glucose and HbAlc
Total serum Annually Hypogonadism
testosterone
Serum cortisol, FT4,  Annually Evaluate pituitary
prolactin function

Table 6.5 Somatostatin analogs

Somatostatin Drug’s generation and
analogs Dosing forms affinity receptors
Octreotide 100-200 mcg, SQ, 1* generation

8-12h SST2 e SSTS receptors
Octreotide LAR 10, 20, or 30 mg, IM, 1* generation

monthly SST2 e SSTS receptors
Sustained-release 30 mg, IM, each 1* generation
lanreotide 10-14 days SST2 e SSTS5 receptors
Sustained-release 60, 90, or 120 mg, 1* generation
lanreotide SQ, each 28 days SST2 e SSTS receptors
Sustained-release 40 or 60 mg, IM, each 2* generation
pasireotide 28 days SST1, SST2, SST3,

SSTS receptors

The AACE recommends carrying out the OGTT and
IGF-1 measurement 12 weeks or more after TS to verify the
residual disease [12]. The Endocrine Society recommends
the measurement of random GH and IGF-1 levels over the
same period, with the patient subjected to OGTT if the ran-
dom GH concentration is >1 ng/mL.

The potential complications of TS are epistaxis, sinusitis,
nasal congestion, and gustatory and olfactory changes [5, 12].

Medical Treatment

Somatostatin Analogues

Somatostatin analogues are indicated after surgical failure
when there are significant or moderate comorbidities to
severe signs and symptoms of excess GH (Table 6.5) [5, 12].
These inhibit GH secretion by binding to somatostatin recep-
tors in various tissues [12, 16] and are able to normalize
IGF-1 levels in up to 70% of cases, decreasing the tumor size
[12]. They are approved by the FDA as fast- and slow-release
octreotide and as slow-release lanreotide and pasireotide [12,
16]. More than 50% of patients do not achieve biochemical
control by using somatostatin analogues alone, thus requir-

ing combination therapy [12]. They are also useful in the pre-
operative management of tumors that are large and not
completely resectable, toward decreasing the tumor size [5,
12, 17]. The main side effects of this class of drugs are injec-
tion site discomfort, abdominal pain, nausea, vomiting, and
diarrhea [5, 12]. First-generation drugs may cause biliary
lithiasis, and second-generation ones may cause glucose tol-
erance and diabetes mellitus [13].

Dopaminergic Agonists

Dopaminergic agonists bind to dopamine-2 receptors on
pituitary somatotrophic cells, decreasing the secretion of GH
and, consequently, IGF-1 [12]. They can be used before clin-
ical therapy in the case of disease in moderate activity, pre-
senting IGF-1 and GH at modest levels [5, 12, 13]. The most
commonly used drug in this group is cabergoline because it
offers greater biochemical control and fewer side effects [5,
12]. Despite being an off-label treatment for acromegaly
[18], this drug decreases GH levels by 50% and/or IGF-1
concentrations and the tumor size by 33% on average.
Bromocriptine, another member of this class of drugs, is
rarely used because it achieves poor disease control even
when used in high doses and has many side effects. These
drugs fail more than somatostatin analogues to achieve bio-
chemical control of the disease [12], and successful treat-
ment with dopaminergic agonists depends on the baseline
IGF-1 levels, treatment duration, basal prolactin level, and,
less importantly, cabergoline dose [13]. The main side effects
of this class of drugs are gastrointestinal intolerance, head-
aches, and hypotension [5, 12]. The development of cardiac
valve disease secondary to high doses of cabergoline in acro-
megalics is a controversial issue, but this has been proven in
patients with Parkinson’s disease [12, 13, 18].

GH Receptor Antagonists

Pegvisomant decreases IGF-1 levels by blocking the tissue
effects of excess GH. It is indicated for patients who present
little response to TS, radiotherapy (RT), and clinical treat-
ment [5, 12], as well as those with moderate to severe signs
and symptoms due to hypersecretion of GH [5]. The use of
this drug leads to normalization of IGF-1 levels in 76-97%
of cases [12], with no significant differences between mono-
therapy or combined therapy [12, 19]. Better disease control
is achieved in those with lower basal GH and IGF-1 levels.
Obesity and IGF-1 > 2.7 x upper limit of normality are con-
ditions predictive of resistance to pegvisomant [19].
Successful treatment and dose titration of this drug should be
assessed by decreasing the IGF-1 levels [12]. Because pitu-
itary adenoma is not the target of this therapy, the tumor size
should be monitored frequently given that such tumors usu-
ally grow during pegvisomant monotherapy, even though it
is not clinically significant [5, 12]. The main side effect of
the drug is the transient elevation of liver function tests in 5%
of cases [5, 12].
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Combination Therapy

Among the available options, cabergoline in combination
with somatostatin analogues decreases IGF-1 levels by 42%
compared with monotherapy with such analogues [12]; this
treatment decreases IGF-1 concentrations in 40-50% of cases
[18]. Cabergoline and pegvisomant at 10 mg/day decrease
IGF-1 levels by 68% [12, 13]; such combination allows the
use of a low dose of this GH receptor antagonist [18]. Another
effective therapeutic combination is the use of somatostatin
analogues with a low dose of pegvisomant, which decreases
IGF-1 levels by 95% [12]. Pegvisomant monotherapy, when
used in patients with a low response to somatostatin ana-
logues or in combination therapy, represents the best option
for disease control, especially in long-term treatment [12].

Radiotherapy

Radiotherapy can be done by using the conventional frac-
tional form or by stereotactic radiosurgery (SR) [5, 12].
Fractionated conventional radiotherapy presents a variable
time for clinical response, which can occur in up to 10 years
[12], requiring combination with other therapeutic modalities
until its full effect is achieved [13]. In addition, a second brain
tumor can occur as a result of radiotherapy, such as meningi-
oma and glioma. On the other hand, there is also an increased
risk of hypopituitarism [12]. Stereotactic radiosurgery can be
carried out as Gamma Knife surgery or CyberKnife therapy.
Gamma Knife surgery provides biochemical remission with a
lower risk of hypopituitarism. CyberKnife therapy, which is
no less effective than Gamma Knife surgery, uses a linear
accelerator that applies high-energy protons [5, 12]. SR is
indicated more than conventional radiotherapy, except when
the residual lesion is large after TS or is very close to the optic
chiasm, making it impossible to use radiation greater than
8 Gy [5]. Although the remission rate after use of SR is
10-60% in 15 years, this modality of RT still presents shorter
remission and treatment periods compared with the conven-
tional one. Annual screening of IGF-1, GH, and hypopituita-
rism is required after RT [5].

Treatment in Pregnancy

Pregnancy rarely occurs in active acromegaly. In the gesta-
tional period, nonuse of drugs is advisable, unless such use is
necessary to control the tumor size or headaches, in which
case cabergoline, which presents no risk to the fetus, should
be used. During pregnancy, the visual field in patients with
macroadenomas should be serially monitored because there
may be an increased tumor volume. GH and IGF-1 assays
during gestation are not necessary because the serum levels
are increased due to the increase in placental GH. The assays
do not distinguish between placental and pituitary GH [5].

Pasireotide LAR

This drug is more effective than octreotide LAR in virgin
treatment, indicating greater biochemical control of the dis-
ease (suppression of GH and IGF-1 for up to 25 months). Its
main adverse effect is hyperglycemia, which is greater than
that caused by octreotide LAR (28.7% vs 8.3%) [12].

Somatoprim

This new somatostatin analogue binds to the SST2, SST4,
and SSTS receptors in the pituitary somatotrophic cells,
decreasing GH secretion in vitro and in nonresponders to
octreotide [12].

Subcutaneous Octreotide

This subcutaneous option requires only small volumes and
promotes the prolonged release of octreotide [12]. However,
further studies are needed to investigate this treatment
alternative.

Oral Octreotide

Despite their convenient route of administration, emulsion-
based systems have not yet been proven to be effective in
decreasing GH and IGF-1 levels. The conventional options
are thus still preferred [12].

Temozolomide

This alkylating chemotherapeutic analogue for aggressive
pituitary tumors has no defined role in the treatment of acro-
megaly but may have some benefit in decreasing GH and
IGF-1 levels [12].
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Hypopituitarism

Manuel Faria, Gilvan Cortés Nascimento, André M. Faria,

and Manoel R. A. Martins

Hypopituitarism is a complex medical condition with vari-
able clinical manifestations associated with significant mor-
bidity and mortality. The term describes the deficiency of
one or more of the hormones of the anterior or posterior pitu-
itary gland. The majority of patients with hypopituitarism
have three to five hormone deficits.

Hypopituitarism affects approximately 4 out of every
100,000 individuals each year [1] with a prevalence of
approximately 45 cases per 100,000 individuals. The causes,
clinical features, diagnosis, management of hypopituitarism
(including endocrine replacement therapy), interaction of
hormone replacement, and long-term management are con-
sidered in this chapter.

Causes

There are numerous causes of hypopituitarism (Tables 7.1
and 7.2). In a Spanish study comprising two cross-sectional
surveys, the causes of hypopituitarism included pituitary
tumor (61%), non-pituitary tumor (9%), and nontumor cause
(30%) [1].

Traumatic brain injury (TBI) has been described to be one
of the most common causes of hypopituitarism, with some
series reporting a prevalence of chronic dysfunction in more
than 25% of patients [2]. However, most clinicians dealing
with neuroendocrine diseases and TBI generally do not see
such a high incidence of hypopituitarism in this population.
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This disproportion is not clearly explained, but recent data
indicate that diagnostic testing, which is designed for high-
risk populations and not for a cohort of patients with, for
example, de novo isolated GH deficiency (the predominant
finding in TBI), might have overestimated the true risk and
disease burden of hypopituitarism. There is also large vari-
ability among studies conducted on hypopituitarism after TBI
regarding the use of different hormone assays, test panels,
and cut-off limits, which represents obvious sources of varia-
tion in the reported prevalence of the condition. In conclu-
sion, causality between TBI and hypopituitarism remains to
be demonstrated with more robust, better designed trials that
should include confirmatory testing of all test findings of hor-
mone insufficiency. Whether hormonal replacement therapy
could result in relevant clinical benefit in cases of mild defi-
ciencies in this specific population also needs to be proven.

The etiologic factors are determinants in the clinical pre-
sentation of this condition. For instance, pituitary apoplexy
constitutes a medical emergency with the possibility of acute
adrenal crisis and sudden loss of vision. On the other hand,
functioning pituitary adenomas lead to a clinical picture that
predominates the stigmata of the corresponding hormonal
hypersecretion. Signs and symptoms related to local mass
effect, including associated secondary hypothyroidism and
hypocortisolism, may occur as a nonspecific presentation
and remain unrecognizable for a long period of time.

Diagnosis
Clinical Presentation

The clinical presentation of hypopituitarism is often vague
and nonspecific, leading to a further delay in diagnosis.
Nonspecific symptoms include a feeling of general poor
health, increased lethargy, feeling cool, chronic tiredness,
reduced appetite, weight loss, and abdominal pain [3, 4].
Hypopituitarism can sometimes develop acutely, leading to a
rapid onset of symptoms (excruciating headache, menin-
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Table 7.1 Causes of hypopituitarism

Neoplasia

Pituitary adenoma
Pituitary carcinoma
Craniopharyngioma
Pituicytoma
Fibroma

Glioma
Meningioma
Paraganglioma
Teratoma

Chordoma
Angioma

Sarcoma

Ependymoma

Germinoma

Cysts

Rathke’s cleft and dermoid
Ganglioneuroma
Astrocytoma

Pituitary mestastasis

Brain damage

Surgery

Radiotherapy

Radiosurgery

Traumatic brain injury
Infiltrative/inflammatory
disease

Lymphocytic hypophysitis
Granulomatous hypophysitis
Xanthomatous hypophysitis
Sarcoidosis

Langerhans cell histiocytosis
Giant cell granuloma
Wegener’s granulomatosis
Hemochromatosis

Vascular

Pituitary tumor apoplexy
Sheehan’s syndrome

Intrasellar carotid artery aneurysm

Subarachnoid hemorrhage

Ischemic stroke

Genetic

Combined pituitary hormone
deficiencies

Isolated pituitary hormone
deficiencies

Infectious

Viral

Fungal

Tuberculosis

Syphilis

Bacterial (others)

Primary empty sella functional

Drugs
Glucocorticoid excess
Megestrol acetate
Suppressive thyroxine treatment

Dopamine

Anabolic sex steroids

GnRH agonists
Nutritional

Obesity

Malnutrition

Caloric restriction
Chronic/acute critical illness
Idiopathic

gism, and cardiovascular collapse) necessitating admission
and intensive care management, as is often seen in patients
with tumor apoplexy.

The signs and symptoms of underlying diseases can
sometimes follow hypopituitarism [4]. Symptoms attributed
to the local effects of tumoral masses in the sellar region with
suprasellar extension, such as headaches, rhinorrhea, and
visual disturbances (typically bilateral hemianopsia, but can
also occur as unilateral), frequently remain unrecognized by
patients, mostly men, for a long period of time.

Deficits of anterior pituitary hormones may be secondary
to hormone excess caused by functioning pituitary tumors,
which produces a complex picture combining hormone
excess and deficiencies, such as suppression of gonadotro-
pins in hyperprolactinemia, growth hormone deficiency
(GHD) caused by cortisol excess in Cushing’s syndrome [5]
or growth hormone (GH)-secreting macroadenoma that
causes acromegaly and hypogonadism [6]. In patients with

coexisting pituitary hormone abnormalities, the symptoms
of hormone deficiencies may be much less obvious than in
the isolated conditions themselves. As an example, hot
flashes due to hypogonadism may mask the cold intolerance
of hypothyroidism. The coexistence of hypothyroidism and
hypocortisolism may result in anorexia and weight loss,
while acromegalic patients with thyroid hormone defficiency
may present with excess sweating.

The presence of central diabetes insipidus (DI) usually
indicates a non-pituitary lesion affecting the hypothalamus
or pituitary stalk. Preoperatively, pituitary adenomas rarely
cause DI, and its occurence should raise the suspicion of
other sellar and suprasellar lesions, such as lymphocytic
hypophysitis, craniopharyngiomas, germ cell, and metastatic
tumors.

Somatotropin Deficiency
Children

GHD in childhood promotes short stature and delayed bone
age with slow growth velocity. Idiopathic GHD is the most
common etiology. GH does not appear to have a relevant role
in fetal growth. Therefore, in general, children are born with
normal length, weight, and general appearance. However,
microphallus and cryptorchidism may be present, especially
with gonadotropin-associated deficiency. Prolonged jaun-
dice, hypoglycemia-associated seizures (when GHD occurs
in conjunction with adrenocorticotropic hormone (ACTH)
deficiency), and midline abnormalities suggest a congenital
etiology.

Recognition of GHD is more common from the first
12—-18 months after birth, with slow growth as an early sign
and a consequent downward shift in the normal growth
curve. Children tend to present with adiposity around the
trunk. They have immature body and facial traits, a high-
pitched voice, prominent forehead, depressed mid-face
development, delayed dentition, and small hands and feet.

Adults

The severity of the clinical manifestations of GHD in adults
depends on the timing of onset. In general, patients present
nonspecific symptoms, such as fatigue, decreased energy,
low mood, and altered body composition with increased fat
and decreased lean body mass and muscle strength, as well
as reduced bone mineral density, compromised metabolism
of glucose and lipids, and poor quality of life [7].
Childhood-onset GHD patients have a lower lean body mass
and bone mineral content and better quality of life compared
to adult-onset GHD patients.
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Gonadotropin Deficiency

The clinical presentation of male hypogonadism depends on
the time of onset of androgen deficiency. In men with recent
onset hypogonadism, the physical examination is usually
normal, while diminished facial and body hair, gynecomas-
tia, and small soft testes are features of longstanding hypo-
gonadism [3]. The principal signs and symptoms of androgen
deficiency in men are loss of libido, decreased sexual
potency, loss of body hair (axillary and pubic), infertility,
and low bone mineral density. The threshold testosterone
level below which symptoms of androgen deficiency and
adverse health outcomes occur and testosterone administra-
tion improves outcomes in the general population is cur-
rently not known [8].

Female adolescents have primary amenorrhea and lack of
breast development, whereas in adult women, gonadotropin
deficiency leads to reduced secretion of estradiol, resulting
in infertility and oligo-/amenorrhea. Low estrogen is also
responsible for genital atrophy and decreased breast volume
in chronic hypogonadism. There is a reduction of pubic and
axillary hair, especially when concomitant dysfunction of
the corticotroph axis is present.

At the prepubertal age, no obvious clinical signs or symp-
toms are present until the normal age of puberty onset
(9—14 years in boys and 8—13 years in girls), when a lack of
signs of normal pubertal development is then observed. It
should be emphasized that micropenis with or without asso-
ciated cryptorchidism is an important clinical clue that sug-
gests congenital hypogonadotropic hypogonadism (where
there is lack of the normal fetal secretion and postnatal surge
of gonadotropins) rather than acquired hypogonadotropic
hypogonadism [9].

Thyrotropin Deficiency

The clinical picture of central hypothyroidism is very similar
to primary hypothyroidism, but is often milder. Symptoms
include cold intolerance, dry skin, decreased appetite with
mild weight gain, and fatigue [10]. The presence of goiter
usually indicates primary thyroid disease. In children,
decreased growth velocity with impairment of neurological
development is an important sign.

Corticotropin Deficiency

ACTH deficiency leads to decreased glucocorticoid levels.
Mineralocorticoid secretion is preserved, since it is primarily
modulated by the renin-angiotensin system.
Hyperpigmentation is typical of primary adrenal disease and
is absent in central disease. Symptoms of ACTH deficiency

are largely nonspecific, including weakness, fatigue, anorexia,
weight loss, arthralgia, postural hypotension, and tachycardia
[11]. Hyponatremia, hypoglycemia, and eosinophilia may also
occur. Ultimately, if left untreated, ACTH deficiency may lead
to death due to vascular collapse, since cortisol is needed to
maintain vascular tone. Mild ACTH deficiency may remain
clinically unnoticed when cortisol production is sufficient for
preventing symptoms in the absence of clinical stressors (e.g.,
infections). Hence, laboratorial evaluation is recommended in
all patients at risk of ACTH deficiency.

Antidiuretic Hormone (ADH) Deficiency

ADH deficiency results in polyuria (urine volume >3 L/day
in adults) and polydipsia. If the thirst mechanism is not pres-
ent, as is the case in some patients with hypothalamic lesions,
then lack of polydipsia leads to a high risk of life-threatening
dehydration and hypernatremia [12].

Diagnostic Testing

The diagnosis of hypopituitarism can often be made through
simultaneous measurements of basal anterior pituitary and
target gland hormone levels. Each axis should be assessed in
patients suspected of having partial or complete loss of pitu-
itary function, because the impairment in these patients is
often partial rather than complete.

Low or inappropriately normal serum levels of pituitary
hormones in conjunction with low peripheral hormones indi-
cate hypopituitarism. FSH, LH, estradiol (women), testoster-
one (men), prolactin, TSH, free thyroxine (FT4), 9 am
cortisol, and insulin-like growth factor-I (IGF-I) tests form
the baseline parameters to assess. In addition, dynamic stud-
ies are necessary in most cases for documenting hypopituita-
rism, particularly for assessing GH secretory reserve and the
ACTH-adrenal axis (Table 7.3) [6].

Somatotropin Deficiency
Children

GHD in children is based on auxological data, which is con-
sidered the gold standard in such diagnosis [13]. An appro-
priate differential diagnosis must be performed ruling out
other causes of growth failure, such as hypothyroidism,
Turner syndrome, and systemic diseases.

Evaluation should be considered when patients present
with one of the following conditions: (1) short stature of more
than 2.5 standard deviations (SD) below the mean; (2) growth
failure, which is defined as height velocity less than 2 SD
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Table 7.3 Hormone testing for pituitary function

Somatotropic axis
Baseline
IGF-1
GH
Provocative tests (GH
measurement)
Clonidine test
(only for children)
Insulin tolerance
test

GHRH-Arg test
(only for adults)

Glucagon test

Macimorelin test
Gonadotropic axis
Baseline

Male

Testosterone
FSH/LH
Female
Estradiol
FSH/LH

Provocative test

GnRH
Thyrotropic axis
Baseline

Free T4

TSH
Provocative test

TRH
Corticotropic axis
Baseline

Cortisol (morning)

ACTH (morning)
Provocative tests
Insulin tolerance
test
250 pg ACTH test
Overnight
metyrapone test
CRH (human or
ovine)

Criteria for hormone deficiency

Low/low-normal
No usefulness

<7-10 pg/L

Children: <7-10 pg/L
Adults: <5.1 pg/L

Transition period: <6.1 pg/L
Adults:

Lean <11.5 pg/L

Overweight <8.0 pg/L

Obese <4.2 pg/L

Transition period: <19.0 pg/L
Children: <7-10 pg/L
Adults: <2.5-3 pg/L
Overweight/obese: <1.0 pg/L
Adults: <2.8 pg/L

Low
Low or inappropriately normal

Low
In younger women: low or inappropriately
normal

In postmenopausal women: inappropriately
low

Not useful in adults

Low, low-normal
Low, normal, or slightly increased

Not useful

<3 pg/dL (<80 nmol/L)

>18 pg/dL (>500 nmol/L): hypocortisolism
excluded
Low or normal

Peak cortisol <18 pg/dL (<500 nmol/L)

Peak cortisol <18 pg/dL (<500 nmol/L)
11-deoxicortisol <7 pg/dL (<200 nmol/L),
low cortisol

ACTH: peak <2-4x baseline

Cortisol: peak <20 pg/dL (555 nmol/L)

Table 7.3 (continued)

Criteria for hormone deficiency
Antidiuretic hormone
Dynamic test

Water deprivation ~ Maximal urinary osmolality

(MUO) <300 mOsm/kg/H,O plus >50%
increase in MUO after desmopressin
(complete DI)

below the mean for age; (3) a combination of less severe short
stature (2-2.5 SD below the mean for age) and growth failure
(growth velocity less than 1 SD); (4) clinical picture suggest-
ing hypothalamic-pituitary dysfunction, such as hypoglyce-
mia, microphallus, intracranial tumor, or history of cranial
irradiation with decelerating growth; and (5) evidence of defi-
ciency in other hypothalamic-pituitary hormones [14].

The pulsatile nature and short half-life of GH preclude the
random measurement of serum GH levels as a useful tool for
diagnosing GHD. Thus, IGF-I and IGF-binding protein 3
(IGFBP-3) are appropriate initial tests for GHD in children
providing that conditions such as poor nutrition, hypothy-
roidism, and chronic systemic diseases are excluded. These
hormones reflect an integrated assessment of GH secretion
because of negligible diurnal variation [15].

IGF-I and IGFBP-3 measurements should be interpreted
in relation to reference ranges that are standardized for sex
and age. An important drawback to using serum IGF-I for
GHD diagnosis is that its values are low in very young chil-
dren and overlap in GHD patients and normal children. In
this context, IGFBP-3 levels, which are less related to age,
are more discriminatory than IGF-I levels at the lower end of
the normal range [16].

These tests present less than adequate sensitivity, although
specificity is high. Thus, in patients with severe GHD, IGF-I
and IGFBP-3 levels are invariably reduced. On the other
hand, patients with milder abnormalities of GH secretion
demonstrate normal levels of IGF-I and its binding protein in
a significant percentage of cases [17].

Despite these limitations, measurement of IGF-I and
IGFBP-3 levels associated with provocative testing in an
appropriate clinical context is now commonly performed
when investigating GHD in childhood.

GH Stimulation Testing in Children

Provocative GH testing has several caveats. They are not
physiological, since the secretagogues used do not reflect
normal GH secretion; the cutoff level of normal is arbitrary
and the tests are age dependent. Furthermore, the tests rely
upon GH assays of variable accuracy and are all uncomfort-
able, cumbersome, and risky for the patient [13, 18].
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Therefore, there is currently no gold standard provocative
GH test for GHD in children. As a result, subnormal
responses to two secretagogues are necessary for diagnosis,
with the exception of patients presenting with a central ner-
vous system disorder, multiple pituitary hormone defects, or
a known genetic defect. In these cases, one test is sufficient
to establish the diagnosis [19].

These stimulation tests are performed after an overnight
fasting. After the pharmacologic stimulus, serum samples
are collected at intervals designed to capture the peak GH
level. A “normal” response is defined by a serum GH con-
centration of greater than 7-10 mcg/L, although the ideal
threshold may vary with the assay used. Of note, all patients
should be euthyroid and should not be under supraphysiolog-
ical doses of glucocorticoids before any testing is performed
(Tables 7.3 and 7.4).

Clonidine, an a-2 adrenergic receptor agonist, promotes
GH release, mainly through GHRH secretion. It is a stronger
stimulant for growth hormone release, and therefore false-
negative results can follow. On the other hand, children pre-
senting with a GH subnormal response to such stimulus
rarely secrete normal GH in response to any other stimuli
[20]. The test commonly causes hypotension and drowsiness
that may last for hours and promote late hypoglycemia.

Insulin-induced hypoglycemia is a potent stimulant of
GH release, and, therefore, the insulin tolerance test (ITT) is
among the most specific tests for GHD. However, safety con-
cerns have prevented the widespread use of this test. The
proposed mechanism by which hypoglycemia promotes GH
secretion is through the suppression of somatostatin tone and
stimulation of a-adrenergic receptors [21]. This test requires
constant supervision by a clinician and is contraindicated in
children less than 2 years of age.

Administration of glucagon promotes GH secretion
through a poorly understood mechanism, with the activation
of central noradrenergic pathways as a plausible hypothesis
[22]. Glucagon presents mild and transient side effects, such
as nausea, vomiting, and sweating, and therefore is a very
good choice for infants and young children who are more
susceptible to the risks of insulin-induced hypoglycemia.

Adults

In adults, the clinical picture of GHD is subtle and nonspe-
cific, and therefore the diagnosis relies on biochemical test-
ing. Patients with structural hypothalamic and/or pituitary
disease, surgery, or irradiation in these areas as well as TBI,

Table 7.4 Protocols of dynamic tests for investigation of anterior pituitary (GH and ACTH) and posterior pituitary (ADH) deficiencies

Provocative Dosage Time of hormone Side effects/drawbacks

tests collection

GH

Clonidine (only 5 pg/kg, up to 250 pg, PO GH: 0, 30, 60, 90 min  Drowsiness; false negative

for children) results

Insulin Regular insulin 0.05-0.15 TU/kg, IV GH: 0, 15, 30, 60, 90,  Severe hypoglycemia and

tolerance test 120 min medical surveillance required

Glucagon 0.03 mg/kg (up to 1 mg) IM/SC; if >90 kg, 1.5 mg GH: 0, 30, 60, 90, 120, Late hypoglycemia; very
150, 180, 210, 240 min prolonged test; not well

validated in adults

GHRH-ARG  GHRH (1 pg/kg, IV bolus) + arginine (0.5 g/kg, up to 30 g, IV, GH: 0, 30, 60, 90, Very influenced by adiposity

(only for over 30 min) 120 min

adults)

Macimorelin 0.5 mg/kg GH: 0, 30, 45, 60, 75,90 Unpleasant taste

120, 150 min

ACTH

ACTH,_,, 250 pg IV/IM Cortisol: 0, 30, and Adrenal atrophy is required
60 min

Insulin Regular insulin 0.05-0.15 IU/kg, IV Cortisol: 0, 15, 30, 60, See above

tolerance test 90, 120 min

Overnight 30 mg/kg, PO, at midnight (maximum 3 g) 11-deoxycortisol and  Limited availability; adrenal

metyrapone cortisol: 8 am crisis

CRH (human [ pg/kg, up to 100 pg, IV Cortisol and ACTH: 0, Flushing; expensive

or ovine) 15, 30, 60, 90, 120 min

Dynamic test ~ Procedure Side effects/drawbacks

ADH

Water Nothing allowed by mouth; patient voids; weight is recorded; serum Na* and urine Osm are  Difficulties in differentiating

deprivation measured at baseline. Weight is checked after each liter of urine is passed. In each voided partial hypothalamic DI from

urine, measure urine Osm and when two consecutive measurements differ <10% and subject

primary polydipsia

has lost 2% of BW, plasma sample for Na*, Osm, and VP should be drawn. DDAVP 2 pg IV/
IM is administered and urine Osm and volume are measured every 30 min in the next 2 h.
Dehydration is stopped if patient has lost >3% of BW or if serum Na* becomes elevated

PO per oral, Osm osmolality, BW body weight, VP vasopressin
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SAH, or evidence of other pituitary hormone deficiencies
should be evaluated for acquired GHD. Otherwise, the
presence of three or more pituitary hormone deficiencies
associated with a low IGF-I is highly predictive of GHD, in
which case provocative testing is not necessary [23]. In
addition, patients should receive adequate replacement of
other deficient hormones before GH stimulation testing is
performed.

GH Stimulation Testing in Adults

ITT is considered the most validated test currently available
and is the diagnostic test of choice for GHD in adults.
However, it is contraindicated in patients with seizure disor-
ders or ischemic heart disease and requires monitoring, even
in healthy adults. Adequate hypoglycemia (<2.2 mmol/L) is
not always achieved, and therefore, larger doses of insulin up
to 0.3 U/kg may be necessary in obese patients and those
with fasting blood glucose above 5.5 mmol/L [24]. An assay
cutoff of 5.1 pg/L is recommended for diagnosis [23].

A GHRH and arginine test (GHRH-Arg test) is a very
potent and reproducible test. Arginine potentiates the
response to GHRH presumably through the inhibition of
hypothalamic somatostatin secretion [25]. This combined
test is not affected by gender or age and shows few side
effects with no hypoglycemia. On the other hand, the assay
cutoff for GHD diagnosis depends on the body mass index
(BMI) [26]. In addition, GHRH directly stimulates the pitu-
itary, and patients with GHD of hypothalamic origin, mainly
after radiotherapy, could present a falsely normal GH
response [27]. Obesity can decrease the GH response,
thereby mimicking, but this effect is reversible with weight
loss [28]. BMI-ajusted cutoffs are therefore mandatory for
most GH stimulation tests, including the GHRH-Arg [26]
and glucagon tests [29] (Table 7.3).

Administration of glucagon allows for the assessment of
GH and ACTH-cortisol reserves and has few side effects
with minimal contraindications. It is a good choice when
other tests are unavailable or contraindicated. It is performed
by administering 1 mg of glucagon intramuscularly (or
1.5 mg for those who weigh >90 kg) and measuring GH
every 30 minutes for 4 hours. In adults, an assay cutoff
between 2.5 and 3.0 pg/L is recommended for GHD diagno-
sis [23]. However, in overweight/obese patients, a cutoff of
1.0 pg/L gives the best sensitivity and specificity [30]. Side
effects, including nausea, vomiting, diaphoresis, and head-
aches, occur in 10-30%.

Recently, macimorelin, a synthetic oral ghrelin agonist
that stimulates GH in a dose-dependent manner [31], has
been approved by the FDA for use in the diagnosis of patients
with GHD in December 2017. In a study of 50 subjects with
adult GHD and 48 healthy controls, a maximally stimulated
serum GH level of less than 2.8 ng/mL at 30, 45, 60, and
90 minutes after macimorelin administration confirmed the
presence of adult GHD [32]. The accuracy of the macimore-

lin test was comparable with the arginine-GHRH test in the
43 patients who underwent both tests. The authors also
reported that using separate cut points of less than 6.9 ng/mL
for nonobese and 2.8 for obese subjects reduced the misclas-
sification rate.

Transitional Period

In the transitional period (i.e., after the cessation of linear
growth and completion of puberty), the majority of GHD
patients must be retested. Those patients with conditions
causing multiple pituitary hormone deficiencies (MPHD)
(i.e., three or more pituitary hormone deficits) can continue
on GH therapy but require determination of an adequate
dose. Other patients without MPHD but who present with
known mutations or irreversible structural hypothalamic-
pituitary lesions/damage should be screened for serum IGF-1
levels after terminating therapy for at least 1 month. IGF-I
levels below —2 SD are sufficient for GH therapy reinstitu-
tion. If the IGF-I level is within the normal range, then one
provocative testing is mandatory for GH therapy in the case
of a subnormal response.

In the remaining patients, mostly with idiopathic causes,
a serum IGF-I test and one provocative test must be per-
formed, and in the case of discordant results, a second pro-
vocative test is necessary for the diagnosis of persistent GHD
[23, 33].

It is unclear whether different assay cutoffs should be
adopted during this transitional period, as opposed to GHD
assay cutoffs in adults. Some studies suggest that the assay
cutoffs in these cases should be higher than for older adults,
with levels of 6.1 pg/L and 19.0 pg/L for the ITT and GHRH-
arg, respectively [34, 35].

Gonadotropin Deficiency

In men, low or inappropriately normal levels of gonadotro-
pins combined with low levels of serum testosterone are
indicative of secondary hypogonadism. Semen analysis is
indicated when considering fertility and may demonstrate a
reduced sperm count or possibly azoospermia.

In younger women, oligo-/amenorrhoea with low serum
estradiol levels and low or inappropriately normal FSH and
LH concentrations is consistent with secondary hypogonad-
ism. In postmenopausal women, the absence of the normal
rise of FSH and LH levels is sufficient for establishing a
diagnosis.

In secondary hypogonadism, serum prolactin should
always be measured to exclude hyperprolactinemia, which
might occur for several reasons, such as prolactinomas, sel-
lar and parasellar masses causing pituitary stalk compres-
sion, and use of drugs with antidopaminergic activity.
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In adults, there is no usefulness in performing the
gonadotropin-releasing hormone (GnRH) provocative test
because it does not provide any additional information [6].

Thyrotropin Deficiency

Evaluation of the thyrotrophic axis is based on the measure-
ment of basal serum TSH and thyroid hormone levels.
Central hypothyroidism is diagnosed when serum TSH lev-
els are low or inappropriately normal coupled with low lev-
els of serum free T4. Occasionally, TSH levels may be
slightly elevated but usually remain lower than 10 mIU/
mL. In these patients, the elevation of serum TSH is associ-
ated with decreased bioactivity due to increased sialylation
[36]. In patients with concomitant GH and TSH deficiencies,
serum-free T4 may be normal (usually at the lower tertile),
decreasing only after GH replacement [37, 38]. More
recently, it has been proposed that echocardiography can be
useful in the evaluation of patients with hypothalamic-
pituitary disease and free T4 levels within reference range, as
some of these patients present signs of tissue hypothyroid-
ism, a condition that could be named “subclinical central
hypothyroidism™ [39].

The TRH stimulation test has been performed in the past
to diagnose central hypothyroidism [40]. However, this test
is not currently recommended due to a lack of accuracy and
availability [41].

Corticotropin Deficiency

Cortisol secretion follows a circadian cycle, being highest in
the early morning and lowest at midnight. Hence, a basal
serum cortisol measurement may not reflect disturbances of
the hypothalamus-pituitary-adrenal (HPA) axis. In addition,
alterations in the levels of cortisol-binding globulin (CBG),
which is frequently seen in clinical practice (e.g., higher lev-
els of CBG, and consequently serum total cortisol, during
oral estrogen treatment as a contraceptive), may also mask
the diagnosis of central hypoadrenalism. Therefore, early
morning serum cortisol (between 07:00 and 09:00) may be
measured as a first step in the evaluation [11]. Stimulation
tests are frequently required for corticotropic assessment.
The most commonly used stimuli in clinical practice are
insulin-induced hypoglycemia, metyrapone, synthetic ACTH
(ACTH,_,4), and CRH (Tables 7.3 and 7.4).

Hypoglycemia is a potent activator of the HPA axis, and
the ITT is usually regarded as the “gold standard” for diag-
nosis (see more details in “GH stimulation testing”).

ACTH,_,, administration is currently the most commonly
used test in clinical practice for assessing HPA axis. Adrenal
atrophy is required for the test to be positive in cases of

ACTH deficiency. Hence, this test should not be performed
within 2 weeks of an insult to the hypothalamus or pituitary
(e.g., pituitary surgery) [42]. A low-dose (1 pg) ACTH, 5,
test has been reported to induce improved sensitivity by
some studies [43] but not others [44].

Metyrapone decreases serum cortisol by inhibiting the
enzyme 11-beta-hydroxylase, and this test is usually not per-
formed due to limited availability of the drug.

CRH has been used to differentiate hypothalamic from
pituitary disease in secondary adrenal insufficiency.
However, CRH stimulation is not particularly useful in diag-
nosing secondary adrenal insufficiency because individual
responses to exogenous CRH are extremely variable.

ADH Deficiency

DI may be diagnosed with a proper clinical presentation, for
example, in a patient with known pituitary/hypothalamic dis-
ease if other causes of polyuria (e.g., diabetes mellitus, use
of diuretics) are excluded. Serum sodium is usually above
the middle of the reference range, but hypernatremia is not
seen in patients with an intact thirst mechanism. In situations
where diagnosis is not clear-cut, a water deprivation test is
warranted. Maximum urine osmolality is less than
300 mOsm/kg H,O in patients with complete DI. In patients
with subnormally elevated osmolality after water deprivation
(300 mOsm/kg < osmolarity < 800 mOsm/kg H,0), further
steps are needed, including magnetic resonance imaging
(MRI) of the hypothalamic-pituitary region and/or a thera-
peutic trial with desmopressin [12].

Imaging

MRI is currently the single best imaging procedure in the
investigation for most sellar masses. After hypopituita-
rism has been confirmed, MRI should be performed to
exclude tumors and other lesions of the sellar and parasel-
lar region. When this is not possible, computerized tomog-
raphy (CT) provides a suitable alternative. Micro- and
macroadenomas of the pituitary as well as other sellar
masses, such as craniopharyngiomas and meningiomas,
usually take up contrast to a lesser degree than the normal
pituitary. Craniopharyngiomas and even pituitary adeno-
mas may have a partially cystic content and, therefore,
have low-intensity signals. Hemorrhage has a high-inten-
sity signal on both T1- and T2-weighted images. On the
other hand, asymptomatic pituitary adenomas are found
upon autopsy in approximately 11% of individuals. Such
adenomas may also be commonly seen as incidental find-
ings (incidentalomas) on head CT or MRI scans per-
formed for other reasons [45].
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Recent MRI studies of the pituitary in patients who had
suffered a TBI demonstrated pathological changes consistent
with vascular injury. In the acute phase, the pituitary glands
of these patients are significantly enlarged and may also
present other abnormalities, such as hemorrhage, infarction,
and partial stalk transection [46]. In the chronic phase,
patients often demonstrate pituitary volume loss or empty
sella, perfusion deficits, or lack of a posterior pituitary sig-
nal. Such abnormalities were reported to occur in 80% of
patients with hypopituitarism compared to 29% of those
without hypopituitarism [47].

Neuro-ophthalmic Exam

Patients with a known pituitary tumor must be carefully fol-
lowed for evidence of growth with early chiasmal-optic
nerve compression. The frequency of visual evaluation must
be individualized based on the size of the tumor and its rela-
tion to critical structures. Goldmann perimetry is useful in
plotting the visual field defects and also assists in
follow-up.

Management

Understanding the underlying pathophysiology in each
patient and recognizing the probability for recovery of func-
tion are among the most important issues to be emphasized
in the management of patients with hypopituitarism.
Treatment is based on the underlying disease that leads to
pituitary insufficiency.

Pituitary tumors may be treated with medical therapy, sur-
gery, radiotherapy, or a combination of these modalities
depending on the tumor subtype and clinical presentation
[6]. Whereas prolactinomas are almost exclusively treated
with dopamine agonists, neurosurgical removal is indicated
for most other pituitary sellar and parasellar masses.
Infections (e.g., meningoencephalitis, tuberculosis, or syphi-
lis) are treated with antibiotics or antivirals, and granuloma-
tous infiltrations (e.g., sarcoidosis) are treated with
immunosuppressants.

The goal of hormone replacement therapy is to achieve
normal levels of the circulating hormones in order to restore
normal physiology as close as possible and to avoid the
symptoms of deficiency with minimal side effects. Target
peripheral hormones, rather than deficient pituitary hor-
mones, should be replaced, except for GH deficiency, ADH
deficiency, and gonadotropins, when fertility is desired [6].
Hormone replacement therapy should be started as soon as
the diagnosis of hypopituitarism is made (Box 8.1). It is very
important to carefully evaluate whether hypopituitarism is

likely to be reversible or whether it is permanent, thereby
requiring life-long hormone replacement therapy.

Hormone Replacement Therapy
Hyposomatotropism

Children

Childhood GHD should be treated as soon as possible in
order to improve linear growth. The individual response to
GH therapy is widely variable and unpredictable. Dosing is
mainly based on weight and can range from 0.021 to
0.050 mg/kg/day (0.033 mg/kg/day is the most suitable ini-
tial dose) up to 0.1 mg/kg/day in adolescents. It should be
given once a day by subcutaneous injection and should be
adjusted based on growth response and IGF-I levels [48, 49].

Therapy should be started as early as possible in order to
achieve the best results in growth where patients can achieve
height within the midparental target height [50].

GH therapy in children is safe and adverse events are
uncommon. Idiopathic intracranial hypertension (pseudotu-
mor cerebri) is a rare occurrence that tends to occur early in
therapy, and if it occurs, then drug discontinuation and sub-
sequent cautious reintroduction are necessary. Some patients
may present increased insulin resistance, which appears not
to translate into marked glucose abnormalities [51].

The goals of therapy are to achieve therapeutic levels of
IGF-I that are slightly above the mid-normal range (approxi-
mately 1 SD above the mean) adjusted for age, pubertal
stage, and growth velocity above the 75th percentile curve
[52, 53]. An evaluation is performed 4 weeks after beginning
treatment, and in the case of an adequate IGF-I response, the
length/height should be rechecked every 3—6 months, and
IGF-I levels should be rechecked every 6—12 months.

Caution is necessary with unmasking hypothyroidism
after GH therapy as previously discussed. Thus, free T4
should be assessed every 3 and 6 months after initiation of
this therapy and yearly thereafter.

Adults
In adults, GH dosing regimens are not weight-based as in
children, but rather are initialized with a lower dose and then
titrated according to clinical parameters and IGF-I levels.
The recommended GH starting dose is 0.2-0.3 mg/day for
most patients and 0.1-0.2 mg/day for the elderly patients that
are more susceptible to adverse events linked to therapy [23].
A target for IGF-I levels is the upper half of normal range.
The most common side effects, which occur in 5-18% of
patients, are joint stiffness, peripheral edema, arthralgias,
and myalgias. Carpal tunnel syndrome and increased blood
pressure are infrequent but, when present, are related to
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supraphysiological doses in most cases. When this occurs, a
reduction in the dose is appropriate [54].

Although there are no conclusive data of a GH role in the
development or recurrence of malignant diseases, GH is con-
traindicated in adult patients with an active malignancy. A
slight increase in the risk for DM has been observed with GH
therapy, and therefore diabetic patients may require changes
in the doses of current medications [23].

Adjustments should be performed every 1-2 months dur-
ing dose titration. A clinical response, IGF-I levels, and side
effects should guide the choice of dose. After titration, evalu-
ation should be performed at 6-month intervals.

Transitional Period

In the transition phase, the recommended dose is 0.4-0.5 mg/
day with the goal of achieving IGF-1 levels between 0 and
+2 SD with adjustments made at 1-2-month intervals.
Reassessment should be made every 6 months thereafter
until the patient is in their mid-twenties [23, 33].

Hypogonadism (in the Adult Female)

Estrogen deficiency requires replacement for the relief of
symptoms, such as loss of libido and dyspareunia, as well as
for the prevention of osteoporosis and premature cardiovas-
cular disease. Epidemiological studies in women with ante-
rior pituitary deficiency have demonstrated excessive
cardiovascular mortality in untreated versus treated hypogo-
nadism [55]. Thus, it is strongly recommended to replace sex
steroids in younger women until the average age of meno-
pause is reached (approximately 52 years of age in healthy
subjects). On the other hand, findings of large studies of sex
hormone replacement therapy in non-pituitary postmeno-
pausal patients have shown an increased risk of cardiovascu-
lar and neoplastic diseases. Therefore, termination of sex
hormone substitution in hypogonadal women after the aver-
age menopause age is recommended [56, 57].

The biological potency of 20 pg ethinyl estradiol, 1.25 mg
conjugated estrogen, and 100 pg transdermal 17f-estradiol is
comparable [58]. In premenopausal women, an oral contra-
ceptive containing 20-35 pg ethinyl estradiol is an effective
form of replacement therapy. Alternatively, oral estrogen
preparations (conjugated estrogen 0.625-1.25 mg daily or
estradiol valerate 1-2 mg) given cyclically or continuously
with a progestagen can be administered. Transdermal appli-
cation of estradiol (50-100 pg/day) is preferred over oral
preparations because it avoids hepatic first-pass metabolism.
In addition, the transdermal preparation minimizes the syn-
thesis of procoagulatory factors and acute phase proteins,
which are potential vascular risk factors [59], and eliminates

the growth hormone-resistant effects of estrogen on IGF-I
production in the liver [60]. All women who have an intact
uterus should receive concomitant progesterone therapy.
Breast cancer is clearly an absolute contraindication for sex
steroid replacement therapy.

Pubertal Development

The goal for therapy in this case is to approximate normal
development, and the appropriate age for intervention is
around the chronological age of 11 years. Conjugated estro-
gens (initial dose 0.15 mg daily or 0.3 mg on alternate days),
ethinyl estradiol (2.5-5 pg daily), or 17f-estradiol (initial
dose 5 pg/kg daily) may be administered, and the dose should
be gradually increased every 6-12 months over the following
2-3 years until the adult replacement dose is reached. After
6 months of therapy or in the case of spotting or menstrual
bleeding, cyclic progestagens (usually medroxyprogesterone
5-10 mg daily or norethisterone 0.7—1.0 mg daily) should be
added for 12—-14 days every month [61].

Estrogen-release patches offer an alternative treatment
option. The smallest commercially available patch releases
25 pg 17p-estradiol daily. The patch can be divided into six
to eight fragments, and each fragment allows a release of
0.08-0.12 pg/kg daily. Application of the patch may be lim-
ited to nighttime in order to mimic the pattern of estrogen
secretion that is predominantly nocturnal during the initia-
tion of puberty [62]. The dosage should be increased every
6—12 months until the adult replacement dosage is achieved.

Fertility Treatment

Pulsatile GnRH is mostly used for ovulation induction in
patients with hypothalamic hypogonadotropic hypogonad-
ism and normal gonadotropin levels. However, such therapy
should only be performed at centers with extensive experi-
ence in ovarian stimulation techniques.

Gonadotropin therapy is indicated in patients with gonad-
otropin deficiency or GnRH resistance but can also be used
in patients with GnRH defects [63]. Ovulation induction is
initiated with 75 IU daily of a preparation containing only
FSH or a mixture of FSH and LH (human menopausal
gonadotropins). Careful ultrasound monitoring is recom-
mended to ensure that only one or two follicles develop in
order to prevent ovarian superstimulation and prevent multi-
ple pregnancies. Once a follicle has become mature, a single
dose of 5000 IU of human chorionic gonadotropin (hCG) is
administered to stimulate ovulation, which occurs within
36-48 h of administration. Conception occurs in 5-15% of
cycles, and cumulative conception rates average between 30
and 60% [63].
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Hypogonadism (in the Adult Male)

The aim of androgen substitution is to restore the serum tes-
tosterone concentration to the normal range (in the mid-
normal range) in order to maintain secondary sexual
characteristics, prevent loss and optimize bone mass, and
improve sexual function [8].

The route of delivery depends on availability, patient pref-
erence, consideration of pharmacokinetics, treatment burden,
and cost. Testosterone therapy is contraindicated in patients
with prostate cancer, severe lower urinary tract symptoms,
erythrocytosis, untreated severe obstructive sleep apnea, and
uncontrolled or poorly controlled heart failure [8].

Oral Testosterone

Oral testosterone undecanoate is commercially available in
many countries under various brand names in 40 mg cap-
sules, but is not available in the United States. It is absorbed
through the lymphatic system and bypasses the portal vein
due to esterification at the 17f position. The daily dose is
80-240 mg given throughout the day with meals. However,
this drug has low bioavailability and substantial interindi-
vidual and intraindividual variability in absorption [64].
Therefore, it is more suitable for patients who cannot tolerate
transdermal or intramuscular administration.

Intramuscular Depot

Testosterone enanthate and testosterone cypionate are 17
esters of testosterone that have been the standard prepara-
tions for testosterone treatment for decades and have been
proven to be safe with few unwanted side effects. Both esters
are more lipophilic than native testosterone and have a long
half-life and duration of action.

After intramuscular administration of testosterone enan-
thate, serum testosterone peaks to maximal supraphysiologi-
cal levels in approximately 10 h, followed by a gradual
decline to low normal or even subnormal levels [65].
Intramuscular doses of testosterone enanthate or cypionate
from 100 mg/week or 150-200 mg every 2 weeks are bio-
logically effective. Serum testosterone should be monitored
between midway injections aiming at a serum level between
350 ng/dL (12-3 nmol/L) and 750 ng/dL (24-5 nmol/L).
Some clinicians prefer to monitor serum testosterone levels
immediately prior to the next injection with a goal of achiev-
ing a level in the low normal range. Dose adjustment is per-
formed by varying injection intervals or injection dosage.

Testosterone undecanoate (Nebido®) is another ester of
testosterone that has a markedly longer half-life (34 days)

and duration of effect than testosterone enanthate and cypi-
onate. Intramuscular injection of testosterone undecanoate
1000 mg every 3 months leads to constant physiological
serum testosterone levels without the undesired initial peak
in drug concentration observed with the other depot formula-
tions. A reduction in the injection interval between the first
and second administration is recommended [66], and with
this loading dose, sufficient steady state testosterone levels
may be achieved more rapidly. Serum testosterone should be
monitored at the end of the injection interval with the goal of
achieving a serum level of testosterone in the mid-normal
range. Dose adjustment is performed by varying the injec-
tion intervals.

Transdermal Systems

Transdermal systems are a popular treatment modality for
hypogonadal men. Transdermal gel and patches provide a
useful delivery system for normalizing serum testosterone in
these patients [67]. The transdermal gel has the best pharma-
cokinetic properties of all the available formulations and can
achieve stable serum testosterone concentrations within the
normal range using a noninvasive topical application that is
applied once a day on non-pressure areas of the body.
Potential limitations of transdermal systems include a high
rate of skin irritation observed with patches and the possibil-
ity that the testosterone gel may be transferred to other indi-
viduals through skin contact [68]. Four testosterone gels are
currently available in the United States, including
AndroGel®, Testim®, Axiron®, and Fortesta®. A multi-
center study conducted by Swerdloff et al. [69] (Testosterone
Gel Study Group) showed that a daily transdermal applica-
tion of a hydroalcoholic gel containing 1% testosterone
(AndroGel®) at 5.0 and 10.0 g of gel (equivalent to 50 and
100 mg) increased serum testosterone levels in hypogonadal
men to within the normal range. Treatment should be started
with 5.0 g and adjusted as necessary up to a maximum of
10.0 g. Testim® is another brand of hydroalcoholic gel with
the same concentration.

The 2% formulation of testosterone topical solution
(Axiron®) is a non-occlusive topical formulation
administered to the axilla, instead of the hands. A multicenter
study conducted by Wang et al. [70] in hypogonadal men
treated with 30-90 mg of this preparation showed that appli-
cation of the gel restored physiological testosterone levels in
84.8% of treated patients. This finding is similar to results
previously reported with testosterone gel and mucoadhesive
buccal therapies. The suggested dose of Axiron® is 60 mg
(30 mg applied to each axilla once a day), with adjustment of
the dose ranging from 30 to 120 mg, as determined by the
serum testosterone concentration.
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Another 2% testosterone gel for the treatment of hypogo-
nadal male (Fortesta®) is also supplied in a metered dose
pump, which is applied to the front and inner thighs. A mul-
ticenter study [71] in hypogonadal men followed for 90 days
demonstrated that a single daily dose of this preparation
restored normal levels of testosterone in more than 75% of
hypogonadal patients, with a low risk of supraphysiological
testosterone levels. The recommended starting dose is 40 mg
once a day (2 g/2 mL of gel) with adjustment of the dose
ranging from 10 to 70 mg, as determined by the serum tes-
tosterone concentration.

The transdermal system patch (Androderm®) delivers
approximately 5 mg of testosterone every 24 h and results
in normal serum testosterone concentrations in most hypo-
gonadal men [72]. The application of one or two testoster-
one patches is recommended to be applied nightly over the
skin of the back, thigh, or upper arm, away from pressure
areas. Testosterone serum levels can be assessed 3—12 h
after the application of the patch. The dose should be
adjusted to achieve testosterone levels in the mid-normal
range. The scrotal patch is no longer available in the United
States.

Testosterone in an adhesive matrix patch is now available
in many countries. The recommended regimen consists of
2 x 60 cm? patches that deliver approximately 4.8 mg of tes-
tosterone per day and last for approximately 2 days.
However, some patients experience skin irritation with this
preparation [8].

Buccal Tablet

A controlled release testosterone buccal system (Striant
SR®) contains 30 mg of testosterone and mucoadhesive
excipients, which rapidly adhere to the buccal mucosa and
slowly form a gel. Transbuccal delivery of testosterone sub-
stantially circumvents hepatic first-pass metabolism. A study
by Wang et al. [73] demonstrated that the administration of
this preparation maintained serum testosterone concentra-
tions within the normal range in most hypogonadal men. The
recommended dose is 30 mg applied to the buccal region
twice a day. Testosterone serum levels can be assessed imme-
diately before or after application of the fresh system. Gum-
related adverse events occurred in 16% of treated subjects.

Pellets

Subcutaneous pellets (testospel®) provide stable physiologi-
cal testosterone levels, but a minor surgical procedure is
required for administration [74]. The pellets are implanted
into the subdermal fat of the lower abdominal wall, buttock,
or thigh. The dose and regimen vary with formulation. The
manufacturer recommends implantation of three to six 75 mg

pellets every 3—6 months [8]. Extrusion of the pellets and
infection are the main risks of this treatment.

Other

Recently, a nasal testosterone gel (Natesto®) was approved in
the United States for the treatment of male hypogonadism.
The gel is administered into the nostrils with a metered-dose
pump applicator. One pump delivers 5.5 mg of testosterone,
and the recommended dose is 11 mg (one pump in each nos-
tril), three times a day (total 33 mg/day). One advantage over
other formulations is the minimal risk of gel transfer to a part-
ner or child. On the other hand, the three time daily regimen
may be inconvenient for many, and its administration can be
more troublesome in men with allergies or underlying sinus
pathology, since more than 3% of subjects in clinical trials
experienced rinorrhea, epistaxis, nasopharyngitis, sinusitis,
and nasal scab. A major concern also comes from data in mice
studies that showed brain levels twice as high when compared
with intravenous testosterone, a finding that is yet unknown in
humans. Therefore, until further security data are available
with this new formulation, we suggest using the available tes-
tosterone gels, patch, or injectable esters.

Monitoring During Androgen Therapy

Men younger than 40 years of age may not need prostate
monitoring as they are at low risk for the development of
prostate cancer. In men 40 years of age or older with a
baseline prostatic specific antigen (PSA) level greater
than 0.6 ng/mL, rectal digital examination should be per-
formed before initiating treatment, and PSA levels should
be checked 3-6 months after the start of treatment and
annually thereafter. A urological consultation is necessary
if there is an increase in serum PSA concentration to a
level greater than 1.4 ng/mL within any 12-month period
of testosterone treatment. Hematocrit should be checked
at baseline, at 3—6 months after the start of therapy, and
annually thereafter. If the hematocrit is greater than 54%,
then the treatment should be stopped until it decreases to
a safe level [8].

Infants/Pubertal Development

Infants and children with micropenis (penile length less than
2.5 cm at birth and in infancy) related to congenital hypopi-
tuitarism may be treated with three courses of testosterone
enanthate 25 mg given IM each month with the goal of
increasing penis size. If the desirable increase in penile
length (>0.9 cm) has not occurred, then another three-course
trial can be repeated [9].
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There is no general consensus regarding the best time to
induce pubertal development. An acceptable proposal may
be to induce pubertal development at 13 years and obtain a
slow and progressive increase. A monthly dose of testoster-
one enanthate or cypionate 25-50 mg IM may be used. The
dose should be kept as low as possible in order to preserve
maximal growth potential. The dose should be increased
every 6—12 months until reaching the adult replacement ther-
apy within 3-5 years [63].

Fertility Treatment

In secondary hypogonadism, spermatogenesis and fertility
can be induced. Men with prepubertal onset hypogonadism
are more likely to require replacement of FSH as well as LH,
whereas men with postpubertal onset are more likely to
require replacement of LH only.

The classical gonadotropin regimen combines hCG and
human menopausal gonadotropin (hMG) given as IM or
subcutaneous (SC) injections, depending on the available
preparation [75]. After stopping testosterone treatment,
hCG can be used initially at a dose of 2000 IU twice a week
to stimulate spermatogenesis. The dose is titrated against
testicular volume and serum testosterone, which should be
measured every 1-2 months, with the goal of achieving lev-
els between 400 and 900 ng/dL within 3—4 months after
initiating treatment. Some patients require as little as
500 IU per dose, while other patients need as much as
10,000 IU per dose. Sperm count is measured every
2—4 weeks, but the value is not used to adjust the hCG dose.
Most patients who eventually reach a normal sperm count
(over 20 million/mL) do so within 6 months, but some
require 12-24 months. The addition of hMG should be con-
sidered if the sperm count does not reach one-half of the
normal level within 12-24 months. The pharmaceutical
preparation of hMG contains FSH and is used to replace
FSH for stimulating spermatogenesis in men who are infer-
tile due to secondary hypogonadism. Recombinant human
FSH is also available, but has not been as well studied in
men and is more expensive. FSH appears to be necessary
for the initiation of spermatogenesis, but not for its mainte-
nance or reinitiation. Therefore, for patients with prepuber-
tal onset of secondary hypogonadism, the treatment should
be started with both hCG 2000 IU and hMG three times a
week while titrating hCG doses based on serum testoster-
one levels.

Thyrotropin Deficiency

Levothyroxine is the replacement of choice for central hypo-
thyroidism [76]. Most patients use 75—-125 mcg/day of L-T,
(for pediatric dosages, see Box 8.1). Laboratory monitoring

of serum-free T4 levels should be performed. The FT, levels
should remain in the upper half of the reference range for
patients with concomitant untreated GH deficiency in order
to ensure adequate replacement [37]. In eusomatotropic
patients, the FT, levels should be in the mid-normal refer-
ence range [37, 77] (see “Hormone Replacement Therapy
Interactions”).

Box 8.1 Hormone Replacement Regimens
GH deficiency

Adults: GH therapy 0.1-0.2 mg in elderly; 0.2—
0.3 mg in adults; 0.4—0.5 mg, SC, in younger people;
adjustment based on clinical response, adverse effects,
and IGF-I levels that should be maintained in the mid-
dle/upper half of the normal range.

Children: GH therapy 0.033 mg/kg/day and up
to 0.1 mg/kg/day, SC, during puberty; adjustments
based on growth response and IGF-I levels that should
be maintained 1 standard deviation (SD) above the
mean.

FSH/LH deficiency

Adult male: 75—-100 mg of testosterone enanthate
or cypionate IM weekly or 150 mg every 2 weeks; one
or two 5 mg nongenital testosterone patches applied
nightly over the skin; 5-10 g of a 1% testosterone gel
applied daily over skin; 30 mg of bioadhesive buccal
testosterone every 12 h. Other options: 2% of testoster-
one topical solution, 2% testosterone gel, oral testoster-
one undecanoate, injectable testosterone undecanoate,
testosterone-in-adhesive matrix patch, and testosterone
pellets.

Infants/pubertal development (boys): Infants
and children with micropenis, three courses 